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FOREWORD 

General 

1. The purpose of the Aircraft Accident Digest is to disseminate accident report infomtion to Contracting States. Publication 
of the Digest began in 1951. Over the years States have reiterated h i r  interest in the Digest not only as a valuabke swrce of information 
for accident prevention, but also as a training aid for investigators and educational material for technical schools. 

Selection of accidents 

2. The Digest mtains accident reports selected by ths Secretariat from those sent by States. Reports were selected on the basis 
of: 

a) their contribution to accident prevention; 4r 

b) the successful employmenl of useful or effective investigative techniques; and 

c) comptiance with Annex 13 prwisions including the format of the Final Report. 

The Digest should not be sem as being statistically repreht iw  of the world distribution of accidents. 

3. The Final Reports are usually published as received. Accordingly, meclwietims from standard ICAO editorial practices my 
occur. Lengthy reports may be abbreviated by omRing dundant information, apgendiioes, athckrnwrts or diagrams. Minor changes in 
p ~ s e n t a h  and terminology may be intmducd to ensure compliance Wh Annex 13 provisions. 

States' mopration 

. 4. States are enmuraged to m d  to ICAO h s e  Final Reports which meet the criteria of 6.1 4 in Annex 43. The repotts must 
be submitted in one of the working languages of ICAO, and in the f o m t  p m n t e d  in the Appendi to Annex 13. 

Digest publication 

5. The Dige l  is p r o d d  once each year and includes accidents and incidents which occurred during a one-year period. 
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No. 1 

Boeing 727.256, ECDDU, accident near Silbao, Spin, 
on 19 February t 985. Repm @!eased by DireccFBn General 

de Aviacihn Civil and Cumision de Accidentes, Spain 

SYNOPSIS 

IBERIA Boeing 727-256, registration EC-DDU, qrating scheduled flight lIB4lO Wadrid - Bilbao) collided 
with a metal $haute, a television antenna mast, located on Mount Oiz (1 027 m). The Boeing 727 had mkm off 
from MxIrWBarajas Airrport at 0747:W1 with an atimted time of h v z d  at BBnbm (Sondica} A.@m of 0835:W. 
The fast contact between the aimaft and the Bilbao Airpi? cmml tower was at 008.22:07 and it was 40 minutes 
before they bad confmntion of the accident. From an examination of t!x wreckage and its pattern of distribution 
an the ground, it can be deduced that the left wing and the bottom of tbe fuselage collided with the antenna after 
which the aitcraft smck the ground, All on board, 141 passengers md the a e w  of 7, died in the accident. 

Memrological conditions at Bibao Airport at 0800 were as follows: 

Wmd: Calm 
Visibility: 4 lan wich mist 
118 cumulus: at 3 QOO feet 
218 stratocumulus: at 5 000 feet 
1 8  altocumulus: at 10 OM) feet 
QNH: 1 025 
Temperature and dew point: 07*/07' 

f .l H b r y  of the Flight 

Iberia Bming B727-256, EC-DDU "Alhambra de Crawla" on scheduled flight IB-6 10 (Madrid - Bilbao) 
took off from M&id/Bamjas Airpwt at 0747 witb a scheduled arrival time at BiIbao (Sondica) Airport of 0835. 

At 0809: 58 Madrid Control provided the ainmft estimates and data ta the Bilbao tower. 

At 0816:03 the fmt communication was established between IB-610 and the Bilbao tower: 

B-610: "BLBAO TOWER GOOD MORNING, SIX ONE ZERO". 

lWR: "IBERIA SIX ONE ZEFtO, GOOD MORNING, OVER". 

IB-610: "WE ARE LEAVING ONE THREE FOR LEm ONE HUWDlRED TWENT7k EIGHT 
OUT". 

I .  Except where otherwise indicated, all h e s  iR this report are in WC 
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TWR: W E R  IBERIA SIX ONE ZERO, STAND BY PLEASE". 

At 08 16:33, TWR transmiaed: "IBERIA SIX ONE ZERO, YOU CAN CONTINUE DESCENT FOR ES 
APPROACH TO BILBAO R W A Y  THREE mRU, WIND IS ONE W E D  DEGREES THREE KWOTS, 
QNH ONE ZERO TWO FIVE AWD IRANSITION LEVEL SEVEN ZERO". 

At 0816:44 IB-610 replied: "THANK YOU, DESCENDING TO SECTOR MINIMA, ON ONE 
THOUSAND TWENTY FIVE. 

At 0816:48 TWR r e p W  "CORRECT ONE THOUSAND TWENTY FIVE AND IF YOU WISH YOU 
MAY PR- D J l i E a Y  TO F W ,  

At 0816:55 IB-610 replid: "WE ARE GOING TO MAKE THE . .. S T W A R D  MANOEUVRE'" 

At 0816:57 TWR achow1edged receipt "ROGER, N m  PASSING VOW. 

At 082204 the aiPcrafc inhmed m. "SEVEN THOUSAND FEET OVER VOR, IBERIA SM ONE 
ZERO STARTlNG MANOEUVRE" 

At 0822:07 TWR achowledged receipt: "ROGER SEX ONE ZERO". That was the last c~mmunication with 
IB-610. 

lniIKies CJew - PassenRrn rn 

Fatal 7 141 

Seriws - 
MindNune - 

1.3 Damage to the Aircmh 

The first impact with the antenna m off part of the ye on the left w k I ,  the left nose gear door and tbe 
Ieft nuin gear. llbe left wing was &wbed completely. Subsequen~y, following further h p c t s  in the a m  of the 
Nwth E m  slap of Mouan Oiz which is covered with pime trees, the entire & c d t  was desmyeb 

The metal structure of tbe "IXJSKAL TELEBISTA" antenna with which the airrraft collided and several 
pine aees were either damaged or destroyed by tbe impact. The damaged area covered about 20 000 mZ on the 
North East slope of Mount Oiz. 



ICAO Circular 232-AM1 39 3 

1.5.1 Captain 

Sex: Mate 
Age: 51 
Licence: ATPL, NQ 715 
License issuad: 19-04-1966 
Validity: 07-08-1985 
Last medical examination: 21-01-1985 
B-727 Rating: 16-04-1976 

Flying experience ( b o w )  

Total: 13 678 
Total on cype as CO-pilot: 211 
Total on type as captain: 4 671' 
Total previous six months: 29 
Total previous 80 days: 29 ' 

Total previous 30 days: 17 
Rest time prior to flight: 72 hours 

Note.- From 19 June to 24 July 1984, them was a strike by pilots wirhin the airline. Because ofthis, on 
18 July the Captain's comrucr was cancelled, On 19 November 1984 he rejoined the airline. From thdt &re until 
29 November 1984 h followed she appropriate training course and rook and passed the relevanr flight checks. 

Sex: Male 
Age: 38 
Licence: ATPL No 1 815 
Licence issued: 16-01-1980 
Licence validity: 17-04-1985 
Last medical examination: 20-03-1984 
B-727 ~ t h g :  ' 04-05-1981 

Flying experience (hours) 

Total: 5 548 
T d  hwrs on type: 2 045 
Total previous six months: 283 
Total, previom 90 days: 143 
Total previous 30 days: 52 
Rest time prior to flight: 24 hours 

Sex: Male 
Age: 38 
Licence: Flight enginem No, 682 
Licence issued: 21-03-1972 
Licence validity: 0543- 1985 
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Last medical examination: 23-02-1984 
B-727 m?ing: 30-Wl980 

Total: 2 721 
Total on type: 2 721 
TotaI previous six months: 288 
TOM previous 90 days: 117 
Total previous 30 days: . 50 
Rest time prior to flight: 48 hours 

15.4 Cabin Crew 

MI members of the cabin crew were in possession of the relevant cmifkates and had carried out their 
tmhiig Courses. 

Model: B-727-256 
Manufa&: The Bming Company 
Date of Manufactare: 1979 
Serial NO.: 21,777 
Regbation: EC-DDU 
owner: rSmUA. Lineas Akeas de Espafh 

Airworthiness -ate: No. 1 971 
Date of last renewal: 13-05- 1984 
Validity: 13-05-1985 

Main- Record 

Airaaft tod hours: 13 408 
Total cycles: 12 347 

Horn Date 
Total since cbeck A: 115 29-01-85 
Total since deck B: 47 1 12-12-84 
Total since check C: 928 28-08-8rl 

Engines: Pratt & Whitney JT8D-9A 

Time since overhaul Total time 

Positim Serial no. HoursJcycles Date Hours 
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Mass and centre of gravity 

Maximum authorized take-off mass: 83 552 kg 
Actual take-off mass: 66 109 kg 
Centre of gravity at the time of the accident: 25.00% MAC 

within limits 

METARS at  Bilbao Airport were as follows: 

Wind 110W 
Visibility . 4000m 
Conditions . mist 
Clollds 2Bcuat2500f t  

418 scat 4 000 ft 
Tempmure & dew point ' 07"IQT 
Qm 1 025 
No significant changes forecast 

Wind 
Visibility 
Conditions 
Clwds 

Tempature ik clew point 
QW 
No signifcant cbanges forecast 

110m 
4000111 ' 
mist 
118 cu at 3 000 ft 
218scat5000f t  
218 ac at 10 000 ft 
07"107" 
1025 

Wind 1 1OfM 
Visibility 4000m 
Conditions mist 
Clouds U8scat4000R 

4f8 ac at 8 000 ft 
Temperature & dew point 0T01070 
Qw 1 026 
No significant changes forecast 

On 17 and 18 February, a light surface storm crossed the Peninsula eastward wia  a system of associated 
fronts. It moved along parallel 40% carrying considerable cloud particularly over the Northern half of Spain. On 
19 February here were still tram of the clouds from his s t m  over the Peninsula Between b e  Gulf of Cadiz and 
the North of Morocco there was a low pressure system giving rise to clouds over Andahcia. Over Europe there was 
a powerful anticyclone of 1 041 mb producing a wind from the first quadrant at all levels towards the Cantaban 
Mountain Range, generating stationary clouds over the coast. 
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The OWJ Meteasat photograph confunas low clouds over me whole of vhe Basque Country, although they 
did not fwm a comirmous layer. 

According to the Bilbao Aispwt METAR, betwm 0600 and ll@U the sky was atmost covered with low 
fragmented clow&, the bases of which were at two distinct heights. 2 500 md 4 ODQ feet. The prevailing mist, 4igb 
humidity gmmaed wemight and Pbe proximity to the Can~brian Sea, mated a visibility which varied from four 
to five kilornetm. 

Although, w d ' i g  to ICAO Annex 3, METAR data relate only to the airport and its immediate'vicinity, 
taking he meteorologbcd conditions into account, it can be assumed that cloud conditions would be very similar ova 
a greater area, possibly over the whole East Cantabrian coast region. 

Because of tbe Ehpean anticyclone affectkg the Noah of the peninsula clods were stratified so that the 
cumulus and smtocmu1us clouds were hetween 1 500 and 3 MI0 feet thick 

Surface wind at the airport varied between 050" and 110" at a speed ~f dsse.e to tiye hots. so that reduced 
visibility persisted for s e v d  hours because of the w i d  speed which was lower than might have been expected 
given tsle prevailing mebeof~1aigical conditions, possibly because d the effem of the l a l  omgapby in the vicinity 
of Bilbao Airport. 

1.8. Aids to Navfgatbn 

DENT: 
EM: 
Transmitting on: 
Coordinates: 

Operating hours: 
Location: 

Power: 
D m  

NDB 

w m  
EM: 
Transmitting on: 
Coordinates: 

Operating bours: 
Location: 

BLV 
A9WIpON 
215.9 MHz 
43O18'15"N 
02°56'01"W 
24 
0.30M on a magnetic beading of 294" 
from the airport referma point. 
0.2 kW 
Channel l06X 

BLO 
NONIA2A 
370 KHz 
43"19'26'TJ 
02'19'26"W 
24 
2.43NM on a magnetic beading of 309" 
from h e  aipm reference point. 
0.25 kW 
70 NM 

WENT: 
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EM: 
Transmitting on: 
Coordinates: 

Q m t h g  hours: 
Location: 

Range: 

DENT: 
E M  
~mstniccing on: 

Coordinates: 

Operating born: 
Location: 

Power: 
Range: 

NONfA2A 
323 kHz 
43'1 1'17'N 
OY35'47'W 
24 
27 070 m from brahold of Runway 30 and 
150 m w ttre right of the extended runway 
centre line in TLS approach direction, 
50 NM. 

4392'26"N 
03"02'01"W 
Airport timetable 
7.04 NM on a magnetic heading of 321)" 
from rtre airport reference point. 
0.02 kW 
15 NM 

Tbe Bilbao Airport Tower is equipped with ground-air communications equipment with the folowing 
c ~ t e r i s t i c s :  

Sewice: APP 
Call sign: Bilbao APCH 
EM: M E  
Transmits & receives on: 1 203 MHz 
Operating hours: 0@r/MAR~0630E2100 

Tower - TWR 
Service: TWR 
Call sign: Bilbao 
EM A3E 
T m i t s  & receives on: 118.5 MHz 

121.7 MHz (taxiing) 
121.5 MHz (emergency) 

Operating born: OCTIMAR 063012100 

EaGb piece of equipment transmits and receives on a single frequency and incapofam a mmda on.wbicb 
all c o m m ~ o n s  were reoardsd. 
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1.10 Aerodrome Information 

Not relevant. 

1.11 Flight Recorders 

The aircraft was equipped with a CVR (Cockpit Voice Recorder) and a FDR (Flight Data Recorder). Both 
were installed behind the pressure bulkhead in the tail cone and were recovered on the day of the accident. 

1.11.1 CVR 

The CVR was a Sundstrand AV-557C, Serial no. 9060, PM 980-6005-074, Date Code 1.078. When 
dismantled, it showed evidence of slight damage to the casing although the tape was in good condition for listening. 

1.11.2 FDR 

The Flight Data Recorder was a Sundstrand FA-542, Serial No. 2724, P/N-101035-1. When removed it was 
found to be in good condition for analysis. It recorded the following parameters: 

- Time 
- Heading 
- Radio transmission keying 
- Indicated airspeed 
- Altitude 
- Normal acceleration 

1.12 Wreckage and Impact Information 

The first impact occurred at 43°13'43"N-02035'26"W at around 30 km SE of Bilbao Airport. It was a 
collision with the 54 m high antenna mast, the base of which was close to the top of Mount Oiz at a height of 
1000 m. 

The first impact occurred approximately 10 seconds after starting the turn towards the final approach to 
Runway 30 at Bilbao Airport. At tbat time the aircraft was under control with a bank of 29O, a rate of descent of 
600 ft/min and an IAS of 208 knots. The engines were at low power and the controls on automatic. 

The initial collision with the platform, which was 42 m from the base of the antenna mast, started with the 
bottom left part of the nose in front of the front gear housing. It continued to graze the lower left part of the 
fuselage and when the left wing collided with it, the wing was tom off. 

The left wheel, the door of the nose gear and other parts of the door operating mechanism were separated 
on impact with the platform mentioned above, close to the mast at a distance which was consistent with the impact. 
Some parts of the aircraft from the nose t~ the wing mesh, the air conditioning system and part of the thermal 
insulation separated on impact. In addition, the main gear and the support beam were found, scattered in a consistent 
panern (the closer to the p in t  of impact, the lower the weighvarea ratio). In addition, the detached wing turned over 
and hit some rocks dose to the peak. Its movements followed the slope of the hillside showing the trajectory of the 
aircraft and it ended up 620 m from the mast. 

After losing its left wing and out of control, the aircraft followed its path at the moment of impact. It 
continued along a parabolic trajectory in the vertical p h e  and turned anti-clockwise around its l o n g i t u ~  axis, 
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hitting the mountainside upside down at 930 m from the antenna mast. It continued, razing the forest, and opened 
up a path in which it strewed remnants of the tail, the upper-front fuselage and part of engine number 1. The main 
wreckage (nose gear with right wheel, right main gear and the whole of engines 2 and 3 as well as the rear part of 
the fuselage including the stairs, the location of which was easily identified from the shape) were left in a stream 
bed at the edge of the hillside. 

1.13 Medical and Pathological Information 

Because of the nature of the impact of the aircraft with the ground following the collision with the antenna, 
there were no survivors of this accident. 

All victims showed mutilation and/or polytraumatism as the cause of death. There is no evidence of deaths 
caused by asphyxiation or fire. 

1.14 Fire 

There was no generalized aircraft fue as a result of the impact but there were some small isolated fires 
caused by fuel spillages from the broken tanks and from contact with metal wreckage heated by the energy generated 
from the impact. The parts most affected were the tail cone and the engines. 

1.15 Rescue and Survival 

About 40 minutes after the last communication between the aircraft and Bilbao Tower, providing information 
about the aircraft's passing over the VOR, confirmation of the accident was given by telephone. The local medical 
and firefighting services set off immediately for the site of the accident. At the same time the local security forces 
cordoned off the accident area in order to protect the wreckage and safeguard the rescue work. Rescue of the 
reamains of the aircraft's occupants was complicated and was coordinated in two stages. The fust went as far as 
the lower slopes of the mountain. From there helicopters operated to premises set up specifically for the purpose , 

of identification in the city of Bilbao. There was no possibility of survivors in this accident. 

1.16 Tests and Research 

1.16.1 Automatic Flight Control System (AFCS) 

A Sperry SP-150 MBV was installed on the aircraft. 

The "Automatic Pilot" (A/.) offers in-flight control on the three axes of the aircraft and pennits Category 
I and Category I1 approaches. 

Its controls were located on the rear electronic panel of the centre pedestal, within reach of both pilots. It 
comprised the following elements (Figure 1): 

- the "PITCH SELECTOR control which permits selection of the following modes: 

VERTICAL SPEED, the position to which it is returned by spring whenever any other mode is 
cancelled; 
PITCH HOLD (holds the angle of attack); 
PDC SPEED (speed programmed by the PDC or by the pilot); 
IAS HOLD and MACH HOLD (these positions were not activated in this system). 
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- the "VERTICAL SPEED" conuol which allows the pilot to send to the A/P a specified rate of climb or 
descent or to maintain altitude. If this conml is operated, the Pitch Selector switches to the Vertical Speed 
position whatever msde has been selected. 

- the "TURN" control which controls the aircraft bank angle. It can be held in any position and has a 
preset to the neutral position which is necessary to connect the A/P. 

- the "IEADING SELECTOR switch which allows the AIP to turn the aircraft to the selected heading. 

- the "ENGAGED-DISENGAGED" switch which engages the pitch and banking axes simultaneously. It 
is operated by solenoid when the appropriate elecmcal circuits close and switches to the "DISENGAGED" 
position when one of the circuits opens. If any of these circuits is not switched to open by the control on 
each of the pilots' control columns, the (flashing red) "AUTOPILOT DISENGAGED" warning lights rn 
the panel in front of both pilots light up. 

- the "NAV SELECTOR switch which selects the following modes: 
AUX NAV (this position was deactivated on this system) 
NAV LOC 
TURN KNOB 
AUTO GIs 
MAN GIs 

- the "ALT SEL" switch which is used together with the altitude selector to capture the pre-set altitude. 
It is a "press-to-make, press-to-break" switch. On the switch itself there are two lights, ARM (amber) and 
ENG (green). 

I ALT OH . ~ 

BACK 

H O O  E 
3 

1 1 

OlSEN CAGED NAY 
YERT SPEED SELECTOR 

Figure I 
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1.16.2 Altitude Alert System 

The aircraft had a Sperry system installed (Said Number 2020312 and PIN 25933564988 with mo&fication 
status A,B,D,E,F,G,J,S as indicated oh its identification phte. 

This system provides visual and audible s i g d s  when &he airsraft deviates from or approaches a selected 
altitude. The altitude must be set in advance by one of the pibts. 

The altitude alert system comprises the following elements (Figure 2): 

- the "ALTITUDE SELECTOR", located on the front electronic panel, accessible to both pilots and 
comprising: 

An adjusting knob marked "BARON with a double window to display the barometric scale in both 
millibars and inches of mercury; 

An altitude selector control with which the pilot can preset the required altitude in increments of 
100 ft up to a maximum of 49 000 ft. The setting is displayed in a window in which a warning 
flag appears (black and white .stripes) in case of equipment failure. If altitudes below sea-level are 
selected a red flag (negative altitude indicator) appears. When pressed, the altitude selector control 
acts as a "RESET button switching the approach/ deviation mode to approach mode. One full 
turn of the selector h o b  equali a variation of about 3 000 A on the altitude indicator dial. 

- the ACOUSTIC WARMNG UNIT, located on the ceiling panel. The audible signal is a musical tone 
with a duration of one or two seconds. 

- TWO LIGHT SIGNALS, one located on each control console which have "ALTITUDE ALERT 
inscribed on them. 

- the SYSTEM INHIBITION DUE TO FLAP POSITION SWITCH, located in the right gear wheel 
housing. It switches on when the flap position is greater than 25". 

' B ARO" 
adjusting 

knob 

Altitude 
Barometric Altitude Warning selector 

scale setting 'lag control 

ALTITUDE SELECTOR 

Figure 2 

The altitude alert system operates in the following sequence: 

When the aircraft is heading toward the altitude selected, at 900 feet from it the audio generator switches 
in and steady amber signal lights come on. As it continues to approach the altitude selected, at 300 feet from it, the 
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signal lights switch off and the system automatically switches to deviation mode. As long as the difference between 
the altitude selected and the altitude of the aircraft is less than 300 ft there is no warning signal. If it is more than 
300 ft, the audio generator is activated and the warning lights flash.. Flashing continues until the aircraft is 900 feet 
from the altitude selected, at which point the system automatically resets to approach mode. 

In general the altitude alert system is used in conjunction with the A/P. In this case, the operating sequence 
is as follows (Figure 3): once the pilot has selected the required altitude and has set the barometric pressure with 
the "BARO" control, the altitude selector knob is pressed to "RESET", the system is armed by pressing the "ALT 
SEL" switch located on the A/P control panel and the amber ARM light incorporated in the switch itself lights up. 
When the aircraft reaches 900 ft from the altitude selected the audio generator switches on and the steady, amber 
"ALTITUDE ALERT" lights on the panels in front of each pilot switch on. While the aircraft is still approaching 
and is 300 ft from the altitude selected, the lights go off and depending on the rate of descent and the altitude error, 
at a pre-set distance from the altitude selected the amber ARM light goes out and the green ENG light comes on 
indicating that the aircraft has changed to ENGAGED mode and is starting to level off towards the altitude selected 
until it captures it, at which point it changes to capture mode. This light remains on until the aircraft leaves the 
captured altitude. 

ADQUISITION MODE i DEVIATION MODE 

I Deactivated wlth llapr 30 or 40 polidon 

SELECTED SELECTED 
ALT'TUDE 

300' NOSIGNAL 
ALTITUDE 

.TONE ON 
(2  seconds) - 

I 

Figure 3 
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1.16.2.1 Tests 

Tests have been conducted on the operation of the altitude alert system: 

a) Laboratory tests; 
b) Flight tests. 

Laboratory tests: 

1. The altitude alert equipment was recovered f3om the aircraft wreckage with subsrantial impact damage. In 
the altitude selection window the ten thousand drum showed no digits (indicating a selection of less than 10 000 
feet), On the thousands drum the figure 4 was displayed and the hundreds drum showed the figure 3. 

The barometric pressure selection window only showed inches of mercury (with a display of 30.27 equal 
to 1 025 millibars). The millibar window was missing. 

It was discovered that the ten thousands and thousands drums were stuck and did not rotate about their 
axes. It could be seen that, as a result of the impacts, the upper cover of the device had become separated and 
folded outwards, revealing on the inside the mark left by a cog wheel from the altitude selector mechanic. 
transmission system. This led to the assumption that there was a frrst impact which blocked the spindles of the 
wheels that rotate the drums. 

On the hundreds drum there was slight play from number three to number two (this movement did not rotate 
the mechanical transmission). The single digit drums of the pressure indicator window showing inches of mercury 
could be moved. 

In view of all this, the possibility was considered ,of examining it in the laboratory to see whether the 
positions of the mechanical parts of the system or its electronic components would make it possible to determine 
the last altitude selection. 

Once it had been analysed, it was found that no conclusions other than those indicated previously could be 
drawn, primarily because the fine synchro was missing from the electronic components, having been lost in the 
accident; the coarse synchro was found to be off its locking position with its rotor spindle rotating freely and the 
mechanical component does not have an initial reference position. 

2. In order to analyse the performance of the system, a device similar to the one recovered from the accident 
(SPERRY P/N 2593564-908, S/N 3120447 with a similar modification status) was used. Two types of test were 
carried out, one study operating it as an independent device and the other as a system connected to the A/P. 

2.1 As an independent device it was observed that the operating sequence matched the description in section 
1.16.2 in terms of both audible and light signals. Variations of +I- 50 ft were recorded in the operation of the 
signals compared with their settings. While maintaining an altitude, any change is interpreted as a deviation from 
the previously selected altitude. Thus by moving the dial to a new altitude we get audible and flashing light 
warnings. 

When the system is in deviation mode, if the RESET button is pressed, it changes to approach mode-and 
there may be a momentary audible signal. 

2.2. As a system connected to the Alp, once the whole system was put through to its entire logical sequence of 
operations, i.e. establishing the barometric reference, setting the altitude required on the altitude selector, performing 
a RESET, selecting the pitch mode and arming the system, the following results could be observed: 

- Once the system is armed, when pitch mode is selected (using VERT SPEED), the rate of approach to 
the altitude selected must be achieved in conformity with the position of the aircraft relative to such an 
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altitude. If the aircraft is above the selected altitude, the descent rate knob needs to be turned towards the 
DESCEND position. If the aircraft were below the altitude selected and the knob were moved towards the 
DESCEND position, the system would not enter the ENGAGE phase and the aircraft would continue to 
descend (with the ARM light staying on). 

- The ENGAGE phase starts at a point which varies according to the rate of descent and the system's 
calculation of the differences in altitude. 

- 
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DIFFERENCE IN ALTITUDE (11) 
-When the ALT SEL knob is pressed, the ARM light goes on. 
- n Tolerance zones. 

- At the start of the ENGAGE phase the (green) ENG light' comes on and the (amber) ARM light goes 
out, the PITCH SELECTOR control moves to the VERT SPEED position, the aircraft begins a smooth 
approach manoeuvre towards the altitude seiected which ends at the point of capture. 

-When the altitude selection equipment detects that it is between 40 and 10 feet from the altitude selected, 
the capture.mode is activated and the A/P switches to ALT HOLD mode; the ALT SEL mode is 
deactivated. 

- Once the ENGAGE point is reached if the VERT SPEED knob is moved, the ALT SEL mode is 
deactivated causing the aircraft to continue at the rate set manually. 

- When ALT SEL is pressed below what is known as the p in t  of "indecision" which is close to the 
ENGAGE point (abut 25 to 50 feet below) the ARM m e d  light on the equipment comes on but the 
ENGAGE phase wiUl not be activated and the amber ARM light will remain OD. The aircraft will maintain 
its rate of descent without capturing the altitude selected and the audible and light deviation signals switch 
on. 
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Flight tests: 

Tests were canied out with aircraft of the same type which were subjected to different rates of descent. 
The following results emerged: 

- The sequence of lights and audio signals matched the description of the system above although the 
ENGAGED point (a function of the rate of descent and the difference in calculated altitude) differed from 
that observed in the behaviour of the system in the laboratory, since it used the aircraft altimeter as its 
reference. 

- In order to perform the capture operation, the ALT SEL switch of the A/P must be selected before the 
ENGAGED point is reached (with a 25 ft tolerance). If it is selected later than this, the aircraft does not 
capture the altitude selected and continues its descent. 

- If it is armed below the altitude selected, the aircraft does not climb to the altitude selected but continues 
its descent. 

- Once armed, if the VERT SPEED control is moved during the ENGAGED phase, the capture condition 
is lost and the aircraft continues to descend at the rate selected manually. 

- If, once armed, the A/P disengages for whatever reason, the altitude alert system remains selected but 
not armed. It does not recover its -ed status, even if the A/P is switched in again. 

- At rates of descent close to 2 000 ft/min, starting at a reference altitude with a new altitude selected and 
the system armed before leaving that altitude, depending on the difference between the reference altitude 
and the altitude selected, it was observed that: 

for differences over 900 feet, when the altitude selector was adjusted to the new altitude to be 
captured, the 300 ft deviation audible signal switched on fust and the "ALTITUDE ALERT light 
signals remained off (since on the dial the shift from 300 to 900 ft is rapid and does not allow for 
an assessment of the operating sequence of the lights). Once 900 ft in deviation was passed on 
the dial, the system remained in approach mode and once armed and once the descent had started, 
the aircraft captured the altitude selected as per its normal sequence; 

for differences equal to or less than 900 ft and greater than the point of "indecision" (around 300 
ft) when the ALTITUDE SELECTOR was adjusted to the new altitude to be captured, fustly the 
audible 300 ft deviation warning sounded and the ALTITUDE ALERT warning lights remained 
on and flashing. Once armed and when descent had begun, capture of the altitude selected took 
place as per its normal sequence. Repeating the operation with the same difference, once the new 
altitude had been selected and armed, the selector button was pressed, an audible warning was 
heard and the system switched to approach mode so that the ALTITUDE ALERT warning lights 
stayed on steady. The rest of the operation continued as per the normal sequence. For differences 
equal to or less than 300 feet, the system does not capture since the point of "indecision" has been 
passed. 

For higher or lower rates, the same sequences were achieved, taking into account the variation 
existing between their (respective) points of "indecision". 
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1.16.3 Reading Errors with Drum and Needle Altimeters 

After consulting the extensive bibliography on the subject,. the following documents were selected. 

NASA TM - 81967 "How a Pilot Looks at Altitude"; 
NASA CR - 3306 "Instrument Scanning and Conmlling: Using Eye Movement Data to Understand Pilot 
Behavior and Strategies"; 
NASA TP - 1250 "Airline Pilot Scan Patterns During Simulated ILS Approaches"; 
NASA CR - 1535 "The Measurement and Analysis of Pilot Scanning and Control Behavior During 
Simulated Instrument Approaches"; 
"HUMAN FACTORS IN ENGINEERING AND DESIGN'. McConnick, Ernest J. 
"HUMAN FACTORS DESIGN HANDBOOK'. Woodson 

From these, various paragraphs have been excerpted which may be of use in analysing this accident. 
Basically the first two documents have been used. 

Hypothetically, a "good instrument" is one which is easy to read and offers the pilot the information sought 
or needed. The anemometer is a good instrument. It can be read with just one look and provides the necessary 
amount of information. The drum and needle altimeter is probably not a "good instrument", because it sometimes 
requires two looks, one to read the needle and the other to read the drum. Occasionally both can be read at the same 
time. At other times the pilot will read only one. 

The time needed to read an instrument can theoretically be measured by recording the dwell time of the look 
within the borders of the instrument. In practice this is not possible since the relative importance of the information 
is not taken into account. In terms of human information processing, the quality of an instrument may be a factor 
to consider when determining the time required for the paception/cognition process as part of the cognitive work 
load. 

The most important factor is the work load and the type of flight, depending on whether it is automatic or 
manual. With autopilot operation, checks are more rapid (dwell times are shorter). But the price to pay for 
increased speed is reduced human accuracy. This may manifest itself in two ways. When on automatic, the image 
of the position of the aircraft is less accurate andlor it is less likely that a significant deviation of the aircraft will 
be detected with automatic than with manual operation. 

Another consideration is psychological doubt. Pilots' actions are predicated on what they know or think 
they know about the position of an aircraft. Doubts about any one parameter will increase from the moment of their 
last check and will be weighed up as a function of the relative importance they give to each parameter. Knowledge 
about the initial altitude and a constant rate of descent may produce a gradual increase in uncertainty. Because of 
the redundancy of the instruments, the increase in uncertainty will not necessarily depend on the time which has 
elapsed since the last look at any particular instrument. 

Eye movement suggests that the altimeter is a low priority instniment despite instructors and pilots claiming 
that its priority is high. 

This statement is not inconsistent with their visual behaviour if we include the secondary infonnation 
available from other instruments. Altitude infonnation may have a high priority, but uncertainty will increase slowly 
so that it will be held at low priority when compared with other parameters. 

The level of uncertainty for a specific parameter will be a function of the pilots' memory (compared with 
their previous look), their integration of this information within the whole context of the image, which will depend 
on thek most recent information from other related instruments and their prediction based on integration. 
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The arguments put forward here imply that the pilot could have a fairly precise knowledge of the altitude 
without having looked at it for some time. By measuring the accuracy of a verbal response in relation to the time 
since a pilot looked at the instrument, it is possible to give a reasonable indication of a pilot's uncertainty. 

The tests from which the results described below were obtained were camed out on an FAA certified 
simulator. The only change in the instrument panel was the incorporation of an optical oculometer which was 
mounted below the ADF behind the panel. A television camera was mounted behind the pilot in order to be able 
to see the instrument panel and a television monitor was placed behind the pilot's seat to allow the test director to 
0 b S e ~ e  the pilot's dwell points when viewing the panel. 

On ILS approach, pilots only look at the altimeter for 3 to 6 percent of the total time. Even so, they still 
receive information on altitude from the glide slope and the FD bars. 

The result of these tests demonstrate that pilots scarcely look at the thousands of feet window (apparently 
because it is difficult to read) as is shown by the average dwell time of 0.6 seconds. 

The design of a normal altimeter is not entirely adequate, as shown by the number of accidents/inci&nts 
caused by misreadings. 

A study was carried out to ascertain the percentage of pilots who bad misread or had seen other pilots 
misread a drum altimeter. The results, for the 169 pilots who replied were: 

137 stated that they had misread the altimeter and 134 stated that they had observed another pilot 
misreading one (85% of each group said that this had happened on more than one occasion). The results 
of this study indicate also that a surprising number of misreadings (50) happen during the approach phase. 

Some comments by pilots on the drum altimeter include: , 

1. "It requires more concentration to read this altimeter correctly than it ought to." 

2. "The window complicates the instrument and is rather small. It often requires two looks and diverts 
attention away from the needle. Other instruments only need a single point of visual attention to be 
understood and do not divert, slow down or complicate an instrument check. 

3. "Misreadings always seem to wnr at low altitude when attention is divided between several activities." 

4. "The greater the stress ins situation, the more the misreadings." 
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5. "A rapid look after (some time) can usually lead to a reading of 1 000 feet of error if the indicator is 
halfway between two thousands." 

Pilots normally rate the altimeter as the third most looked at instrument on an aircraft (with the FD fust and 
the anemometer second). In fact, when we asked, some pilots replied that they spent from 20 to 25 percent of their 
time on the altimeter. Other studies can-ied out with the same pilots (Ref. NASA TP-1250) indicate that for all 
the test conditions, on average they actually spend three to six percent of their time on the altimeter. This 
discrepancy between pilots' opinions and the real time they spend on the altimeter may not be as bad as it appears 
at first sight. 

The indications are that while the pilot may be concerned about altitude for 25% of the time, this is not the 
equivalent of spending all of this time loking at the altimeter. On the straight and level segments of the approach 
phase, once the altitude is established, a pilot may use the horizontal bar of the FD to indicate position relative to 
the desired altitude or other signals which may indicate that a change in altitude is occurring. On starting a descent, 
other instruments also provide information on altitude. 

To quote a NASA test pilot: "On the glideslope, the altimeter is virtually relegated. My sources of information are, 
first the glideslope, second the bars of the FD and third, where present, call-outs from the co-pilot". While the fust 
two do not give absolute altitude information, they do tell the pilots where they are in relation to the desired altitude 
and at what point on the approach. Thus, while a pilot may in reality spend up to 25% of hislher time concerned 
with altitude information, it is not necessary to spend all of that time looking at the altimeter. 

Results and Discussion 

The references (NASA TP-1250 and NASA CR-1535) show that pilots, when flying simulated approaches, 
have a mean altimeter dwell time of between only 0.3 and 0.6 seconds. It was also observed that the pilot looks at 
the left side of the altimeter, even though the needle may be pointing to the right. This observation made it 
necessary to reanalyze the dwell times and to divide the altimeter into three zones, the left side, the right side and 
the window. 

Data were taken from seven pilots who carried out a total of 108 simulated approaches. 

It was noted that with short dwell times, the pilot only receives a minimum of information such as the 
direction in which the needle is pointing. Longer dwell times are associated with reading the needle. During the 
approximately 180 seconds required for an approach, the needle is only on the leftxide for 40 to 50 seconds (an 
average of 25% of the time). The pilots spends approximately 48% of the time on the left side of the altimeter. 
It might be presumed that the pilot can determine the position of the needle on the right side and/or its movement 
by looking at the left side. 

The right side of the altimeter where the window is located is very important. When the pilot looks at the 
window and the needle overlaps this area, it is difficult to determine which part of the information is being read. 

Although the drum and needle altimeter may not be the best available, all altimeters, to some extent, share 
the same problems. Each pilot uses a particular sequence when checking the instruments and this may vary with 
the type of instrumentation, aircraft and flight conditions. 

The basic time required to extract the information required from an instrument such as the altimeter should 
be a constant for specified conditions. 

The results indicate that: 

1. Misreading§ by pilots OD chum and needle d h e t e r s  are fairly common. 
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2. With a drum and needle altimeter, several looks are required to gather all the available information. 

3. The pilot may gather a relative position of the needle (left or right) from a rapid look (0.1 seconds). 

4. The .total time spent looking at the window i s  very short, 3% of the total devoted to the altimeter, and 
pilots require 0.5 to 0.6 seconds to read the window. 

Many improvements could be identified such as: 

a) increasing the size of the numbers on the drum (the digits a& of the minimum size recommended 
inmHUMAN FACTORS & ENGINEERING DESIGN", McCormick, Ernest J); 

b) using a meter or a combination of a meter and a drum; and 

c) siting the instruments where the pilot looks most often (on the left side of the altimeter). Some of these 
improvements are being incorporated into some new altimeters. 

1.17 Additional Information 

1.17.1 Mount Oiz Antennas 

At the top of Mount Oiz there was a field of antennas with the following characteristics: 

a) Euskal Telebista: 

Year of construction: 
Height of base: 
Height: 
Channel: 
Frequency: 

Markings: 
Lighting: 
Notice to Aeronautical 
Authorities: 

b) Spanish Television (TVE): 

Year of construction: 
Height of base: 
Height: 
Channel: 
Frequency: 
Markings: 
Lighting: 
Notice to Aeronautical 
Authorities: 

1982 
1 000 m 
54 m 
33 UHF 
567 to 573 MHz (2 kW) 
104.4 MHz (1 kW) 
103.2 MHz (1 kW) 
Red and white painted stripes 
Incorporated 

No evidence of notice 

1971 
1021 m 
31 m 
30 UHF 
543 TO 549 MhZ (2 kW) 
Red and white painted stripes 
None 

Not required at time of construction 
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C) Communications and sound: 

Year of construction: 
Height of base: 
Height: 
Frequency: 

Markings: 
Lighting: 
Notice to Aeronautical 
Authorities: 

d) Iberduero Repeater: 

Year of construction: 
Height of base: 
Height: 
Frequencies: 

Markings: 
Lighting: 
Notice to Aviation 
Authorities: 

e) Highway assistance (DYA): 

Year of construction: 
Height of base: 
Height: 
Power: 
Frequency: 
Markings: 
Lighting: 
Notice to Aeronautical 
Authorities: 

1981 
1 018 m 
21 m 
164 450 MHz (15 W) 
163 250 MHz (10 W) 
164 175 MHz (10 W) 
157 650 MHz (10 W) 
168 425 MHz (10 W) 
None 
None 

No evidence of notice 

1979 
1 014 m 
15 m 
7 156-7 205 GHz (300 MW) 
7 352-7 401 GHz (300 MW) 
7 338-7 387 GHz (300 MW) 
Painted green 
None 

No evidence of notice 

1971 
1 010 m 
19 m 
45 W 
169 300 MHz 
Painted grey 
None 

Not required at time of construction 

1.17.2 Bilbao Airport Approach Chart 

1.17.2.1 AIP Spain Approach Chart 

In 1980 a study was launched of the Bilbao Airport VORIDME ILS-RWY 30 Approach Chart which was 
in force on 19 February 1985 in accordance with ICAO Doc 8168-OPSl61113 (Aircraft Operations) of 1971 duly 
updated. To produce it, the data available were gathered, mainly radio aids (type and coordinates) and cartography. 

DME fix p in t  13 (13 Nh4 from VORDME BLV) was determined, bcated on radial 121 so that proceeding 
outbound, the htmediiae approach manoeuvre would begin from this p i n t  moving outbound on radial 21 and then 
making the reguhtion left m, passing over DIVE fix 13 again on heading 301 and stating the fiial approach at 
this point on intercepting the glideslope. 
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In compliance with Doc 8168 (mentioned above) the intermediate approach area was established outbound 
from DME fix 13, having a length of 8.5 NM and a width of 8.0 NM (5 NM from thebeadiig on the regulation turn 
side and 3 NM on the other side). 

According to Doc 8168, there will be no intermediate approach at an altitude less than 300 m (1 000 ft) over 
all the obstacles within that area. 

When possible manoeuvres were examined, taking the topography of the site into account, it was observed 
that Mount Oiz (1 027 m) was the crucial obstacle for setting the minimum altitude on intermediate approach. That 
is why it was set at 1 327 m (4 353 ft). 

Following the appropriate checks, the VORlDME ILS RWY-30 approach chart was approved and published. 
It entered into force on 14 November, 1981. The height of Mount Oiz did not appear on the chart. 

On the date of the accident, preparation of a new Bilbao Airport approach chart was being studied, in 
compliance with Doc 8168 (Second Edition, 1982) which had replaced all the previous editions from 25 November 
1982 onwards. 

1.17.2.2 Airline Approach Chart 

This agreed with the AIP Spain. The height of Mount Oiz did not appear here either. 

2. ANALYSIS 

2.1 Flight History 

IBERIA Boeing 727, registration EC-DDU, took off from Madrid/, Barajas Auport at 0747:00 on 19 
February 1985 to conduct scheduled flight IB-610 with a destination of Bilbao (Sondica) Auport. 

There is no evidence of any irregularity in the pre-flight preparations. It was the fmt flight of the day with 
that crew which had previously had a minimum of 24 hours of rest. 

From 0755:37 (31:27)~ when the CVR recording started, until 0757: 18 (2954) conversation took place in 
the cockpit between the Co-pilot and the Flight Engineer on matters to do with the service. The Captain did not 
participate. At the time mentioned, a member of the cabin crew entered the cockpit and was asked by all three flight 
crew members for coffee. 

At 0758:24 (28:39) the Captain informed Control (East Take-off Sector on frequency 127.5) of passing the 
Arbancon NDB and leaving flight level one seven five. Control instructed him to switch to frequency one three three 
eight five. Once the communication was established, he reported "WE ARE LEAVING ONE EIGHT FIVE FOR 
TWO FOUR ZERO ON COURSE TO DOMINGO". Subsequently Control told him to switch to Madrid Sector on 
frequency one three four three five. 

At 0759:33 (27:lO) contact was established with Bilbao Sector and the following communications took place 
until 0800: 13 (2651): 

2. Note that the figures in brackets are the time in minutes and seconds to impact. 
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C1: "MADRID IBERIA SIX ONE ZERO GOOD MORNING 

LECM: "SIX ONE ZERO MADRID, GOOD MORNING, RADAR CONTACT. WHAT LEVEL DO YOU 
WISH?" 

C1: "TWOSIX" 

LECM: "SIX ONE ZERO CLEARED FOR FLIGHT LEVEL TWO SIX ZERO 

C1: "O.K. FOR TWO SIX ZERO. WE ARE NOW LEAVING TWO ONE FIVE, THANK YOU". 

LECM: "ROGER 

Analysis of the FDR (Flight Data Recorder) shows that the communicatio~is data match the movements of 
the aircraft in heading, altitude and position. 

There were no further communications until contact was made with the airline's operations in Bilbao. 

While the aircraft was climbkg to reach the cruising level, unimportant conversations continued in the 
cockpit between the Co-pilot and the Flight Engineer. 

At 081218 (2446) the altitude alert buzzer can be heard on the CVR, warning that the system was 
approximately 900 feet from capturing level two six zero as intended. Nineteen seconds later the throttle back 
audible warning sounded with the aircraft at the cruising level, probably as a result of switching the PDC selector 
from CLIMB to CRUISE and setting a lower speed than climb on the anemometer. 

At 0807:41 (19:22) the Co-pilot reported the flight data to Airline Operations Bilbao, gave the estimated 
time to landing, 17 minutes, and requested airport meteorological information. From that time onwards all 
communications with both Operations and the Control Centres were carried out by the Co-pilot. The information 
he received from Operations was as follows: "WIND ONE HUNDRED AND TEN DEGREES, FOUR KNOTS, 
VISIBILITY FOUR KILOMETRES REDUCED BY FOG AND TWO OF CUMULUS AT TWO THOUSAND FIVE 
HUNDRED, FOUR OF STRATOCUMULUS AT FOUR THOUSAND, TEMPERATURE SEVEN, DEW POINT 
SEVEN AND QNH ONE THOUSAND AND TWENTY FIVE ONE ZERO TWO FIVE. 

At 0809:29 (1734) the following communication took place: 

C2: "MADRID, SIX ONE ZERO READY FOR DESCENT." 

LECM. "SIX ONE ZERO, CLEARED FOR FLIGHT LEVEL ONE THREE ZERO, OVER, 
CORRECTION ONE ZERO ZERO 

C2: "TO ONE HUNDRED, COPIED. LEAVING TWO SIX." 

The altitude alert warning signal is heard immediately probably because level one zero zero for which they 
had been cleared was being selected. 

Then a member of the cabin crew entered. Although her question was unintelligible, from the Co-pilot's 
reply, "FIFI'EEN MINUTES, SEVEN DEGREES, LIGHT FOG" it can be deduced that she was seeking information 
to pass on to the passengers. This was then announced in both English and Spanish on the PA. 

From 0810:16 (16:48) to 0811:Ql (16:03) a conversation took place in the cockpit between one member of 
the cabin crew and the three members of the flight crew. It can be deduced that the coffees requested earlier were 
being brought. 
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At 0812:13 (1451) noises which can be identified as the frequency selector are heard on the CVR and 
immediately afterwards the NDB-BIL morse signal can be heard. Even though communications between other traffic 
on the same frequency and Madrid Control are perceptible, no conversation can be heard in the cockpit until Madrid 
addressed the aircraft and the following exchanges take place: 

LECM: "IBERIA SIX ONE ZERO, CONTACT BILBAO APPROACH NOW. GOOD-BYE. ONE 
HUNDRED EIGHTEEN FIVE. " 

C2: "GOOD-BYE." 

C2: "BILBAO TOWER, GOOD MORNING SIX ONE ZERO." 

TWR: "IBERIA SIX ONE ZERO, GOOD MORNING, OVER. 

C2: "WE ARE LEAVING LEVEL ONE THREE FOR LEVEL ONE HUNDRED TWENTY EIGHT, 
OUT." 

TWR: "ROGER IBERIA SIX ONE ZERO. ONE MOMENT PLEASE." 

TWR: "IBERIA SIX ONE ZERO, YOU MAY CONTINUE DESCENT FOR AN ILS APPROACH TO 
BILBAO RUNWAY THREE ZERO. WIND ONE HUNDRED DEGREES THREE KNOTS, QNH 
ONE ZERO TWO FIVE AND TRANSITION LEVEL SEVEN ZERO." 

C2: "THANK YOU, DESCENDING TO SECTOR MINIMA ON ONE THOUSANDW TWENTY 
FIVE." 

TWR: "CORRECT. ONE THOUSAND AND TWENTY FIVE AND IF YOU WISH YOU MAY 
PROCEED DIRECT TO THE FIX." 

081654 (10:09) (ALTITUDE ALERT BUZZER) 

C2: "WE ARE GOING TO EXECUTE THE STANDARD ... MANOEUVRE." 

TWR: "ROGER, NOTIFY PASSING OVER THE VOR." 

The sound of the altitude alert buzzer occured on selection of level seven zero which was the sector 
minimum and coincided with the transition level. 

At 0817:49 (9:15) the Co-pilot said "TEN THOUSAND DESCENDING" and the Flight Engineer began 
reading off the ten thousand feet list ending at 0819:45 (7: 18), except the seatbelts. Clearly audible on the CVR are 
the voices of the Co-pilot and the Flight Engineer but not the Captain. 

At 0820:23 (6:41) the altitude alert buzzer can be heard which in line with the FDR data corresponds to the 
system warning approaching level seven zero. 

At 0820:32 (6:32) the throttle back buzzer sounded. The IAS was then 260 knots. It is felt that the crew 
throttled back and reduced the rate of the descent to cut speed and initiate the flaps sequence. 
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At 0821:40 (5:24) the Co-pilot said "TWO PLEASE" and 14 seconds later the Flight Engineer replied, 
"TWO GREEN, ONE NINE ... MIN". This corresonds to requests for two degrees of flaps and confirmation that they 
were already extended symmetrically and at the same time provides the minimum speed for this position of the flaps. 

At that moment the aircraft headiig was 006' towards the Bilbao VOR with an approach altitude of 7100 
feet and an IAS of 215 hots. 

At 0822:04 (05:00) the Co-pilot announced to TWR: "SEVEN THOUSAND FEET OVER THE VOR, 
IBERIA SIX ONE ZERO. INITIATING MANOEUVRE." This was the last communication from the aircraft. 
Immediately TWR replied: "ROGER SIX ONE ZERO". When the Co-pilot began his communications the aircraft 
heading was 006', altitude 7,000 feet and IAS 211 hots. At the moment at which it received the reply from the 
TWR it started a turn to the right towards heading 084' and immediately, before the aircraft was stabilized selected 
a new heading which brought it to 130". 

During the turn, until it reached a headiig of 125', the aircraft maintained its altitude of 7 000. feet and an 
IAS of 204 knots. At that time, 12 seconds before leaving 7 000 feet, the altitude alert buzzer sounded. This is 
thought to correspond to the selection of 5 000 feet in line with the approach chart, subsequent manoeuvres by the 
aircraft and warnings from the altitude alert system. 

At 0823:14 (0350) they left 7 000 feet. 

From the time of leaving 7 000 feet until reaching 5 000 feet at 0825:14 (0150) the aircraft descended at 
a rate of 1 000 feet per minute, the IAS fluctuated between 198 and 214 knots and, after reaching 130' the heading 
shifted to 113'. Subsequently a further correction towards 124" began and when the aircraft reached 5 000 feet the 
headiig was 117'. During descent from 7 000 to 5 000 feet the Co-pilot can be heard on the CVR saying at 082400 
(03:04) "LET'S SWITCH SEAT BELT SIGNS ON NOW. This was done immediately since the passenger warning 
signal is heard. Eleven seconds later the request to passengers to fasten their seat belts is heard in both English and 
Spanish over the PA. 

At 082427 (02:37) the altitude alert warning sounded, coinciding with the 900 feet from 5 000 feet warning 
which it is thought was selected before leaving 7 000 feet, when the sound of the signal was heard. 

At 0825:14 (0150) the aircraft reached 5 000 feet and until leaving this level 25 seconds later, the heading 
varied from 117" to 124', IAS reduced from 209 knots to 203. At 082530 i.e. nine seconds before leaving 5 000 
feet, the altitude alert system signal sounded, probably on selection of 4 300 feet. 

At 0825:39 (01:25) the aircraft left 5 000 feet descending at 1 500 ft/min which it maintained until it 
reached an altitude of 3 870 feet 48 seconds later and changed to 700 ft/min which it maintained virtually until 
impact. From the time of leaving 5 000 feet until the collision, the speed was maintained between 203 and 213 
knots. 

Five seconds after leaving 5 000 feet the aircraft began a change' of heading to the left which took it from 
124' to 078' at the moment of change of rate of descent and which continued to vary slightly until it reached 076' 
10 seconds before impact; immediately afterwards it began a right turn until it reached a heading of 096' when the 
impact with the televion antenna mast occurred. 

Forty one seconds after leaving 5 000 feet and forty four before impact, at an altitude of 4 040 feet the 
altitude alert buzzer had sounded which, according to the logic of the operation of the system only sounds at 900 
feet from the altitude selected on approach andlor 300 feet after passing it. It must be supposed that 4 300 feet had 
been selected since a selection of 3 100 feet which would have caused the signal to sound in approach mode (900 
feet froin the altitude selected) does not correspond to any value on the chart. On the contrary, selection of 4 300 
feet is logical. Since tbe selection between 5 000 and 4 300 feet is less than 1 000 feet, the system signal would 
not sound in approach mode and would sound at approximately 4 000 feet in deviation mode (300 feet away from 
the altitude selected). 
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At 082654 (00:10), which coincides with the start of the turn to the right, the Co-pilot said: "FIVE 
PLEASE. 

Two seconds later: "MINIMUM, ONE SIX ... THREE. FOUR THOUSAND THREE HUNDRED, TURN." 

The first phrase corresponds to the request for five degrees of flaps. The second to a comment or reading 
of the minimum speed for this condition and minimum altitude for the turn of the manoeuvre in line with the 
interpretation of the chart rounding off the altitude (4 354 feet) incorrectly or by having read it on the display of the 
altitude alert system. Immediately after the end of the Co-pilot's phrase, the sound of the impact of the aircraft with 
the antenna mast can be heard at 0827:04. 

2.2 Actions of the Crew 

2.2.1 Pilot at the Controls 

It is common practice when several stops are to be made on one day, for each crew member to conduct one 
complete leg. 

According to the CVR, communications during the climb were conducted by the Captain, leading to the 
supposition that he was not the pilot at the controls. On the CVR recording no warning is heard of 1 000 feet for 
the level. Except for brief comments, he did not participate in conversation with or make any verbal comments to 
the Co-pilot about the conduct of the operation. 

Although communications with Airline Operations in Bilbao and subsequently with Madrid Control and 
Bilbao TWR were conducted by the Co-pilot, these were very short and took place in the cruising and descent 
phases. Moreover the frequencies used were quite free of communications with other traffic. 

Nonetheless, it seems that the level or altitude settings on the altitudealert system were made by the 
Captain. This may have been a way of directing the operation without feeling it necessary to give audible 
instructions. The setting of the altitude alert system and the warnings of the system approaching the levels or 
altitudes selected may have made the Captain feel it was unnecessary to make the 1 000 feet call outs. 

It is thought that it was the Captain who made the settings and armed the altitude alert system because 
according to statements from other airline crew members, this was his usual practice. In addition, on two occasions 
when the system warning sounds for a new setting it is difficult to imagine that at the same time as the Co-pilot was 
transmitting, he was setting the altitude alert, system which, given its location on the centre pedestal, is not an easy 
operation. 

The landing estimates given to Airline Operations and to the cabin crew member of 17 and 15 minutes 
respectively (given two minutes apart) were given by the Co-pilot. 

Normally changes in configuration (flaps, gear, etc.) are requested by the pilot at the conaols. In this case, 
it was the Co-pilot who requested two and five degrees of flaps. The audible warning to passengers to put on their 
belts coincided with the comment from the Co-pilot "LET'S SWITCH SEAT BELT SIGNS ON NOW. Bearing 
in mind that this was the item needed to complete the 10 000 feet check list and since the sentence was not phrased 
as a question, it must be supposed that the Co-pilot carried out this action. 

From all the above it can be deduced that the Co-pilot was at the controls. 
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2.2.2 Descent from the Cruising Level to 5 000 feet 

In line with the data obtained from the FDR, time synchronisation with the CVR and the reconstruction of 
the flight path, it can be determined that after overflying the DOMING0 waypoint at the cruising level and once 
clearance had been granted by Control to start the descent, the Co-pilot maintained speeds, heading and rate of 
descent consistent with the most suitable for the conduct of this part of the flight. 

Its rates of descent from cruising level were 2 500 ftlrnin to around level 190, something less than 2 000 
ft/min to approximately level 100 where the rate was cut to 750 ft/min until the altitude alert system warning sounded 
(900 feet away from 7 000 feet which was the last altitude selected) where it reduced to 600 ftlmin and more or less 
simultaneously the thrust levers were pulled back to reduce the IAS, which at that time was 260 knots, and to be 
able to reach 210 knots at 7 QOO feet. 

Communications with both Madrid Control and Bilbao TWR are perfectly in line with the levels the aircraft 
was reaching or leaving. 

Settings on the altitude alert system were achieved as soon as Control clearances for new levels were 
received. 

When the Co-pilot communicated with TWR that they had reached 
7 000 feet, the aircraft was indeed at that altitude around 4 NM from the VOR and it immediately started a right turn 
towards capturing an outbound heading. When it completed the turn it maintained a flight path broadly parallel to 
the corresponding radial, apparently converging towards NDB-BIL. 

Nine seconds before leaving 7 000 feet the altitude alert system warning can be heard on the CVR, 
corresponding to 5 000 feet which was the altitude required for DME fix 13. Afterwards during the descent to 5 
000 feet, at 900 feet away, the altitude alert system warning is heard again. This warning matches the operation of 
the system in its approach mode to the altitude selected. 

The rate of descent between 7 000 and 5 000 feet was 1 000 ft/min. 

2.2.3 Manoeuvres made from 5 000 feet to Impact 

Once the aircraft had levelled off at 5 000 feet and before leaving that altitude, the altitude alert system 
warning is heard again as a result of adopting a new setting. 

One feature of the altitude alert system is that it is not possible to select values of less than hundreds of feet. 
The correct selection should have been 4 400 feet since the minimum altitude indicated on the chart is 4 354 feet. 

At or close to DME fix 13 the aircraft started its descent. as well as a left turn on heading 076' as 
established on the chart for the straight section of the procedural turn. 

Taking into account that the intermediate approach protection area starts at the outbound fix and even though 
the established manoeuvre indicates that an outbound direction should be maintained until the minimum altitude is 
reached, the beginning of the p rocedd  turn at this point may be considered acceptable. 

From the time at which the aircraft left 5 000 ft, a rate of descent of 1 500 Wmin was maintained for 48 
seconds bringing it to a altitude of 3 870 feet at which point it changed to a rate of 700 Wmin which it maintained 
effectively for the last 37 seconds until impact. 
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2.2.3.1 Phase of the Flight below the Minimum Altitude for the Intermediate Approach Manoeuvre 

Since no conversation was recorded on the CVR (from before leaving 5 000 ft until the request by the Co- 
pilot for 5' of flaps, 10 seconds before impact) which indicates an intention to conduct'this phase of the flight as 
it occurred, there is a need to examine the reasons for the crew being led to fly inadvertently below the minimum 
manoeuvre altitude. 

In line with the analysis carried out, such a situation could have arisen from: 

a) erroneous action as a response to incorrect or mistaken knowledge of the real situation which was 
aggravated by 

b) response to the altitude alert system warnings, and 

c) misreading the altimeter. 

1) On reaching the starting point of the intermediate approach manoeuvre it is only necessary to descend 
600 feet if 4 400 feet has been set on the altitude alert system or 700 feet if 4 300 feet has been set. 
This seems to have been the setting chosen by the crew. 

Taking into account that the rates of descent studied previously, except for that when leaving the 
cruiseing level and up to level 100 were lower than 1 500 ftlmin and that it had the whole time of 
the procedural turn or at least the segment prior to the turn in order to reach the minimum manoeuvre 
altitude, and that it started this segment 10 seconds before impact and seventy five seconds after 
leaving 5 000 feet, the rate of descent may be explained by the fact that the Co-pilot felt that he was 
starting at an altitude other than 5 000 feet. 

At the time of the accident it was not uncommon when approaching Bilbao to proceed directly to 
DME fix 13 either at the request of the crew or because the TWR so instructed it, if traffic allowed. 
The direct manoeuvre to the fm avoided ovefflying the Bilbao VOR with consequent time savings, 
without endangering safety as long as an aircraft did not descend below the minimum sector altitude 
which was 7 000 feet. 

On this flight it was TWR which informed the aircraft when it was leaving level one three zero and 
at 28 miles from the VOR, i.e. at three miles from the sector limit, that it could continue its descent 
for an ILS approach and proceed directly to the fm, if it so wished. 

From the Co-pilot's reply and subsequent comments in the cockpit, it may be deduced that the Co- 
pilot intended to head for the fm but that probably because of some signal or gesture from the 
Captain, communicated that they were going to undertake the standard manoeuvre. 

At that moment there might have been some mental conflict between the wish of the Co-pilot to 
conduct a shorter flight, since TWR had cleared it and the indication from the Captain to conduct the 
standard procedure. The difference between the two lies in the fact that the manoeuvre of proceeding 
diiect to the fix requires reaching it at 7 000 feet and the standard manoeuvre allows it to reach 5 
000 feet at the same point. 

Consequently for a setting of 4 300 feet on the altitude alert system, for the former it would be 
necessary to descend 2 700 feet as against 700 fees for the latter on an. intermediate approach 
manoeuvre. 

The setting made by the Captain on the altitude alert system plus the fact that he did not provide 1 
000 feet call-outs for the Bevel, together witb the continuous silence in the cockpit especially during 
the last six minutes of the flight, may have meant that when the aircraft reached DME fix 13 (bearing 
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in mind that they had received clearance for this, even though they had not accepted it) the Co-pilot 
was led to believe that he had reached this point by the manoeuvre which he had planned mentally 
and to act from that moment as if he were at 7 000 feet, the minimum altitude at DME fix 13 if one 
is approaching it directly. This may have led to his descending at a rate of 1 500 ftlmin to reach the 
altitude required for the intermediate approach manoeuvre. 

2) The altitude alert system has two types of warning signals, audible and visual (light). If the "ALT 
SEL" button located on the A/P centre control pedestal is pressed, only the audible and visual 
warnings prior to capture of the altitude selected will be activated (as long as the setting made is 1 
000 feet or more away from the current altitude and that selected). 

If the system setting is less than 1 000 feet away and the system is not reset, the system will continue 
with the flashing light of the previous setting on and this will switch off at 300 feet before the 
altitude selected and, in line with the studies carried out, will capture it if it is armed. Otherwise 
descent will continue and it will give an audible warning 300 feet after the altitude selected at the 
same time as the flashing light for leaving altitude selected switches on and will switch off 900 feet 
later. 

In line with the FDR, CVR and examination of the wreckage, it can be stated that nine seconds after 
leaving 5 000 feet, a setting was made on the altitude alert system. The equipment was found with 
the thousands figure stuck on four, the hundreds showed three and only allowed movement between 
two and three and the audible warning would only sound when the aircraft was at an altitude very 
close to 4 000 feet. 

Actions on the system and its response might have occurred as follows: 

i) The Captain selected 4 300 feet on the altitude alert system. Inadvertently he might not have 
pressed the "ALT SEL" switch or, once it was pressed, .one of the pilots might have pressed it 
again so that the system disarmed and did not capture the altitude. 

ii) The Co-pilot might have had his hand on the centre pedestal, impeding the Captain's normal 
action of pushing the "ALT SEL" switch and when he did press it, the limit for capture had 
already been passed. 

iii) The system had worked correctly for previous captures at 7 000 and 5 000 feet although a 
malfunction cannot be ruled out for this capture. 

In any one of these cases, when leaving 5 000 feet the first audible warning which the system would 
give for having selected a difference of less than 1 000 feet would be the audible 300 feet warning 
following the altitude selected and a warning light on the front panel would flash. This would occur 
at 4 000 feet and the flashing light would have continued until an altitude of 3 400 feet. The visual 
warning might not have been significant and might not have fulfilled its alarm function since the 
indicator is the same for both approach to and departure from the altitude selected. 

Consequently the Co-pilot must have interpreted the audible warning of the altitude alert system as 
being the approach to the altitude selected. His actions were similar to those he undertook when he 
heard the 7 000 feet audible approach warning and was about to start the turn over the VOR, 
reducing the rate of descent, which he maintained until impact, while waiting for the AIP to capture 
the altitude selected, 4 300 feet. 

3) This aircraft was equipped with what are known as drum and needle altimeters. The instrument is 
sited approximately 70 cm from the pilot's eyes and slightly offset to the right. It has a diameter of 
69.7 millimetres and is divided into 10 sectors of one hundred feet numbered from zero to nine and 
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with twenty-foot subdivisions. On the right semi-circle it has a window in which the figures for the 
thousands of feet appear from top to bottom in decreasing order. Thiswindow, which allows for up 
to four figures to be displayed, has a fmed pointer arrow on its right side. 

To carry out a reading, it is necessary to take the lower of the two figures which are closest to the 
m w  on the thousands window'and add them to the hundreds and tens of feet shown by the needle. 

The results of the tests carried out on drum and needle altimeter misreadings showed that pilots 
hardly look at the thousands window (apparently because it is difficult to read), average dwell time 
for reading the altitude is 0.6 seconds. 

From the NASA study to find out the percentage of pilots who had misread or had seen other pilots 
misread the drum altimeter, the following data were obtained: of the 169 pilots who replied, 137 
stated that they had misread the altimeter and 134 stated that they had seen other pilots misread it 
(85% of each group said that it had happened to them on more than one occasion). In other studies 
carried out by NASA it was felt that pilots' movements are predicasted on what they know or think 
they know about the position of the aircraft. Knowledge about the initial altitude and a constant rate 
of descent at any particular moment, may produce a gradual increase in uncertainty and make them 
forget the need to look at the altimeter. 

This situation of false confidence is supported by conducting the flight on autopilot. As was shown 
in the studies quoted, when flying on automatic, it is less likely that they would detect a significant 
deviation of the aircraft. 

The comments about drum altimeters by the pilots which concur with the studies referred to, should 
be remembered: 

"It requires more concentration to read this altimeter properly than it ought to" 

"The window complicates the instrument and is rather small. It often requires two looks and 
diverts attention away from the needle. Other instruments only need a single point of visual 

, 

attention in order to be understood and do not divert, slow down or complicate an instrument 
check." 

"Misreadings always seem to occur at low altitudes when attention is divided between several 
activities." 

"The greater the stress in a situation, the more the misreadings." 

"A rapid look after (some time) can usually lead to a reading of 1 000 feet of error if the 
indicator is halfway between two thousands". 

The fact that the aircraft remained below the altitude selected for 55 seconds and thus below the 
manoeuvre protection limits for 57 seconds leads one to believe that any reading that was carried out 
must only have taken into account the altimeter needle without specifically looking at the thousands 
window. A correct reading would have shown in the fust 30 seconds after leaving 5 000 feet; the 
proximity to 4 300 feet (the altitude selected on the altitude alert system and one to which the Co- 
pilot referred three seconds before impact) and subsequently that it was flying below that altitude. 
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3. CONCLUSIONS 

3.1 Findings 

1. The Captain and the other members of the crew were adequately qualified and experienced. 

2. The Controller was adequately qualifia experienced and physically fit. 

3. The aircraft held valid Airworthiness, Registration and Maintenance Certificates. The fiies show that it had been 
maintained according to the authorized maintenance programme. 

4. The navigation and approach aids were operating correctly according to the checks carried out. 

5. There is no evidence of any malfunction of the ATC communications equipment. 

6. No evidence of any abnormality in the operation of the aircraft engines or systems was revealed by the 
investigation. 

7. The mass and centre of gravity were within established 1,imits. 

8. For its last 57 seconds the aircraft was flying below the altitude established for the manoeuvre which it was 
conducting. 

9. Given the progress of the flight, the crew either did not carry out the altitude checks correctly or their readings 
were wrong. 

10. The operating philosophy of the altitude alert system does not allow for a crew to relax its vigilance with respect 
to the flight altitude, trusting that the altitude selected is going to be captured by the Alp. . . 

11. When setting the altitude alert system the crew made the error of rounding the altitude figure of 4 354 feet down 
to 4 300 instead of rounding it up to 4 400. 

12. There was insufficient supervision of the manoeuvre by the Captain who was not at the controls, nor did he 
provide the 1 000 feet call-outs on approaching the different altitudes. 

13. The television antenna mast with which the aircraft collided was over 28 metres above the top of the mountain 
and, even though it did not appear on the chart, it should have been the critical obstacle for calculating the safe 
altitude for the intermediate approach manoeuvre protection area. 

3.2 Cause 

Because of their confidence in the automatic capture by the altitude alert system, incorrect interpretation 
of its warnings as well as a probable misreading of the altimeter, the crew was flying the aircraft below the safe 
altitude where it collided with a television antenna mast, lost its left wing and struck the ground out of control. 

4. RECOMMENDATIONS 

1. Reiterate to flight crews the need for and importance of the pilot who is not at the controls to carry out the call- 
outs of the minimum altitudes (ATC authorized, sector, over radio aids, p r o c e d d  turn, etc.). 
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2. Reiterate to and instruct flight crews about the importance of and need for training covering cockpit co-ordination 
and resource management. 

3. Replacement of drum and needle altimeters by other models which would, insofar as possible, avoid misreadings 

4. Remind flight crews of the need to read the thousands window carefully on drum and needle altimeters. 

5. Study changing the audible warning on the altitude alert equipment for leaving the altitude selected to an 
intermittent signal synchronised with the system's light signal and ensuring that the arming of the automatic capture 
be permanent (except when the A/P is in Auto G/S mode). 

6. Urge the aeronautical authority concerned to speed up the updating of aeronautical charts to comply with the 
Standards of ICAO Doc 8168 which is in force. 

7. Insist that when flight crews are setting the altitudes which appear on the approach charts on the altitude alert 
equipment windows, they should always round the figures upwards to the nearest hundred. 

8. Urge the aeronautical authority concerned to conduct systematic, periodic inspections of the specific areas which 
have protection areas to avoid obstacles appearing which exceed the maximum permitted heights. 

ICAO Note.- Appendices were not reproduced. 
lCA0 Ref.: 02 1 I85 
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No. 2 

Boeing 747 SP, N4522V, accident 300 NM northwest of San Francisco, 
United States, on 19 February 1985. 

Report No. NTSBIAAR-86/03 released by the 
National Transportation Safety Board, United States 

SYNOPSIS 

About 1016 Pacific standard time, February 19, 1985, China Airlines Flight 
006, a Boeing 747 SP-09, enroute to Los Angeles, California from Taipei, Taiwan, suffered 
an inflight upset. The flight from Taipei to about 300 nmi northwest of San Francisco was 
uneventful and the airplane was flying at about 41,000 feet mean sea level when the No. 4 
engine lost power. During the attempt to recover and restore normal power on the No. 4 
engine, the airplane rolled to the right, nosed over, and entered an uncontrollable descent. 
The captain was unable to restore the airplane to stable flight until it had descendecl to 
9,500 feet. After the captain stabilized the airplane, he elected to divert ti; Stin 
Francisco International Airport, where a safe landing was made. Although the m;p;.ane 
suffered major structural damage during the upset, descent, and subsequcilt rrcsvw:, ant 4 
two persons among the 274 passengers and crew on board were injured seriously- 

The National Transportation Safety Board determines thai th.: :~*:s!.--ble ca:?:;~ 
of this accident was the captain's preoccupation with an inflight nd%uncti..-r a ~ d  his 
failure to monitor properly the airplane's flight instruments which resu;t,d ;;i his ica'd 4 
control of the airplane. 

Contributing to the accident was the captain's over-relieuse3 on the autopI!st. 
after the loss of thrust on the No. 4 engine. 

1- FACTUAL INFORMATiON 

History of the Fligt - 
China Airlines Boeing 747 SP-09, Flight 006, was a regularly scheduied 

passenger flight between Taipei, Taiwan, and Los Angeles, California. Flight 606 
departed Taipei at 0022 Pacific standard time 11 (1622 Taipei local time), Feb~ue-c y 19, 
1985, with 251 passengers and 23 crewmembers on board. 

The flight was uneventful until just west of reporting paint Redoo, about 
300 nmi northwest of San Francisco, California. Flight 006 was at flight level 
(FL) 410 - 21 and was estimating Redoo at 1013. The flight was above a lower e l ~ ~ d  layer 

11 All times herein, unless otherwise specified, are Pacific standard time based on the - 
24-hour clock. 
21  A level of constant atmospheric pressure related to a reference datum of 29.92 in HI30 - 
FL 410 represents a barometric altimeter reading of 41,000 feet. 
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whose tops were reported to be at or about 37,000 feet. 31 The airplane's autopilot was 
engaged and was operating in the Performance ~ a n a ~ e m e n t  System (PMS) mode. The 
PMS was providing pitch guidance and maintaining a selected 41,000 feet; roll guidance to 
the autopilot was provided by the Inertial Navigation System (INS): The autopilot uses 
only the airplane's ailerons and spoilers for lateral control; it does not use the airplane's 
rudder and rudder trim for this purpose. The PMS also was maintaining 0.85 Mach (Mb, 
254 knots indicated airspeed (KIAS), by providing thrust setting commands to the 
airplane's autothrottle system servomotor. According to the flightcrew, as the airplane 
approached Redoo, it began to encounter light clear air turbulence. The airspeed began 
fluctuating between about 0.84 (251 KIAS) and 0.88M (264 KIAS) and the PMS began 
moving the throttles forward and aft to maintain the commanded cruise Mach number 
(0.85M). 

About 1010, the Mach number increased to about 0.88 M, the PMS retarded the 
throttles, engine thrust decreased to about 1.0 EPR 41, and the airplane began 
decelerating. As the airspeed reached about 0.84M, the PMS moved the throttles forward. 
Engines 1, 2, and 3 responded to the movement of the throttles and began accelerating; 
however, the flight engineer said that the instrument gauges of the No. 4 engine did not 
indicate a corresponding acceleration. The flight engineer then moved the No. 4 throttle 
forward and aft manually, but he said that he did not see any corresponding indication of 
engine response to the throttle movements on the applicable engine instruments. At the 
time this occurred, the flight engineer said that the four main tanks were supplying fuel 
directly to their respective engines. The No. 2 main tank was pressurizing the fuel 
crossfeed system; all other fuel tank crossfeed valves were closed. The automatic fuel 
heating system was on. In addition, the captain had turned the "fasten seatbelt" signs on 
when the flight had encountered the clear air turbulence. In accordance with company 
procedures, the flight engineer had placed the ignition switches in the "flight start" 
position, thereby providing continuous ignition to all four engines. At the time of the 
occurrence, and in accordance with the company's procedures, two of the airplane's three 
air conditioning packs were on and set to the "half flow" position. 

The captain said that he observed the flight engineer move the No. 4 throttle. 
He said that he did not "feel1' anything unusual when the No. 4 engine did not accelerate; 
he just noticed that the No. 4 engine's instrument gauges were not responding to the 
throttle movements and that the indicated airspeed began decreasing. 

Shortly thereafter, the flight engineer told the captain that the No. 4 engine 
had flamed out. The flight engineer said that he also noted that the No. 4 generator 
breaker open light on the electrical section of the flight engineer's instrument panel was 
lit, indicating that the No. 4 generator control breaker had opened and the generator was 
no longer on-line. Thereafter, in response to the captain's command, he took out his 
checklist to review the applicable engine out procedures and the airplane performance 
charts to ascertain the three-engine enroute cruise altitude. The captain directed the 
first officer to request a lower altitude from air traffic control (ATC) in order to descend 
and to restart the engine. Although the maximum engine restart altitude is 30,000 feet, 
the captain directed the flight engineer to try to relight the No. 4 engine while at 41,000 
feet. The flight engineer placed the engine's No. 2 ignition switch to the "flight start1' 
position, thus putting both ignition systems on the No. 4 engine in continuous ignition. 
(Only one of the two ignition systems are used during normal operations. 

- 31 All altitudes herein, unless otherwise specified, are mean sea level altitudes. 
41 Engine Pressure Ratio. EPR is the turbine discharge total pressure divided by total - 
Pressure at the compressor inlet; the higher the EPR, the greater the engine thrust 
output. 
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According t o  company procedures, the No. 1 system is used eastbound and Noo 2 
westbound.) The a t tempt  was unsuccessful and the airplane continued PO decelerate. 

The first officer heard the  f ight  engineer tell the captain tha t  the No. 4 
engine had flamed out and he told the relief flight engineer Po come forward and help the 
"on duty" f i g h t  engineer. We saw that the  airspeed was deereasing and he informed the  
captain of the situation. At 1014:ll, he requested a lower alt i tude from the Qakland, 
California, Air Route Traffic Control Center (ARTCC). He did not telf Oakland ARTCC 
about the engine failure, nor did he declare an emergency. The first  officer said tha t  
Oakland ARTCC told him t o  "stand byv and he did not recall  hearing anything further in 
response t o  his request. However, the  ATC transcript showed that,  at 1015:01, Oakland 
ARTCC had cleared the  flight t o  descend t o  and t o  maintain FL 240 and tha t  Flight 006 
did not acknowledge the clearance. In addition, between 1015:13 and 1016:28, Oakland 
ARTCC tried unsuccessfully six t imes t o  contact Flight 006. 

The captain said tha t  the airspeed dropped through 240 KIAS, and, as the 
airplane continued t o  decelerate, he turned the autopilot's speed mode selector switch 
from PMS t o  "OFFt1 t o  release i t  from the  altitude hold command. This switched the  
autopilot to  the  pitch at t i tude hold mode while maintaining the  INS track in the autopilot 
roll mode without any pilot input. He then rotated the pitch control wheel on the  
autopilot manual control module in the  nose-down direction t o  begin a descent t o  arrest  
the  airspeed loss; however, t he  captain said tha t  the airspeed continued t o  decrease and so 
he disengaged the autopilot t o  lower the  airplane's nose manually at a faster  r a t e  in a 
further a t tempt  t o  arrest  the airspeed loss. 

The first officer s ta ted tha t  he llooked upf1 a f t e r  he completed his radio call 
and saw tha t  the  airplane had banked "slightly" t o  t he  right. He said tha t  he saw the  
captain disconnect the autopilot, t ha t  the airplane continued t o  bank t o  the right, and tha t  
he "told the  captain i t  was banking right." 

The captain said tha t  a f te r  he disengaged the autopilot t he  airplane yawed and 
rolled further right and tha t  the  first  officer told him that  the  airplane "was banking 
right." He said that  while he was concentrating on his a t t i tude director indicator (AD11 t o  
make a left-wing-down correction, the  instrument's background, which contained the  
horizon reference line, rotated rapidly t o  the le f t  and the horizon reference line rolled t o  
t he  vertical position. The captain said tha t  he did not see any failure flags or  lights on his 
AD1 and when he looked over at the first  officer's AD1 and the  standby AD1 5/, they 
looked the same a s  his. By this time, according t o  the  captain, the  airplane haden te red  
the  clouds, and he didn't know what a t t i tude it was in. 

The captain said tha t  about the  t ime the  ADIs rotated, t he  flight engineer told 
him tha t  the other three engines had lost thrust and tha t  the  l'airplane dropped all of a 
sudden." He pulled back on the  control column, but t h e  indicated airspeed continued 
increasing rapidly until i t  exceeded the  airplane's maximum operating speed (Vmo) g/. 
b r i n g  this par t  of the  "upset," the  first officer said tha t  his AD1 had rotated t o  t he  l e f t  
in the same manner a s  the captain's and tha t  he did not see any AD1 failure flags or lights. 
He said that ,  at tha t  point in t he  flight, he  saw tha t  both t h e  captain's and his ADIs %ad 
mal f~nct ioned ,~ '  tha t  the airplane was out of control, banking le f t  and right, and tha t  he 
fel t  tha t  i t  was in a s teep bank. 

5/ The captain's, f irst  officer's, and standby ADIs are unrestricted in the  roll mode and - 
have a 90" pitch limit. 
6/  Vmo is 378 KIAS at sea Bevel and increases t o  394 KIAS at 24,500 feet. Above - 
24,500 feet ,  Vmo is 0.92M. 
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The flight engineer said that he felt the airplane enter an abnormal attitude, 
he heard the captain report that his AD1 was lost, and he saw the standby AD1 'qgoing out 
of limits." -He said that the airplane was descending and the captain was trying to recover 
when he saw the No. 1, 2, and 3 engines had lost thrust. After telling the captain, he 
moved the three throttles forward and aft, but he did not observe any corresponding 
indications of thrust response on the engine's instruments. He placed the standby ignition 
switch "onn but there was no engine response. Thereafter, the G forces became so great 
that he could not lift his arms and his head was forced down against the center control 
pedestal. (The standby ignition switch uses the standby bus alternating current (a.c.1 
electrical power. The standby a.c. bus is normally supplied by the essential a.c. bus. As 
an alternate, the power can be supplied from the batterylstatic inverter. Placing the 
selector switch to either the "IGN 1" or the "IGN 2" position provides continuous ignition 
to all engines through the selected igniter when the start levers are in the rich or idle 
position.) 

The captain stated that he was unable to recover the airplane while i t  was in 
the clouds; he was uncertain of its roll attitude and was moving the control wheel to the 
left and to the right. However, as the airplane accelerated, the captain said he continued 
to pull the control column back and the airplane began to decelerate rapidly. The captain 
said that the airspeed decreased to between about 80 to 100 KIAS and, at that point, he 
lowered the airplane's nose, the airplane accelerated, and the indicated airspeed again 
exceeded Vmo. The captain, then assisted by the first officer, pulled the control column 
back and the airplane decelerated. The captain lowered the nose smoothly. The airplane 
began accelerating slowly and as it did so, it emerged from the clouds. The captain told 
the flightcrew that he could see the horizon outside the airplane. The captain, first 
officer, and flight engineer said that they did not hear the overspeed aural warning and 
that the stall warning stickshaker did not activate at any time during the descent. 

As the airplane emerged from the clouds at about 11,000 feet it was, 
according to the captain, accelerating through 180 KIAS. The captain, based on outside 
visual references, began regaining control and was able to finally stabilize the airplane at  
about 9,500 feet. The first officer said that he saw his AD1 was Ifcoming backw just before 
the captain announced that he could see the horizon outside the airplane. The flight 
engineer also noted that he saw the first officer's AD1 lfcoming inf1 at this time. 

As the airplane descended through 10,000 feet, the flight engineer said that 
the Nos. 1, 2, and 3 engines "came in," but the No. 4 engine did not start. When he placed 
the No. 4 ignition switch in the ground start position, however, the engine did start. 
According to the flight engineer, the restart of the No. 4 engine was accomplished in 
accordance with checklist procedures. 

The flight engineer stated that he did not think that the airplane lost a.c. 
electrical power during the upset and subsequent descent. He said that he had not seen 
any instrument warning flags during the entire episode and that, "If we had lost electrical 
power we would have seen flags.I1 According to the flight engineer, after all the engines 
had started, he checked the electrical control panel, and, except for the-fact that the 
No. 4 generator open light was lit, all other lights were out and 'leverything was normal." 
He closed the No. 4 generator control breaker, the Light went out, and the generator came 
on line. 

After the airplane was stabilized, Oakland ARTCC was contacted, and, at  
1017:03, Flight 006 reported that it had experienced a "flameout, ah, we 
emergency. . . .we are niner thousand feet. . ." Thereafter, the flight requested and was 
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given radar vectors to  return t o  course. At 1018:42, Flight 006 requested clearance t o  
climb. Oakland ARTCC initially cleared it t o  climb t o  FE 200, and, a t  1019:17, Flight 006 
told the ARTCC that  "we can control the  aircraft." Oakland ARTCC asked the  flight if i t  
wanted to  divert t o  Sin Francisco, and, a t  1019:49, Flight 006 answered "Condition normal 
now," and that  it. would continue t o  Los Angeles. Flight 006 waS then cleared t o  climb t o  
and maintain FL 350. While the airplane was climbing, the flight engineer checked his 
instrument panel. The body gear door open annunciator lights and the body landing gear 
down ,lights were on, indicating that the doors were open and the body landing gear were 
down and locked. In addition, the  No. 1 hydraulic system fluid level gauge indicated 
empty. 

Because of the landing gear indications, the  captain elected t o  level off at FL 
270 with the gear extended. (The maximum operating altitude for flight with the  landing 
gear extended is 29,000 feet.) After checking the airplane's fuel s tatus and fuel 
consumption at 27,000 feet with the gear extended, the captain decided t o  divert t o  San 
Francisco and instructed the first officer t o  inform Oakland ARTCC of their intentions. 
At 1035:34, Oakland ARTCC cleared Flight 006 t o  San Francisco via Point Reyes, 
California, and t o  maintain FL 270. 

At 1038:39, Flight 006 redeclared an emergency and stated tha t  there were 
injured people onboard. At 1038:54, Oakland ARTCC cleared the flight direct t o  San 
Francisco and to  descend a t  'Pilot's discretion." The descent into San Francisco was made 
with the  autopilot engaged and i t  operated satisfactorily until i t  was disengaged at 
2,500 fee t  while on a long final approach to  runway 28L a t  San Francisco International 
Airport. The remaining landing gear and the flaps were lowered manually in accordance 
with prescribed checklist procedures. In addition, the engines all operated normally 
throughout the  climb t o  FL 270, the  cruise at FL 270, the descent, and landing. 

After landing, the captain cleared the active runway. Because of the 
inoperative No. 1 hydraulic system which decreased his ability t o  steer the  airplane during 
taxi, the captain stopped the airplane after  i t  was clear of the  active runway, the  engines 
were shut down, and the  airplane was towed t o  the  gate. 

1.2 Injuries to Persons 

In juries Crew - 'Passengers Others. 

Fatal 0 0 .  0 
Serious I *  I* 0 
Minor/None 2 2 250 0 
Total 23 EX b 

*One cabin crew member received an acute back strain. On February 19, 
1985, he was admitted to  a hospital and was hospitalized for more than 48 hours. The 
passenger suffered lacerations and bone fractures on his right foot. Both injuries were 
classified a s  serious in accordance with Section 49.CFR 830.2 of the  Safety Board's rules. 
Section 830.2 defines serious injuries, in part, as follows: 

"any injury which (1) requires hospitalization for more than 
48 hours, commencing within 7 days from the date  the injury was 
received; (2) results in a fracture of any bone [except simple 
fractures of fingers, toes, or nose] ." 
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1.3 Damage to the Airplane 

'The airplane was .damaged substantially (see section 1.12). 

1.4 Other Damage 

No other property damage resulted from this accident. 

1.5 Personnel Information 

A five-man flightcrew was on board for this flight. In addition t o  the primary 
three-man flightcrew, a relief captain and flight engineer were assigned t o  the flight. All 
flightcrew members were qualified and trained in accordance with applicable Chinese and 
United States regulations and prescribed China Airlines' procedures. The examination of 
the flightcrew's training records did not disclose anything out of the ordinary. (See 
appendix B.) I 

The primary flightcrew's captain and first officer had served in their country's 
air force before joining China Airlines. Neither pilot flew fighter type aircraft while in 
the air force and neither had done any aerobatic work since completing their air force 
training. 

Airplane Information 

The aircraft for Flight 006, a Boeing 747 SP-09, N4522V, was owned by the 
Wilmington Trust Company, Wilmington, Delaware, and was leased and operated by China 
Airlines. The airplane was powered by fouP Pratt  h Whitney JT9D-7A engines. The 
airplane was maintained in accordance with applicable Chinese Civil Aviation 
Administration and United States Federal Aviation Administration (FAA) regulations, and 
also with China Airlines maintenance procedures. (See appendix C.) The airplane's weight 
and center of gravity locations were within applicable weight and balance limitations 
throughout the entire flight. At the time of the occurrence, the airplane weighed about 
440,000 pounds. At this weight, the airplane's three-engine long range cruise altitude was 
37,000 feet and its stall speed was about 155 KIAS. 

The inspectionof the airplane's flight logbook showed that the No. 4 engine 
had been written up on two previous flights. On Febru,ary 15, 1985, the logbook indicated 
that the No. 4 engine lost thrust "when reducing thrust to idle a t  (FL) 410. Restart, 
resume to  normal (sic) a t  FL 300.71 The logbook's corrective action taken column 
contained the following: the engine was inspected visually, the fuel filter was drained, 
and the  engine vane controller was inspected and "checked Ok." 

On February 18, 1985, the No. 4 engine again lost thrust, this time "when 
reducing thrust t o  idle a t  (FE) 430. Engine power failed to  response (sic) moving thrust 
lever. Check F/F (fuel flow) low. Restart a t  (FL) 280. Resume (normal operation)." The 
logbook's corrective action taken column contained the following: the water drains from 
the mach probes manifold, the engine vane controller, the pressure hydraulic fuel filter 
elements, and air fuel converter were replaced; the fuel pump water filter drain was 
checked andl found t o  be wnorrnaln; and the results of a subsequent engine run up were 
wn~rmal .  
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In addition, during the preflight inspection before the accident flight, the  
following malfunction was found and entered in the logbook: "No. 4 engine high s tage  
(bleed air) valve light illuminated." The corrective action entry showed tha t  the bleed 
valve was removed and replaced before the  flight. 

1.7 Meteorological Information 

The National Weather Servicets (NWS) 1000 surface weather map showed an  
a rea  of low pressure over northern British Columbia and Alberta, Canada, and a large high 
over the  northern Pacific Ocean area centered at 40' north latitude, 140' west longitude. 
A trough extended out of t he  low along the  northwest Pacific coast with a cold front 
extending south along the coast from near Vancouver, Canada t o  southern Oregon and 
then turning west into t h e  Pacific Ocean. 

The 0400 200 millibar map (about 38,700 feet)  showed a shallow trough in the 
westerlies extending southsouthwest out of northern British Columbia into the  Pacific 
Ocean. The centerline of the  trough was about 500 nmi west of the  northern California 
coast. A jet stream core containing wind velocities exceeding 90 knots was located on the  
upwind side of the trough. The wind flow in the vicinity of the  accident was westerly at 
about 40 knots. 

The 1600 200 millibar map showed tha t  the  trough had deepened and i t s  
centerline had moved just east of the northwest U.S. Pacific coast. The jet stream core 
was still on the upwind side of the trough with the perimeter of the  70 knot winds in the 
vicinity of the  accident. The maximum observed wind was 160 knots about 900 nmi 
northwest of the accident site. Based on this pattern, the  winds in the vicinity of the 
accident s i te  would have been from the  northwest at 70 knots. 

The 1431 Geostationary Operational Environment Satellite (GOES) -infrared 
photograph showed the  location of the accident t o  be on the  eastern edge of a cloud a rea  
which closely paralleled the surface cold front. Based on the  infrared shading curve, the  
visible clouds appeared t o  be cirrus (high ice crystal  clouds). 

The 1100 National Weather Service sounding at Medford, Oregon showed a 
double tropopause with temperature minima of -67.5OC at 38,050 f ee t  and -67.OC at 
56,525 feet. The temperature a t  a flight a l t i tude of 41,000 f ee t  was -64.6OC. 

Between 0752 and 1138, 11 pilot reports w'ere received from flights transitt ing 
the area of the accident at altitudes between FL 370 and FL 410. They reported 
temperatures between -61°C and -64OC, and northwesterly winds ranging from 45 knots t o  
114 knots. 

The examination of the dispatch package showed tha t  the weather information 
provided t o  t he  flightcrew of Flight 006 included the forecast winds aloft  enroute, a high 
level significant weather prognostic map, 200 and 300 millibar prognostic maps, and the  
TAFORs (International Terminal Forecasts) for Los Angeles, San Francisco, and Oakland. 

1.8 Aids to Navigation 

Not applicable. 
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There were no known communications malfunctions. 

San Francisco International Airport, elevation I0 feet, is located 8 rniIes 
southeast of downtown San Pranciseo, and is served by eight runways, Runway 28L is 
10,600 feet long and 250 feet wide, md has an asphalt surface, 

me airplane wm equip@ with & Pairchild A-IOQ cockpit voice recorder 
(CVR), Serial Noe 15119, The CVR was brought to the National Transportation Safety 
Board's Weshington, D.C. Audio Labratory for readout. The recorder contained an 
excellent quality 30-minute recording; however, the recorder was allowed to run 
Phmughout the entire flight and the elapsed hime between the accident and Lnding 
exceed4 the recording rndiumts 30-minute capability. h addition, the CVR w m  allowed 
to continue recording after the airplane had landed, Since the recording tape contained 
no pertinent information, no transcript was prepared. 

The airplane was equippd with a Lockheed Air Services Model 2Q9E Digital 
Flight Data Recorder (DFDR), Serial Noe 717. The recorder was removed and sent to the 
Sfe ty  Board's Washington, D.C. laboratory for ~eadout, The DFDR was undamaged and in 
working order on arrival, 

'Xhe DFDR data contained VHP radio microphone keying data. These data 
were correlated to the times contained on the ATC transcript of communications between 
Flight 006 and Oakland ARTCC to establish a real time reference for the various events 
contained an the DFDR readout. The timing correlation is accurate to within 1 second, 

Camputer Animation,--A real-time animation of a line drawing of an airplme, 
driven by selected flight recorder parameters, was prepared. The animation corers 
6.5 minutes of the flight from 1008:53 to 1015:23, when DFDR data was lost (see 
section l . L T . l ) *  The mimation displsys m airplane model flflng over the surface of the 
earth {a lo-nautical mile grid), plus altitude, ai~peed,  heading, control wheeI p i t i o n ,  
and time in digital format. It also contains an analog display of control wheel position and 
EPR, The parameters of pitch, roll, and derived ground track are shown via the computer 
generated madel, The ground track was developed using the forecast windst 
temperatures, and the DFDR recorded a1tftde, airspeed, and heading values. ATC 
communications on the audio are synchronlzd with the video display. 

'he  airplane model is positioned in the center of the screen while the grid 
depicting the surface of the earth moves to show groundspeed, track, and attitude. The 
viewer is positioned 300 feet behind and 50 feet above the center of the model with a 
viewing angle equal to the magnetic heading, The DPDR data were interpolated linearly 
in 1/14-second intervals to pmduce a smooth real-tf m e  presentation. The 1/lhecond 
i n t e ~ v d  was dictated by the limitations of the Safety Board's computer hardware. 

The presentation depicts the loss of thrust from the No. 4 engine at 
40,900 feet, It also shows the increasing left-wing-down control wheel offset to 
counteract the increasing asymmetric force resulting from the loss of thrust, until the 
maximum control wheel offset avaibble to the autopilot Is reached. The presentation 
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shows tha t  t he  airplane pitched down and rolled t o  the right. The nosedown pitch angle 
reached 69' and, by the t ime the  airplane had descended t o  30,000 fee t9  i t  had almost 
completed a 360°right roll and had pitched upward t o  about 11° nosedown pitch attitude. 
( ~ i g u r e s  1-7 were extracted from the computer animation.) 

1.11.1 Digital Flight Data Recorder Information 

Recorder Data Losses.--The examination of the  DFDR readout disclosed a 
number of periods where da ta  were lost. These data  losses were the result of the  
vibration and the sustained vertical acceleration forces (Gs) exerted on the  recorder 
during the descent. Some of these data  were retrieved through the  use of recovery 
techniques, but the accuracy of these recovered data  is suspect. In addition, anomalies in 
the  recorded altitude and airspeed values appeared early in the descent because the 
descent ra te  of the  airplane had exceeded the  maximum tracking capability of t h e  
airplane's digital a i r  da ta  computer (DADC). Specific details a r e  discussed below. 

The first sustained data  loss occurred at 1015:23 as the  airplane was 
descending through 30,132 f ee t  at 296 KIAS 71 and the vertical acceleration values 
approached 5 Gs. Thereafter, invalid data  wasrecorded  for several periods during t h e  
early part  of the descent. 

Between 1016:08 and 1016:14, and between 1016:23 and 1017:12 during the  
descent, t he  synchro parameters for alt i tude (two synchros), indicated airspeed, heading, 
pitch, and roll displayed erroneous data, whereas the synchro parameters for the  flaps, 
stabilizer position, control wheel position, and angle of a t tack  were recorded correctly. 
The ten synchro inputs discussed above a r e  divided into two groups: Group 1 contained 
the  six synchros tha t  displayed erroneous data; Group 2 contained the  four synchros tha t  
displayed correct  data. Power for the Group 1 synchros is routed through the  standby 
ignition switch from the  standby a.c. bus, which is normally powered by the  essential AC 
bus. Placing the standby ignition switch at either standby ignition number 1 or number 2 
will cut off power t o  the  Group 1 synchros. The Group 2 synchros receive their power 
directly from the essential a.c. bus. As noted earlier, the  flight engineer had placed the  
standby ignition switch t o  either the  number 1 or the  number 2 ignition system during the  
descent . 

DFDR Readout Information.-'At 1010:06, the  DFDR da ta  showed tha t  the  
airplane was at 41,006 feet ,  tha t  all four engine EPRs were about 1.4, and tha t  the  
airplane was accelerating through 258 KIAS.   bout 101 0:08, the  engine pressure ratios 
began decreasing, but the  airplane continued t o  accelerate  until, at 1010:36, i t  was 
indicating 264 KIAS. As the EPRs continued t o  decrease, t he  airplane began t o  
decelerate. By 1010:46, t he  EPRs had decreased t o  about 0.9, and at 1011:05, the  airplane 
had slowed t o  about 255 KIAS. The wings were essentially level and the  control wheel was 
centered. At these altitudes and at 0.84M, the  EPR at idle rpm should b e  about 0.7 t o  
0.75; the windmilling EPR should be about 0.05 t o  0.07 lower than the idle EPR. 

At 1011:10, a f te r  the  airspeed had decreased t o  about 251 KIAS, t he  EPRs on 
engines 1, 2, and 3 began increasing and, by about 1011:30, they had reached about 
1.5 EPR. (At 41,000 feet,  0.85M, and with two a i r  conditioning packs operating, t he  Itmax 
cruise" EPR limit is 1.543 EPR.) Thereafter, these three EPRs remained at about 1.5 
until shortly a f te r  the  s ta r t  of the  upset. During this period, the  No. 4 engine's EPR 

7/ These altitude and airspeed da ta  were recorded in the region affected by the  limited - 
tracking capability of t he  DADC. 
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Figu~es 1.--Excerpts from Computer Animation. 
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increased from 0.9 t o  about 1.82 and remained fairly eonstant a t  tha t  reading until 
1012:06. Between 1812:06 and 1012:4f, the  No. 4 EPR increased slightly t o  about 1.05. 

Between 1811:lO and 1012:38, t h e  airspeed fluctuated between 248 KIAS and 
253 KIAS and then stabilized at about 250 KIAS. The airplane's roll angle increased from 
0.3' t o  about 2' left-wingdown and the  control wheel began deflecting le f t  until, a t  
1012:30 i t  stabilized at about a ?'left-wingdown deflection. 

At 1012:40, t h e  No. 4 engine's EPR began decreasing and from 1012:45 t o  
1013:05, the DFDR recorded EPR readings ranging from 0.83 to 0.69, but by 1013:10, t he  
reading had increased t o  about 1.01 EPR. During this 30-second period, the  other three 
engines were stabilized at essentially 1.5 EPR; the  airspeed decreased from 251 KIAS t o  
243 KIAS, and, although the  airplane remained at 40,900 f ee t  in a 3' left-wingdown 
atti tude, the left-wingdown control wheel deflection increased from about 7' t o  about 
20'. With regard t o  engine EPR characteristics at low engine rpm, flight test da ta  
obtained during flights conducted between 39,000 and 43,000 f ee t  demonstrate t ha t  an 
increase in recorded and displayed EPR values occurs at low power settings due t o  inlet 
spillage over the  s t ru t  mounted compressor inlet total  pressure (PT2) probe. 

Between 1013:lO and 1015:06, t h e  Nos. 1, 2, and 3 engines remained at about 
1.5 EPR while the No. 4 engine remained at about 1.1 t o  1.2 EPR. The airplane continued 
level at 40,900 feet,  but t he  airspeed continued t o  decrease at a rate of about 
0.25 KIASIsec. Although the roll angle of the  airplane remained fairly constant at about 
2.6' t o  3.5' left-wing-down, the  left-wingdown deflection of t he  control wheel continued 
t o  increase a s  the indicated airspeed' decreased, and, by 1013:43 the  deflection had 
increased t o  22.93 the  maximum available input from the autopilot. As the  airspeed 
continued t o  decrease and with the control wheel deflected to, and remaining essentially 
at, t he  22.9' left-wing-down deflection, the  airplane began rolling slowly t o  t he  right, 
reaching a wings-level a t t i tude by 1013:58 and then continuing on into a right-wingdown 
attitude. (See figure 1.) 

By 1014:33, the  airspeed had decreased t o  225 KIAS. Despite the 22' left- 
wingdown control wheel deflection, t he  airplane had rolled 23' right-wing-down. (See 
figure 2.) The airplane's pitch att i tude, which until this t ime had remained constant at 
3.1' noseup, now decreased t o  1.8' noseup and remained at tha t  angle for about 5 t o  
6 seconds before returning t o  the original noseup attitude. During this period, the 
airspeed increased about 1 KIAS and then began decreasing again. The airplane continued 
rolling to  the right at an increasing rate. In addition, t he  airplane had begun descending 
at a r a t e  of about 1,200 f ee t  per minute. 

By 1014:50, the  airplane had descended t o  40,442 feet ,  t he  airspeed had 
decreased t o  221 KIAS, and the  airplane had rolled and pitched t o  a 64'right-wingdown 
and 4' nssedown. (See figure 3.) The 22.9' left-wing-down control wheel deflection had 
decreased t o  20' and, over the  next 3 t o  4 seconds the  control wheel returned t o  center. 
In addition, between 1013:06 and 1014:50, the  heading had increased from the  original 106' 
heading t o  163'. 

Between 1014:50 and 1015:23, the  DFDR recorded a 10,310-foot descent t o  
38,132 feet.  Between 1014:59 and 1015:06, as the  airplane descended from 48,346 f ee t  t o  
37,102 feet ,  the recorded data  showed a right-wing-down control wheel deflection. The 
maximum 59' right-wing-down deflection o c c u m d  at 1015:OO and then decreased t o  a 
right-wing40vm deflection which varied between 4' and 16; At  1015:8?, the  recorded 
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data showed a 57' left-wing-down control wheel deflection. During the  10,310 foot 
descent, the recorded data  showed that  the  airplane's pitch angle, decreased t o  68' nose- 
down and then increased back t o  P I 0  nosedown. The airplane had rolled over on i t s  back 
and continued rolling t o  the right through the wings-level point and'to a 25" right-wing- 
down attitude, essentially completing a full 360°aileron roll. (See figures 4, 5, 6 and 7.1 
In addition, between 1015:04 and 1015:08, as the airplane was descending, the Nos. 1, 2, 
and 3 EPRs decreased from about 1.4 EPR t o  about 1.1 t o  1.2 EPR and were at those 
values when synch was lost on the DFDR at 1015:22. At 1016:06, when synch was 
restored, t he  Nos. 1, 2, and 3 engine EPRs were sti l l  about 1.1 t o  1.2 EPR and remained at 
those values until 1017:13. 

Between 1015:23 and 1017:15, t he  airplane descended from 30,132 f ee t  t o  
9,577 feet. During this period, except for some short 3- t o  7-second intervals of accurate  
data, the data  recorded by the DFDR were, as stated earlier, either unreliable or 
erroneous. For example, during the  final minute of t he  descent, the  Group 1 synchros 
were displaying erroneous data. At 1017:13, when the Group 1 synchros began displaying 
correct data, t he  airplane was a t  9,5117 f ee t  and'climbing and the airspeed was 221 KIAS. 
The EPRs on engines 1, 2, and 3 were about 1.23, 1.27, and 1.23, respectively, and 
increasing, and the  thrust 'increase was accompanied by a 3' lef t  rudder pedal deflection. 
The number 4 'engine EPR was 0.9 and remained constant a t  that  value over the next 
40 seconds. While the airplane's altitude remained relatively constant, the  indicated 
airspeed increased slowly until, a t  1017:43, the  airplane accelerated through 250 KIAS. 
At 1017:53, t he  No. 4 engine's EPR began increasing, and, by 1018:12, all four engine 
EPRs were essentially stabilized at about 1.3 EPR. At 1018:42, Flight 006 requested 
clearance from Oakland ARTCC t o  climb. 

The lowest indicated airspeeds were rcorded between 1016:14 and 1016:22. 
During this period, speeds between 54 KIAS and 110 KIAS were recorded. 

The DFDR da ta  showed that  the captain did not introduce any rudder pedal 
corrections t o  counteract the  asymmetrical forces created by the loss of thrust from t h e  
No. 4 engine prior to the  loss of control of the  airplane. 

The maximum vertical acceleration forces recorded during the  descent were 
4.8Gs and 5.1Gs a s  the airplane descended through 30,552 f ee t  and 19,083 feet,  
respectively. The 5.1G peak value was recorded on a portion of the tape  where data  had 
been lost originally and subsequently recovered, but this value is consistent with the 
adjacent data  which show an arresting of descent r a t e  and a pull-up. 

1.12 Wreckage and Impact Information 

All the damage found on the airplane occurred during the  descent and was 
caused by aerodynamic overload forces. 

Wings and Engine Pylons.--The wings were bent or set permanently 2 t o  
3 inches upward a t  the  wingtips; however, the  s e t  was within the manufacture?ls allowable - - ,  

tolerances. The lef t  outboard aileron's -upper surface panel was broken and the trailing 
edge wedge was cracked in several places. 

Wing and Body Landing Gear.--The le f t  and sight wing landing gear  uplock 
assemblies had separated from their attachment points on the fuselage structure. The 
interior skin and associated ribs on the le f t  and right wing gear inboard doors were 
damaged in the  vicinity of their striker plates and the  striker plates also were damaged. 
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The doors were damaged in the area where the tires are located when the gears are 
retracted. 

The left and right body landing gear uplock hooks were found in the locked-up 
position, but the fasteners of their uplock support bracket assemblies had failed at the 
attach points to the fuselage bulkhead. 

The left and right body gear actuator doors had separated, but the forward 
lateral beams and associated door actuators had remained attached to their respective 
assemblies, and there were tire marks on the sections of structure attached to the lateral 
beams. (Note: The uplock assemblies hold the body gear in the retracted position after 
gear retraction is completed. Except for the body gear tilt assembly, which is pressurized 
by the No. 1 hydraulic system, the body gear actuators .are unpressurized. The tilt 
assembly is pressurized and remains pressurized so that the body gear wheel bogies can 
enter or leave their wheel wells without their tires striking the forward wheel well 
structure.) 

Em enna e.--The major damage to the empennage was limited to the 
Auxiliary Power v Unit APU) compartment, the horizontal stabilizers, and elevators. The 
APU had separated from its mounts and was resting on the two lower tail cone aecess 
doors. The forward side of the APU fire bulkhead appeared to be deflected forward in the 
area adjaeent Po the two Power attachment fittings and the two lower support rods had 
buckled. h the area of the APW, there were several punctures in an outward direction on 
both sides of the tail cone. 

The aft pressure bulkhead was undamaged. 

A large part of the left horizontal stabilizer had separated from the remainder 
of the stabilizer. The separated portion, which began at  the outboard tip of the stabilizer, 
was about 10 to 11 feet long and included the entire left outboard elevator. The hydraulic 
lines from the No. 1 hydraulic system to the left outboard elevator actuator were severed , 

near the  actuator. (See figure 8.) 

The right horizontal stabilizer incurred a similar separation. The separated 
portion, included the entire tip of the stabilizer. However, beginning about 5 feet inboard 
of the tip, the separation moved directly aft to the area of the rear spar and then inboard 
an additional 5 to 6 feet along the forward edge of the box beam area. The separated 
portion of the stabilizer included the outboard three-quarters of the outboard right 
elevator. The hydraulic lines to the outboard elevator actuator remained intact. (See 
figure 8.) 

Powerp1ants.--Except for some rotational scrubbing on the fan rotor rub strips 
of the Nos. 1 and 4 engines, none of the four engines were damaged during the accident. 
A horoscope examination of selected accessible areas of the No. 4 engine's front and rear 
esmpressom did not disclose any damaged areas. 

Except for the one cabin crew member admitted to a hospital after landing, 
medical examinations of the flight and cabin crew members were not conducted after the 
aeefdent nor was toxicological testing of the flightcrew performed. 
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Figure 8.-Photograph of Empennage. 

1.14 Fire - 
There was no fire. 

1.15 Survival Factors 

The damage to the passenger cabin was confined to several overhead luggage 
storage bins and two passenger seats. The seatback at seat 36E was overextended 
rearward and about 60° aft of upright. When it was brought up to the normal upright 
position, it would not lock, and fell rearward to the overextended position. The armrest 
between seats 36D and E was overextended about 60'. It could be raised to the normal up 
position, but would not go forward to the normal down position. The Safety Board could 
not deter mine whether these seats were either assigned to passengers before departure or 
had been occupied by passengers at the time of the upset. The airplane had 281 seats, 30 
of which were not occupied. 

The hinges of five storage bins were either sprung or pulled from their mounts 
and the stops on two bins were missing. Four overhead bins were found open but 
undamaged. 

Two passengers and 10 flight attendants were interviewed, but not allof those 
interviewed could recall the events of the.upset, the descent, and the recovery. Most of 
those who could recall said that they felt an initial period of moderate negative G forces 
lasting several seconds followed immediately by a period of -stronger positive G forces 
lasting several seconds. The positive G forces decreased momentarily and was followed 
by a period of even stronger positive G forces lasting several minutes. Almost all of the 
interviewees concurred that the initial rolling motion sf the airplane was to the right. 
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1.16 Tests and Research 

Upon completion of the visual and boroscope inspections of the engines, 
engines No. 1, 2, and 3 were s tar ted and the airplane was taxied t o  San Francisco' 
International Airport's engine sun-up area  for engine run-up tests. Because the direction 
of airport t raff ic  would not permit the  airplane t o  be  turned into the  wind, all of t h e  
engine tests  were conducted in a prevailing 17-knot tailwind. The evaluation of the  da ta  
obtained during the  run-ups of t he  engines showed tha t  they were operating within 
prescribed parameters. 

Variable s ta tor  vane instrumentation was installed on the  No. 4 engine to 
record the positioning of the  variable s ta tor  vanes during the  run-ups at the  airport. The 
evaluation of the data  obtained during the  run-up of the  No. 4 engine showed the  
following: Nl  (front compressor) and N2 (rear compressor) rotor speeds were normal; at 
idle thrust, the variable s ta tor  vanes were open about lo t o  1.5Oabove the idle thrust t r im 
point schedule limits; however, a t  the  higher thrust conditions, the  subsequent vane 
positions were within the scheduled trim points. In addition, at the  high thrust conditions, 
the  exhaust gas temperature (EGT) was 32OC higher than tha t  produced by a newly 
refurbished engine at similar high thrust levels. These test da ta  were sent  t o  t he  
manufacturer for a performance evaluation of t he  No. 4 engine's operational parameters. 

On February 27, 1985, the No. 4 engine was removed from the  airplane and 
installed in United Air Line's San Francisco maintenance facili tyb high bypass rat io  
turbofan engine tes t  cell and subjected t o  a calibration check t o  obtain detailed controlled 
engine performance and transient operating data. The test cell data  were evaluated using 
the  manufacturer's computer generated Module Analysis Program, comparing t h e  obtained 
test  data  t o  baseline data  obtained from average JT9D-?A production engines. Although 
the results of the comparison showed tha t  t he  performance levels of the No. 4 engine's gas 
path components were normal for an inservice engine, the  transient operating da ta  also 
indicated tha t  the main fuel control scheduled fuel flow was below expected levels during 
engine starting; the  starting times from light-off t o  idle were about 25 seconds longer 
than those of an average JT9D-7A production engine. During engine accelerations above 
idle, the main fuel control scheduled a fuel flow tha t  was about 200 pounds per hour (pph) 
toward the lean direction or about 1200 pph below expected levels. The engine 
deceleration t ime was 0.25 seconds below the  minimum acceptable 1.5 seconds and t h e  
ground idle speed was about 0.4 percent below the engine's nominal idle trim. In addition, 
the  temperatures supplied t o  t he  main fuel control's fuel flow schedule were about 3S°F 
higher than the nominal input values. 

The main fuel control was disassembled t o  determine the  source of the  
variations from the  fuel schedule. Evidence of wear was observed on the  throt t le  valve 
trimmer knife edge and the mating groove of the  multiplying lever. Photographic 
magnification of the  wear areas showed tha t  each of these components was worn about 
0.002 inch or a to ta l  wear of 0.004 inch. A loss of height (wear) between these two 
components would have contributed t o  t he  change in the  main fuel control schedule. 

In conclusion, a computer simulation of the  engine performance capabilities 
was conducted using the  data  obtained during the  engine testing and the  estimated 
operating conditions of the airplane at the  t ime of the  accident. The simulation showed 
tha t  if the total  estimated air  conditioning system bleed air  load, coupled with the  main 
fuel control's schedule deviations, were imposed on the  engine, the  engine would fail  Po 
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accelerate  or would '%hangn at about 76 percent (6,000 rpm) N2 rotor speed. This situation 
would result in a condition described as 'Bleed load hogging." During normal engine 
operation, ssch  engine will supply a proportionate amount of bleed air  !o the  airplane's a i r  
conditioning system. If an individual engine remains a t  or near ~ d l e  thrust and the 
remaining engines a r e  operating at higher thrust levels, the engine at or near idle will 
assume a disproportionate amount of the bleed air load. This bleed load hogging condition 
raises the engine's "required t o  run linef1 and decreases the  acceleration r a t e  of t h e  
engine. The "required t o  run linen defines the performance level of an  engine in terms of 
the  amount of fuel required t o  produce a given rpm. 

1.16.2 Human Performance Information 

The Safety Board examined the relevant operational factors known t o  a f fec t  
crew performance. These factors included flightcrew training, flightcrew in-flight duty 
procedures, and certain behavioral factors which, based on the  facts  and circumstances, 
might be relevant t o  the  sequence of events. , 

Because of the scheduled duration of the flight, 11 hours, an  augmented 
flightcrew was on board. In addition t o  the  three primary flightcrew, an additional fully 
qualified captain and flight engineer were on board. All five crew members were 
interviewed by the  Human Performance Group concerning their duties, training, and rest  
periods before and during the flight. (See appendix B.) 

The captain had spent 5 days in Jeddah, Saudi Arabia, before returning t o  
Taipei on February 14, 1985; Taipei t ime is 5 hours ahead of Jeddah time. He was off 
duty on February 15; on February 16, he flew a 2 hour 30 minute flight t o  Tokyo, Japan, 
r e tun ing  t o  Taipei (a 3-hour flight) on February 27. According t o  the  captain, during the  
nights of February 14 through February 17, he went to  sleep between 2100 t o  2200 Taipei 
t ime and awoke about 0700 t o  0800. On February 18, he flew a round t r ip  t o  Nagoya, 
Japan, and was off duty 15 hours 20 minutes before reporting for duty on February 19. 

Flight 006 departed Taipei at 1622 local t ime and had been airborne about 
9 hours 46 minutes when the  accident occurred (0214 Taipei time). At t h e  t ime of t he  
accident, the three primary flightcrew members were on duty. They had been on duty 
during the takeoff, climb, and initial part  of the flight. Thereafter, they each went off 
duty at intervals ranging from 1 112 t o  4 hours a f te r  takeoff and were replaced by the 
augmentee flightcrew members, with the  captain occupying the  first officer's sea t  during 
a portion of this period. 

The captain was off duty 5 hours during the flight and returned t o  duty about 
2 hours before the  accident. During his rest  period, the  captain slept about 2 hours in t he  
bunk located in the rear of the  cockpit. The first officer was off duty about 3 hours 
during the flight and returned to  duty about 3 hours before the  accident. The flight 
engineer was off duty about 5 hours and returned t o  duty about 2 hours before the  
accident. The first officer's and flight engineer's activities during their rest  periods were 
not established. 

China Airlines Raining and Flightcrew Procedures.--China Airlines conducts 
i t s  own Boeing 747 training using i ts  Phase I1 simulator and a curriculum developed largely 
by Boeing. 
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Although captains and first officers of China Airlines generally Fly alternating 
legs on all airplane types, company policy requires that a eaptaiw log 11,080 hours as 
captain on a partieuleaa type airplane before he may permit his first off  cer to %and and 
take off. Thus, on the Boeiwg 5147, a first officer may only take off and land if the captain 
assigned to his flight has logged 1,000 hours as captain on the Boeing 747. To compensate 
for this, the first officers are given additional monthly simulator training to maintain 
proficiency. 

According to China Airlines' chief of flight training and deputy director of 
flight operations, their first officers are capable of flying the Boeing 747 in any 
emergency. The China AirlinesP Boeing 747 SP Airplane Operating Manual (AOM) 
Emergency Procedures Section states, in part, that "The captain will take necessary 
action to establish andlor maintain control of the airplane .and call for the appropriate 
checklist." Thus, according to the flight training chief and operations director, in the 
event of an unscheduled loss of engine thrust, abnormal engine response to throttle 
movements, or failure of the engine to respond to throttle inputs, the eaptain, while 
primarily directing his attention to flying the airplane, could have directed the first 
officer and flight engineer to deal with the tasks involved with either restoring full engine 

-performance or shutting down and restarting the engine. 

Behavioral Factors: ~utomation.--The automatic flight systems of the Boeing 
747 SP were such that the airplane could be programmed for and was capable of fully 
automatic flight throughout the entire route. once the airplane was  so programmed, ail 
that was required of the flightcrew was to monitor the progress of the airplane and from 
time to time update the information required by the airplane's computers. Thus, the 
flightcrew had been relegated to the role of monitors and had been serving in this role for 
almost the entire flight until the autopilot was disconnected. 

As computers have been added, the pilotTs~physical workload, as far as 
physically handling the airplane, has been reduced and, during some phases, eliminated. 
One researcher has stated that with the addition of computers to the cockpit, the pilot's 
job is changing from one of manually flying the aircraft to one of supervising computers 
nhieh me doing navigation, guidance, and energy management calculations as well as 
automatieally flying the airwaft." 8/ The increased automation has not necessarily 
kadueed pilot workload, however, bus has shifted it to monitoring tasks which the pilot 
formerly' had to perform, and there is evidence, from both research and accident 
statistics, that people make poor monitors. For example: 

I. A laboratory study to compare failure detection performance found 
that the performance by participants who were actively controlling 
a dynamic system "was faster and more a@curatels than the 
performawee of those who were monitoring an autopilot tPlat 
controlled the system. These results were attributed to the fact 
that in the manual mode, the participants remained in the "control 
Poop" and benefited from the additional sensory cues derived from 
'?hands on1' interaction with the system 9/. These findings agreed 
with a research study by L.R. Young. - 107 

81 Palmer, E., .Model for Interrupted Monitoring of a Stochastic Process, NAS TM-78, - 
453, 1977, p. 1. 
9/ Kessel, C. and Wickens, C.D., The Internal Model: A Study of the Relative - 
Contribution of Proprioception and Visual Information to Failure Detection in Dynamic 
Systems. NASA CP-2060, 1978, pp. 85-86. 
101 Young, L. R., On Adaptive Manual Control. IEEE Transactions on Man-Machine - 
Systems, Vol. MMS-10, 1969, pp. 292-331. 
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h the Eastern Airlines L-1011 crash into the Florida 
Everglades, 11/ the flightcrew was distracted'by a malfunctioning 
landing garindicator  Eight and failed to monitor the autopilot 
which was flying the airplane. The autopiIot was aecidentatlly 
disengaged from the altitude hold mode and the airplane gradually 
descended into the ground. The Safety Board concluded that the 
probable muse of the accident was the flightcrewts failure to 
monitor the flight instruments and to detect the unexpected 
descent 'boon enough to prevent. impact with the ground. 
Preoccupation with the nose landing gear position indicating 
system distracted the crew" attention from the instruments and 
aIlowed the descent to go unnoticed." 

3, In 1979, the flightcrew of an Aerornexico DC-10 stalled the 
airpIane while climbing to cruise altitude over Luxembourg. The 
crew either intentionally pr inadvertently programmed the 
autopilot fop the vertical qeed mode rather than the procedurally 
directed airspeed or Mach command mode. The airplane 
maintained the programmed climb rate throughout the climb, but 
at the sacrifice of airspeed, As the climb continued, the engines 
reached t h e i ~  thrust limit, the thrust available became Insufficient 
to sustain flying speed for that climb rate, and the airplane entered 
stall buffet, The Rfghtcrew misidentified the intensifying buffet 
as an abnormal vibration in the No. 3 engine, reduced its thrust, 
clnd then shut it down. The airplane stalled, rolled to the right, md 
the recovery maneuver was executed successfuUy after an altitude 
loss of about 11,000 feet; The Safety Board found that ''the 
flightcrew was distracted or inattentive to the pitch attitude md 
airspeedl changes as the  airplane approached the stall," 121 - 

Research also indicates that the excursion from a stabilized condition might 
be exaggerated even after a system anomaly b detected, because of the period required 
for a pilot to transition f r o m  system monitor mode to system controller. Time is needed 
to "ascertain the current status of the airplane and assess the situation," 131 before t h e  - 
pilot can reenter the control loop and take corrective action. 

In addition, accident investigations have also indicated a re1uctance on the 
part of the nigh tcrews to disconnect an automated Slight system and take manual control 
of the airplnne even though the automated system in question may be operating outside of 
system limitations or will not accept or maintain programmed inputs. In cases involving 
two runway overruns after landing, the flightcrews continued to use the autothrottle 
speed control systems tATSC) during the approaches even though the indicated airspeeds 
provided by the ATSCs were well above the calcuIated approach speeds that the 
flightcrews had inserted into the systems. In one accident, the Safety Board found that 
one of the causal factors was the captaints "decision to accept and maintain an excessive 
airsped derived from the autothrottle speed control system during the landing approach 

11/ Aircraft Accident Report: Eastern Airlines L-1011, Miami, Florida, December 29, - 
1972 (NTSB-ARR-73-14). 
12/ Aircraft Incident Report: Aeromexico DC-10-30, X A-DU H, Over Luxembourg, - 
Europe, November 11, 1979 (NTSB-AAR 80-10) 
131 Boehrn-Davis, D.A., Curry, R.E,  *ener, E,L., and Harrison ILL,, Human Factors of - 
Fliht-Deck Automation-N AS A/hdustry Workshop, NASA TM-81280, January 1981, p. 6. 
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which caused the  airplane t o  land about 2,800 f ee t  beyond the  runway's displaced 
threshold." 14/. In the  other accident, the  Safety Board found tha t  one of the causal 
factors of tre accident was the  "over reliance on the  autothrottle speed control system 
which has a history of recent  malfunction^.^^ 151 

As a result of tha t  investigation, the  Safety Board issued Safety 
Recommendation A-84-123, on November 15, 1984, urging the  FAA to: 

Apply the findings of behavioral research programs and 
accidentlincident investigations regarding degradation of pilot 
performance as a result of automation t o  modify pilot training 
programs and flight procedures so as t o  take full advantage of t he  
safety benefits of automation technology. 

The Safety Board has classified the  FAA's response t o  this recommendation as 
"Open--Acceptable Action," pending completion of the FAA's actions on this issue. 

Behavioral Factors: ,Monotony and Fatigue 

Research has also been conducted t o  examine the  effects  of prolonged 
monotony and boredom on human performance. O'Hanlan, in a review of the literature, 
noted: 

A decrement in efficiency has also been found in monotonous tasks 
requiring li t t le or no motor output, but instead continuous attention, 
perceptual discrimination and decision making. - 161 

Smith, in a review similar t o  O'Hanlanls but based on somewhat different 
l i terature reached similar conclusions. He: 

. . .postulated tha t  vigilance (or monitoring) tasks are always monotonous 
rather than interesting because they demand few if any "mental actsn 
and because they are prolonged and repetitive. - 17/ 

OIHanlan concluded that: 

. . .there is reason t o  belie& tha t  monotonous sensory stimulation 
depresses t he  perceptual and cognitive functions of the  cerebral cortex. 
This could account for the performance failures by individuals in 
monotonous tasks. . . - 16/ 

141 Aircraft Accident Report: World Airways, Inc., DC-10-30CF, Boston-Logan - 
International Airport, Boston, Massachusetts, January 23, 1982 (NTSB-AAR-85-06, 
supersedes NTSB- AAR 82-15). 
151 Aircraft Accident Report: Scandinavian Airlines System DC-10-30, John F. - 
Kennedy International Airport, Jamaica, New York, February 28, 1984 (NTSB- 
AAR-84-15). 
16/ O'Hanlan, J. F. Boredom: Practical consequences and a theory. Ac ta Psychologica, - 
1981, 49, 5382. 
17/ Smith, R.P. Boredom: A Review. Human Factors, 1981, 23, 329-340. - 
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Related Po the above is a considerable body of researeh 181 and El which 
outlines the cyclical nature sf many of the  physiologiea8 processes in humans, including 
sleep-wake cycles, urinary excretion, and body temperature. These eycles, which are  
collectively known as circadim rhythms for their daily periodicity, exert a strong but 
often suble influence on human performance capabilities. Disturbance of these circadian 
rhythms occurs among shiftworkers, for example, who must work during the daytime on 
some days and a t  night on others, in a irregular manner. In addition, jet travelers flying 
east-west or transmeridian, feel the effects since they often arrive a t  their destination at 
a local time that  is several hours different than the one their circadian rhythms a re  
maintaining. As a result, researchers have noted - 201 that: 

. . .a single transmeridian flight can alter the structure of sleep in 
addition to  the length of sleep. . . 

This can produce fatigue in addition to  the fatigue normally associated with extended 
waking periods experienced by the transmeridian traveler. 

* 
1.17 Other Information 

181 Aschoff, J. Circadian rhythms in man, Science, 1965, 148, 1427-1432. - - 
191 Siegel, P.V., Gerathewohl, S.J., & Mohler, S.R. Time-zone effects. Science, 1969, 
X 4 ,  - 1249-1255. 
201 Graeber, R.C., Foushee, H.C., & Lauber, J.K. Dimensions of flight crew performance - 
decrements: Methodological implications for field research. In H.'M. Wegman .(Ed.) 
Breakdown in human adaptation to  stress: Towards a multidisciplinary approach, 1984: 
Boston, Martinus Nijhoff. 

'ICAO Note.- Section 1.17 was not reproduced. 
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2. ANALYSIS 

The flightcrew members of Flight 006 were certificated properly and were 
qualified for the flight. There was no evidence that their performance was affected by 
medical problems. Although there were writeups relating to the loss of thrust on the 
No. 4 engine on the two previous flights, there was no evidence of any preexisting 
maintenance discrepancies that could have contributed to the accident. The facts showed 
that the airplane had been maintained in accordance with all applicable regulations and 
company requirements. 

Based upon the winds and temperatures reported in the area of the accident, 
Flight 006 was flying in the polar jet stream just west of the centerline of a trough on the 
leading edge of a jet stream maxima, and between a divided tropopause. Within an 
atmospheric structure like this, there would have been strong horizontal and vertical wind 
shears and possible clear air turbulence. Based on the consistency of the temperatures 
reported by other airplanes operating in the area, it is doubtful that there were significant 
temperature variations. Since the flight encountered clear air turbulence of sufficient 
magnitude to require the captain to turn the "fasten seatbelt'' light on, the Safety Board 
concludes that the airspeed variations requiring the throttle adjustments before the 
accident were caused by wind shear associated with the turbulence. 

The flightcrew's statements about the ADIs failing were not substantiated by 
the facts. It is most likely that the flightcrew became spatially disoriented during the 
upset. They were unable to believe the information displayed on the ADIs, did not 
recognize the unusual attitude of the airplane, and were unable to take the correct action 
to recover the airplane until it began to emerge from the clouds. 

Although the captain said that the airplane exceeded Vmo twice and also 
decelerated below 100 KIAS during the dive, all three crew members said that they did 
not hear the overspeed warning and th&t the stall warning stickshaker did not activate. 
Examination of the reliable recorded airspeed data points showed that the Vmo limitation 
was not exceeded during the descent. Hbwever, the recorder data does show airspeeds at  
or below 100 KIAS. The Safety Board cannot explain why the stall warning stickshaker did 
not activate, or if it did activate, why it was not felt or heard by the flightcrew. 

The Safety Board's investigation and analysis concentrated primarily on two 
major areas. First, the investigation sought to identify the cause of the loss of thrust on 
the No. 4 engine, and thereafter to assess whether the actions taken by the flightcrew to 
cope with the malfunction were reasonable and proper. Second, the investigation sought 
to determine why the flightcrew was unable to maintain control of the airplane after the 
loss of thrust on the No. 4 engine. 

2.1 The Engine Faihve 

About 1010:46, the PMS, in response to the increased airspeed caused by the 
wind shear, had decreased the EPRs on all four engines to 0.9 EPR. Then, about 1011:10, 
the PMS, in response to the now reduced airspeed, began to advance the four throttles to 
restore the airplane to the commanded 0.85M. The investigation of the No. 4 engine and 
its components showed that it had experienced a lean shift of the acceleration schedule 
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resulting in a reduction in the fuel flow available f ~ r  engine acceleration. A reduction of 
this type reduces the rate at which the engine would accelerate from flight idle. The 
DFDR data showed that all four engines started to accelerate; however, the data also 
showed that the No. 4 engine accelerated at a slower rate than the others. As engines 
Nos. 1, 2, and 3 accelerated, their respective bleed air controllers closed their 15th stage 
or high stage bleed air valves. Since the No. 4 engine accelerated slower than the other 
engines, it did not achieve high enough power for its bleed air controller to close the high 
stage bleed valve at the same time the high stage bleed air valves were closed on the 
other engines, and the No. 4 engine, at high altitude, probably assumed most of the air 
conditioning air bleed load. The additional fuel demand imposed by the "bleed load 
hogging,'' in combination with the reduced fuel flow available because of the control lean 
shift, caused the No. 4 engine to fail to accelerate and to ''hangm at slightly above 
1.0 EPR. 

The flight engineer stated that he moved the No. 4 throttle to idle and then 
advanced it slowly, trying to restore the engipe to normal operation. However, the 
procedure for restoring a "hungn engine to normal operation also required the flight 
engineer to close the No. 4 engine's bleed air valve (see appendix D), and this he did not 
do. Closing the bleed air valve shuts the high stage bleed air valve and reduces the 
engine's bleed air load supply requirements. However, given the altitude at  which the 
airplane was flying, and the fact that the flight engineers on two previous flights were 
unable to restore the engine to power under similar circumstances, the Board cannot state 
that the flight engineer would have been able to restore the engine to normal operation 
even had he closed the bleed air valve. Since the DFDR showed that the No. 4 engine did 
not accelerate with the other engines and remained at about 1.0 EPR until it fell below 
that EPR value at 1012:42, the Safety Board concludes that the No. 4 engine had not 
flamed out initially, but had "hung.ll 

At some indeterminate time thereafter, the flight engineer decided that the 
No. 4 engine had flamed out and informed the captain. Between 1012:42 and 1013:04, the 
No. 4 engine EPR dropped from 1.0 to about 0.7 EPR. By about 1013:09, the No. 4 engine 
EPR had returned to about 1.0. Based on these data, and the fact that the flight engineer 
said that he had not moved the engine start lever to cutoff, the Safety Board concludes 
that engine No. 4 did flame out about 1012:42 and began to decelerate toward windmilling 
rpm; the subsequent increase in the EPR was caused by inlet spillage from the windmilling 
engine over the PT2 pressure probe on the strut. The restart attempt was unsuccessful 
because the attempt was made well above the altitude limits of the inflight airstart 
envelope. 

About the time that the airplane was entering an unusual attitude, but before 
the G forces rendered him immobile, the flight engineer stated that the other three 
engines had lost thrust. He advanced the throttles, but said that the engines did not 
respond. He then placed the standby ignition switch on, and sometime after that he was 
pinned to the aisle stand by G forces. 

The Safety Board believes that the Nos. 1, 2, and 3 engines had not flamed out 
and that the low engine parameters observed by the flight engineer resulted from the 
throttles being at or near idle. Advancing the throttles at this point would have produced 
an engine accleration which was much slower than would be observed at sea level because 
the acceleration fuel schedules are biased by total air temperature. Based on the flight 
engineer's description, he must have observed the Nos. 1, 2, and 3 engines and manipulated 
their throttles somewhere above 30,000 feet; the cold temperatures existing at these 
altitudes will result in lower acceleration fuel flow available and a lower acceleration 



54 ICAO Circular 232-AN11 39 

rate. In addition, the  airplane's changing attitudes, the maneuvers i t  was undergoing, and 
the  resultant high G forces may have compromised the  engineer's ability t o  conduct a 
proper and thorough scan of t he  applicable engine instruments. 

The DFDR data  indicates tha t  t he  flight engineer's recollection of the t ime a t  
which he placed the  engine ignition t o  standby was not accurate. The flight engineer 
s ta ted he did this right a f t e r  he had decided tha t  engines Nos. 1, 2, and 3 had lost thrust. 
Thereafter, he said, he was rendered immobile by G forces and was forced down against 
the  aisle stand. At  10,000 f ee t  and about t h e  t ime tha t  the  captain said tha t  he saw the  
horizon outside the airplane, he said tha t  he again ''hit the standby ignition; Nos. 1, 2, 3, 
started, No. 4 did not." The DFDR data  showed tha t  the  Group 1 DFDR synchros were 
lost for about a 5-second period beginning about 10 16:08, indicating tha t  standby ignition 
had been selected a t  tha t  time. From 1016:14 t o  1016:22, the  Group 1 synchros recorded 
accurate  data,  indicating that  standby ignition was off. During tha t  8-second period, the  
airplane descended from 14,541 f ee t  t o  13,950 fee t  and the  airspeed increased from 87 
KIAS t o  110 KIAS. From 1016:23 t o  1017:12, t he  Group 1 synchros were lost again, 
indicating tha t  standby ignition had been reselected again. During this period, at about 
1016:41, the  Nos. 1, 2, and 3 EPRs began increasing. At 1017:13, when the  Group 1 
synchros were restored, t he  airplane was at 9,577 feet,  at 221 KIAS, and in fairly stable 
flight. The EPRs on engines Nos. 1, 2, and 3 had increased from about 1.01 t o  1.23 and 
were continuing t o  increase. Since the  captain was decreasing the descent ra te  during 
this t ime and was allowing the  airplane t o  accelerate  smoothly, the  Safety Board believes 
tha t  i t  was highly unlikely tha t  t he  airplane ever achieved the necessary 250 KIAS t o  
permit a successful airstart  on engines Nos. 1, 2, and 3 and that,  in fact ,  they had not 
flamed out. 

The contention tha t  engines Nos. 1, 2 and 3, did not flame out is further 
supported by the  following: 

1. Cabin pressurization did not drop t o  the  point tha t  passenger 
oxygen masks were deployed. 

2. The No. 4 generator breaker had opened when the  No. 4 engine was 
shut down. Had the other three engines flamed out, their three 
generators would have Tripped and the  essential a.c. bus would have 
lost power. Had tha t  happened, the  DFDR would have ceased 
operating, and, in addition, instrument warning flags would have 
appeared. Neither of these events occurred. 

3. The engine low oil pressure warning lights did not illuminate. 

Based on these data, the  Safety Board concludes tha t  t he  Nos. 1, 2, and 3 engines did not 
flame out and continued t o  operate  throughout the  loss of control, descent, and recovery. 

While there can be l i t t le  doubt tha t  the loss of thrust on the No. 4 engine was 
the  precipitating factor of t he  accident sequence, the  loss of one engbe ,  albeit an  
outboard engine, during high alti tude cruise should not cause an experienced flightcrew t o  
lose control of their airplane. Indeed, the  Airline Operating Manual does not even classify 
this mishap a s  an  emergency procedure. Therefore, the Safety Board -directed i t s  
attention t o  the reasons why the  flightcrew was unable t o  maintain control of the airplane 
a f t e r  the loss of thrust on the No. 4 engine. 
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2.2 The Flightcrew 

Although the facts developed during the investigation showed conclusively that 
the accident occurred because the captain failed to maintain control of the airplane after 
the loss of thrust on the No.4 engine, the Safety Board also sought to determine the 
reasons that may have led to the captain's inability or failure to employ the procedures 
that would have prevented this from happening. Therefore, in its analysis, the Safety 
Board evaluated data contained in past reports of similar accidents, as well as 
psychological literature discussing the factors that contribute to breakdowns in decision 
making and monitoring capability. These areas included boredom, monotonous 
environmental conditions, fatigue due to circadian desynchronosis, and over-reliance on 
automated flight systems, In addition, the manner in which the first officer and flight 
engineer performed during the loss of control sequence was also evaluated in relation to 
the above areas. 

Although the first officer was capable of either flying the airplane or assisting 
the flight engineer in his analysis of the loss of thrust on the No. 4 engine, the captain did 
not task him specifially with either chore. During this period, the additional task levied 
on the first officer was to obtain clearance from Oakland ARTCC to descend, and the 
captain did not direct the first officer to obtain an emergency descent clearance. The 
facts showed that the first officer performed his communications duties in a timely 
manner; that he had warned the captain of the decreasing airspeed and the increasing 
right bank; that after the No. 4 engine flamed out he had, without informing the captain, 
instructed the relief flight engineer to come forward and help the flight engineer restart 
the No. 4 engine; and that he came to the captain's assistance on the flight controls 
without being instructed to do so. Although the first officer was subject to fatigue, 
boredom, and the same monotonous environment as the rest of the crew, and although he 
had less off-duty time during the flight than the captain and flight enginee~, he seemed to 
have performed his assigned duties and overall monitoring tasks in a timely manner. 
Given these factors, the Safety Board cannot state with any confidence that any of the 
psychological factors that could have reduced his capability to perform affected his 
actions during the accident sequence. The facts, limited as they are, indicate that his 
performance was unaffected by these factors. 

With regard to the captain and flight engineer, both men were performing in a 
time spectrum that was later than their typical sleep periods. Although both men had 
taken a 5-hour rest during the flight, the quality of their rest during this period cannot be 
equated to that which would have been achieved by sleep either at home or in a hotel. 
Their duty tasks consisted of routine monitoring of the performance of the airplane's 
automated flight systems, a task that is repetitive and monotonous and capable of 
producing a state of boredom. The existence of these conditions required the Safety 
Board to examine the possibility that they might have influenced and derogated the 
manner in which the flight engineer and captain performed during the emergency. 

The flight engineer's performance before, during, and after the loss of control 
disclosed actions that were correct and timely and other actions that deviated from the 
required checklist procedure or that demonstrated that he had been unable to analyze 
correctly the portrayal of the airplane's engine instruments. During the 1 minute 
20 second period between the inception of the "hungw engine and the flameout, the flight 
engineer informed the captain of the status of the engine, moved the throttle aft, then 
moved it forward to align with the other throttles and awaited the results of the 
procedure. Since the procedure requires the throttle to be moved slowly and also 
incorporates a time to interval to wait and evaluate the engine response, the 1 minute and 
20 seconds required to accomplish the task, evaluate the engine response with the captain, 
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and then decide that the engine had either flamed out or had flamed out during his efforts 
to restore the engine to normal performance were correct and appear to be timely. The 

, facts showed that the flight engineer did not review the alternate operations procedure 
for this malfunction before trying to restore the engine; however, the AOM states that 
this procedure may be performed "by recall or references," and also that the AOM may be 
reviewed before accomplishing the procedure. As a result, the flight engineer did not 
recall that he was required to close the bleed air valve before manipulating the throttle. 

After the flight engineer told the captain that the No. 4 engine had flamed 
out, the captain ordered him to restart the engine. The flight engineer, without referring 
to the checklist, placed the second ignition system of the No. 4 engine to the "flight start" 
position, thus providing continuous ignition from bath igniters to the engine's chambers. 
This action was required by the applicable checklist procedure. 

During the descent, the flight engineer had concluded erroneously that the 
other three engines had flamed out. Several factors led to this misdiagnosis. Shortly 
after the upset, engines Nos. 1, 2, and 3 were reduced to flight idle thrust. The flight 
engineer did not move these throttles; thus, when he saw the engine instruments during 
the dive, the EPRs on engines Nos. 1, 2, and 3 had decreased from their cruise thrust of 
about 1.5 EPR to flight idle and were nearly aligned with that of the No. 4 engine, which 
he knew had flamed out. The failure of these three engines to respond to throttle 
movements would also tend to indicate that the Nos. 1, 2, and 3 engines had flamed out. 
Since he had observed that the No. 4 generator was off the line as a result of the flameout 
of the No. 4 engine, the fact that the airplane still had a.c. electrical power should have 
alerted him to the possibility that the remaining engines had not flamed out, certainly not 
all of the remaining engines. Perhaps the flight engineer should have checked the 
generator panel; however, when the upset occurred, he was facing forward and trying to 
evaluate the thrust readings. The electrical panel would have been 2 to 3 feet to the right 
and slightly aft of him. During the dive, the flight engineer's face was pressed into the 
center aisle stand by the "G" forces; thus, any attempt to see the electrical panel would 
have been somewhat difficult. However, having reached this erroneous conclusion, his 
next action, albeit based on the erroneous conclusion, was timely and was required by the 
Multiple Engine Shutdown/Failure emergency checklist; he turned on the standby ignition 
switch. 

The evaluation of the flight engineer's performance shows that for the most 
part, his actions were timely and correct; however, he forgot to close the engine bleed 
valve switch and he was not able to evaluate correctly the operational status of engines 
Nos. 1, 2, and 3. These deviations from checklist procedures and the inability to evaluate 
the status of engines Nos. 1, 2, and 3 correctly could be attributable to any one, or all, of 
the following factors: a lack of knowledge of the airplane systems and procedures; the 
traumatic effect of the upset and subsequent descent on the flight engineer's ability to 
scan the center and flight engineer's instrument panels closely and accurately; and the 
deleterious effects of fatigue resulting from the combination of monotony and boredom, 
circadian desynchronis, which affected the flight engineer's ability to monitor his 
instruments properly, to obtain all the available data in a timely manner, and to analyze 
these data accurately. Based on the flight engineer's performance of his duties, the 
Safety Board can find little if any evidence to support a conclusion that the effects of 
monotony, boredom, and fatigue impaired the flight engineer's performance of his duties. 
The Safety Board concluded that a preponderance of the evidence showed that the 
deviations and omissions noted above resulted from either e hck of knowledge of the 
airplane systems and procedures, the traumatic effects of the upset and subsequent 
descent on the flight engineer's ability to scan his instrument paneb, QF a combination of 
these two factors. 
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In the event of an abnormal flight condition, company policy and the AOM 
dictated tha t  the captain assume control of the airplane and direct  t he  other crew 
members t o  deal with the  abnormal condition. Since the captain was at the controls when 
the flight engineer told him tha t  the No. 4 engine did not accelerate,  there was no need 
for him t o  take any further action other than t o  monitor the flight engineer's a t tempts  t o  
analyze the engine's performance and restore i t  t o  normal operation. He did not 
disengage the autopilot since i t  relegated the  tasks involved with flying the  airplane t o  
merely monitoring the autopilot's performance. Had he disengaged the autopilot, as 
recommended in his training, he  would have been required t o  perform the  physical, more 
difficult, and more t ime and attention consuming tasks involved with flying the  airplane 
manually. 

The effects  of the asymmetrical thrust condition began t o  assert  themselves 
at about 1011:10, and the No. 4 engine flamed out about 1012:42. Based on the  decrease 
in pitch at t i tude and the  subsequent momentary airspeed increase, the  Safety Board 
concludes tha t  the the  PMS was disengaged' about 1014:30. Based on the  initial 
movements of the control wheel from i t s  22.9' left-wing-down position, the  Safety Board 
also concludes tha t  the autopilot was not disengaged until 1014:50. During the  3 minute 
40 second period of deceleration, the s tatements  of the  captain and flight engineer 
showed that  the captain was totally cognizant of the  engine situation, and thereafter,  his 
attention appeared t o  focus almost exclusively on the  airplane's decreasing airspeed. 
According t o  the captain, he had disengaged the autopilot in order t o  lower the nose of 
the  airplane faster and recover airspeed. Although he said tha t  he was aware tha t  the  
airplane had entered a right bank, he was apparently not aware of the magnitude of t he  
right-wing-down attitude. 

The Safety Board concludes that  one of the  causal factors of the  accident was 
the captain's reliance on the  autopilot while the airplane was decelerating. During this 
3 minute 40 second period, the  captain allowed himself t o  remain removed from the  
"control loop" by leaving the autopilot engaged. As a result, he was not aware of the  
increasing control inputs required t o  maintain level flight. Had the  captain placed himself 
in a "hands onv relationship with the airplane by disconnecting the  autopilot a t  the onset 
of t he  engine problem, he  probably would have been more aler t  t o  the increasing 
asymmetrical forces being exerted on the airplane since he would have been required t o  
make the  necessary control inputs t o  maintain level flight. Since he had no physical 
relationship with the airplane flight controls, the  only cues available t o  him t o  monitor 
the airplane's a t t i tude and performance were the  visual cues available from ei ther  t he  
airplane instruments or  the outside horizon since the airplane was flying above the  clouds. 
However, even under conditions of visual flight, t he  flight instruments remain the  primary 
tools a t  high altitudes for maintaining level, stabilized flight in large airplanes. The 
captain's s ta tement  corroborated the f ac t  tha t  he was relying on these instruments for 
tha t  purpose. Under these conditions, therefore, the  primary instrument for a t t i tude  
control was the at t i tude director indicator, which may not have concerned the  captain 
initially since i t  depicted either a wings-level a t t i tude or  a very slight left-wing-down 
bank. With regard t o  heading, over the period between 1011:09 t o  about 1014:00, t he  
heading increased about 4O, a change so slight a s  t o  be almost imperceptible. Thus, except 
for airspeed, which concerned the  captain greatly, the  only thing in the  cockpit tha t  would 
have depicted the worsening control situation was the control wheel's increasing left- 
wing-down deflection. However, this was an  a rea  which was not included in the captain's 
regular instrument scan pattern, and since he was not "hands on," he was not aware of t he  
deflection. 
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During the latter part of this period, the captain's statement indicated that his 
attention seemed to be directed almost solely to the airspeed indicator as he tried to 
arrest the airspeed decrease. Thus, when he failed to arrest the decrease by disengaging 
the PMS and lowering the airplane's nose by rotating the pitch control wheel on the 
autopilot manual control module, he disconnected the autopilot. 

As noted .earlier, an excursion from a stabilized condition might be 
exaggerated during the transfer from system monitor mode to system controller because 
time is needed to ascertain the status of the airplane and assess the situation before the 
pilot can reenter the control loop and take corrective action. When the autopilot was 
disengaged, the airplane's excursion from the stabilized condition was well advanced and 
at the point where immediate and proper corrective action was required if the situation 
was to be remedied safely. The captain was not only unable to assess the situation 
properly, he was confused by it; thereiare, he was unable to take the necessary action to 
correct the situation. The DFDR data indicated that his actions most probably 
aggravated the situation. The Safety Board concludes that the captain became spatially 
disoriented at the onset of the upset and was unable to reorient himself until the airplane 
began to emerge from the clouds. The fact that the first officer was unable to help the 
captain reorient himself during the descent showed that he also became disoriented during 
the upset and descent. 

The Safety Board further notes that the captain did not, as was recommended 
during his training and in his training manual, disengage the autopilot when the No. 4 
engine initially Thereafter, he relied on the autopilot to maintain the airplane in 
straight and level flight during the deceleration, and he did not apply left rudder trim to 
level the control wheel before disengaging the autopilot. Since the decreasing airspeed 
was initially and readily apparent and would, if allowed to continue unchecked at  FL 410, 
seriously menace the safety of his airplane, the captain's continuing preoccupation with 
airspeed control was understandable. However, the captain was an experienced 
multiengine and Boeing 747 pilot and he also should have known how the loss of thrust 
from an outboard engine would affect an airplane's controllability, especially when it is 
coupled with decreasing airspeed. Given his Boeing 747 experience, the captain should 
have also known that the autopilot's lateral control authority did riot include the rudder 
and that the effects of the thrust loss could only be counteracted by introducing a left- 
wing-down roll, an action which would ,also introduce a side slip, increase drag, and 
aggravate the airspeed decrease. Given these circumstances, the Safety Board explored 
the reasons why the captain was not alert to this condition and why he was not monitoring 
his attitude direction indicator more closely during this phase of the operation. Had he 
done so, he would have noted the airplane was rolling right-wing-down, that the autopilot 
could no longer maintain the airplane's heading and roll attitude, and that additional 
control inputs were required, i.e., rudder or rudder trim. The DFDR readout showed that 
after the No. 4 engine had ''hung," the airplane accelerated to about 250 KIAS and 
stabilized at that airspeed for about 1 minute 30 seconds. During this period, the 
autopilot maintained the airplane at a relatively wings-level attitude with left-wing-down 
control wheel deflections of about 6 O  to 10'. The full effects of asymmetrical thrust were 
not felt until after the No. 4 engine flamed out. Thereafter, the airplane began to 
decelerate, its rate of deceleration began to increase, and the captain's statement showed 
that his attention began to focus almost exclusively on the airplane's airspeed. When the 
captain disconnected the PMS from the autopilot, the airplane was rolling thrbugh the 20' 
right-wing-down attitude and the evidence showed that the captain did not observe the 
airplane's roll attitude. After disengaging the PMS and inserting a nose-down control 
correction into the autopilot, the captain continued to monitor the airspeed indicator to 
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observe the results of the nose-down control correction. During this period, the airplane 
continued to roll to the right and past the 45' right-wing-down attihde. Although the AD1 
is to the right of and abuts on the airspeed indicator, the captain never noticed the right- 
wing-down AD1 indications until he disconnected the autopilot. The evidence showed that, 
starting just before he disconnected the PMS, the captain was distracted by the 
decreasing airspeed. With the continuing decrease, the capta'infs distraction with the 
airspeed increased to the point where his instrument scan pattern broke down and his 
visual attention became fixed on the airspeed indicator. The AD1 went unobserved. The 
Safety Board can only conclude that the captain was distracted first by the evaluation of 
the engine malfunction and second by his attempts to arrest the decreasing airspeed, and 
that, because of these distractions, he was unable to assess properly and promptly the 
approaching loss of airplane control. The Safety Board also concludes that the captain 
over-relied on the autopilot and that this was also causal to the accident since the 
autopilot effectively masked the approaching onset of the loss of control of the airplane. 

Although the Safety Board has cited distraction and over-reliance on the 
autopilot as causal factors, it also notes that the airplane had been airborne about 
1 0  hours, that it had traversed several time zones, and that the upset occurred about 0214 
Taiwan local time, or about four to five hours after the captain had been accustomed to 
going to sleep. Thus, his ability to obtain, assimilate, and analyze all the data presented 
to him could have been impaired by the effects of monotony, boredom, and fatigue. 
However, an analysis of the captain's performance does not support a conclusion that the 
his performance was impaired by these factors. The facts and circumstances showed that 
the captain was alert to the situation as it developed. The data also showed that the 
captain had five hours rest during the flight, that he had slept two hours during this 
period, and that he had been at his duty statioe about 3 hours when the upset occurred. 
The Safety Board concluded that the preponderance of the evidence showed that the 
deviations and omissions from prescribed airplane procedures noted in the captain's 
performance resulted from the causal factors cited earlier, i.e., distraction and. over- 
reliance on the autopilot. 

In conclusion, the Safety Board believes that the loss of thrust on the No. 4 
engine was the precipitating factor in the accident; however, we do not believe that it 
should be considered a contributory factor. Except on'takeoff, at, or shortly after critical 
engine failure speed, an engine loss does not require an emergency procedure wherein 
immediate and memory actions. are required of the flightcrew. An engine loss at cruise 
altitude and at cruise speeds does not place the airplane in immediate jeopardy nor, for 
the most part, are any immediate responses required of the flightcrew to retrieve the 
airplane from jeopardy. The facts of this accident confirm this evaluation since the loss 
of control did not occur until more than 3 minutes after the No. 4 engine had lost thrust. 
More than enough time was available to the flightcrew to react properly and prevent the 
upset. This fact was amply demonstrated on two previous flights for this airplane in 
which similar situations occurred; the malfunctions were .corrected, and the airplane 
proceeded to scheduled destinations without further incident. 

The Safety Board is aware of present and proposed National Aeronautics and 
Space Administration (NASA) studies on the effects of circadian desynchronosis on 
flightcrew performance and efficiency. NASA has recently concluded a study of the 
effect of circadian desynchronosis on the performance of flightcrews engaged in short- 
haul flights, but has not, to date, released its findings. A similar study on the effects 
circadian desynchronosis may have on the performance of flightcrews engaged in long- 
haul transmeridional flights was begun recently. Until the results of either or both of 
these NASA studies are released, the Safety Board believes that it would be premature to 
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for mulate any recom mendations which address either the effects of circadian 
desynchronosis on flightcrew performance or which contain actions designed to counteract 
these effects based solely on the results of this investigation. 

Although the Safety Board was unable to identify any problems associated with 
the lack of crew coordination during its analysis of the accident, it also believes the facts 
and circumstances surrounding the upset illustrate the many factors which can complicate 
the problems of a multiengine airplane's flightcrew during an inflight abnormality or 
emergency. The Safety Board believes that the ability of a flightcrew to identify 
correctly the nature of an emergency or abnormality and then to cope successfully with 
the identified mishap can be improved and facilitated by proper crew coordination. We 
also believe that the full benefits of proper crew coordination can only be achieved when 
the captain recognizes and makes full use of the resources available to him in his cockpit; 
i.e. the knowledge and training of his crew members. In order to train captains and crew 
members to recognize these resources and to utilize them to the fullest extent possible, 
the Safety Board has recommended that the FAA develop and implement a training 
program to accomplish this goal 21/. The Safety Board urges the FAA to complete the 
development of this program and todisseminate it to the industry. 

3. CONCLUSIONS 

1. The flightcrew was properly certificated and qualified. 

2. The changing airspeeds encountered by Flight 006 and the resultant 
compensating throttle adjustments were caused by wind speed variations. 

3. The No. 4 engine did not flame out, but llhungll at about 1.0 EPR. 

4. During his attempt to recover the No. 4 engine, the flight engineer did , 

not close the bleed air valve switch before advancing the No. 4 throttle. 

5. The other three engines did not lose thrust nor did they flame out. 

6. The captain did not disengage the autopilot in a timely manner after 
thrust was lost on the No. 4 engine, The autopilot effectively masked 
the approaching onset of the loss of control of the airplane. 

7. .The captain was distracted from his flight monitoring duties by his 
participation with the flight engineer in the evaluation of the No. 4 
engine's malfunction. 

8. With the exception of the loss of thrust on the No. 4 engine, no other 
airplane malfunction affected the performance of the airplane; the loss 
of thrust on the No. 4 engine did not contribute to the accident. 

9. . The captain was also distracted by his attempts to arrest the airplane's 
decreasing airspeed, and this also contributed to his failure to detect the 
airplane's increasing bank angle. 

211 Safety Recommendation A85-27, issued - 
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10. The lateral control deflections required to maintain level flight under 
conditions of thrust asym metry and decreasing airspeed exceeded the 
limits of the autopilot's lateral control authority, causing the airplane to 
roll and yaw to the right. The captain lost control of the airplane when, 
after disengaging the autopilot, he failed to make the proper flight 
control corrections to recover the airplane. 

11. The damage to the airplane was a result of the acceleration forces and 
high airspeeds that occurred during the upset and recovery maneuvers. 

Probable C a m  

The National Transportation Safety Board deter mines that the probable cause 
of this accident was the captain's preoccupation with an inflight malfunction and his 
failure to monitor properly the airplane's flight instruments which resulted in his losing 
control of the airplane. 

Contributing to the accident was the captain's over-reliance on the autopilot 
after the loss of thrust on the No. 4 engine. 

4. RECOMMENDATIONS 

None. 

ICAO Note.- Section 1.17 and the Appendices were not reproduced. 

ICAO Ref.: 022185 
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No. 3 

Fokker F-27 MK 100, YN-BZF, accident on the icecap of Greenland, 
on 20 April 1985. Report No. 4/87 released by the 
Department of Accident Investigation, Denmark 

All times in this report are Universal Coordinated Time (UTC) = Greenland Summer Time + 2 hours. 

Notification of the accident 

The accident was reported to the Department of Accident Investi- 
gation, Civil Aviation, by the Flight Information Center at Ssn- 
dre Strsmfjord, Greenland on 20 April 1985 at 2238 hours. 
The Nicaraguan Civil Aviation Administration was informed by AC- 
CID* on 21 April 1985. The investigation was commenced at Ssndre 
Stramfjord on Monday 22 April 1985, and the accident site was vi- 
sited on 24 and 25 April 1985 for short periods. 

Synopsis 

YN-BZF was engaged on a delivery flight from North Yemen to Nica- 
ragua. Part of the route had been planned via Iceland, Green- 
land and Canada. For the purpose of extended range two 200 US gal 
auxiliary ferry fuel tanks had been installed in the cabin of the 
aircraft. During the flight from Iceland to Greenland the crew 

. informed the air traffic control that problems had arisen with 
retrieving fuel from the auxiliary ferry fuel system. Approxima- 
tely 50 NM west of Kulusuk (BGKK) on the eastcoast of Greenland 
the crew decided to return to BGKK, but due to deteriorating 
weather conditions the aerodrome could not be located. The flight 
diverted hereafter westbound for an emergency landing at a radar 
station, "SOB STORY", on the Icecap. During descent the aircraft 
collided with the Icecap. 3 crew members survived the accident, 
and 2 crew members died from injuries inflicted during the crash. 
The aircraft was destroyed. The survivors and those killed were 
recovered from the Icecap on the following morning by a rescue 
team, which was flown to the site in a C-130 military rescue 
aircraft. This department concludes that the factors in this ac- 
cident were unfavourable weather conditions at the diversion ae- 
rodrome and at the accident site, and the failure of the crew of 
YN-BZP to ensure proper airborne function of the auxiliary ferry 
fuel system. 

*ACCID: Notification message. 
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1. FA- IEJPORHATIOH ' 

1.1. History a£ the f l iqht  

YN-BZF was engaged on a delivery f l i g h t  to Nicaragua. In the ca- 
bin  of the aircraft an auxiliary ferry fuel system, consisting of 
two 200 US gal tanks w i t h  associated equipment, had been instal- 
l e d  f o r  the  purpose of providing extended range. The system had 
been i n s t a l l e d  before departure from North Yemen. YN-BZF departed 
on 11 April 1985 from North Yemen (Sanaa) via Saudi Arabia IJed- 
dahl , Egypt (Cairo] t o  Greece (Athens) , The flight proceeded from 
Greece on 19 April 1985 v i a  Italy (Geneva) to Scotland (Prest- 
wick) . On 20 April 1985 t h e  flight proceeded from  restw wick via 
Stornoway to Reykjavik (Iceland) whgre it arrived at 1548 hours. 

since the crew had been unable to retrieve fuel f rorn the auxilia- 
ry ferry f u e l  system 'during the preceding part of t h e  flight, 
they cheeked  the system during the stay at Reykjavik (BIRK), and 
they Eodnd it to be in working order. However, to ensure that the 
sys t em func t ioned  properly, experienced Icelandic F-27 engineers 
were consulted. The Icelandic engineers have explained that they 
h a d  been c o n s u l t e d  due to problems in aaking the  f u e l  flow from 
the auxiliary tanks. They entered the  cab in  and observed two lar-  
ge round fuel t a n k s  strapped down in the middle of the c a b b ,  
from which section t h e  seats had keen removed. 
They discussed the system w i t h  t h e  a i r c r a f t  mechanic, who ex- 
p l a i n e d  t h a t  it was connected to the cross-feed l i n e  on the wing 
f r o n t  spar, (In a latex interview the captain explained t h a t  the 
system was connected directly to the left f u e l  tank). 
The fuel tanks seemed to the ground engineers to be w e l l  ventila- 
ted into t h e  cabin, and t he  vents were connected with each other. 
A flexible line was coming from each t ank  connected to electrical 
booster pumps, one for each tank, and from the pumps there was a 
s i n g l e  l i n e  up into t h e  cross-feed fuel  line on t h e  front spar, 
through t h e  fuselage. 
The g r o u n d  e n g i n e e r s  d i d  not n o t i c e  any fuel f l o w  meter, fuel 
pressure m e t e r  or f u e l  quantity meter on this auxiliary system. 
They were t o l d  by the a i r c r a f t  mechanic t h a t  the crew could not  
make the auxiliary f e r ry  fuel system work. When asked what exact- 
ly had been done, the aircraft mechanic replied that they had put 
the ferry tank booster pumps "ON" and waited for the fuel quanti- 
t y  in the main t a n k s  to increase, which had not happened. He ex- 
p l a i n e d  that they h a d  tested the booster pumps on t h e  auxiliary 
ferry fuel system, and when t h e y  were "ON" , t h e  l i n e  connected to 
the cross-f eed l i n e  did pressurize. 
He w a s  t h ~ n  informed by t h e  ground engineers that he could not 
cross-feed fxom tank to tank, but only from tank to engine. To 
their ques t ion ,  whether the cross-feed valve had been opened, he 
answered  "No" , meaning that in fact only the  cross-feed line to 
the cross-feed valve had been pressurized. 
A t  t h i s  po int  of the conversation the rest of the crew arrived', 
the  p i l o t s  and the navigator. They said that one of the two air- 
craft booster pumps had been "ON" all the time during flight, and 
during attempts to activate the auxiliary fuel tanks. 
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The ground engineers advised the crew to switch "ON" the fuel 
booster pumps for the internal auxiliary tanks, and at the same 
time open the cross-feed, and switch "OFF" the booster pumps for 
one engine at a time. 
The captain said that he understood this, and that no further as- 
sistance or inspection was needed. 
The ground engineers did not undertake any close inspection of 
the system and did not perform any maintenance work, but they ad- 
vised the crew to land at Kulusuk for refuelling, which Iceland- 
air usually did on their F-27 flights. 
The mechanic was advised to make at least a 5 minutes' run-up on 
the ground from the internal tanks to each engine in order to en- 
sure that the system was working, and that there was no air in 
the system. He agreed, and the engineers drove back to their pre- 
mises and observed that the aircraft took off shortly after. 
In the opinion of the ground engineers the auxiliary fuel system 
"was not very professionally looking" and they "got the feeling 
that the crew was not quite certain of how to operate it". 

The flight planning to Smndre Str~mfjord (Greenland) from BIRK 
was based and calculated on the normal aircraft internal fuel, 
and the additional fuel in the auxiliary ferry tanks was - to 
comply with IFR regulations - to be available for alternates. 
Hence the check of and concern for the system. 

The aircraft uplifted 2704 litres of fuel, and was fuelled to ca- 
pacity including 400 US gal in the auxiliary ferry fuel tanks in 
the cabin. 
After having received weather information and ATC clearence, the 
crew took off from BIRK at 1721 hours. At 1832 the Pilot-in-Com- 
mand of YN-BZF transmitted a message to Iceland radio, whom he 
asked to extend his thanks to the Icelandic engineers with the 
message that the auxiliary ferry fuel system was working correct- 
ly. This message was transmitted prior to passage of Kulusuk at 
1935 hours. 

Kulusuk non-directional beacon (KK) was passed overhead at 1935 
hours. Approximately 50 NM west of KK the crew of YN-BZF radioed 
to the radar station BIG GUN about fuel problems, as it had been 
discovered that the auxiliary ferry fuel system did not function 
after all (1950 hours). Thus encountering a reduction of fuel re- 
serves by approximately 400 US gal together with a ground speed 
of only 180 knots (calculated to 225 knots) the crew decided to 
return to KK for landing at Kulusuk aerodrome (BGKK). 

In consequence of this situation BGKK was opened (closed over 
week-ends). However, weather conditions in the area were deterio- 
rating, and by the time YN-BZF attempted a procedural approach to 
BGKK at 2008 hours, weather conditions were below the published 
minima of 8 kilometers visibility and 700 ft ceiling. The Ob- 
stacle Clearance Limit (OCL) for the procedure is 800 ft (688 
ft) . 
Prior to initiating the approach the crew had requested the fol- 
lowing information at 2001 hours: 

YN-BZF: "What is the distance from the NDB KILO KILO to 
the airport?" 
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AFIS BGXK: "The distance from KILO K I M  NDB is ten* miles, 
t e n  miles' the aerodrome is situated ten  miles 

. north of KILO K I L O  WDB - go ahead". 
YN-BZF: "Thank you". 

A t  2006 hours the crew requested the bearing directly from t h e  
NDB to the runway. To this request t h e  AF55 operator responded 
"negative, what are your level  and what and what is your altitu- 
de?n. The c l o u d  penetration procedure was then read to the crew 
accoxding to the published procedure. 

A t  2011 hours a let down to 800 ft was commenced, but in the 
first attempt t h e  runway was not  located.  YN-BZF re turned  to the 
beacon, and maintained visual flight close to the beacon over the 
water,  Again at 2023 hours  the crew of YN-BZF transmitted: "what 
is a good heading direc t ly  from the NDB to t h e  runway, please?", 
to which the AFIS operator again answered: '"Negative, negative". 

A s  the s i t u a t i o n  was developing into an emergency situation, the 
AFIS operator tr ied to assist t h e  crew of YN-BZF by verbal expla- 
n a t i o n  of the position of the aerodrome direct ly  north of the 
beacon,  and of t h e  mountain peaks of t h e  island in relation to 
t h e  terrain. A t  2038 hours t h e  crew of YN-BZF tried to verify t h e  
position o f  the aerodrome related to t h e  beacon, but  at this 
point the AFXS operatox d i d  n o t  volunteer any other procedure 
than the one published, and again the c l o u d  penetration procedure 
was read to the crew of YN-BZF-  ' 

YN-BZF re turned over the beacon and commenced a l e t  down at 2042 
hours, A t  2 0 4 4  hours t h e  following messaqe was transmitted from 
BGKK to YN-BZF: "With your remaining fuel  in mind flight informa- 
tion Smndre Stramfjord advises  you that you can go to DYE 3. DYE 
3 it ' s o n e  s i x  eight miles and the track is three zero t w o  deg- 
rees magnetic.,..". A f t e r  the vain efforts to" locate the aerodro- 
me, the crew decided to fallow t h e  suggestion from the Flight In- 
formation Centre at Sandre Stramfjord IBGGL) of climbing aver the 
Icecap and attempt a forced l a n d i n g  at t h e  radar station "SOB 
STORY", located 168 NM west  of EGKK. A t  2051 hours YN-BZP left 
t h e  Kulusuk area with remaining fuel f o r  one hour's fli$ht.** 
Weather c o n d i t i o n s  at the radar s t a t i o n  ( w i t h  prepared snow run- 
ways) were reported to the ai rcraf t .  Furthermore, QNH and a mini- 
mum s a f e t y  a l t i t u d e  of f l i g h t  level (FL) 110 were passed on to 
the crew o f  YN-BZF. bAn emergency was declared at 2115 hours. 

When f u e l  indications became cr i t i ca l ,  decision was made to start . 
a slow descent. The aircraft was IMC. The capta in  had ordered t h e  
engineer to work on the auxiliary f e r r y  f u e l  system, and he was 
in the a f t  of the cabin. The captain has explaine-hat he thought 
that an explosion occurred. The a i r c r a f t  was filled with m i s t ,  it 

* The distance is 3 NM 
* *  D e t a i l e d  radio correspondence between BGKK and YN-BZF is de- 
picted in Appendix 3, and the le t  down procedure used by the crew 
of YN-BZF (Jeppesen: KULUSUK, GREENLAND) is depicted in Appendix C. 
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was smelling strongly of fuel, and subsequently he had difficul- 
ties in controlling the aircraft, and at last he lost control 
completely. He believed that the aircraft dropped several hundred 
feet before it finally hit the snow coat of the Icecap. 
Speed of the aircraft was about 150 kts indicated when the col- 
lision occurred. 
In answer to direct questions of knowledge of the height of the 
terrain, the captain indicated that it was about 4000 it, and 
the navigator indicated a general height in the area of about 
8000 ft. 

YN-BZF collided with the snow coat of the Icecap at a height of 
7400 ft. Radar and communication contact was lost at 2132 hours. 
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h reseue aircraft (mil i tary C-130 equipped with sk ie s )  w a s  over 
the accident site at 2330 hours, but could not land on t h e  Icecap 
due to darkness, (twilight ending). Survivors were not sighted but 
landing attemps w e r e  to be made on the following iorning at first 
daylight ( 0 7 0 0  hours). The rescue a ircraf t  landed on 21 April 
'at 0 7 2 0  hours. Of the 5 crew members 3 had survived. The rescue 
aircraft landed at BGSF at 0902 hours. 

The accident occurred 28 NM east of the radar station at a p- 
sition .of. 650950 North 0 4 2 4 1 3 0  West '  at an a l t i tude  of 7400 ft 
on 20  April 1985 at 2132 hours under daylight conditions. 

In juries Crew Passengers Others 

Serious ' 2 - - 

. Minor/none 1 - - 
1.3, Damage! to the aircxaft 

The aircraft was destroyed. 

None. 

1.5. Personnel information 

1 . 5  1 The pilot-in-command (P-i-C) * - aged 38, male - held an ~irline 
T r a n s p o r t  Pi l o t  ' s fr icens e (ATPL) renewed by t h e  Civil   via ti on 
Department,  India on 19 March 1985, and it w a s  valid until I Ju- 
ne 1985. 
The captain was last medically examined on 13 ~ a r e h  1985 w i t h p o  
limitations. 
The captain survived the accident. . 

Flying experience: 

Last Last Last Total 
. . .  24 hours 30 days 90 days 

All types appxox. 9 31 32 11668 

This t y p  approx,. 4 3 1 32 5000* * 

* P-i-C will hereinafter be called the captain 
** Approximate t i m e  
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1.5.2. The co-pilot - aged 2 7 ,  male - held an Airline Transport Pilot's 
L i c e n c e  IATPL) val idated  on 20 March 1985 and valid until 20 
March 1986. 
The co-pilot was last medically examined on 2 1  March 1985 with no 
limitations. 
The eo-pilot was fatally injured in the accident. 

Last ~ a s t  Last Total 
24 hours 30 days 90 days 

All t y w s  
This type 

1.5.3. In t o t a l  the crew consisted of 5 persons of different nationali- 
ty. Another pilot (not experinced on F-27) and the navigator sux- 
vived the accident. 
The engineer experienced on the F-27 was f a t a l l y  injured in the 
accident. 

1.6. Aircraft information 

1.6.1. Relevant d a t a  on m-BZF 

Fokker 23.101 

Model.: Friendship F 27 P1K 100 

Manufacturer: - Fokker vFw N.V. Kingdom of 
The Netherlands 

Year of manufacture: 1959 

Aircraft  serial numberg 10118 

Certiffcate.of air- validated?-March1985 and 
worthiness valid u n t i l  7 *rch 1986 

Certificate of regi- . Issued by the  Civil Aviation 
stxation: Authorit ies  in Nicaragua 

Total airframe hours: 45225 

Time since major overhaul: ~pproximately 300 hours 

Engines ( 2 )  : Rolls Royce Dart 529 

Serial numbers: Port (PI : 5386 
Starboard ( S )  : 10127 

Time since overhaul: P: 4169 hours 
- S :  3676 hours 

* Approximate time 
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Time since new: 

Propellers ( 2 )  : 

Serial number: 

P: 46921 hours 
S: 43B03 hburs 

Dowty Rotol 175-4-30-4/13E 

Cycles since overhaul: P: 3402 
S: 5528 

Cycles since new: P: 44449 
S: , 46430 

Weight and balance calculations for YN-BZP for this flight have 
not been perfonnsd due to missing and insufficient data. 

The F-27 f u e l  system comprises t w a  independent systems, a port 
and a starboard system, with a total tank capacity of 2900 kg, 
Fuel is stored in two integral tanks (one in each outer wing), 
and in t w a  ~011ectQr tanks (one in each nacelle). 
The systems are identical and are connected by a cross-feed line 
which incorporates twin cross-feed valves, manually operated from 
the cockpit. 
A single knob is mounted at'the rear of the cockpit pedestal, 
placaxded "OFFN and "ON". C l o c k w i s e  rotation of the knob opens 
both cross-feed valves simultaneously. 
Normally, the port system supplies the port engine, and the star- 
board system supplies the starboard engine. 
When cross-feeding, it is possible to feed both engines from the 
port system, or both engines from the starboard system. Transfer 
of fuel from one system wing tank'to the other, however, is n o t  
possible. 
Phe collector tanks, which are both fitted with two electrically 
driven, centrifugal booster pwmps, ensure an uninterrupted supply 
of de-aerated fuel to the engine-driven fuel pumps in all att i tu-  
des of flight and at a l l  operational al t i tudes ,  thus guarding 
aqains t inadvex tent engine "f lame-outs" due to fuel starvation, 
and also preventing "cavitation" of the engine-driven fuel pump. 

1.6.3. Auxiliary Ferry -1 Syst- 

Par the purpose of having extended range the aircraft was f i t t e d  
w i t h  a "ferry kitn, consisting of two 200 US gal drums intercon- 
nected, During flight this equipment was seemingly not working as 
expected, while ground,operatione were satisfactory according to 
the crew, 

Due to the problems with the ferry k i t ,  the aircraft had to reA 
turn from over the Icecap to BGKK, where refuelling could be un- 
dertaken. Due to deteriorating weather conditions at that aero- 
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N E L  SYSTEM DUCRAM 

drome, a landing could not be performed,' and the final result of 
the flight was the accident on the Icecap, which occurred when 
the aircraft was descending to prepare for a forced landing in 
the snow. 
The tanks "exploded" (compression - no fire) on impact, and the 
cabin was demolished in that area. 

From interviews with the crew it has been learnt that the air- 
craft mechanic installed the ferry kit in YN-BZF, and that he was 
assisted by another mechanic, who was employed with the Maldives 
International Airways. The aircraft mechanic was fatally injured 
in the crash. 

In order to obtain information of the auxiliary tank installa- 
tions from the other mechanic, this department made inquiries to 
the Maldives International Airways by letter of the 26th June 
1985. An answer to this letter has never been received. 
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From the Fokker manufacturer this department has received the 
following information: 

"Fokker has one ferry fuel tank set available for delivery flights, 
either new aircraft or overhaul. This system operates through ca- 
bin differential pressure, has no additional booster pumps, and 
feeds directly into the left main tank. Fuel balance is control- 
led through cross-feed selection. 
It is known that some F-27 operators have employed different 
systems, possibly including additional booster pumps, from un- 
known sources, however, it would seem that the system involved in 
this case belongs to the latter category. 

The above installation is available to customers on short term 
hir.e basis only. We have no record of this or similar systems 
having been delivered to F-27 operators, 
Fokker have not been involved in the installation of the ferry 
tank system used on the subject flight." 

1.6.4. Safety equipment 

The amount of emergency equipment on board the aircraft for sur- 
vival has not been established. According to the radio transmis- 
sions between YN-BZF and the radar station, the crew informed 
that they had "some life rafts and stuff like that..". From the 
wreckage one life raft was recovered. The life raft was checked, 
but neither emergency pyrotechniques nor separate emergency ra- 
dio were stored in the life raft. Other emergency equipment might 
have been available, but was not found during the short search in 
the wreckage area. Some equipment may have been burried under the 
snow. 

According to the Aeronautical Information Publication (AIP) for 
Greenland and the Faroe Islands, no special requirements are sti- 
pulated for this type of flight and aircraft except for emergency 
radio equipment. The flight plan received by Icelandic Air Traf- 
fic Control contained the following information: one dinghy, 
eight life jackets, polar and maritime equipment, and radio fre- 
quency 121.5 MHz. 

1.7. Meterological information 

1.7.1. General 

The crew requested the en-route weather from the weather office 
at BIRK. Based on a 500 mb prognose chart VT. 21/0000 the wind 
velocity en-route BIRK-BGKK-BGSF was issued. It was pointed out 
to the crew that the winds aloft (FL 180) were stronger than pre- 
viously briefed (based on the chart VT. 20/1800), The winds would, 
be southwest 45 kts, south southwest 50 kts and south southwest 
30 kts respectively. 
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1.7.2. Weather data 

Weather on 20 Apri1'1985 1900-2200 

BGKK area: 

surface (sfc) wind easterly/lO-15 kts 
visibility 8-10 km lowering from approxi- 

mately 20 UTC to 3-4 km 
weather rain and snow mixed and distant 

fog 
clouds 4/8 1000 ft.and 7/8 2000 ft 

changing from about 20 UTC to 
vertical visibility 700-900 ft 

Area 50 NM east of the radar station "SOB STORY": 

sic wind 
visibility 
weather 
clouds 

"SOB STORY '' : 

BGSF: 

sf c wind 
visibility 

weather 

clouds 

sf c wind 

visibility 
weather 
clouds 

NE-E about 5 kts 
vis 500 m - 1500 m 
icefog/light snow 
vertical visibility 100-400 ft 

variable/4-8 kts 
800-1500 m gradu 20-21 UTC 5000 m 
gradu 21-22 UTC 7-10 km 

icefog/light snow gradu impro- 
ving during period 

vertical visibility 200-400 ft 
gradu late in period changing 
to sct/bkn sc base 3-4000 ft 

westerly 12-15 kts rapid 
changing to northeasterly 
10-15 kts 

above 10 lgn 
fair from 21 UTC cloudy 
1-2/8 ac base 8000 ft gradu 
21-22 UTC 6/8 5000 ft 

1.7.3. Weather en-route BGKK - "SOB STORY" - BGSF 1900-2200 Un= 
BGKK - "SOB STORY" 
Clouds : Near BGKK base/vertical visibility 700-900 ft 

top about 15000 ft - just west of BGKK base/ 
vertical visibility lowering to 100-400 ft top 
13000 ft. 
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Weather: overcast with precipitation as rain and snow on 
the eastcoast, and as light Snow on the Icecap. 
Icefog many places on the Icecap. 

Visibility: 8 km near BGKK rapid after 19 UTC lowering to 
3-4 km. On the Icecap visibility 500-1500 m. 

Freezing level: 1000-1500 ft near BGKK dropping to surface just 
west of BGKK. 

Icing: occasionally light/moderate rime ice in clouds. 

Turbulence: light. 

"SOB STORY" - BGSP: 
Clouds : scattered sc/ac base above 3000 ft but during 

period broken/overcast sc base on the Icecap 
2-3000 ft and near BGSF 5000 ft, top FL 130. 

Weather: fair becoming cloudy to overcast during period. 

Visibility: above 10 km. . 

Freezing level: on or near surface. 

Icing : nil but light rime in clouds late in period. 

Turbulence: nil 

1.7.4. Upper winds  

Route FL 180 

BGKK - "SOB STORY1' 210/45 ms30 190/20 ms14- 

"SOB STOTY" - BGSF 210/20 ms30 

1.7.5. Actual weather (radioed to YN-BZF) 

BGIU( 1919: visibility 8 to 10 km 4/8 1000 ft 7/8 2000 ft 
1928 : 180 /10 kts visibility 10 km 4/8 800 ft 

7/8 2000 ft 
1955: visibility 4 km vertical visibility 900 ft 

fog and rain, weather lowering 
1957: 180°/15 kts visibility 4000 m in rain and fog 

vertical visibility 800 ft QNH 1013 mb 
1959 : 180°/14 kts visibility 4000 m in rain light 

rain and fog vertical visibility 700 ft 
2002: wind calm visibility 2500 m rain and fog vertical 

visibility 400 ft and (new) 180°/11 kts 
visibility 4000 rn in rain and fog vertical visi- 
bility 700 ft 
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2003 : QNH 1013 mb equal to 2991 inches 
2032: estimated vertical visibility above BGKK 1000 ft 

"SOB STORY": 
.2055: visibility 3 NM winds 2 kts 1 4 0 ~ ~  +12O~ 
2112: actual 2050 300 ft overcast visibility 3 n m  

in icefog wind 140°/2 .kts QNH 3008 inches tem- 
0 

perature 12 F 

1-7.6. Liuht Conditions 

SUNSET 20 April 1985: 2241 hours 
TWILIGHT ENDS 20 April 1985: 2345 hours 
TWILIGHT BEGINS 21 April 1985: 0552 hours 
SUNRISE 21 April 1985: 0703 hours 

1.8. Aids to naviuation 

-1.8.1. In the air 

YN-BZF was equipped with the radio navigational equipment that 
is required and applicable for such flight. The aircraft was 
neither equipped with radio altimeter nor with a ground proximity 
warning system. 

1.8.2. On the ground (pertinent to the accident) 

Radio beacon "KK" 283 KHz positioned 653147 N 0370923 W. Radar 
station "BIG GUN" in the Kulusuk area (this radar cannot provide 
guidance for approach into low level part of approach to BGKX). 

Radar station "SOB STORY" on the Icecap about 168 NM West of 
BGKK . 

1.9. . Communications 

YN-BZF : .. VHF and HF radio. 

BGKK : 118.1 MHz, 121.5 MHz and 5526 KHz. 

BGSF A/G: 121-3 MHz, 2950 KHz, 5526 KHz, 8945 KMZ and 
10042 KHz. 

''BIG GUN": 122.2 MHz and 121.5 MHz. 

SOB STORY" : 122.2 MHz and 121.5 MHz. 

All radio communication and telephone conversation (selected line 
numbers) have been recorded and transcripts are available. 

YN-BZF was in radio contact with.BGKK, SF A/G (FIC, BGGL), "BIG 
GUN" and "SOB STORY". 
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Assistance to YN-BZF was coordinated between BGSF, BGGL, BGKK, 
"BIG GUN", and "SOB STORY". 

1.10. Aerodrome information 

Kulusuk aerodrome (BGKK) is situated at the position 653425 N 
0370725 W. Elevation is 112 ft*. Variation is 32O W (1985). Run- 
way designation is 12/30. The gravel runway is 1190 x 45 m. The 
runway is equipped with treshold, edge and end lights. 

The aerodrome is open during weekdays (monday-friday) 1000-1800 
hours. Operation before and after these hours requires a prior 
notice of 2 hours, or as soon as possible in case of an emergen- 
cy- 

For operation the following State minima applies: 

Approach (day only) runway 12/30, ceiling 700 ft, ground visibi- 
lity 8000 m. 

*Elevation is in feet above mean sea level (AMSL) 
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The aerodrome is situated in a mountainous area in the northern 
part of an island in the Ammassalik Fjord. Highest peaks on the 
island are 2166 ft and 1969 ft. All obstructions on and near the 
aerodrome are provided with red lights. The beacon "KK" is si- 
tuated in the southern part of the island. The distance to the 

0 
aerodrome is 3 NM from "KK" in a bearing of 035 magnetic. 

The "SOB STORY" radar station is located at the position 6511 N' 
04350 W. Close to the radar station is a marked and cleared run- 
way in the snow, length 6250,ft and 5000 ft overrun. Runway lights 
are not provided. The runway is normally used by ski-equipped 
aircraft. Elevation is 8241 ft. 

1.11. Fliuht recorders 

YN-BZF was equipped with a Daval type 1191 flight data recorder 
(FDR), and a United Control model V 557 cockpit voice recorder 
(CVR) part no. 1835. 

Flight Data Recorder 

The flight data recorder was recovered from 1/2 m below the snow 
close to the separated tail section of the aircraft. The flight 
data recorder was not active during the flight. The data that we- 
re derived from the recorder dated from a previous flight, which 
origin has not been established. The reason for the recorder not 
being serviceable/activated has not been established, as investi- 
gation of the wreckage was very limited, due to the short time 
available at the accident site. 

1.11.2. Cockpit Voice Recorder 

The cockpit voice recorder was recovered from the surface of the 
snow about 40 m from the separated tail section of the aircraft. 
The recorder contained a recording of the last 30 minutes of the 
flight. (The minutes up to and including the accident were recor- 
ded). The recording was of good quality and most of the data were 
clearly presented. The quality of the radio communication recep- 
tion in the area sometimes varies. 
The intelligibility of the correspondence from the aircraft also 
varies, depending on the nationality of the person speaking. The 
captain, who is of Indian nationality, is at times rather diffi- 
cult to understand, while the navigator, who is of American na- 
tionality, is clear in his wording. 

1.11.3. Data from the Voice Recorder 

The voice recorder data reveal that the crew was informed on mat- 
ters of importance for the intended emergency landing at "SOB 
STORY". The crew of YN-BZF was informed of the length of the 
packed snow-runway of 6250 ft with an overrun of 5000 ft, of ?re- 
sent weather conditions in the area, of altimeter setting in inc- 
hes, of current distances and bearings to the radar station, of 
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the aircraft's ground speed, and of the smooth terrain leading up 
to the radar s.tation from 30 miles out; the terrain-was rough at 
about 40 miles out of the station. 
To an inquiry concerning emergency equipment on board, the crew 
informed that "some c.ompasses and life rafts and stuff like that 
and warm clothins" were- available. 
At about 2127 hours the crew was informed that search and Rescue 
would soon be airborne, and that the team consisted of ~ i r  Force 
C-130 aircraft. 

The tape does not clearly reveal any information about altitude 
of the runways at the radar station, but in a passage of a messa- 
ge at 2126 hours the following wording is used by "SOB STORY": 
"You are still landing on the ice, it's all packed ice, you are 
landing about 9000 ft, over". The crew did not make inquiries for 
such information. A t  an earlier stage (at 2055 hours) the crew 
was informed by "BIG GUN" radar station that the minimum safe al- 
titude was flight level 110. 

About 2102 hours a slow descent was initiated from 9000 ft with 
about 150 KIAS, when about 30 miles out of BGKK. At 2131 hours 
the recorder presents a series of sounds spaced over 21 seconds 
(sound 1 is 0 seconds, sound 2 is 3 seconds later, sound 3 is 2 
seconds later, sound 4 is 3 seconds later and sound 5 is 13 se- 
conds later) . 
These sounds have been interpreted to represent contact with the 
snow (at 7400 ft AMSL) in the' slow descent, a fairly light con- 
tact the first 3 times, and then a heavier contact (impact no. 
41, and the last impact (no. 5.) with final disintegration of the 
aircraft. Shortly before contact with the snow the wording "seven- 
ty-five feet" is heard on the tape. This could indicate that the 
descent at this time was about 75 ft/min. There was no radio al- 
timeter in the aircraft. 

Wreckage and impact information 

1.12.1. The accident site 

The accident occurred on the Icecap at an altitude of 7400 ft. 
At the time of the accident the snow coat was fairly soft to a 
depth of approximately 50 cm and smooth and almost level. The po- 
sition of the accident site is 140 MM west southwest of BGKK, 220 
NM southeast of BGSF and 28 NM east of "SOB STORYw. 
On the 24th April access to the accident site was established 
from BGSF by a ski-equipped USAF C-130. Time available for inve- 
stigation and collection of different items was limited to about 
40 minutes, due to aircraft operating conditions in the soft 
snow. Cn the following day an inspector went to the site by heli- 
copter from BGKK, and stayed at the site for about 1.5 hours. 
Therefore only a cursory examination of the wreckage was possi- 
ble. Due to this limited time factor the investigation was focu'- 
sed on type of impact and essential areas of interest to estab- 
lishing the reason for the collision with the snow. The auxilia- 
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ry ferry fuel system installation could not be investigated as 
the ferry tanks had disintegrated and the installation into the 
main fuel system was inaccessible. 

From the CVE? it has been concluded that the aircraft hit the snow 
coat in a slight descent with about 150 kts, made 3 consecutive 
shortly spaced touches followed by impact no. 4 and no. 5, which 
resulted in the final disintegration of the aircraft. The point 
of impact no. 4 was observed, when the C-130 was taxiing approxi- 
mately 500 m east of the position of the final impact. This im- 
pact area showed that the aircraft underbelly had impacted in 
what appears to have been almost level Plight attitude, and de- 
bris of metal were visible. The final impact area was approxima- 
tely 15 m long and 1.5 m deep. Propeller slash marks in the snow 
were sufficiently visible to show that the engines had been under 
power during the impact sequence. It was not until the CVR data 
became available that impacts no. 1 to 3 were revealed. 

1.12.2. The wreckage 

The aircraft fuselage had disintegrated and had been scattered 
along the wreckage path, which was approximately 190 m long in a 

0 
fairly straight line on a heading of 286 magnetic. In the final 
impact hole wreckage parts from the lower structure of the fuse- 
lage were found. Propeller marks still visible measured about 150 
cm with deeper cuts on the left side. 

The left hand propeller had detached from the engine, while the 
right hand propeller was still attached to the engine. The fail 
section was found 60 m behind the final impact hole in an inver- 
ted position. From this position seats, interior material, lugga- 
ge, and clothing had been spread in a narrow angle of about lo0 
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further up to the main wreckage. The aircraft fuselage had disin- 
tegrated, and had been scattered along the wreckage gath. The en- 
tire wing section had catapulted to the left of the fuselage path 
of travel, and had come to rest in line with the path'of debris, 
with the engines facing inwards at a distance of 130 m, with a 40 
ft section bf the front fuselage belly section on top. The air- 
craft nose section had severed from the fuselage 1 metre aft of 
the flight deck bulkhead, and was resting on its left side at the 

0 
end of the left wing section at an angle of almost 90 . 
The underside of the cockpit section showed signs of heavy com- 
pression from impact forces. The left pilot seat had been damaged 
(buckled), while the right hand seat was intact. Harnesses on all 
seats were intact. (Appendix D) . 
The on site investigation disclosed no further failure in the 
aircraft systems, structures or power plants. The defect right 
hand cockpit window electrical de-icing system, and the "failure" 
of the auxiliary ferry fuel system were reported by the crew; no 
other failures important to operation of the aircraft were repor- 
ted. 

1.12.3. Cockpit documentation 

Pertinent cockpit documentation was as follows: 

Captain (LB) co-pilot (RH) 

Airspeed 
Horizon 
Altimeters 
Altimeters (24 April) 
Rate of climb indicator 
Gyrosyn compass 
ADF/VOR hdg.card 
Heading selector 
Alternate static select 
Fuel .quantity gauges 
Gear selector handle 
Cabin height 

0 kts 
left tilt 
1020 mb/30.11 inch. 
7700 ft 
20 ft/min descent 
lloO 
245: 
280 
NORMAL 

0 kts 
right tilt 
1013.5 mb 
4600 ft 
20 ft/min climb 
ow0 
305O 

... 
left 1000 right O 

Center panel 

Fuel flow both 0 indication 
Fuel totalizer left 1357 kg right 1379 kg 
Flap indicator 0 
Feather buttons unfeathered 

Pedestal 

High pressure cock full' forward 
Throttles/prop. handles full forward 
Flap handle UP 
Cross-feed selector OFF 
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Right hand side console 

Cabin pressure control selected.to 500 ft 

Right hand overhead -el 

Booster pump switches Port Starboard 
Left ON Left OFF 
Right OFF Right OFF 

1.13. Medical and pathological information - .  

The captain received injuries during the crash which made him un- 
able to move. During the night's stay in the wreckage, he further 
received frost-bite , which later required minor operations. 
The extra pilot received several bone fractures, which made him 
unable to move, he also received frost-bite , which later requi- 
red minor operations. 
The navigator received only minor injuries. 
The co-pilot received severe injuries from which he died about 8 
hours later. 
The engineer, who had been working at the auxiliary ferry fuel 
system in the cabin area, received fatal injuries during the 
disintegration of the cabin. He died a few minutes after the ac- 
cident. 

1.14. F i r e  - 
There was no fire. 

1.15. survival aspects 

1.15.1. Survival 

. The comparatively small rate of descent of the aircraft during 
the impacts with the fairly soft snow coat of the Icecap made 
the accident survivable for those crew members who had strapped 
into their restraint systems and occupied the cockpit section. 
The captain occupied the left seat, the.navigator the right seat 
and the extra pilot the centre seat. The occupants of the cabin 
area were exposed to forces which, due to- a compression explosion 
of the 2 x 200 gallons auxiliary ferry fuel tanks and the pressu- 
rized cabin, fatally injured the co-pilot and the engineer. 

The temperature reported at the time of the accident was minus 
11° C, and during the night the temperature drbpped further to 

0 about minus 30 C. Clothing carried on board the aircraft had 
been scattered in the area and could not be retrieved by the 
crew, who was thus without any warm protection against the cold, 
except for a single blanket. ~uring the night's stay, the survi- 
ving crew members occupied the cockpit. 
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The life raft, which had been reported to be on board, was found 
on the accident. site by the investigation team. The life raft did 
not contain any.equipment for attracting attention, i.e. radio or 

. flares. 

1.15.2. Search and Rescue 

The following is an excerpt - as valid at the time of the acci- 
dent - of the AIP Greenland and Faroe Islands concerning Search 
and Rescue agreements and procedures: . 

"By agreement between the Danish Government and the Government 
of the United States of America, the latter has assumed certain 
responsibilities for assisting in Search and Rescue activities 
within the Search and Rescue Area (SRR) established in Greenland. 
The vast dimensions of -the Search and Rescue Area, the climate 
and nature, the scarcity of population, and the ~ommunication 
problems necessitate not only a close cooperation between.the va- 
rious authorities in' Greenland, but also prompt action from the 
nearest agency capable of.rendering assistance. 

The organization of the Search and Rescue service is therefore 
based upon the assistance of all-available services and authori- 
ties in Greenland as well as upon requests for assistance from 
sources outside Greenland. 
Sandre Strsmfjord ACC will act as Alerting Centre for aircraft in 
need of Search and Rescue within Ssndre Stramfjord SRR (FIR). 
The Senior U.S. Air Force Officer at Ssndre Strsmfjord will ini- 
tiate SAR actions and act as "On Scene Commandern. When deemed 
necessary, he will request the nearest USAF Air Rescue Squadron 
Rescue Coordination Centre to provide a SAR-Coordinator, who will 
take over the direction of the SAR action. 

The direction of Search and Rescue operations will be carried out 
in close cooperation with the Coordination Centre for the Sea 
Rescue Service in Greenland waters - Grsnnedal - which may act as 
Rescue Sub-centre. 
Danish ATS units or other appropriate services in Greenland will 
act as alerting posts and may by agreement between them and the 
appropriate Rescue Services (Sandre Stramfjord, Thule or Granne- 
dal) act as Rescue Sub-centre, should this be required." 

USAF C-130 aircraft were present in the Greenland area at the ti- 
me of the accident. The aircraft were at BGSF when the decision 
to initiate Search and Rescue procedures was made. One rescue 
aircraft was placed on stand-by at 2058 hours, which was 34 minu- 
tes before the accident occurred. The aircraft are equipped with 
skies and can operate on the Icecap if prior assessment of the 
area can be made. In rescue missions in areas which have not been 
assessed, it is the captain. of the aircraft who has the final de- 
cision, whether conditions permit landing in the terrain. Under 
such conditions another C-130 will circle overhead as back-up 
aircraft. 
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No equipment is available at the radar station apart from snow 
cars, but for safety reasons these are, due to equipment range, 
limited to operation within a few miles from the radar station, 
and they could not be used as a tool for Search and Rescue in 
connection with this accident. 
The Rescue Centre at Keflavik, Iceland can, if the situation war- 
rents, assist with para-medics. In this particular case this op- 
tion was not put into effect, due to weather conditions, dark- 
ness, and the time span for reaching the accident site as compa- 
red to the planned landing of the C-130 at first daylight (see 
appendix A ) .  

The rescue aircraft were airborne BGSF at 2158 hours/2235 hours, 
and the first aircraft initiated search at 2300 hours. Radar con- 
tact with the wreckage was obtained at 2320 hours, -and the rescue 
aircraft was over the accident site at 2330 hours. 
Sunset in the area was at 2241 hours, and end of twilight was at 
2345 hours. 
When the crew of the C-130 spotted the wreckage, no survivors we- 
re visible, and no actions for attracting attention by visible 
means were detected. The crew radioed the observations to Ssn- 
dre Stramfjord FIC. The area was uncharted and visibility was 
poor due to darkness and weather. It was considered unsafe to at- 
tempt landing, because of darkness and inability to assess snow 
and terrain conditions. Several passes were made over the wrecka- 
ge, and during the last pass the crew prepared to drop a survival 
package just in case there should be survivors. At this time the 
accident site was engulfed in darkness which prohibited the drop. 

The rescue aircraft left the area at 0030 hours and landed at 
BGSF at 0123 hours. Even though there were no signs of survivors, 
Search and Rescue would continue until there was proof, and thus 
Search and Rescue was resumed on the following morning with the 
aircraft circling over the accident site at first daylight (0700 
hours). A survivor was spotted beside the wreckage, and landing 
was performed after an evaluation of terrain, snow conditons, 
pattern of debris from the wreckage, and wind conditions. 3 sur- 
vivors were rescued and 2 casualties were retrieved from the 
wreckage. The rescue aircraft took off from the Icecap at 0745 
hours and landed at BGSF at 0902 hours. 

1.16. Test and research 

No special test and research was undertaken. 

1.17. Other information 

1.17.1. Procedures at 

The approach procedure for BGKK is published in the Aeronautical 
Information Publication Greenland and Faroe Islands: 
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AFlS 118.10 

MISSED APPROACH: TRANSITION ALT 
CUM0 S T W W  W W  
ON ODR 191. TO 4030 Fl. 
THEN TURN LEFl AND 
RElWN TO KK NOE 

-\-"--"""-- 

The procedure is based on visual approach only, and the State mi- 
nima for an approach require a ceiling of 700 ft and a ground vi- 
sibility of 8000 m. The minimum safe altitude and the altitude of 
mountain peaks in the akea are published. 

The procedure is also published in Jeppesen Airway Manual as KU- 
LUSUK, GREENLAND NDB dated 2 July 1982. This plate was used by 
the crew, and all data valid for the approach to and landing at 
BGKK were depicted. 
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The Civil Aviation Authorithy (CAA) in Denmark has issued regula- 
tions for the AFIS regulated aerodromes. These regulations confi- 
ne the scope of assistance of the AFIS operator to passing rele- 
vant and/or published information to air crews approaching BGKK. 
Instructions of KK NDB cloud penetration procedure should be gi- 
ven only on request from an aircraft commander, and in situations 
when the AFIS operator estimates an aircraft commander's know- 
ledge of the procedure to be insufficient. 
Control of aircraft is thus not the duty of the AFIS operator, 
and he is not authorized to guide aircraft on any other procedu- 
re, i.e. guidance directly from the KK NDB over the mountains to 
the aerodrome. 
However, the phraseology to be used if an aircraft commander re- 
quests information is contained in the instructions for the AFIS 
operator at BGKK. 
An excerpt of these instructions is depicted below: 

"Cloud penetration ~rocedure for KK NDB 

The below procedure and phraseology is to be applied when in- 
formation is requested by an aircraft commander, who is unfa- 
miliar with the cloud penetration procedure: 

a. At the earliest possible opportunity and before the air- 
craft leaves KULUSUK holding at the latest, the following 
general information is given: 

Frequency for KK NDB is 283 KHZ - the aerodrome is situated 
3 NM from KK NDB in bearing 0 3 5 ~  mag. - runway in use. .; . 
aerodrome elevation 112 feet. 

b. Before the aircraft commences descending from cruising al- 
titude the following information of KULUSUK holding is 
given : 

Join KULUSUK HOLDING at alhitude 6000 feet on QNH ... mil- 
libars - inbound track 111 mag., right hand pattern, out- 
bound time one minute - when egtablished in the holding 
descend to altitude 4000 feet - report established in the 
holding and maintaining altitude 4000 feet. 

c. When the aircraft reports established in the holding at 
4000 feet, the following is informed: 

Proceed outbound KK NDB on QDR 147O for one minute and 
descend to altitude 3200 feet, then turn left and proceed 
inbound KK NDB on QDM 291° and continue descend to altitude 
2700 feet report established on QDM 291° and maintaining 
altitude 2700 feet. 

d. When the aircraft reports established on QDR 291° - 2700 
feet, the following is informed: 
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Proceed outbound KK NDB on QDR 291° - when passing KK NDB 
descend to altitude 800 feet - when visual turn right to 
heading 111° mag. - you will then find ,the aerodrome in 
front of you or a little to your left - if not visual at 
altitude 800 feet climb on QDR 291° to altitude 4000 feet, 
then turn left and return to KULUSUK HOLDING - report vi- 
sual or going around. 

NOTE: Instructions of KK NDB cloud penetration procedure 
should be given only on request from an aircraft commander, 
and in situations when the AFIS operator estimates an air- 
craft commander's knowledge of the procedure to be insuffi- 
cient. '' 

1.17.2. .Auxiliary ferry fuel system, mode of operation 

It has not been clarified how the ferry fuel system was instal- 
led in YN-BZF, and this department has not succeeded in obtaining 
data on this particular installation. From the description given 
in 1.6.2., two different systems are of relevance in this parti- 
cular case: 

- one system connected to the aircraft cross-feed system and 
- one system connected directly to one of the wing fuel tanks 

(this system is recommended by the manufacturer). 

System connected to the cross-'feed 

A system, connected to the aircraft cross-feed. system; including 
two fuel booster pumps, requires for system functioning that: 
- cross-feed valve is OPEN 
- auxiliary ferry tank system booster pumps are ON 
- booster pumps in aircraft collector tanks are OFF. 
The procedure should ensure that fuel is transferred directly to 
the engines., Wing tank fuel content indications will not show an 
increase, but only indicate that no further fuel is drawn from 
these tanks. 

System connected directly to a wing fuel tank 

A system connected directly to a wing tank with booster pumps 
(booster pumps are not normally incorporated according to the 
Fokker manufacturer, para. 1.6.3.) requires for system functio- 
ning that: 
- auxiliary ferry tank booster pumps are ON 
- booster pumps in aircraft collector tanks are ON (as for normal 
operation) 

- aircraft fuel balance is controlled by use of cross-feed to o- 
perate both engines from the left tank. Using this system, the 
wing tank fuel indicator would indicate an increase in the fuel 
contents of the wing. 

If no booster pumps had been installed, the feeding of fuel to 
the wing tank would take place by means of differential air pres- 
sure (c.?bin). 
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2. ANALYSIS 

2.1. The flight 

In order to deliver an aircraft of this type from the area of 
initial departure in Yemen to the intended destination in Nica- 
ragua, the route that can be planned will involve fairly short 
stops, as did the route planned for this delivery flight. The in- 
ternal fuel of this aircraft would not be sufficient for execu- 
ting the part of the route that comprises the flight from Iceland 
to the western part of Greenland, if the flight should be perfor- 
med in accordance with the rules for IFR flights, and the amount 
of fuel required for reaching alternate aerodromes. Therefore the 
auxiliary ferry fuel system was installed in YN-BZF. 

According to the captain's calculations the flight from BIRK, 
Iceland to BGSF, Greenland could be performed with the fuel avail- 
able in the normal aircraft fuel system, but in this case fuel 
reserves when reaching BGSF would only be sufficient for another 
5 to 10 minutes' flight. Also the ground speed of 180 kts (in- 
stead of 225 kts as calculated) as obtained through "BIG GUN" 
became a factor. The crew's decision of returning to KK NDB for 
landing at BGKK was influenced by these factors. 

This department has made no weight and balance calculation for 
YN-BZF, but on the basis of the general description of the loa- 
ding of the aircraft, it is believed that weight and balance was 
within limits and has not been considered a factor in this acci- 
dent. 

The flight was assisted and controlled by proper units, and the 
regulations and procedures applied by these units were satisfac- 
tory, except for erroneous information about the distance from 
the KK NDB to the aerodrome (10 NM instead of 3 NM) given by the 
AFIS operator at BGKK to the crew of YN-BZF, (see para. 2.3. The 
approach to BGKK). 
Otherwise, it is the opinion of this department that the assi- 
stance rendered in an effort to create a reasonable and safe out- 
come of the situation was professional. 

At 1911 hours, when the position was east of BGKK, the crew of 
YN-BZF informed BGSF that a diversion to BGKK could be a possibi- 
lity to check out the auxiliary ferry fuel system. At 1935 hours 
YN-BZF passed the KK NDB westbound. The weather at BGKK was well 
within the minima required for approach and landing. At this time 
the crew had not yet decided upon the the course of action to be 
taken, as they suspected that the auxiliary ferry fuel system did 
not function as expected. 
The decision to divert to BGKK was reported to BGSF at 1954 hours. 
At that time YN-BZF was approximately 50 NM west of BGKK. 
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2.2. The auxiliary ferry fuel system 

This department has not been able to establish - neither from 
interviews nor from the short investigation oi the wreckage on 
the Icecap - exactly how the system was interfaced with the air- 
craft fuel system, or why the system did not function (see para. 
1.6.3.). The reason for the failure has thus not been conclusive- 
ly established. 
However, this department believes that the system was connected 
to the aircraft cross-feed fuel system, and that the crew did not 
realize that the system could have functioned if proper procedu- 
res had been applied. This belief is supported by the statements 
given by the Icelandic maintenance people, who inspected the sy- 
stem and advised the engineer of YN-BZF of how the system could 
operate. They also expressed the advise of making at least 5 mi- 
nutes ' ground run before take-off, using the system for each en- 
gine to ascertain that it was functioning properly, and that no 
air was present in the fuel lines of the system. 
This advise was probably not followed, as the aircraft was seen 
to depart immediately after taxiing to the active runway (para. 
1.1., para. 1.6., and para. 1.17.2.). 

The crew radioed back to Iceland (1832 hours) that the system was 
functioning, and asked that their thanks be extended to the Ice- 
landic maintenance people. 
It is not clear what indications the crew had of the system func- 
tioning, but switching ON the fuel pumps of the system would of 
course produce a pressurization of the fuel lines from the ferry 
tanks which could be felt. If the system was connected directly 
to the left wing tank the indication of fuel contents in that 
tank would most probably increase. 
If the system was connected directly to the aircraft cross-feed 
system, switching ON the booster pumps of the system would for 
proper function require the cross-feed to be selected ON, and the 
booster pumps in the collector tanks to be switched OFF in order 
to ensure fuel flow from the ferry tanks. The indications in the 
wing tanks would remain at last settings as no fuel would be 
transferred to the tank, and no fuel would be consumed from the 
tanks. 

This department is of the opinion that the system would probably 
have worked if correct understanding of the system had been rea- 
lized and therefore also correct procedures had been applied. 
Furthermore, this department believes that a functional airborne 
test-flight would have been a sound decision in order to ensure 
correct function of a system that is so vital for carrying out 
flights over long distances that require extra amounts of fuel. 
This was not done. Only some ground inspection and activation of 
the system was made, but environmental factors such as outside 
air pressure versus cabin pressure, and the technical.influence 
of all systems related to appliance of the ferry fuel system with 
engines running and fuel booster pumps being activated/deactiva- 
ted were - as far as this department has been informed - never 
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tested in-flight. If a one-way check valve system was incorpora- 
ted in connection with the ferry tanks (this has not been veri- 
fied), reversely .installed valves~would prevent fuel from being 
tranferred from the ferry tanks. No such valves were observed by 
the Icelandic maintenance people, and no other information was 
obtained of such valves. This theory, however, can neither be 
proven nor rejected. 

The approach to BGKK (Kulusuk aerodrome) 

BGKK was opened for approach for YN-BZF outside normal opening 
hours as the transfer fuel problem was considered essential to 
the safety of the aircraft. 

When the crew of YN-BZF decided to return to BGKK for refuelling 
the weather conditions were deteriorating rapidly. At the time 
the crew reported the intention of returning to BGKK (1954 hours) 
the weather was 4 km visibility and 900 ft in rain and fog. At 
1957 hours: 4 km visibility and 800 ft vertical visibility in 
rain and fog. At 1959 hours: vertical visibility 700 ft. At 2002 
hours: 2500 m visibility and 400 ft vertical visibility. YN-BZF 
was overhead KK NDB at 2008 hours. 

The let down/cloud penetration procedure into BGKK is based on 
VMC conditions with set State minima of a ceiling of 700 ft and 8 
km visibility. In weather conditions below these minima, the pro- 
cedure can be hazardous to execute due to the mountainous area 
and the scarcity of electronic facilities for assistance and gui- 
dance. The aerodrome, situated in the northern part of the is- 
land approximately 3 NM north of the KK NDB, can be difficult to 
locate under conditions of low visibility, as the runway is very 
often covered with snow, and apart from a few buildings the sur- 
rounding environment is normally also white during this part of 
the year. Runway lights are available and were lighted during the 
approach. A good interpretation of the surroundings and the loca- 
tion of the aerodrome using maps and approach plates, however, is 
essential for crews who have never been in the area before. If 
such measures are undertaken, locating the aerodrome should offer 
no difficulty. Without such measures, locating the aerodrome 
could be difficult even at or above the weather minima required. 
However, this approach was performed under weather conditions 
that were considerably below the required minima, and therefore 
it was essential that the area was "understood" and that the ap- 
proach was performed very accurately. YN-BZF was heard by people 
at the aerodrome but not sighted, even though the aircraft lan- 
ding lights were on. The crew did not see the runway and returned 
over the water to the beacon and circled visually at about 1000 
feet, close to the mountains. The vertical visibility was probab- 
ly varying as YN-BZF was able to circle visually at 1000 ft close 
to the beacon, and the AFIS operator did report (2032 hours) an 
estimated vertical visibility of 1000 ft over the aerodrome. The 
AFIS operator advised YN-BZF of minimum safe altitude north and 
south of the aerodrome. 
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At 2012 hours the crew of YN-BZF had requested "BIG GUN" to guide 
the aircraft to the aerodrome, but such assistance could not be 
rendered by the radar station due to its position and to ground 
clutter. Thus YN-BZF was not guided by the radar station in its 
flight at low level. 

The crew also requested the AFIS operator at BGKK* to give the 
heading and distance from KK NDB directly to the aerodrome. In 
accordance with regulations such information can be given. (See 
para 1.17.1. "Cloud penetration procedure"). 

To an inquiry from the crew of YN-BZF (2001 hours) for the dis- 
tance, from KK NDB to the aerodrome, the AFIS operator gave the 
following answer: "The distance from Kilo Kilo NDB is ten miles, 
.ten miles. The aerodrome is situated ten miles north of..." 
This information was not correct. The distance to the aerodrome 
from KK NDB is 3 NM, and the AFIS operator has no explanation to 
this mistake (he knew the distance was 3 NM). From the correspon- 
dence between BGKK AFIS and YN-BZF this department has evaluated 
the importance of this erroneous information in relation to the 
possibility of finding the aerodrome under the prevailing condi- 
tions. 
If the crew had interpreted the distance to the aerodrome to be 
10 nm north of the beacon, it would have brought the aircraft in- 
to an area with mountain peaks ranging from 1920 ft to 2806 ft. 
The crew had the Jeppesen 2 JUL 82 edition of the NDB procedure 
for Kulusuk. This plate gives'a clear indication of the relation 
between the aerodrome and the NDB, and at the edge of the plate 
scale distance is printed with 1 NM and 5 NM intervals. (Appendix 
C) - 
From the radio transmissions can be determined that the distance 
in question was not later referred to in any way, and from the 
interviews with the crew the difference from 3 NM to 10 NM was 
never an issue. 
Had the crew planned to make a wide turn when visual below from 

0 
291° to 111 to take into consideration the radius of the arc to 
be 5 NM, the turn should at the speed of 140 kts applied have 
been executed with a bank angle of about 3.2 degrees only, with a 
rate of turn of about 0.4 degrees/sec. to aim at a point cor- 
responding to the aerodrome being 10 NM north of the KK NDB. 
The corresponding figures for the actual radius of an arc of 1.5 
NM would be about 11 degrees of bank and a rate of turn of about 
1.5 degrees/sec. 
It could be expected that a turn into the aerodrome with no prior 
exact calculation would be made with at least 10 degrees, or even 
with a "rate one turn" (3 degrees/sec.) as normally applied in an 
approach procedure. (The captain has later explained that the 
turn was performed as a "rate one turn" with a bank angle of 

* The entire radio correspondence between YN-BZF and AFIS BGKK 
is depicted in Appendix B. 
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about 20 degrees). This would bring the aircraft to the coast of 
the island but a little to the south of the aerodrome. This pro- 
bably corresponds with the experience gained when aircraft fly 
into the aerodrome, and this is supported by the radio transmis- 
sion from the AFIS operator at 2007 hours, which was in accordan- 
ce with the written procedures for AFIS operators (para. 1.17.1.): 
"I say again, when visual turn right heading one one one degrees 
magnetic you will find the aerodrome in front of you or a little 
to the left, go ahead". 

Considering the above discussion and the entire radio corres- 
pondence between BGKK and YN-BZF,  it is reasonable to conclude 
that the erroneous distance stated did not 'have influence on the 
crew's possibilities of locating the aerodrome. 
The weather conditions are believed to have been the main factor 
in the failure to locate the aerodrome. 

However, the possibility exists that the direct bearing reques- 
ted by the crew of YN-BZF could have been a help in locating the 
aerodrome, but this bearing was not given by the AFIS operator 
when it was requested. In accordance with the procedures (refe- 
rence para. 1.17.1.) this information can be given as follows: 
"At the earliest possible opportunity and before the aircraft 
leaves KULUSUK holding at the latest, the following information 
is given: 
Frequency for KK NDB is 283 KHz - the aerodrome is situated 3 NM 

0 
from KK NDB in bearing 035 mag. runway in use . . . . . , aerodrome 
elevation 112 feet." 
At 2005 hours the crew requested the bearing from KK NDB to the 
runway, but as the transmission seemed "hard to read", there may 
have been a misunderstanding as the AFIS operator gave the out- 
bound bearing for the let-down, but as the request was repeated 
at 2006 hours the AFIS operator answered "negative .....". 
The information should have been passed to the crew, but as it 
can been seen from the radio correspondence (2023 hours, 2024 
hours, 2038 hours) the AFIS operator was reluctant to pass this 
information, as he assumed that the crew intended to fly directly 
from the KK NDB over the high terrain to the aerodrome. This de- 
partment concludes that this was what the crew intended (Appen- 
dix B, 2023 - 2033 hours). The AFIS operator's reaction is under- 
standable as an accident which occurred in the area in 1978 (re- 
port AIG/06/81), in which the aircraft hit a mountain west of the 
aerodrome, encompassed the same problem area. Following this ac- 
cident recommendations were made on let-down procedures, and pro- 
cedures to be used by AFIS operators. 

The weather conditions were varying and an attempt to reach the 
aerodrome directly from the KK NDB would be hazardous. 
Subsequently the AFIS operator had a dialogue with the crew as to 
the area between the KK NDB and the position of the aerodrome, 
and advised the crew to fly clockwise round the island (2024 
hours), and repeated the last part of the cloud penetration pro- 
cedure to the crew (2024 hours and 2039 hours). 
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Although the exact bearing f r o m  t h e  KK NDB was never stated to 
the crew of YN-BZF t h e  information given by the AFIS operator, 
the transmissions sent by the crew of YN-BZF, and the availabili- 
ty of t h e  let-down plate in the cockpit make the'impression that 
tfie location of t h e  aerodrome was fa ir ly  well established, but 
that the  weather was the overruling factor which made attempts 
unsuccessful. 

Considering the d i f f i c u l t i e s  - as in this accident and in prior 
cases - in f i n d i n g  the  aerodrome at BGKK, this department must 
conclude that locating the aerodrome at normal authorized weather 
m i n i m a  most probably will present problems for crews which are 
not  familiar w i t h  the area. 
If an aircraft  in distress has  no other option than to attempt 
landing at RGKK, and in addition weather conditions are below 
prescribed minima, the task of attempting landing without guidan- 
ce by electronic mean$ may be very hazardous. 
It is believed t h a t  a procedure based on a locator, which gives 
an inbound track, would present a great improvement for let-downs 
i n t o  BGKK. 
This department recommends on the subject. 

A s  seemingly YM-BZF could not find the aerodrome, and the endu- 
rance of the a i rc ra f t  was informed to be 1 1/2 hours (2031 hours) 
the  crew of YN-BZF w a s  at 2044 hours advised of the possibility 
of attempting a l and ing  at the radar station "SOB SMRY" about 
168 nm west of BGKK. 

The captain acknowledqed this information, contacted "BIG GUN" 
and climbed o u t  towards "SOB STORY" under guidance of "BIG GUN" 
(2051 hours) . 
The situation was now considered and treated as an emergency si- 
tuation by Sandre Stramfjord FIC (2051 hours). 

The accident 

"BIG GUN" advised YN-BZF of t h e  minimum safe a l t i t u d e  of flight 
level  (FL) 110 for the area to be overflown. 
YN-BZF was informed of relevant data, such as weather conditions 
at "SOB STORY",  runway conditions (snow surf ace) and length. In 
the  recorded material (CVRJ an approximate ground level of the 
planned landing site is mentioned, when nSOB STORY" in a trans- 
mission informs:  "You are still landing on the ice, it's a l l  
packed i c e  you are landing on about 9000 ft, over", This depart- 
ment believes t h a t  t h i s  information xefexs to the approximate al- 
titude of the site (8241 ft) rather than to the runway l eng th  
(6000 ft plus 5 0 0 0  ft overrun) - which had been transmitted to 
t h e  crew at an e a r l i e r  s tage  (para. 1.11.3.). This information 
was probably not picked'up by the crew as the descent was conti- 
nued b e l o w  t h i s  altitude. From available data and interviews this 
department is of the opinion that the crew was n o t  very familiar 
w i t h  the  conditions of the area to be overflown. During the in- 
terview,  however, the navigator did  seem to have had an idea of 



terrain heights in the area. At 2113 hours the endurance was sta- 
ted to be 30 minutes, and on question from "SOB STORY", the crew 
declared an emergency. 

YN-BZF was flying under IMC, and when the fuel counters indicated 
low contents the captain decided to start a slow descent in order 
to get visual ground contact in case the engines should stop due 
to fuel exhaustion. 
During the descent, which must have been slow, the aircraft con- 
tacted the snow-coat. Even if there was some vertical visibility 
to the Icecap, the crew would not and did not, due to the "white 
out" conditions, realize any snow-coat before the collision. The 
snow-coat was level with no perceivable contrasts and there was 
no visible horizon. Furthermore the right hand forward window was 
covered with ice due to a deficiency in the heating element, ma- 
king forward visibility impossible for the navigator, who occu- 
pied the right hand seat. 
The first series of contacts with the snow-coat caused minor 
break-up, which resulted in an explosive decompression of the 
cabin (pressure differential was approximately 2 psi). Subsequent 
contacts caused further damage to the aircraft structure, which 
finally resulted in loss of control and final disintegration of 
the aircraft as described in para. 1.12. 
At the time of the collision the remaining fuel amounted to ap- 
proximately 165 kg, and approximately 400 US gal in the auxiliary 
ferry fuel tanks. 
The altimeter at the captain's position was correctly set and in- 
dicated the correct height of the terrain at the accident site. 

2.5. Survival a s ~ e c t s  

Due to a slow descent and the quality of the snow-coat (very 
soft) the disintegration of the aircraft was not uniform. The 
front part of the fuselage - the cockpit area - was broken away 
from the rest of the aircraft, and sufficient structure integrity 
was maintained in respect to survivability of personnel occu- 
pying the area. The members of the aircrew who applied the safety 
harness were subject to forces within the tolerance of human sur- 
vivability. 

Unfortunately, the immobility of the survivors, apart from the 
navigator, made conditions for physical survival measures diffi- 
cult. Luggage and equipment were spread and partly burried in the 
snow some distance away from the cockpit section, which made it 
difficult to find equipment that could be used for protection 
against the cold. 
No doubt the survivors were in a state of shock, and no efforts 
were made to prepare any SOS activity in order to attract rescue 
personnel. It was known to the crew that rescue aircraft were 
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alerted and this knowledge either refrained the crew from taking 
further steps to prepare any action, or the conditions at the 
site and the di.spersion of the wreckage did not o£fer the possi- 
bilities. Also the cold and the light clothing of the crew were 
factors that severely influenced the possibilities of action. 

2.6. Search and Rescue 

The measures for preparing Search and Rescue were in accordance 
with the procedures, and by foresight in the development of the 
situation the Search and Rescue was activated immediately after 
the accident had occurred. 
The only Search and Rescue facilities that were immediately avail- 
able were C-130 aircraft from BGSF. Flying time to the area was 
about one hour, and the wreckage was located 2 hours after the 
accident had occurred. However, the light conditions were in- 
fluenced by the twilight coming to an end about 15 minutes after 
the first sight of the wreckage. Due to approaching darkness and 
the weather conditions, the area was not clearly visible, and the 
snow and terrain conditions could not be evaluated, which made it 
impossib1.e for the crew of the C-130 rescue aircraft to perform a 
landing. 

No survivors were detected, and no visual means that could have 
indicated survivors at the wreckage were visible. Even with this 
lack of knowledge of possible s,urvivors the rescue efforts could 
not be terminated until proof had been established. Therefo- 
re other possibilities were contemplated. Due to conditions of 
weather, light and the remote position of the wreckage the most 
relevant action to be taken was evaluated to be to return to the 
site by C-130 aircraft at first light. 
The captain of the C-130 decided not to drop a survival package 
due to the darkness. This decision shall not be questioned by 
this department. 

The investigation 

The chief inspector of air accidents investigation decided that 
the investigation into the technical aspects of the wreckage was 
to be limited to the on site investigations already undertaken 
on the 24th and 25th April 1985. The reasons 'for this decision 
were among others: 

- Sufficient facts were available to establish the cause of the 
collision with the snow coat of the Icecap. 

- The design of the aircraft type and normal operating systems 
were not factors in this accident. 

- The auxiliary ferry fuel system installed could not be.clearly 
described. The Fokker manufacturer has not been involved in the 
installation of the ferry fuel tank system used on the subject 
flight. 
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- The cost aspects of attempting to retrieve further information 
from escavation and recovery of the wreckage were out of pro- 
portion with the investigative value. 

3.  CONCLUSIONS 

a. The crew was properly certified for the flight. 

b. According to the crew the normal aircraft systems, except 
for the FDR and the cockpit right front window electrical 
deicing system, were functioning normally, which was also 
determined by the on site investigation. 

c. The auxiliary ferry fuel system was not functioning proper- 
ly. The cause of this has not been conclusively establis- 
hed. 

d. The crew did not undertake a satisfactory functional air- 
borne check of the auxiliary ferry fuel system to ensure 
that it worked prior to the essential appliance of the sy- 
stem for flight. (cause-factor) 

e. It is the opinion of this department from the evidence 
available that a deficiency in the procedures applied for 
operating the auxiliary ferry fuel system may have been a 
major factor. 

f. The assistance rendered to the flight of YN-BZF was active 
and generally professional. However, the AFIS operator er- 
roneously stated the distance from the KK NDB of 3 NM to be 
10 NM. Furthermore the bearing from the KK NDB was not sta- 
ted by the AFIS operator at BGKK on request from the crew 
of YN-BZF. 
In the opinion of this department the lack of this infor- 
mation does not seem to have had any important bearing on 
the possibility of locating the aerodrome. 

g. Weather conditions were a major factor in this accident, at 
the time of the approach into BGKK, as well as at the acci- 
dent site. (cause-factor) 

h. The Search and Rescue operation was anticipated at an early 
stage and put into effect immediately after the aircraft 
was considered to have had an accident. 

i. The conditions offered on the accident site: low visibili- 
ty, approaching darkness, and consequently the inability to 
evaluate surface conditions, precluded successful rescue in 
the first attempt. 
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It is the opinion of this department that better means for let- 
down to and location of the Kulusuk aerodrome (BGKK) should be 
offered in order to improve the safety of aircraft flying into 
the aerodrome. A let-down procedure should be worked out, based 
on an electronic installation which indicates a direct inbound 
approach course to the aerodrome. 

The Department of Accident Investigation recommends that: 

"the Ministry of Greenland prompts the installation of a locator 
at a position close to the Kulusuk aerodrome (BGKK) which makes 
it possible to publish a procedure for which the inbound approach 
heading to the aerodrome is based on an electronic signal." 
(REC-02-87) . 

ICAO Note.- Appendices were not reproduced. 

ICAO Ref.: 084185 
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Boeing 747-237B, W-EFP, accident over the Atlantic Ocean, 
on 23 June 1985. Report released by the investigating Court, India 

SYNOPSIS 

. . 
1 . I  .I On thc morning of  23rd June, 1985 A i r  India's Boeing 747 aircraft 

VT-EFO (Kanirhka) was on a scheduled passager flight (AI-182) 

from Montreal and was proceeding to London enroute to nelhi and Born bay. 

It was being monitored at  Shannon on the Radar Scope. A t  about n7l4 

GHT it suddenly disappeared from the Radar Scope and the aircraft, 

which had been flying a t  an altitude of approximately 333,OW feet, plunged 

into the Atlantic Ocean o f f  the south-west coast o f  Ireland a t  position 

latitude 5t0 3.6'N and longitude 1 2 O  49'Yd. This was one of the worst 

aPr disasters bvhereln all the 307 passengers plus 22 crew members perished. 

2.1.1. A i r  India Boeing 747 aircraft VT-EFO 'Kaqishka' was operating 

flight AI-181 (Bo m bay-Delhi-Frankfurt-Toronto- M ontreaf) on 22nd 

3une, 1985. From Monkeal it becomes AI-I82 from Mlrabel to  Heathrow 

A h p o r t ,  London tnroute t o  Delhi 'and Bombay. The aircraft arrived a t  Toronto 

from Frankfurt a t  1830 f and was parked a t  gate No. 107 Terminal 2 a t  

t .N. Pearson International Airport. In accordance with t h e  Canadian regulations, 

all the passengers and t h e i r  baggage were off loaded t o  complete the customs 

and i r n  migration checks. Transit cards were handed out to  68 transit passengers 

destined ta  Montreal  who dlse in barked a t  Toronto for customs and irn migration 

checks. 

I M O  Note.- Chapter 1 (Preamble) was not reproduced. 
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2.1.2. The flight from Toronto t o  Montreal was made up of  the following:- 

(1) Passengers originating at  Toronto and the& baggage. 

(ii) Transit passengem, and their baggage, continuing their flight to 

M ontreal. 

(iil) Two diplomatic bags from Indian Consulate General, Vancouver 

via A i r  Canada Cargo Flight, and some A i r  India Mail. 

dlv) Fifth Pod engine and its associated parts. 

(v) 'Interline passengers and their baggage from connecting fl ights as 

detailed below :- 

a) A k  Canada flight A C-102 

from Sasktoon - 2 P a s s e n g e r s  

b) A i r  Canada flight AC-106 

. fro m Ed m onton - 4 P a s s e n g e r s  

c )  A i r  Canada flight A C-170 

from Winnipeg - 1 P a s s e n g e r  

dl A i r  C anada flight h C -170 

fro m Winnipeg - 4 P a s s e n g e r s  

e )  A i r  Canada flight A C-136 

from Vancouver . - 1 0  P a s s e n g e r s  

2.1.3. One passenger by n a m e  'M .  Singhl, checked in a t  Vancouver on 

Canadian Pacific flight C P-060 (Vancouver-Toronto) o f  22nd 3une 

'1985, and got his one piece af baggage interlined to A i r  India fUght AT-101 

even though h e  had no confirmed reservaEon on AI-181. Thls passengeb, 

however, did not  board the flight CP-060 at  Vancouver and &o did n o t  

check-in for A i r  India flight AI-18 11182 a t  Toronto. 

2.1.4 The checking-in of passengers for A i r  India flight AI-181J182 a t  

Toronto began a t  1830 2. The checking-in of the passengers was 

c a d e d  out by Ah- Canada personnel who are the handling agents for Air 

India, and was supervised by Air India personnel. The Air Canada personnel 

indicated the computer sequential nlim bers (security nu rn bers) on the passenger 

boarding card stubs. A t  about 1930 Z announcement was made for t h e  primary 

security check of passengers and their hand baggage. The passengers passed 

through the Door Frame Metal Detector and their hand baggage was checked 
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through X-Ray machtne. The passengers were also subjected t o  physical 

security check with the help of  Wand Weld Metal Detectors. The transit 

passengers to M o n ~ e a l  and their hand baggage were also subjected to these 

security checks, while their checked in baggage, after clearance by t h e  Canadi- 

an Customers authorities was placed by the pasrengers themselves on the 

conveyor belt whae they were &ill in sterile area. In this way there was 

personal identification by the passengers of all checked in baggage, except 

the baggage which had been intermed t o  t h i s  f l i g h t  

2.1.5 The fllght was closed for check-in at about 2150 2. there were 

10 I N  0 SHO WS' and 4 ' G O  SHO WSt. The security checked passengers 

remained in the holding area gate No. 107 till boarding was announced at  

about 2210 2. A t  the boarding gate secondary security check of the' passengers 

and their  hand baggages was carried out. The passengers were frisked with 

the help of Hand Held Metal Detectors and thelr hand baggages were opened 

and physically checked. 

2.1.6 The security numbers on the stubs were clrcled on the pre-numbered 

Security Control Sheet t o  ensure that  all the checked-in passengers, 

had boarded the ahraft .  Passenger boardhg was completed by 2300 2. 

T raPficlSales representative of A i r  India verified the Security Control Sheet 

with the number of stubs collected and the number of passengers checked-in. 

He found that all the 202 passengers, who had checked-in, had boarded the 

aircraft. * 

2.1.7 As stated earlier, 68 transit passengers had &embarked a t  Toronto 

for co mpleting the customs and i m  migration checks. How ever, 

only 65 of these pa-sengers re-boarded the aircraft as per transit cards 

collected a t t h e  boarding gate. It is in evidence that almost every f l ight  

of Air India to Canada, two  or three Wansit passengers do not re-board 
the flight a t  Toronto. Some Toronto passengers traveling t o  India buy their 

t i cke ts  M ontreal-Jndia- M ontreall'hstead of "Toronto-India- Toronto1', f o r  

which the ,fare is higher, and they b a w l  by bus to  Montreal t o  catch the 

A i r  India flight t o  India. On t h e k  return &urney,when they get down a t  

Toronto For customs and i m  migration checks,they simply do not re-board 

the fl ight even though their reservations are .upto M onmeal. These passengers 



ICAO Circular 232-AN11 39 99 

s o m e t i m e s  inform A i r  India personnel  a t  Toronto a b o u t  t h e i r  n o t  re-boarding 

t h e  a i rc raf t .  On 22nd 3une,1985, however,  no  such  passenger i n fo rmed  A i r  

India personnel.  

2.1.8 There  was a crew change  a t  Toronto. The f l i gh t  and cabin  crew 

members  who took  o v e r  t h e  f l i gh t  AI-181/182 had been  la id  ove r  

i n  Toronto f o r  t h e  week prior  t o  t h e  a c c i d e n t  f l i g h t  and  were scheduled  

t o  t a k e  t h e  f l i gh t  u p t o  Lond0.n where they  were t o  be  re l ieved  by a n o t h e r  

s e t  of crew. C a p t  * was t h e  Com mander of  t h e  f l ight ,  with C a p t  

a s  co-pi lot  and Mr. a s  the Fl ight  Engineer. In addit ion 

t h e r e  were 1 9  cabin  crew members. A l l  t h e  crew members  r epor t ed  t o g e t h e r  

a t  t h e  a i r p o r t  a t  2130 Z. A s  p e r  t h e  p r a c t i c e  exist ing a t  t h a t  time, t h e  f l i gh t  

crew and cabin  crew members  were n o t  sub jec t ed  t o  fr isking c h e c k s  and 

t h e i r  hand baggage  were also n o t  s ecu r i ty  checked.  Their  checked-in baggage  

was, however ,  s ecu r i ty  checked along with t h e  o t h e r  checked-in baggage  

of passengers. 

2.1.9 The in t e r l i ne  baggage was brought  t o  t h e  in t e rna t iona l  baggage 

make-up . a r e a  by t h e  Air Canada s t a f f  but ,  as mentioned ear l ie r ,  

it was no t  personally ident i f ied  and matched ,wi th  t h e  passengers. 

2.1.10 The checked-in baggage  of  t h e  originat ing passengers  and crew 

members  of  AI-181/182 was s e n t  on a conveye r  b e l t  t o  t h e  baggage  

make-up area .  A l l  t h e  checked-in baggage along with t h e  in t e r l i ne  .baggage  

was requi red  t o  b e  secu r i ty  checked  on  t h e .  X-ray machine which was loca t ed  

i n  t h e  baggage  make-up a,rea a t  t h e  end  of  i n t e rna t iona l  b e l t  No.4. 

2.1.1 1 It h a s  been  r epor t ed  t h a t  t h e  X-ray machine worked i n t e r m i t t e n t l y  

f o r  s o m e  period and a t  a b o u t  20452 it broke  down and t h e r e  was 

no p ic ture  on t h e  screen .  The machine could n o t  b e  r epa i r ed  on t h a t  day  

a s  it was a week-end and no technic ian  could b e  con tac t ed .  Air India's Secur i ty  

Off icer  t h e n  advised t h a t  t h e  rest of t h e  baggage  be  checked with a PD-4 

explosive d e t e c t o r  provided by him. He a lso  demons t r a t ed  t h e  use  of t h e  

PD-4 d e t e c -  t o r  t o  t h e  concerned  personnel.  It h a s  been  r epor t ed  t h a t  a b o u t  

60 t o  70 baggages  were checked and c l ea red  by t h e  PD-4 de t ec to r .  

2.1.12 The secu r i ty  checked  baggage was loaded -in t h e  con ta ine r s  b y  

t h e  Air Canada  personnel.  The loading of t h e  baggage i n  con ta ine r s  

'ICAO Note.- Names of personnel were deleted. 
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was over by about 2230 2. The ra rnp personnel of A i r  t anada cawed the 

container and loaded them in the &craft. 

2.1.13 From March, 1985, aft= the introduction of A i r  lndia flight AI-7 81 

through Toronto,diplo m atic bags from Indian Consulate General 

at  ~ a n c b v e r  were being sent t o  India by Air India flight from f oronto. 

Accordingly, t w o  diplomatic bags, duly sealed and escorted, were delivered 

t o  A i r  Canada office a t  Vancouver on 21st June and they arrived a t  Toronto 

by Air Canada f l ight A C-58n. One of the bags SI.No. 49 contained 13 empty 

large diplo m atic ' bags while the other bag 51. N 0.50 contained diplo m atic 

mail .  The total weight of the  bags was 13.8 Kgs. 

2.1.14 In addition t o  the above, a few envelopes containing some fLight 

documents addressed t o  Accounts Office, A h  India, Bombay, and 

one envelope addressed t o  Co m mercidl Headquarters, A i r  h d b ,  80 m bay 

from ' ~ i r  hdia Town Office In Toronto, were cdlected by M e s s  Mega hter-  
national. 

2.7.15 The aircraft was refueled by C A F A S  with 14,602 Utres of fueL 

2.1.16 On 8th 3une Na. 1 engine of  Ak bdh B o w  747 akcraft VT-EC C - 
had failed during take off. The f a d  engine was to be ferried 

to Bombay on flight AI-101!302 of 22nd June. 

2.1.17 The failed engine and the associated parts were placed In A i r  

Canada Engineering Hangar at  ~ o r o n t b  airport since 3unc 8,when 

the aircraft was brought to the engineering hangar for engine replacement, 

A i r  India had requested Air Canada on 15th 3une for prepar& the failed 

engine for instillation as fifth pod mounting of the aircraft on 22nd 3une. 

2.1.18 On 15th June A i r  hdia deputed one of their foremen to  Toronto 

t o  bring back the Pafled engine. From 17th t o  21st 3une, Afr  Canada 
technicians prepared the fded  engine for  Instabtion as f i f th pod. This 

preparation involved removal of cowlings, Pan blades, locking of compressor 

rotors etc. A i r  Canada Engineerlngl Maintence personnel loaded the aircraft/ 

engine p a d  on 4 patlets and one container. These pallets and container 
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were then delivered a t  0100 Z on 22nd 3une by A i r  Canada personnel t o  

1.1 essrs Mega International cargo warehouse a t  Toronto Airport within' restri- 

c ted airp0r.t area. 

(-Messrs Mega International is the 

cargo handling agent  of A i r  India a t  Toronto). The f i f th  pod engine was 

transported by Air Canada directly from their premises t o  t he  'Kanishka' 

a i rcraf t  f o r  mounting it on the  fifth pod. 

2.1.19 Installation of t he  engine on the  f i f th  pod began i m  mediately on 

arrival of flight AI-181 a t  Toronto on 22nd J u n e  and t h e  work was 

completed by 1930 Z. One of. t h e  mechanics of Air Canada installed t he  

Mach A i r  Speed Warning Switch i n  the  Main Equipment Centre a s  par t  of 

the  fifth pod engine installation. 

2.1.20 The pre-loaded four pallets and one container were brought - t o  t he  

a i rc ra f t  by M /s M ega International personnel from their  warehouse 

in t h e  afternoon of 22nd June for.loading them into t h e  aircraf t  cargo com- 

partment a t  positions assigned by t h e  A i r  Canada load agent. Difficulty 

was experienced while loading one of t he  pallets having inlet  cowl of t he  

pod engine. To enable loading of t h e  cowl, A i r  Canada engineeringlmainte- 

nance personnel r e  moved. door s top fi t t ing from t h e  , a f t  cargo compartment 

door cut-out. After removal of . t h e  fittings, t he  cowl could be .  loaded. 

A l l  the  removed fittings were then reinstalled. 

2.1.21. On account of t h e  delay in  loadhg  the  cowls, departure of t h e  

fl ight was delayed by one hour and twentyfive minutes. 

2.1.22 Maintenance Manager of A i r  India, Montreal carried out  the  Terminal 

Transit Check 'E' of t he  aircraf t  and no snag was observed by 

him. The co m m ander duly accepted the  aircraft. 

2.1.23 Senior Flight Despatcher, Air India, Toronto did t h e  flight despatch 

of AI-181/182 fo r  sectors  Toronto-Montreal-London. He briefed 

t he  fl ight crew members about fl ight plan, weather, A i r  Traffic 

Control and fuel  requirements. The fl ight plans fo r  t h e  sectors  Toronto-Mon- 

treal-London were duly accepted and signed by the  Com mander. 
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2.2 Pmq- of the Fliqht 

2.2,1. The aircraft took off from Toronto Runway 24L a t  0016 Z on 

~ 3 r d  3une, 1985. The Maintenance Manager, Security Officer and 

Passenger Service Supervisor of A i r  India travelled on board the aircraft 

f o r  t h e  duties a t  MontreaL 3n all there were 270 passengers on board in 

addition to  22 crew members. 

2.2.2. The route from Toironto to  Montreal was V-98/3HL-S94/F4SS/V 

2 0 3 / f R A N X  a t  flight Lire1 290, 'The flight was uneventful and 

the aircraft landed a t  Montreal a t  0116 2 .  No snag was reported by the 

flight crew. The aircraft was parked at Cluster 1 Bay No.114. 

2.2.3 S h t y f i v e  passengers destined t o  H o n k e d  along with the three 

A h  India personnel mentioned above deplaned a t  Montreal, The 

remaking 202 passengers, who had joined the  flight a t  Toronto, ,remained 

on board the aircraft as transit passengers were not allowed to  disembark 

2.2.4 Baggage handlers of f  loaded three containers 'of baggage, one vdu- 

able container and four cargo containers from the &craft. 

2 . 2 . 5 ,  Transit Check ' C '  of the aircraft was carried out at Montreal. 
- The Flight Engineer also caded  out tlir pre-flight inspection and 

found tha t  reat latch handle of the fifth pdd engine fan cowl was loose. 

He informed the same t o  an Air Canada Technician who flaired the handle 

and applied the high speed tape;' There was no other snag observed during 

the inspection. The personnel of  C A F A S  refueled the aircraft with 96,000 

Lftres of fuel. Total fuel  on board a t  the t i m e  of  take of f  from Montreal 
was 104,000 Kgs. which was adequate for 8 hours 40 minutes of  flying* The 

co m m ander accepted the aircraft and signed the ' Certificate of Acceptance' 

of the aircraft, 

2.2.6 A t  approximately 2130 2 A i r  Canada personnel opened the passenger 

check-in counter for f l ight  AI-182 (The flight AI-181 terminates 
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a t  M ontresl and the flight ' Prom M ontreal t o  London-DeM-Born bay is ded- 

gnated as AI-182). The 'checked-in baggage was sent to  the baggage make-up 

area. Between 2300-2350 2 ,  a suspect suitcase was identified as the X-Ray 

showed what appeared t o  be some wires next t o  the suitcase opening. The 

suitcase was placed on the floor next to  the X-Ray  machine. Subsequently 

two  more suspect suitcases were located. These suitcases were also placed 

next t o  the X-Ray machine to await  the arrival  o f  the A i r  India Security 

Officer who was to  arrive on A l r  India flight AI-181 from Toronto. The re- 

mainder of  the checked-in baggage, which cleared the s e d t y  check, was 

loaded in containers by A k  Canada personnel for loading on board the &craft. 

2.2.7 Two dlpiomntic pouches from the Indian High Tom mlssfon, Ottawa 

were brought to  HirabeL After the flight arrivedi one of the pouches 

of Category ' A '  weighing 1 Kg. was given to  the Flight Pusser. The other 

Category '0' pouch weighing 9 Kgs. was placed in a valuable ccfntainer 

2.2.8 No other cargo was accepted foc thh fUght except a small.package 

(weighing less #an 1 Kg) containing m eucines for cancer treatment 

of a paaent In New Delhi. TI& parcel was received at 1530 Z en 21st 3une 

and was loaded In container 14R by Hessrs Mega 'Internationdl on 22nd 3une, 

more than 24 ho- after its receipt. 

2.2-9 . Five baggage containers, one valuables container and two empty 

containers were loaded In the *raft. 

2.2.10 The checked-in passengers with thek hand baggage went t o  the 

departure sterile area. A t  the entrance t o  the departure sterile 

area security staff used X-Ray units and metal  detectors t o  check passengers 

and their hand baggages. 

2.2.11. A t  approximately 0100 2, 23rd June, after the primary security 

check was completed, the passengers proceeded t o  boarding gate 

N 0.80. A t  t h k  lcoatlon the secondary security check .was done on passengers 

using hand held metal detectors. Hand baggages were also subjected t o  further 

phydcal and visual check by them. 
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2.2.12. A total  of 105 passengers boarded t h e  flight AI-182 a t  Mirabel 

Airport. It was determined that all the passengers who had chs- 

cked-in, boarded t h e  aircraft, There was -no interline. passenger, A t .  fi ontreal 

there were five ' N O  SHOWS1 and two ' G O  SHOWS'. In al l  307 passengers 

were on board - the  .aircraft. fhe flight plan and the load and t r i m  sheet, 

however, fndhated 303 passengers as four of the 6 infants were not included 

in the passenger kt. 

2.2.13. The seating distribution of the passengers was as given below:- 

Zone! Class Total  number of Seats Occupied 

seats 

Zone 'Aq-First  Class , - ,  16 1 

Zone '0'- Club Class 22 

Upper deck - Club d a s s  18 

Zone 'C' - Economy C l a s s  112 

Zone ' 0 '  -,Economy Class 86 

Zone 'E' - Economy Class 123 

2.2.14 ' The seating distrfbution of the 19 cabin crew members . was as 

. 4 follows:- 

Two a t  door'tt and two a t  door R 1  

Two at  door L2 and two a t  door R 2  

Two a t  door L 3  and one a t  door R3 

Two a t  door L4 and one a t  door A4 

One a t  door L5 and one a t  door R 5  
One h crew rest area, Zone ' A '  

One In jump seat upper deck 

One crew rest area upper deck. 

2.2.15 The three suspected'suit cases were not loaded on the aircraft 

and were detdned in the baggage make-up room. After the names 

o f  t h e  passengers t o  whom t h e  suit cases had belonged had been . - identified 
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t h e  same were transferred t o  the decompression chamber of an Airline 

where they were examined, with the ald of a Police ~ x p l o s i v e  Dog, with 

negattve results. The suit cases were kept overnight in the said chamber 

and when they were opened it - was Pound that they contained' no explosive 

ite m s. 

2*2.f 6. No unclaimed baggage pertaining to  the A i r  India flight was reco- 

vered either at  Toronto or a t  MJrabel or Oorval Airport A M ontreal. 

2 . 1 7  The f l ight plan for t h e  sector Montreal to  London was filed on 

telephone by the A l r  .India Fiight despatch from Toronto t d  Qarval 
A T C  Centre. He requested f o r  route SHERBROOKE-COLOR-NAT X R A Y -  

f l ight level 290 upto C O L O R  and flight level 330 thereafter. The reporting 

points on Track X R A Y  on that day were C O L O R ,  47N/50W, 49N/40W,50N/30\V, 

S'IN/2OW, 5 l H / l S W ,  SlNJOBW and 8 U N T Y .  

2.2.18 The aircraft took off f r o m  M on,treal at  0218 Z. Its estimated tfme 

of arrival a t  London was 0833 2 .  The C V R  and the A T C  tapes 

show that the f l ight was normal and quite uneventful. Suddenly a t  about 
0714 Z, when the flight was being monitored by the Air Traffic Controller 

a t  Shannan, with the help of secondary surveillance radar, the akcraft dis- 

appeared From the radar scope, Subsequently, the A T C  a t  Shannon got to  

know that  the aircraft .had m e t  with  an accident and its wreckage was sighted 

about 110 miLes west south-west of Cork, Ireland. 

PERSONNEL I N F O R M A T I O N  

2.3.1 Pilot-in-Co m mand 

2.3.1 . I  Capt. (age 56112 years, date of birth 25th November, 

1928) joined Air India on 1st October, 1956. He held ALTP Llcence 

140. 247 valid upto 29th October, 1985 and FR T 0 Mo. 478 valid upto 23rd 

October, 1985. He was released as a Co-pilot on Bueing 707 aircraft bn 

21st 3dy, t960 and as a Corn mander on f3&eing 707 ahraf t  on 17th September, 

1964. 
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2.3.1.2 For conversion as Pilot-in- Co m m and on Boehg 747 aircraft, Capt. 

-.. had undergone ground training a t  Boelng Airplane Comp- 
any, USA and simulator and &craft flying trnLrulng a t  Bombay in 1972. He 

completed his route checks for Pllot-;in-Command endorsement between 

Dect m ber, 72 and January, 73. He beca me a Corn m ander on Boeing 747 

aircraft on 14th February, 1973. 

2.3.1.3 Details of Capt's, - flying experience and licence renewal 
, . checks are as given 'below : , .  

a. Tota l  flying experience : 20, 379:15 hours 
b. Flying experience on B-747 as 

0 Pilot-in- C o m m and : 6,364.50 hours 
(W Co-pilot : 123:45 hours 

c. Day flying experience . 
on 8-747 &craft : 3,980:00 hours 

d. 4 ~ i r ~ h t ' i l ~ i n ~  experience 
on 0-747 aircraft : 2,508:35 hours 

e. . Flying experience dwxhg 

(i) last 6 rn onths : 301:45 hours 

(ii) idst 3 months . : 15940 hours 

IW last 30 days : ' 68:45 hours 

Civl - last 7 days : 9:OQ hours 

He had last flown as 
Pilot-in-Co m mand on 
flight AI 181 (Frank- 
furt to Toronto) on 
15th 3une, 1985. 

f. Date 07 last licence 
renewal and XR check : 8 May, 1985 

g. Date of last route check: 24 March, 1985 

h, Date of Last nt edical 
examination a t  CHE,  

. D e M  : 29 April, 1985 

1. Dateoflastsimulator 
refresher course : 19 December, 1984 

j. + Date of ground technical 
refresher course : 617 May, 1985 

. , 

k. Date of last flight 
safety refresher course : 25 3dy, 1984 
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, 1. Rest period before 
operatLng ,the accident 
f l ight : 1 week 

2.3.1.4 Records indicate that  on 29th June, 1966, Captain :.r as 

declared medically unfit for 2 months to  reduce his weight by 

10. lbs. In February, 1973 he was advked to  wear corrective by-focal glasses 

while flying. In M ay, 1975 he was again declared medically unfit for 3 months. 

2.3.1.5 C apt. was earlier involved in, the following t w o  incidenQ : 

. (a) On 25th August, 1984, while operating f i g h t  AI-1100 from 

London t o  .Dehi,. there was a deviation of the aircraft by 

about 170 nautical miles f r o m  the track over Rahimyar Khan in 

Pakistan. He was given necessary I N S  refresher and lroute checks 

with particular e m p h a S  on cross checking procedure, 

(b) On 6th December, 1984, while operating fltght Af-124 DelM- 

Bombay, the aircraft was observed approaching runway 32 

a t  Bombay Airport when runway in use was 27. Captain 

was given simulator trdining for a series of approaches and landings 

and visual circuits f r o m  right hand and left hands seats for approaches 

and landings on run way 27 a t  Bombay Airport. 

2.3.1.6 Captain was not involved in any accident previously. 

2.3.2.1 Capt. (age 411/2 years, date of  birth 30th November, 

1943) joined Air India on 12th October, 1977. He held ALTP Licence 

NO, 94@ v&B upto 25th 33y, 1985 and FR T 0 Licence No. 2290 valid upto 

2nd February, 1986. 

2.3.5.2 Capt. was released as a Co-pilot on Boehg  707 aircraft 

on 10th hovernber, 1978 and as a Co-pnot on Boeing 747 aircraft 

on 17th May, 1980. 
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2.32.3 Details of his flying experience and licence renewal checks are 

as given below : 
, , 

a. T o t a l  flying experience : 7,489:00 hours 

b. Experiince on 8-747 
aircraft as CoTpilot . : 2,469:30 hotm 

c. Day flying experience 
an 8-747 &craft : 1,42615hom 

d. Night flying experience 
.on 8-747 aircraft : 1,043:15 hours 

e. Flying experience during 

(i) last 6 months : 157:45 hours 
Iti) last 3 months : 65:00 hours 

CU last 39 days : 20:35hours 

div) last 7 days , , : ' 9:00 houk 

He had last flown as . 

Co-pilot on f l i g h t  AT-181 
(Frankfurt to Toronto) 
on 15th 3une, 1985). 

5. Dateoflast l icen~e 
renewal check : 25th March, 1985 

g. ' Date o f  last I R  check : 

'h. Date of last route check: 

i, O ate of last m edicai. 
exa minaUon a t  C M E 
D em . 

j. Date of last s i m  ulator 
refresher course 

k. Date of last ground tech- 
nical refresher course : 

1. Date of last mght 
safety refresher course : 

m . Rest period before opera- 
ting the accident flight : 

Zkd November, 1984 

9 A p d ,  1985 

.I4 January, 1985 

8 /9  October, 1964 

1 week. 

2.3.2.4 Records inindicate that Capt. was not involved in any accident 
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2.3,3 . FUqht Enaineer 

2,3.3.1 Flight Engineer Mr. (age 57 112 years, date of birth 

10th October, 1927) joined A i r  India on 27th December 1954. He 

held flight Engineer's Licence No. 37 valid upto 6th December, 1985. Mr.  

w a s  released as a Fltght Engineer on 8oeing 707 airecraft on 16th 

December, 1963 and on Boeing 747 &craft on 6th February, 1974. He had 

a to ta l  flying experience of 14,885 hours out of which 5,512:35 hours were 
on Boeing 747 aircraft. 

2.3.3.2 Last medical examination of Mr. was completed on 1st 

October, 1984 a t  C t4 E Delhl. He had completed simulator refresher 
course on 14th February, 1985, ground technical. refresher course on 1411 5th 

January, 1985 and mght safety refresher course on 13th August, 1984, 

2.3.4 Cabin Crew 

2,3.4.1 A total of 19 cabin crew members were on duty on Flight AI-185/182 

on 23rd June, 1985. TheP brief details are as given below : 

S1. N e. Names f Ught Safety course 
completed on 

lnflig ht  Supervisor 
FUgh t Purser 

FJight Purser 
Flight Purser 

Flight Purser 

Asst. Flight Purser 
Asst. Flight Purser 
Asst, Flight Purser 

Asst. Flight Purser 

Asst. Flight Purser 

112 April, 1985 

18 February, 1985 

9/10 ' ~ a ~ ,  1984 

23 January, 1985 

15 aanuary, 1985 

2/3 May, 1985 

3 December, 1984 

:2/13 Sept., 1984 

17/18 Dec., 1984 

11/12 February, 1985 
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11. Akhostes 13 July, 1984 

12. A i r  hostess 10111 April, 1985 

13. Ahhostess 1 1/12 February, 1985 

14. Airhostess 17/18 April, 1985 

I S. Airhostcs 17/18 Dec., 1984 

16. Airhostess 15/16 April, 1985 

17. Alrhrastess loll1 June, I985 

16. Airhostess 3/4 April, 1985 

19. ASrhostess 29130 Apm, 1985 

A I R C R A F T  I N F O R  H A T I O N  

L4, I  General 

2.4.1.1. Boeing 747-2378 *Kanishkal aircraft VT-EFO was manufactured 

by Mesm Boeing Company under S1.No. 21473.   he air-craft was 

acquired by A i r  hdia  an 19th June, 1978, h i m y ,  it ca rn e with the expert 

Certificate of Airworthiness No. E- 16 1805. Subsequently, the Certificate 

of Airworthiness No. 1708 was k u e d  by the Director General of Civi l  Avia- 

tion, India on 5th 3dy, 1978. The C of A was renewed periodically and was 

valid upta 29th h n e ,  7985. From the beginning of 3une, 1985, C of R renewal 

work o f  the aircraft was hn progrw. The aircraft had thk Certificate of 

Registration No. 2 179 issued by the D G C A on 5th May, 1978. The corn rn ercial 

f l ight o f  '~anishka'  &craft started on 7th July, ' 1978. 

' 2.4.1.2 The aircraft was maintained by Air India foliowing t h e  approved 

maintenance schedules. It had lugged 23634:49 houa.  and had comp- 

leted 7525 cycles UU the t i m e  of accident. 

2.4.1.3 The &craft was fitted wjth four P & W JTYD-73 engines having 

thrust rating of 48650 pounds. The hours and cycles logged by 

the engines since new till the thme of acddent are as given below : 

Engine No.1 : P662823-73-29,663:26 Hrs19422cydes) 

Engine No.2 : P695610-73 - 20,810:dS HSS (6031 cycle;) 
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Engine No.3 : P695602-75 - 21,992131 Hrs (6564 cycles) 

Engine No.4 : P662926-73 - 32,332:15 H r s  ( 1  1295 cydks) 

2.4.1 .et A31 the 0 G C A m andatory m odifications and inspections applicable 

t o  the subject aircra'ft had been compiled with. No m qjor component 

insttilled an this aircraft and its engines had exceeded the stipulated life 

2.4- f S  The bst quarter Perfodic Check .of the aircraft was carried out 

on 24th May, 1985, a t  2327453 hours and 7439 cycles. Subsequent 

t o  th i s  check, two Check 'tl' .schedules were carried out. The last Check 

'8' was carried out on 17th 3une, 1985, a t  23564:14 hours and 7510 cycles 

and was valid for 200 flying hours. 

2.4.1.6 The aircraft had. flown 359:56 hours and 86 cycles since last ,quarter 

Periodlc Check and 7&35 hours and 15 cycles dnce last Check 

'0' tlll the time of acddent 

2.4.1.7 The last ~ l i ~ h t  Release CertiPicate was h u e d  on 24th May, 1985 

on cornpledon of quarter PeriodLc Check and was vaUd for 1100 

hours or 150 days elapsed tine whichever occurred flrst. After the last 

departure Prom Bombay on Zlst June, 1985, the aircraft had flown - for  2234 

hours till the t l m  e of crash. 

2.4.1.8 Hr. M ahtenanace H anager, A h  India, M ontreal carded 

out the Terminal Transit Check 'Et of the aircraft a t  Toronto 

on 22nd 3une, 1985 and no snag was observed by him. Mo snag was reported 

by the Wght crew during the flight from Toronto to  ~ o n t r e a L  Transit Check 
' C '  of the aircraft for the f l ight AX-182 was carried out a t  Montreal by 

M r .  and three A i r  Canada technicians. The flight engineer also 

carried out his pre-flight inspection and found that the rear latch handle 

of the fifth pod engine fan cowl was loose. H e  Informed the same t o  Mr. 

A i r  Canada technician who faired the handle and applied hlgh speed 

tape. N o  other snag was observed during the inspection, 
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2.4.2 Previous Incidents and Snaqs 

2,4.2.? A maintenance Group was formed with representatives from Air 

Mia and Airworthiness Directorate with Mr. Senior 

A i r  Safety Officer .as the Group Legder to scmtinise the maintenance docu- 

m en& and various defecb experienced on this aircraft, The report. sub rn itted 

by the Group {Attachment ' 8 ' )  indicates that the aircraft was involved in 

StX incidents dnce the hst C of  A renewal, details o f  which are given below 

The a h r a f t  returned after aborting take off  due t o  no rise 

in the EPR and E l l  on No.1 engine CS1.No. 695612). The 

engine front and rear a&e checked and found OK. SYght 

wetness was noticed in the bleed outlets. No external oil 

leak was noticed. O i l  quantity w a s  topped up. The chip detec- 

tom and oil filter were found 0 K. EV C Ph filter was found 

0 K .  E V C  linkage was exercfsed. The engine was run up and 

its operation was found satlsfactury. The snag was suspected 

t o  be due to lack of pressurung air a t  l o w  N1.l 

tii) On 18th 3dy, 1984 a t  Delhi -- f i a h t  AI-105 

The right hand side fuselage skin between staaons 480 and 

500 in line with lower portion of forward cargo door cut-out 

was damaged by high liR. The same was repaired a t  Delhi. 

Perm anent repair was carried out a t  Bombay. The r e p a h  

were accomplished using guidelines given in the Boeing Struc- 

turd R epah M anuaL 

ci8 On 12th Auqust, 1984, a t  Rome -- fUqht AX-135 

The aircraft landed with No. 2. engine (S1.Ho. 662826) shut 

down in f l ight due t o  oil pressure and sit quantity droping. 

On motoring the engine, oil leak was observed from metal 

line between F C 0 C and L O P swltch a t  the switch end. 

The l i n e  was found cracked which was welded and refitted. 

The line was subsequen* replaced a t  Bombay. 

(iv) On 24th October, 1984, a t  London -- f3lqht 81-104 

There was total loss o f  Ha,? hydradc system fluid. The 

fluid &ak was traced t o  Wet presure adapter of flap control 
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module in the left hand body gear wheel well, T w o  of the 
four bolts holding the adaptor on the flap control module 

had sheared. The hydraulic pump, seal, back-up ring and case 

draln filter were replaced. The flap control m oduk was replac- 

ed when the aircraft arrived a t  Bombay. 

(v) On 14th February, 1985, a t  Oelhi -- f l ight AI-164 

On arrival the leading edge honey comb of the left hand 

aft  trailing edge flap was found damaged about 18 inches 

in  length due foreign object da'mage. Necessary repalr was 

carried out a t  Delhi The a f t  flap was replaced at  Bombay. 

(vl) On 28th May, 1985, at Dubai -- f l ight AI-103 

On arrival, the kft hand wing to fuselage botton fairing 

forward rubber seal w i t h  str ip was found torn off. Temporary 

repair was carried out a t  Dubai. Permanent rep& was carried 

out subsequently a t  Bombay. 

2.4.2.2 The flight snags recorded In the flight report books of the &craft 

during the 4 112 month pedod prior t o  the accident were scrutinised 

by the Maintenance Group and the only significant repetitive defect observed 

was "R 2 door not going t o  manual". On ground check by the aircraft mainte- 

nance engineers, the operatran of the selector was, how ever, found , norm d. 

2.4.2.3 Prior to operating the accident flight, the aircraft arrfved a t  Toronto 

from Frankfurt. Capt. was the commander of the 

flight, The flight crew had reported the following three snags : 

W HF system No, 2 had a lot of distodon 

(W E P R L hdIcator unserviceable in 'Go around1 mode 

W H ydraultc syste m No. 1 pressure indicatfon unserviceable (This 

snag was carrfed forward from Oelh4. 

2.4.2.4 The A u W r y  Power Unit (APU) was unserviceabie ex-Born bay 

'and had been released under H E L, 

2.4.2.5 For rectification of the above stated snag No.1, 

A l r  India's Maintenance Engineer a t  Toronto checked the connections 
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of the transreceiver and reracked the hnit. No snag was reported on this 

system on Tarontu- Montreal kctar .  , 

2.4.2.6 Snag No. 2 was carried forward. 

2.b2.7 Regarding the thlrd' snag, Mr.  has stated tha t  the indicator 
showed 4000 P S 1 pressure even w i t h  no pump sunning. He therefore, inter- 

changed No.1 and No.3 indicators. The .snag, however, persisted. He then 

replaced transmitter No.1 with a spare tsakmitter f r o m  the aircraft SE 

box and the snag was .rectified. No rectification work was however, recorded 

by the A ME in the Flight Report Book. No snag was reported on this system 

on Toronto- M onkenl  sector: 

2.4.3 Installation of 5 t h  Pod Enqlne 

. . 
2.4.3.1 On 8th h e ,  1985, ~ o . 1  engine of A h  India Boeing 747 aircraft 

VT-EGC operathng flight AZ-181 P a d  during take off a t  Toronto. 

The aircraft returned and the engine was replaced by a loaned engine Prom Air 

Canada. The re moved engine was a P & W 3T9D-7Q type (SLNo. P702353-7Q3. 

L.4.3*2 A i r  hdia had planned t o  bring back the failed engine of  VT-EGC 

aircraft t o  Bombay, as f i f t h  pod on their flight AI-181/182 of 

22/23 3une, 1985 and had sent an engineer along with the necessary kit 

to Toronto on 15th 3unc, 1985. The engine borrowed from A i r  Canada on 

8th June, 1985, was flown back t o  Toronto as a fifth pod engine on flight 

AI-181 of 22nd June, t o  re turn  it t o  Air Canada. 

2.4.3.3 The Coneoller of Airworthiness, Bombay examined 

the aspects relatlng t o  installation 0% the 5th Pod engine, loading 
o f  its components and ctrtificatbn of the related work. His report 

indicates that the failed engine and the a&ociated parts were kept in the 

A k  Canada engheering hanger at  Tor~nto airport S l c e  3une 8 when the 

aircraft was brought t o  the hanger for engine replace m ent. A i r  hdla  requested 

Air Canada on 1 5 t h  June, 1985, for prepairing the failed engine for installation 

as fifth pod engine on 22nd 3une. Accss~ngBy, A i r  Canada's techsbaelans 

undertook the  preparatory work of  re rn owiring the cowlings, fan blades, panels, 
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locking o f  co rnpressor, turbine rotors etc. bn 17th June, 1985, and, co mpleted 

the work on 21st June, 1985. The fan blades (46 in number) R o  m th t  failed 

engine were placed in 12 wooden shipping boxes provided by A P  India. These 

boxes were then loaded in a container. The other components of  the 'failed 

engine were baded on 4 palleu. 

2.4.3.4 Installation of the fith pod engine was carried out by Air ~anada  

technicians and the hdivfdual items on the task card were certified 

by the individuals who had carried out the work. 

2.4.3.5 Some diffictllty was experienced while loading one of  the pallets 

having W e t  cowl of the pod engine. To enable loading of the cowl, 

A i r  C anada engineerhgl m atntenance personnel re m ovtd door stop f i t ~ g s  

fro m the af t  cargo compartment door cut-out. After remova l  of the fittings, 

the pallet codd be loaded. A l l  the removed fittings were then re-bstalled. 

Re moval and installation of the fittings was certified by Mr. 

2.4.3.6 A quesdon arose whether re rn oval of '  the door stop fittings could 

have caused some difficulty in flight. From the video fLZms of 

the werckage it was found that the complete a f t  cargo door was intact 

and in its pasition except that It had come adrift slightly. The door was 

found latched at  the bottom. The door was found lying along with the wreckage 

o f  the a f t  portion of the aircraft. This indicates that the door remained 

in position and did not cause any problem in flight. In the front cargo cornpart- 

rn ent, there were 16 containers out of which four were empty. Five containers 

had baggage of Oelhi bound passengers. Container a t  Podtion 13L had baggage 

of the f i r s t  class and London passengecs and container a t  posii50n f3R had 

crew baggage. The entire baggage of passengers ex- Montreal was loaded 

in containers a t  positions 12R, 21R, 22R, 23R and 24R in the front cargo 

compartment. Container at  position 24L contained fan blades in wooden 

boxes and the other components of  the pod engine. Valuable container was 

at  poddon 14R. 

2.4.3.7 h Inhe af t  cargo compartment, there were-four pallets containing 

parts of  the fifth pod engine and two containers a t  poddons 44L 

and 44R containing baggage af Delhi bound passengers. The bulk cargo con p- 
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artment contained passenger baggage bound for D e l h i  and Born bay. A l l  the 

baggage and engine parts Sn the aft and bulk cargo compartments were loaded 

at Toronto. 

2.4.3-8 The to ta l  weight of the fifth pod engine and its items was about 

9000 kgs.- As a result of carriage of the fifth pod engine, the payload 

of the flight was considerably reduced on London-Dew sector. 

2.4.3.9 A t  the time of  take off  from Montreal the aircraft had 104,000 kgs 

of fuel on board which was adequate for 08:40 hours of flying 

as against sector flying time of 06:15 hours. The flight plan fuel  was calcu- 

lated taking Paris as the alternate airport for London. 

2.4.3.10 The Load and Q i m  sheet from the sector MonWeal London was 

prepared and was duly counter-signed by the corn mander. The take 

off weight of the aircraft was 317,877 kgs which was w i t h i n  the m a x i m u m  

take off  weight limit of  334,500 kgs. The estimated landing weight of t h e  

aircraft was 237*177 kgs which was also within the m a x i m u m  landLng weight 

l i m i t  of 256,279 kgs. The centre of gravity o f  the aircraft was a t  21.3 percent 

of M A C a t  take off  and the estimated C G position a t  the time of landing 

a t  London was 25.8 percent of M A C  which was w i t h i n  the l i m i t s .  . 

2.4.3.11 The load and t r i m  sheet and the flight plan of the aircraft indicated 

a that there was 30142 passengers on board t h e  aircraft whereas 

there were actually 301+6 passengers on board. The error occured because 

four of the & infants were not taken into a c c o k  

2.4.4 C orrodon Control M easures 

2.4.4.1 Boeing Company have reco m m ended various rn easure t o  conk01 

corrosion o n  Boeing 747 &craft through different documents such 

as M atntenance Planning Data D ocu m ent, Corrosion Prevention M anual and 

Service BuUetlns. Compliance of these measures on Air  hdia  fleet Is acco mp- 

lished as follows : 

Ii) Support structure under qalleys and lavatories 

Boehg Co m pany have reco m mended repeat inspections of 

under galleyltoilet, structure at intervals of  12000 hours. 
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However, h order t o  detect cosrogon a t  an early stage, 

these inspections are camled wt by A i r  In'dla a t  interv& 

not exceeding 9000 hours. 

0a Fuselage Lower Bilge Area : 

Bo&g Company have reeo m rn ended modifications to provide 

i rn proved drainage syste m s by hcorpora~on sf various Service 

Bulletins. A l l  the relevant modification have been completed 

by A i r  India on the affected ahcraft. In add i t i~n  to co~ple t ion  

of these modtfications, repeat inspection of bwer bilge 

area is being carried out t o  meet the requirements of Boehg 

Service Bulletins. . 

diil) Canted Pressure Deck : 

h order t o  prevent water accumulaUon and consequent corro- 

don In the area, Boeing Company have h u e d  SBs 51-2015, 

51-2026 and 51-2032. Air India have incorporated service 

BuUetrns 51-2015, and 51-2032 on all their affected airplanes 

SB 5 1-2026 Is being complied progressively. 

(iv) C arga C o m partm ents : 
Inspection of  all the cargo compartment interior structures 

for corrosion and cracks h being accomplished periodically 

by Air India after re rnoval o f  W h g s  and insulation blankets. 

(v) A f t  Pressure Bulkhead : 

During every equalised Periodic Check muthe, the aft surface 

of a f t  pressure bulkhead is being visually inspected for corrosion 

condftron and security of attacfimenB. The forward surface 

of  the pressure- bulkhead, which is covered by a f t  toilets, 

is inspected after removal of toilets a t  intervals not exceeding 

9000 hours although the recom mended interval by Bo&g 

Company Is 12000 hours. 

2.4.4.2 A i r  India has stated that  in addition ta the above specific measures, 

&craft structure .particularly the areas below toilets, galleys, 

cargo compartments, outflow vdve  area ttc. which are prone t o  c o m s i ~ n ,  

are inspected for corrosion, cleaned and protected during every equallsld 

Periodic Check. Air India have further stated that no serious corrosion problem 

has been experienced by them so far on their fleet. 
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2.4.5 Supple mental Stmctural Inspection Proqra rn me 

2.4.5.1 h the case of airplanes which have completed 10,000 Plight cycles 

as on 3une 30, 1983, federal Aviation Adrnirdstration (FAA)  U S A 

and Boeing Co rn pany had neco m m ended additional structural inspections 

known as Supple rn ental Structural Inspection Progra m me. In the A i r  'India 

fleet, the first three 747 ahcraft, namely, VT-€BE, VT-EBM and V T - € 6 0  

fel l  fn this category and are known as 'Candidate Airplanes', The subject 

aircraft (VT-EFQ) had completed only 7525 flight cycles a t  the t i m e  of 

the accident on 23rd June, 1985, and therefore, the Supple mental Structural 

Inspection Program m e  was not applicable to this aircraft. 

2.4.6 Special Corrosion Inspection of 8-747 Aircraft Fleet of  A& India 

2.4.6.1 In order to examhe whether corrosion to the aircraft structure 

of KanishKa &craft could have contcUluted t o  the accident, a 

group was constituted by Mr. kspector of Accidena t o  carry 

out special cormston hspection of all the Boehg 747 &craft of A l r  hctia. 

The group consisted of the following members : 

la) Senior A i r  Safety Officer d the O.G.C.A. 

(b) Senior Airworthiness Officer of the D.G.C.A. 

(4 A i r  India's R epresentatlve. 

2.4.6.2 The inspection was carried out in the following areas : 

(a) Below toilets and galleys 

(b) Forward and af t  cargo compartments belly areas - internally 

and externally 

(c) The forward and aft pressure bulkheads 

Id3 Canted pressure web area from inside the passenger cabin. 

(el Area around outflow valves 

If3 ' M EC area M d e  and outside, 

2.4-6.3 The inspecdon reports submitted by the Group show that no corrosion 

was noticed an the significant primary structural members of the 
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aircraft. Surface corrosion was, however* noticed on so me of the  a e mbers 

below the toilets and galleys. The corrosion observed d&g the hispection 

was of minor nature whlkh is norm aUy expected on such hs ic t ion  schedule. 

The Karkhka &craft was subjected to Periodic Check on 24th Play, 1985 

a t  23,274.53 Rours/7,439 cycles and no significant corrosion was observed. 

A m  ong the Nine 747 aircraft inspected for corrosion, 5 aircraft had logged 

hours more than the Karutshka aircraft. Three of  the &craft had actually 

logged nearly double the flying hours. T akhg into consideration that the 

corrosion prevention m easures reco m mended by the Boeing C o rn pany were 

followed by Air India and that  even the high life aircraft (45,000 hours approx- 

imately) subjected t o  corrodon inspection a t  the time when Periodic Check 

was due Le. 1100 hours since previous check, had no significant corrosion, 

it is considered unlikely tha t  llanishka aircraft, which had logged only 23,275 

hours a c e  new and 360 hours gnce last Periodic Check, had corrosion which 

could have contributed t o  the accident. 

2.5.1 A report on the Meteorological conditions prevailing en-route near 

the bcadon where the &craft crashed was provided by the Meteoro- 

logical Service, Oepartment of Corn mdcathns, Dublin, Ireland. This report 

covers a period of one t o  two hours before and after the t i m e  of accident 

(0714 Z)* 

2.5.2 From the report it is seen that the surFace Synoptic Situaeon 

in the vlcinlty of SIoN, 1 2.50° W a t  071 5 1 on 23rd 5une was . as 

given below : 

Suflace wind : 250115 knots 
Surface vislbiltty : 10 Kms(occasionally 4 k m s h d r i z r l e )  

Surface te m perahre : 13°C 

Cloud conditions : Cloud cover in the area was estlm ated 

to  have been layered upto about 

FL 100 with a base of 600 feet. 

There Is no evidence of  cum donim b'us 

or thunderstorm activity* 

Freezing L ev d : 700 feek 
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2.5.3 With regard t o  Upper A i r  situation the report indicates that a 

mainly West or West North West W o w  covered the area of F L 310 

The 3et swearn was centred a t  about 48%. The edmated wind and tempera- 

ture a t  F t 310 were 270165 knots and -47OC. As per the report, a t  FL 310, 

51°N 12.500W and a t  0715 Z any significant clear air turbulence was not 

expected. 

2.5.4 Sunlight condition was prevailing a t  the time of accident. There 

were no sigmets valid for the area at  that t i m e .  

AIDS TO NAVIGATION 

2.6.1 The aircraft was equipped w i t h  h e w  Navigation System (INS) 

and was cruising normally a t  its a w n e d  Plight level 310 on track 
X-ray over Atlantic, It was under the control of Shannon Upper Area Control 
and was being monitored on the Secondary Surveillance Radar (SS R )  located 

at Mount Gabreal. T i l l  the time of accident, the aircraft was beyond the 

range of  Shannon primary radar. 

2.6.2 The &craft entered Shannon &pace at the correct position and 

level and remained on the assigned track and flight level ttll It 

disappeared f r o m  the radar screen. 

2.6.3 There Is no evldence to indicate that Af-182 experienced any naviga- 

tional problem during the flight. 

2.7.1 Two-way corn municatbn between the a-fated aircraft and the 

A TS units of  Canada and Ireland was maintained during the f l ight 

from Montreal till. the time of  crash. The corn munications were recorded 

on the A T C  tapes. Transcdqts of the relevant tapes were provided by the 

Canadian Aviation Safety Board and the Dkector of A l r  Traffic Services, 

Ireland. 
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2.7.2 From the Transcat o f  the conversatians, it is observed that two-way 

corn rnunication between AI-182 and the va r iok  A T S  units was 

normal. The last R / T  contact with the &craft was a t  0709:58 Z when AI-182 

informed Shannon U A C  that it was squawking 2005. The tape tranxrlpt 

also shows that the &craft did not transmit any Wormation regarding the  

emergency on frequency 131.15 1(1 Hz on which it was last working w i t h  

Shannon U A C or on distress frequency 121.5 111 Hz. Indecipherable noise was, 

however, found recorded on the Shannon A TC tape just a t  the tLme of crash 

Le. 0714:01 Z. Thereafter, repeated calls were made by Shannon U A C  t o  

AI-182, but there was no response. 

SEARCH AND RESCUE 

2.8.1 The report of the Search and Rexue Group gives the d e w  

o f  the Search and Rescue operations. From the report it Is seen 

that at 0730 2, Shannon UA C Wormed Marine Rescue Co-ordination centre 

(M R C C)  shannon that  AI-182, a Boeing 747 aircraft enroute M ontreal-London 

had disappeared from the Secondary Surveillance Radar (SSR) at 0713 

Z in position 53H/120W. Shannon UA C requested M R C C Shannon . t o  take 

emergency section. A t  0740 Z M R CC Shannon telephonically explained 

the situation to  VaLantla Coast Radio Station ( C  RS) and requested a PA N 

Broadcast urgently and to ask any vessels .in area to  keep sharp lookout 

and report t o  Valantla Radio, A t  0746 Z VaLantla Radio transmitted t o  

all stations PAN message and above advice to  ships. The transmission 

was repeated, 

2.8.2 A t  0750 2 ,  an L'lsh Naval Vessel AISLIN G reported on R/T to 

Vaiantia Radio that it was 54 miles from slte o f  accident and 

was proceedhg to the site. Valantia Radio passed on t h i s  information 

by Telex t o  M R  C C  Shannon. Between 07401 0750 Z Pi R C C  briefed the 

k h h  Naval  Service (INS) Haulbowhe, M R C C  Swansea, R C C  Plymouth 

and Jrish Army A i r  Corps Q A  A t )  on the situation. A t  0754 Z M R C C relayed 

a distress message to Shannon Aeradio via the Aeronautical Fixed Tele- 

corn muication Network (AFTN), 
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2.8.3 A t  0803 Z Valantia Radio again transmitted t h e  PAN message 

and the advice t o  ships. A t  0840 Z Cargo vessel M W ~auren t ian  

ForestIHB W P (Registered PA N A M A and owned by Federal Com m erce 

of Montreal, Canada) a t  position 51.09Nl12.18W reported that it was 

22 miles away from distress area and was proceeding there. Laurantian 

enquired if there were other ships in the area and was informed about 

position of Aiding. A t  0813 Z Valantia Radio informed M R C C Shannon 

by telex about Laurentain Forest. 

2.8.4 Between 081510820 Z, M R C C Shannon updated R C C  Plymouth 

and they advised that  a Nimrod rescue aircraft would depart 

shortly for the area and that  SEA K I N  G helicopters were already enroute 

t o  Cork Airport initially. Edinburgh R C C  advised M R C C  Shannon that  

a Nimrod rescue aircraft was also being prepared a t  Kinloss. A t  0820 

Shannon Aeradio informed Valantia Radio that there was message from 
Shanwick Oceanic Control that  aircraft were picking up E L T  signal in 

position 51 N115 W and 51 N/08\V and the actual position was believed t o  

be 51 W 11250 W .  A t  0833 Z, Valentia Radio sent message giving the above 

information and requesting ships in the area to  report t o  Valentia Radio. 

2.8.5 A t  0842 Z,  A l i  Baba informed Valentia Radio that it was a t  

position 5125.5N/0825.4\V and was listening on 121.5 MHz. A t  

0850 Z Western Arctic informed Valentia Radio its position 5207N11151 W 

and that it would proceed in about 20 minutes after bringing in cable. 

A t  0857 Z ,  High Seas Driller informed Valentia Radio that  Vessel Kongstain 

could be released, E T A  5112 to 6 hours and they would standby. A t  0858 

Z,  Valentia Radio informed M R C C Shannon about reports from Ali Baba 

Western Arctic and High Seas Driller. 

2.8.6 A t  0905 Z, Laurentian forest reported to Valentia Radio that  

it was 5 miles from SOS position 51Nl12.5 W and it had not 

sighted anything. Between 090510908 Z,  three more vessels viz. Atlantic 

Concern,' M V  Norman Amstel and M V  Tasman reported their positions 

t o  Valentia Radio. A t  0908 Z, S~vansea advised M R C C Shannon that  four 

Seaking helicopters and two Nimrod aircraft were enroute. 
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2.8.7 A t  0 9 U  Z, Laurentin Forest reported to  Valentia Radio that 

they had sighted what looked like 2 rafts  a b o k  2 miles away. 

A t  0914 Valentia Radio informed El R C C Shannon about the report from 

Laurentian Forest. 

2.8.8 A t  0918 Z, Laurentian Forest reported t o  Valentia Radio that  

it had sighted wreckage in water a t  position 5101.9Nl1242.5 W 

and the liferafts were not inflated. Valentia Radio passed the message 

to E l R C C  Shannon a t  0920 and also sent transmission about wreckage 

sighting. Lifeboats Valentia and Baltimore reported t o  Valentia Radio 

that  they were proceeding to  the position of wreckage. 

2.8.9 A t  0937 Z,  Laurentian Forest reported that it had sighted 3 bodies 

in water. Valentia Radio informed the same to  M R C C Shannon 

a t  0948 Z. A t  0945 Z ,  M R C C Shannon and M R C C Swansea decided that  

for security and operational reasons Cork Airport would be the primary 

operational base and A T C  Cork were informed of this decision. 

2.8.10 A t  0953 Z, S M Y  R O L I  informed Valentia Radio that  it was 80 

miles north of position and had a group of 10 t o  20 French vessels 

and desired to  know if they should proceed to  site. After consulting Lauren- 

tian Forest, S M Y R O L I  was advised that  it was not necessary. Valentia 

Radio kept on giving Mayday relay frequently. 

2.8.1 1 A t  1045 Z ,  a prohibited flying area was established with , a  radius 

of 40 N Miles fro m the datum point from sea level t o  5000 feet. 

Falmouth Coast Guard reqested Valentia Radio the position of all ships 

in the distress area and those proceeding so that  each vessel could be 

designated to  search a particular area. 

2.8.12 A t  1126 Z, Laurentian Forest reported Valentia Radio that it 

had located numerous bodies in water and Seaking helicopter 

was hovering there. Valantia Radio transmitted this information to all 

stations. 
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2.8.13 A t  1133 Z, Valentia Radio informed Coast Guard Falmouth the 

position and ETA o f  various ships and also of the Lifebouts 

Valentia and Beltimore. A t  1150 Z, R R C  Plymouth requested M R C C Shan- 

non tha t  "Le Aisling" assume duty as "On Scene Co m m ander Surface Unit". 

A t  1204 Z, information was received by ~ a l e n t i a  Radio tha t  8 Spannish 

Trawlers were proceeding t o  distress position o f  AI-182 and the i r  ETAS 

were between 1630/2000 Z. A t  1246 Z, Star Orion informed Valentia Radio 

tha t  it would b e  able t o  re fue l  any vessel in medium or  small  quantities 

a t  the  accident site. Valentia Radio informed M R C C Shannon and Falm outh 

about the Spanish Vessels and Star Orion. 

2.8.14 Falmouth requested Valentia Radio a t  1303 t o  advise Laurentian 

Forest t o  in form AisLing tha t  8 Spanish trawlers would arrive 

i n  search area between 1600 Z and 2000 Z and Aisling should deploy traw- 

lers in conjunction with l i feboats t o  recover bodies as it would be easier 

t o  recover than from large vessels. Valentia Radio sent the above message. 

2.8.15 Laurentian Forest informed V a l e n 9  Radio a t  1307 Z t h a t  10 

bodies were on Aisling, 4 on Helo, and they had some alongside 

and had launched l i feboats t o  pick them up. . Valentia Radio informed the 

same t o  M R C C Shannon and Falmouth. A t  13382, M R C C Shannon requested 

Valentia Radio t o  include the  following in their  broadcast : 

"Vessels within 100 N Miles o f  datum 5101.9N/1242.5 W are requ- 

ested t o  proceed t o  search area and contact Aisling/EIY P. Any 

vessels recovering bodies or  wreckage are requested t o  retain 

them on board and inform M R C C Falmouth o f  t o t a l  number 

o f  bodies recovered." 

2.8.16 Valentia Radio transmitted the  above message a t  1340 Z t o  all 

stations and also informed M R C C Shannon. A t  1503 Z Aisling 

informed Valentia Radio tha t  they had recovered 56 bodies. M R C C Shannon 

requested Valentia -Radio t o  advise Aisling tha t  i f  they could locate "Black 

Boxtt, they should drop buoy. Valentia Radio advised AWing accordingly. 

A t  1530 Z, on advice from M R C C  Shannon, Valentia Radio asked Baltimore, 

Courtmaesherry and Ballyeotton l i feboats t o  return t o  base. A t  1633 Aisling - 
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requested Valentia Radio t o  inform Falmouth tha t  they were unable t o  

transfer bodies t o  Valentia l i feboat  as l a t t e r  was returning t o  base owing 

t o  fue l  shortage. A t  1659, Laurentia Forest informed Valentia Radio t h a t  

66 bodies had been picked up by then. AisLing advised Valentia Radio 

t h a t  Valentia l i feboat was returning w i t h  four  bodies. 

2.8.17 A t  1721 Z Falmouth requested Valentia Radio t o  relay following 

t o  all surface units a t  scene : 

1. One nimrod remaining on scene overnight. 

2. A l l  other air units w i l l  be recalled a t  2200 Z. One Helo 

r e  mains a t  15 minutes notice a t  Cork 

3. A i r  Search reco m m ences a t  240400 Z. 

4. A l l  C i v i l  surface units w i l l  be released by 2200 and may 

. proceed on passage. Bodies should be landed a t  I r i sh  Post 

fo r  transfer t o  receiving station a t  Cork Airport. 

5. Warship Challenger, E m e r  and Aisling acknowledge". 

2.8.16 A t  1723 Z- Aisling informed Valentia Radio tha t  they saw 3 Spanish 

vessels approaching and they were using Ch.16 which Aisling 

was using fo r  co-ordination with R ESC UE 52 and requested t h a t  Spanish 

vessels be asked t o  stay outside 5 miles radius. Spanish agent was to ld  

about Aisling request. 

2.8.19. Valentia l i feboat informed Valentia Radio t h a t  they were heading 

fo r  home (Valentia) a t  reduced spead of 11 knots and they had 

five bodies on board. A t  1822 Z, Aisling requested Valeiitia Radio in for-  

mation on 'Black Box' t h a t  might help its location. Aisling was advised 

o f  ELT signal on 121.5 M Hz. A t  1840 Z Cork ATC Advised M R CC Shannon 

t h a t  a t o t a l  o f  64 bodies were in Cork. 

2.8.20 A t  1920 Z, M R C C Shannon downgraded the ' M A Y DAY ' Broadcast 

t o  'PAN' (Urgency) Broadcast, Aisling informed Valentia Radio 

tha t  79 bodies had been -covered. A t  1958 Z Laurentian Forest informed 

Valentia Radio tha t  they were proceeding t o  Dublin. Valentia Radio thanked 

them fo r  assistance. 
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2.8.21 A t  ZOO0 Z, H RCC Swansea advised M R  CC Shannon t h a t  main 

air search would cease a t  2200 Z and would recom mence a t  

240400 Z. The overnight search would continue with one Nimrod providing 

air cover fo r  the surface search by th ree  warships. Vessels transiting , .  

t h e  area were requested t o  keep a sharp look out and t o  report  t o  H MS 

.Challenger. 

2.8.22 By 0300 Z on 24th June, four  Seaking helicopters had departed 

from Cork t o  resume t h e  airborne search. A t  t h a t  time t h e  search 

a r ea  covered a six nautical mile radius of position 5059.2 Nl1225.3 W and 

t h e  vessels Le Emer and H MS Challenger were requested t o  search this  

area.  H MS Challenger was t h e  cos rd ina to r  of t h e  surface s e a r c h  and 

N i  m rod Rescue 02 was on-Scene- C o m m ander. 

2.8.23 A t  0450 Z Rescue 02 reported sighting of wreckage in position 

5101 HI1245 W .  Between 0505 and 0543, th ree  USAF Chinook 

helicopters departed from Cork Airport t o  join t h e  search. A t  0556, H R C C 

Swansea confirmed t h a t  there  were 329 people on board t h e  aircraf t  (ear- 

lier reports had indicated 325 people on board). 

2.8.24 A continuous search was maintained throughtout t h e  day (24th 

June) but only one fur ther  body and numerous pieces of wreckage 

were recovered. An extensive surface search was also maintained through- 

out  t h e  day and instructions were passed by MRCC Shannon t o  Valentia 

Radio requestiong all shipping t o  recover any wreckage o r  bodies sighted. 

2.8.25 A t  0900 Z, Capt. of' Department of Co m m unications 

advised M RC C Shannon t h a t  Aisling was bound f o r  Cork, ETA 

1300 Z and he was assuming responsibility for  collection 

of wreckage. M R C C were also advised by Mr. of Britoil t h a t  

their  two vessels 'Constine' and 'Star Orion' were enroute t o  Foynes having 

picked up quantities of wreckage. 

2.8.26 A t  1740 Z, SRCC Plymouth advised Shannon t h a t  t h e  Search 

would terminate  a t  242200 2 ,  a t  1800 Z Falmouth M R C C advised 

M RCC Shannon to  direct  t h e  Portisheal and Valentia Radios t o  cancel 
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Urgency Broadcast from 242000 and t o  release H MS Challenger and Le 

A i s h g  from the search a t  242000 hours. A l l  the a i rcref t  were released 

a t  24009. It was also decided tha t  .Le Emer would re m ah a t  the  area. 

A t  242003 Z, a message was transmitted t o  all stations on R/T and W I T  

tha t  air and sea search was being terminated a t  242000 Z and all the 

participants were thanked fo r  their  assistance. 

I N J U R I E S  T O  P E R S O N S  

3.1.1 Post mortem examination was carried out by I r ish Authorities 

a t  Cork. A t  tha t  t ime  Wing Corn mander Dr. was also 

present. Subsequently A i r  Vice Marshall also reached Cork. Both 

o f  them - were members o f  the Medical Group which had been constituted 

by M r .  

3.1.2 By then 131 bodies had been recovered. None o f  t he  bodies o f  

the  f ly ing crew were recovered. The bodies which were recovered 

represented 39;8 per cent o f  the  victims. The exact seating position o f  

passengers is not  certain, because it is not  known i f  the passengers had changed 

thei r  seats a f te r  the  take o f f  o f  the a i rcraf t  from Montreal. On the infor-  

mation which is available, the passengers were supposed t o  have been 

as follows :- 

Passenqers : 

Seats . Occupied Bodies 
b - ~ , ~ ~ b k  ---------- ------------ ident i f ied 

Zone A 

Zone B 

Upper Deck 

Zone D 

Zone D 

Zone E 

Sub-Total 301 t(6 infants) ----------------- 



128 ICAO Circular 232-AN1139 

Crew : 

F%ht Deck 

Cabin 

Total 

3.1.3 The Post-mortem reports were examined by Wing Com mander 

Dr. He submitted two reports being Exhibits H-1 and H-2. 

He was also examined i n  Court as Witness No. 2. Dr. who had deve- 

loped a system which would indicate the severity of the accident and 

the injuries suffered. He used a scale from 0 to 4, with naught being 

no injury and 4 being a fatal lesion. Though there is some amount of 

subjectivity involved in  the system, nevertheless categorising the injuries 

according to the scale does give an overall picture of what had happened 

to the victims. After adding up all the injury scale f0r.a particular body, 

Dr. H i l l  in his Report Exhibit H-1 divided the injuries as under :- 

No. of victims 

Mild injury (0-49) total 34.4 % 45 

M oderate injury (50-99) 38.9% 5 1 

Severe Injury ( I  00-1 49) 25.2 % 3 3 

Catastrophic Injury (150 +) 1.5% 2 --------- -------- 
Total 100.1 % 131 ---------- --------- 

3.l.4 ;A further break up showing the 'overall injury score of the 
recovered victims is as follows: 

Minor Moderate . ' Severe ..................................................................................... 
Zone No. % % No. % % No. % % Total ....................................................................................... 
C 8 6.1 17.8 9 6.9 17.7 4 3.1 11.4 21 
D 9 6.9 20 15 11.5 29.4 9 6.9 25.7 33 

E 15 11533.3 15 11.529.4 14 10.7 40 44 

Unknown 13 9.9 28.9 12 9.2 23.5 8 6.1 22.9 33 

Total 45 34.4100 51 39.1 100% 35 26.8 100% 131 
' ..................................................................................... 



ICAO Circular 232-AN1139 129 

3.1.5 The  r e p o r t s  submi t t ed  by Dr. f u r t h e r  i nd ic t ed  as fol lows 

(a) There  were 30 children r ecove red  and  t h e y  showed less 

ove ra l l  injury. The a v e r a g e  seve r i ty  o f  injury increases 

f rom zone  C t o  E and  is signif icantly less i n  C t h a n  i n  

Zones D and  E. 

(b) F la i l  p a t t e r n  in jur ies  were exhib i ted  by e igh t  bodies, f i v e  

o f  t h e s e  were i n  Zones  E, o n e  in Zone D,  two in Zone C 

and  o n e  crew member. The s igni f icance  o f  flail in jur ies  

is t h a t  it i n d i c a t e s  t h a t  t h e  v i c t ims  came o u t  o f  t h e  a i r c r a f t  

a t  a l t i t ude  before  it h i t  t h e  water. 

(c) The re  were 2 6  bodies t h a t  showed s igns  o f  hypoxia (lack 

o f  oxygen), including 1 2  chi ldren,  9 in Zones C, 6 in Zone 

D and  11 in Zone E. There  were 25 bodies showing s igns  

of decompression,  including 7 children. They were evenly  

d is t r ibuted  throughout  t h e  zones, b u t  with a t endency  t o  

be  s e a t e d  a t  t h e  sides, par t icu lar ly  t h e  r igh t  s i d e  (12 bodies). 

(dl T wenty-three bodies sho.wed ev idence  o f  rece iv ing  in jur ies  

f rom a v e r t i c a l  force .  They t e n d e d  t o  be  older, s e a t e d  t o  

t h e  r e a r  o f  t h e  a i r c r a f t  (4 in Zone C,  5 Zone D ,  11 in Zone 

E, 2 crew and 1 unknown), and 1 6  had  little o r  no  clothing. 

(e) Twenty-one bodies were found with no  clothing,  including 

t h r e e  children. They t e n d e d  t o  be s e a t e d  t o  t h e  r e a r  and  

t o  t h e .  r i gh t  (3  i n  Zone C, 5 in Zone D ,  11  in Zone E and 

2 unknown). 

(f)  There  were 49  cases showing s igns  of impac t - type  injuries, 

including 1 9  chi ldren (15 in Zone C, 1 5  'in Zone D ,  1 5  i n  

Zone E, 1 crew member  and  3 unknown). 

(g) There  is a g e n e r a l  absence  o f  s igns  indica t ing  t h e  wearing 

o f  l a p  belts.  

(h) Pa thologica l  examinat ion  fa i led  t o  r e v e a l  a n y  in jur ies  indi- - 
c a t i v e  of  a f i r e  o r  explosion. 

3.1.6 In his t e s t imony  In Court,  Wing Com mander  Dr. f u r t h e r  

s t a t e d  t h a t  t h e  s ignif icance of flail in jur ies  being su f f e red  by 

s o m e  of  t h e  passengers  was t h a t  it h d i c a t e d  t h a t  t h e  a i r c r a f t  had broken 
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in mid-air a t  a n  a l t i t u d e  and  t h a t  t h e  v i c t i m s  had c o m e  o u t  of t h e  ae ro -  

plane a t  a n  a l t i tude .  He f u r t h e r  explained t h a t  i f  a n  explosion had occu r red  

in  t h e  ca rgo  hold, it was possible t h a t  t h e  bodies may n o t  show a n y  sign 

of explosion. It may he re  be mentioned t h a t  t h e  forens ic  examina t ion  

of  t h e  bodies d o  n o t  disclose any  ev idence  o f  a n  explosion. Fu r the rmore ,  

t h e  sea t ing  p a t t e r n  a l so  shows t h a t  none  o f  t h e  bodies f rom Zone A or 

8 was recovered ,  in f a c t  as p e r  t h e  s e a t i n g  plan Zone 6 was supposed 

t o  have been  unoccupied. This Zone is d i r ec t ly  above  t h e  fo rward  c a r g o  

c o  m p a r t  m en t .  

3.1.7 Dr. f u r t h e r  s t a t e d  t h a t  t h e  p a t t e r n  o f  t h e  a c c i d e n t  as sug- 

ges t ed  by t h e  in jur ies  i nd ica t ed  t h a t  it was a complex  a f f a i r  

and t h e r e  were a t  l e a s t  t w o  phases of  injuries, o n e  i n  t h e  air and t h e  

o t h e r  a t  water impac t .  In a n s w e r  t o  a spec i f i c  ques t ion  t h a t  if  t h e r e  was  

a n  explosive d e v i c e  in  t h e  ca rgo  hold t h e n  could t h e  passengers  who were 

sea t ed  have  su f f e red  such  injuries ,  t h e  a n s w e r  o f  Dr. was t h a t  "it 

is possible". According t o  h i m ,  t h e  p a t t e r n  of  in jur ies  i nd ica t ed  t h a t  i f  

t h e r e  was a n  explosion in t h e  a i r c r a f t  it was more Likely t h a t  t h e  explo- 

sion had occurred- i n  t h e  rear c a r g o  c o m p a r t m e n t  t h a n  i n  t h e  f r o n t  ca rgo  

compar tmen t .  This conclusion was apparent ly  based on t h e  f a c t  t h a t ,  

according t o  h i m &  zone  E of t h e  a i r c r a f t  t h e r e  were l a r g e r  v e r t i c a l  

load t y p e  injuries. Dr. was a l so  a sked  i f  h e  had t o  make  a n y  sugges t -  

ions  which would minimize injuries t o  passengers  i n  t h e  e v e n t  o f  a n  acci- 

dent .  In answer ,  t h e  witness made his suggect3on in t h e  following words 

"There are very  compl ica ted  th ings  one  would have  t o  d o  such  

as r ea rward  f ac ing  sea ts ;  having s a f e t y  be l t s  which inco rpora t ed  

r e s t r a i n t  f o r  t h e  uppe r  p a r t  o f  t h e  body; increas ing  t h e  s p a c e  

be tween  a i r c r a f t  s ea t s ;  incorpora t ing  shocks  absorbing sys t em 

within t h e  seat and using mater ia l s  which d o  n o t  break  easi ly 

Like plast ic .  We would a l so  need  f u e l  s y s t e m s  which would n o t  

immed ia t e ly  set on f i r e  and  furnishing which would be  r e s i s t a n t  

t o  burning, and a lso  should n o t  c a r r y  i n t o  t h e  ae ro -  

p lanes  l a r g e  a m o u n t  of hand bags  which only g e t  in  way i n  t h e  

e v e n t  o f  evacuat ion ,  and  I personally feel t h a t  t h e  c a r r i a g e  of 

l a r g e  a m o u n t  of  a lchohol  both  in t h e  passengers  and  i n  t h e  ae ro -  

p lane  is a hazard  t o  f l i gh t  and  safe ty .  Finally t h e  passengers  
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should take heed of t he  flight safety instructions given t o  them by the 

crew o f  the aeraplane". 

3.1.8 . A i r  Vice Marshal witness No. 10 in his report dated 

14th November, 1985, Ex.A-48, gave his com ments not  only on 

the post-mortem reports but also on the statement o f  Wing Co m m ander 
.. . . 

Dr. With -regard t o  the post- m orte m ' exa mination, the co m m ent 

o f  A V M  was as follows: 

" A l l  v ict ims have been stated in the  PM reports t o  have died 

o f  multiple injuries. However two  o f  the dead, one in fant  and 

one child, are reported t o  have died o f  asphyxia. There 5s no 

doubt about the asphyxial death o f  the infaht. In the case o f  

the other child (Body No. 93) there could be doubt because the  

findings could also be caused due t o  the child undergoing tumbling 

or  spinning with the anchor point a t  the ankles. Three other 

vict ims undoubtedly died o f  drowning. There was no evidence 

o f  signif icant la p-belt injuries. 

Considering rupture o f  the ear-drum, without injury t o  skull, 

as a criterion t o  indicate rapid decompression, two  cases may 

be considered t o  f a l l  in th is  category. 

Histological examination has been carried out  only iri 57 bodies 

out o f  131. Lung examination on almost all o f  them showed dece- 

lerat ive changes. Six bodies (Nos. 6,22,70,103,121 and 131) showed 

presence o f  Bone Marrow Embolism in 1 ung sections. Though 

not  o f  much significance in this accident, this finding does indicate 

survival a f te r  a bony in jury fo r  an undefined period o f  t ime  

No evidence o f  f i r e  burns o r  explosive material, other than kero- 
. - 

sene burns on some bodies, which I had myself seen a t  Cork, 

could be found. Kerosene burns in such acidents is a fa i r ly  co m m on 

findings and is o f  no significance". 

AVM generally agreed with the crash injury analysis on the vict ims 

which had been furnished by Wing Co m mander - Dr. He, however, 

gave the  following co m m ents with regard t o  hypoxia, decompression and 

decelerative changes : 
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"Hypoxia : The main Pos t  Mortem findings in hypoxia is general-  

i s ed  congest ion i f  t h e  hypoxia is of t h e  t y p e  descr ibed  a s  "hypoxic 

hypoxia". In o t h e r  causes  o f  hypoxia o f  more s e v e r e  d e g r e e  such  

a s  "histotoxic hypoxia", "asphyxia" o r  "drowning" addi t ional  histo- 

log ica l  f indings such  a s  pe t ech ia l  hae  morrhages  and  genera l i sed  

congest ion,  and  lung findings such  as haemor rhage  and ext rus ion  

o f  a lvoolar  phagocytos  a r e  seen .  

~ e c o m ~ r e s s i o n  : The term used by Dr. is ' I D  e c o  m pression". 

It is presu m e d  t h a t  he  means  "Rapid/Explosive Decompression" 

which o c c u r s  within o n e  Sec. and  n o t  "deco m pression sickness" 

which t a k e s  a minimum of 5 t o  7 min. t o  o c c u r  e v e n  a t  31,000 

f t .  a l t i t u d e  and which i n  t h i s  case c a n  positively be ru led  out.  

The Pos t -  M o r t e  m and  h is to logica l  s igns  of  rapid Deco mpressions 

a r e  :- 

(a )  Possibility of  rup tu re  o f  e a r  d r u m s  wi thout  any  in jury  t o  

t h e  skull. 

*(b) P a t c h y  lung  h a e  m o r rhages  

*(c) E m physo m a t u s  changes  

*(These o c c u r  more  c o  m m 0d.y in t h o s e  c a s e s  where t h e  indiv idual  

was in t h e  phase o f  breathing-in a t  t h e  time of  decompression.  

3.1.9 If it is assumed t h a t  t h e  a i r c r a f t  suddenly broke  up i n  mid-dir  

a t  a n  a l t i t u d e  o f  31,000 f t .  t h e  bodies w i l l  be a t  o n c e  exposed  

t o  hypoxia and  rapid  decompression and as a consequence  w i l l  s u f f e r  body 

changes  as mentioned above. A s  t h e  a i r c ra f t / occupan t s  s t a r t  descending, 

t h e y  w i l l  be exposed t o  increas ing  a m o u n t s  'of u.xygen and a s  soon as 

; they  c o m e  down below 15,000 f t .  and  t h e n  below 10,000 f t .  t h e  e f f e c t  

o f  hypoxia rapidly diminishes. Finally, t h e  a i rc raf t / indiv iduals  c o m e  down 

and hit t h e  g roundfwa te r  with a very  heavy i m p a c t ,  t h u s  submi t t i ng  t h e  

individuals  t o  e x t r e m e l y  s e v i r e  G-loads of  d e c e l e r a t i v e  type .  

Decelera t ive  Chanqes  : Dece le ra t ive  i m p a c t  brings a b o u t  well es tabl i shed  

changes  in t h e  lungs  bes ides  many o t h e r  assoc ia ted  injuries. It is r e l e v a n t  

t o  n o t e  t h e  d e c e l e r a t i v e  lung changes  which are :- 
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(a) P a t c h y  h a e  morrhages  in Ilung. 

(b) M a r k e d '  e m physo m a t u s  changes.  

. (c) Extrusion o f  alvoolar  phagocytes  

(dl  Desqu m m a t ion  of  bronchcolar  ep i ther iu  m . 
"Co m pa ra t ive  s tudy  of  t h e  P M /histological  f indings o f  hypoxia, 

decompression and dece la ra t ive  1 ung in jur ies  r e v e a l  t h a t  t h e y  a r e  more  

o r  less similar .  Decelera t ive  injury being t h e  most  s e v e r e  of  t h e  t h r e e  

and last t o  o c c u r  t e n d s  t o  s o  modify t h e  Post-Mortem and lhistological 

' f indings t h a t  it becomes  ex t r eme ly  d i f f icu l t  and  s o m e  times impossible 

t o  i so l a t e  o n e  f rom t h e  other." 

3.1.10 A V M  was, the re fo re ,  of  t h e  opinion t h a t  in this a c c i d e n t  

ev idence  o f  hypoxia/deco m pression ( excep t  in 2 cases)  had n o t  

been  confirm e d  o r  establ ished.  

3.1.11 The d i f f e rence  of opinion be tween  Wing Com mander  Dr. _ 

and  A V M  with r ega rd  t o  ev idence  of  hypoxia and  decomp- 

ression, is o f  no  s igni f icance  in t h e  p r e s e n t  case. What is i m p o r t a n t  t o  

note,  however, is t h a t  t h e y  have  ag reed  t h a t  t h e  in jury  p a t t e r n  d o e s  indi- 

c a t e  break  up  o f  t h e  a i r c r a f t  in mid-air and  t h a t  t h e  occupan t s  of  Zone 

E had su f f e red  t h e  g r e a t e s t  a m o u n t  of  in jur ies  as compared  t o  t h e  occu-  

pan t s  o f  t h e  o t h e r  zones. 

HAPPING, W RECMACE D I S T R I B U T I O N  AND SALVAGE 

3.2.1 In t roduct ion  

3.2.1.1 Oceanographic c h a r t s  indica ted  t h a t  t h e  dep th  of s e a  i n  t h e  c r a s h  

a r e a  was a b o u t  6700 f e e t  and  t h e  site appeared  t o  b e  a f l a t  s e a  

bed, without  any  val leys o r  hills. The i m  media te  necessi ty a f t e r  rescuing/  

searching  c ra sh  vict ims,  was t o  l o c a t e  and  r e c o v e r  t h e  d ig i t a l  f l i g h t  d a t a  

r e c o r d e r  ( D  F D R )  5nd  t h e  cockp i t  voice  r e c o r d e r  (C V R). The ope ra t ion  was 

unique of its kind and had never  been  unde r t aken  earlier i n  t h e  world a t  

th i s  dep th  of t h e  sea. It requi red  a n  equ ipmen t  which could h o m e  on  t h e  

t r a n s m i t t e d  s ignals  f rom t h e  unde rwa te r  l o c a t e r  acous t i c  beacons  f i t t e d  

o n  D F D R /  C V R,  ident i fy  t h e  units ,  clear t h e m  f rom a t t a c h m  en t s /  wreckages,  

g rab  them and bring them t o  t h e  surface.  
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3.2.1.2 The pressure  e x e r t e d  by t h e  w a t e r  a t  6700 f e e t  below mean s e a  

l e v e l  is e x t r e m e l y  high and t h e  t e m p e r a t u r e  is very low. No l i g h t  

p e n e t r a t e s  t o  t h a t  dep th  and it is pi tch  dark.' Sca rab  I f i t t e d  on F rench  Ship 

"Leon Thevenin" which had  under taken  t h e  chal lenging job of l oca t ing  D F D R 

and CVR, and recover ing  t h e  same ,  was n o t  designed t o  o p e r a t e  a t  6700 

f e e t  depth. Its maximum design opera t ing  d e p t h  was only 6000 f e e t .  However, 

it was dec ided  t o  e x c e e d  t h e  design opera t ing  d e p t h  f o r  this emergency  

operat ion.  

3.2.1.3 By using t h e  prel iminary in fo rma t ion  of probable area of l oca t ion  

OF CVR and DFD R as ind ica t ed  by ship 'Gardl ine Locator ' ,  t h e  

Sca rab  I was 1 owered  i n  . t h e  s e a  t o  l o c a t e  and r e c o v e r  t h e s e  un i t s  which 
- it accomplished on 10.7.85 and  11.7.85 respect ively.  

3.2.1.4 Pr io r  t o  r ecove ry  of DFD R/CVR by t h e  ship 'Leon Thevenin', suff i-  

c i e n t  s p a d e  work was done  by t h e  ship 'Gardl ine Locator '  (A ship 

provided by Accident  Inves t iga t ion  Branch, U.K.) and 'Le  Aoife' (an  Ir ish 

Naval  Ship). The survey  of t h e  crash  a rea ,  c a r r i e d  o u t  with t h e  help of s ide-scan 

sona r s  f i t t e d  on t h e s e  ships, had indica ted  a g e n e r a l  dis tr ibut ion of t h e  wreck- 

age  and a rough i d e a  a b o u t  t h e  sizes of t h e  parts .  Each  p a r t  of t h e  wreckage  

was ca l led  a t a rge t .  The method used f o r  survey  was  t r iangula t ion  with m u l t i -  

p le  passes through t h e  c ra sh  site. 

3.2.1.5 Next  phase  was the t a s k  of  : 

(a)  Locating hundreds of p i e c e s  of  wreckage by t h e  combined 

u s e  of sona r  and video monitors. 

(b) Video and stiU photography of t h e  p i eces  of wreckage. 

(c) P lo t t ing  t h e  distr ibut ion of t h e  wreckage. 

A l l  t h i s  was t o  be  carried o u t  under  t h e  d i rec t ions  of t h e  Court.  

3.2.2 S c a r a b  

3.2.2.1 The means (vehicles/equipm en t )  proposed t o  b e  used in the locat ing,  

mapping and video photography of  t h e  wreckage were t h e  C CGS 

3ohn Cabo t  and SC A R A B IL 
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3.2.2.2 The 3ohn Cabot is an ice breaker of the Canadian Coast Guard. 

Since utilisatLon as an ice breaker is seasonal; the 3ohn Cabot 

15 also equipped for submahe cable laying. In order to enlargk its capabilities 

in this regard, the John Cabot is equipped to  have on its deck the Scarab 

and to operate it. thus the 3ohn Cabot can be used for repair of submarine 

cables. The John Cabot has complete facilities for operation, maintenance 

and repair of  the Scarab. This hcludes a Control Hut, a Test Roam , w arkshop, 

Stores etc. The John Cabot has considerable experience in work on deep 

sea bed. 

3.2.2.3 The S C A R A B  II Is a. submersible craft assisting repair and burial 

of cables. As w i l l  be dear from the following details, the Scarab 

is not ips0 facto a submarine, It b a total, system for carrying out its complex 

functions. 

3.2.2,4 The S C A R  A 0  II is a state-of-the-art system designed and built 

for tethered un manned work at ocean depths o f  up t o  6000 feet. 

Scarab's standard equipment are : 

T wo rugged m anipulators. 

A co m plete optical d t e .  

Six thrusters of 5 hp each. 

C T € M Sonar. 

Navigation System. 

3.2.2.5 The manipulators have a choice of grippers/claws/cutters etc. 

of any required description and sire. The Scarab has three T V  

cameras mounted on separate panlt l l t  mechanism t o  allow real time observa- 

tion and video tape docum entation. A 35 m m still ca m era was also installed 

and used in the present work. There was a choice of quartz-iodide flood 

lights t o  provide illumination. 

3.2.2.6 The location and control of the Scarab Is accomplished through 

a phased m a y  navigadon system. 

3.2.2.7 The Scarab was equipped with a 3600 high resolution Sonar with 

a range of  1000 meters "The Sonar was a h  capable of interrogating 
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and detecting 37 KHz and 27 KHz p i n g e n  It can function independently 

of t he  ship's facil i t ies and is equipped with power generators and semi- 

automatic handling equip ment. 

3.2.2.8 The 3ohn Cabot can salvage items, but it is not  a salvage ship 

a s  it does not  have t h e  specialised high capacity cranes, derricks 

etc.  required for  salvage of large objects. Further, it does not have deck 

space f o r  keeping large salvaged items like t h e  wings, fuselage o r  tail surfaces 

of an aircraf t  a s  large a s  a 747. The John Cabot was, therefore,  adequate 

and fully satisfactory for  t h e  work envisaged in this phase of t h e  program me, 

a s  salvage of large i t ems  was not  planned in th i s  phase. The task was, a s  

mentioned earlier,-  locating, mapping and photography of t h e  hundreds of 

pieces of wreckage. (The salvage work was par t  of t h e  next phase of t h e  

program me). 

* 3.2.3 Control and Monitoring of Operations 

* 3.2.4 Daily Monitoring of Proqress 

3.2.5 Monitorinq a t  Cork 

3.2.5.1 The Scarab provided video tapes  and still photographs. In the  init ial  

s tages  (up t o  9.8.1985) t h e  John Cabot was operating in peripheral 

areas  and therefore few targets  were found. Hence t h e  output of videotapes 

was small. In f a c t  u p t o  9.8.85, only about 10  ta rge ts  were found and only 

3 video tapes  were used up. But la ter ,  when 3ohn Cabot came  close t o  and 

into t he  crucial  areas, video tapes  were recorded a t  a f a s t  rate.  Further, 

still photography facility on the  Scrab was activated a t  about this time. 

Therefore, arrange m ents were made periodically t o  obtain t he  video tapes  

and films from John Cabot. Video tapes  and still photographs (these required 

t o  be processed) were transported from 3ohn Cabot t o  Cork Control Centre. 

3.2.5.2 About 50 video tapes  and nearly 3000 still photographs (positives 

and transparencies) provided the  visual information on the  targets. 

'ICAO Note.- Sections 3.2.3 and 3.2.4 were not reproduced. 
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Arrangements had to be made a t  Cork for such viewing and study of the 

video tapes and stjll photographs. Video equipment {TV m'onitor plus V C  R)  

suitable for viewing the video tapes had to be arranged. 

3.2.5.3 The still photography used special professional quality colour f i l m  

(35 rn m), each roll having 800 frames. The f i l m  was diapositive. 

These had to be developed and transparencies obtained from them.  hereafter 
negat ives  and prints had to be made. Special equipment for viewing the 

transparencies had to be provided for continuous work. The video tapes, 

transparencies and prints provided the principal means of monitoring of 

the results of the operation. 

3.2.6 0 perations 

3.2.6.1 The charts prepared'by 'Cardline Locatort were on a different 

type of grid system, and had t o  be bandated into L A T - L O N G  

system, for use by John Cabot. For the convenience of search/ mapping opera- 

tion the search area was dvided h t o  4 blocks v h .  Block 1, Block 2, Block 

3 and Block 4. 

3.2.6.2 The navigation system used by John Cabot Ls PULSE-& system. 

This system needs the transponders to 'be  placed on the sea bed. 

These transponders help in getting t h e  correct f i x  o f  a target and in obtaining 

relative positions of the targets on the sea bed which is Q h l y  useful for 

revisit for the purpose of rephotography or recovery. Initially 4 transponders 

were placed, and subsequently . . the number was increased as the search 

operation was continued. The strategic locattons for placing the bansponders 

was decided by considering : 

(a) frequencies of relaHve transponders, 

(b) distances required between relative transponders, 

Ic) wreckage distribution suggested by side scan sonar plots o f  

Uthena and Garline Locator, and 

(d) size of search area. 

These transponders were calibrated t o  match the navigation system of the 

ship, 
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3.2.6.3 In order t o  obtain the maximum information from search, it was 

decided tha't the Scarab search paths should be as follows : 

(a) Normally the search paths should be east t o  west, or west 
t o  east within the individual blocks. 

(b) The pattern of search should be a parallel. search method. 

(c) Distances between the parallel paths to  be 1,200 fee t  (i.e. 2 

cable widths), for effective use. of sonar fitted on the Scarab. 

(dl If Scarab deviates from its planned path for photography 

or recovery, it should return t o  its planned path for further 

search. 

(el In each block, the search was t o  be made, a t  least 1/2 mile 
(North or South) beyond the last  target sighted, so as to  

ensure no target is missed out from the given block. 

3.2.6.4 However, when there was a need t o  modify the search pattern, 

due to  wreckage distribution i n  particular areas, the following 

changes were made: 

(a) Expanding box type search pattern was used in Block 1. 

(b) Some North t o  South and South t o  North passes were made 

in Block 3. 

(c) In Block 3 northern end, the distances between the search 

passes was reduced to 600 fee t  Le. 1 cable width. 

How ever, these deviations were m ade basically t o  i m  prove the reliability 

of search in specific areas, as demanded by peculiar distribution of aircraft 

wreckage. 

3.2.6.5 To facilitate identification of the wreckage located by Scarab 

it was necessary to position aircraft maintenance personnel on 

board the ship. As the aircraft structure was badly torn, mutilated and dis- 

torted, serious difficulty was anticipated in  identification of small pieces 

of structure. It was therefore essential that  these maintenance personnel 

were provided w i t h  aircraft photographs, m anufacturing drawings, parts 

catalogue, wiring diagra m manuals and maintenance manuals. Since carriage 

of such voluminous literature was not praticable, 3 M  micro film reader printer 
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machines with micro f i l m  cassettes of the above literature were produced 

and hstalled on the ship. In case of dffficdty of locating any particular 

i n f o r m  adon, the engineers were advised t o  contact Cork searoh Centre by 

telex or telephone who, h turn; could seek the desired hformaaon from 

the m anufacturers. 

3.2.7.1 The wreckage dbtriblmtion as determined by the mappfng of the 

sea bed provided some dlsthet disbbution patterns. The depth 

of the wreckage varies between about 6000 and 7000 feet, and the effeet 

o f  the ocean current, tides and 'the way objects may have descended t o  the 

sea bed was not detgmined, thus some &tor&n of an object's reladonship 

from time af water entry t o  its location on the bottom cannot be discounted. 

In general, the items found east of long 12°43,00f W are small, lightweight - 
and often made of a structure which traps &. These items may have taken 

considerable t i m e  to sink and may have moved horizontally in sea currents 

before settling a t  the bottom. Marks left on the sea bed beside some wreck- 
age does indicate: horizontal movement of the  wreckage as it settled. Althaugh 

badly damaged, sections 4J, 42 and 44, and the w h g  structure were located 
in a relatively localized area centred about bt 5I003.3O1N and long 12°47.809 W, 

and the wreckage scatter was oriented northlsouth. The wreckage scatter 

In this area was so dense that it is probable that some af the kreckage 

may not have been mapped or photographed. Section 46 and 4% including 
. . 

the verticai fin and horizontal stabilizer, extended in a rest  to east pattern 

with the western m o s t  identified aircraft component located a t  l a t  5 I002,90'N 

and long 12°50.1tN* The wreckage extended in a line about 110 degrees t o  

an eastern positfon of lat 51DD2104vN and long 12°41.26iW, a distance of 

approxirn a t d y  6.5 nautical rnfies. The 'ahcraft sbwcture had a rando rn scatter 

pattern. That is, i tems such as the aft pressure bulkhead were braken irrto 
several pieces, and these pieces were located throughout N e  pattern. Pi 

t h k d  area which had some distinctive pattern was that o f  the engines, engine 

struts and components and was localized about l a t  51°03,25'N and bng 

12O47.4' W in a northwest/southwest orientation. One o f  the operating engines 
was displaced 0.5 nautical mile to the north of W area, and it was d s b  

geograpkfcaliy separated from the wing structure. The number 3 engine 

nacelle stwt was dlso separated from the rest of the engine componenb 
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and was loca t ed  abou t  one  nau t i ca l  .mile t o  t h e  wes t - sou thwes t  a t  l a t  

51°02.87'N, long 12°48.05'W. The r easons  f o r  t h e  d isp lacement  of t h e  number  

3 engine  nace l le  strut and one  of t h e  opera t ing  engines  from t h e  o t h e r  engines 

a r e  not  known. 

3.2-.7.2 Detai ls  of t h e  various t a r g e t s  which were iden t i f i ed  by t h e  St ruc-  

t u r e s  Group is conta ined  in Appendix 1 of t h i s  Report.  

*3.2.8 The Break up P a t t e r n  

3.2.9 Ex ten t  of  Da m a q e  

Photographic and Video In t e rp re t a t ion  of \vreckage 

Photographic  ~ n t e r ~ r e t a t i o n  

3.2.9.1 A l l  wreckage s ighted  was r eco rded  on video t a p e s  and all major 

items were recorded on  3 5  m m posi t ive f i lm.  During t h e  cour se  

of the invest igat ion,  s e v e r a l  members  of t h e  inves t iga t ion  t e a m  had t h e  

opportunity t o  view t h e  t a p e s  and photographs. Subsequently,  when s o m e  

items were recovered ,  it b e c a m e  a p p a r e n t  t h a t  t h e  o p t i c a l  image  presented  

on  video and still f i l m  had s o m e  l imi t a t ion  with r e s p e c t  t o  ident i f ica t ion  

of damage  o r  d a m a g e  pa t te rn .  F o r  example ,  t h e  s ine  wave bending of  t a r g e t  

7 appeared  in t h e  video and photographs  a s  a s i n e  wave f r a c t u r e ,  and  s o m e  

of t h e  buckling on t a r g e t  3 5  was  n o t  ev iden t  in e i t h e r  t h e  video o r  photo- 

graphs. The in t e rp re t a t ion  of damage  through photographicJvideo evidence  

without  t h e  physical  ev idence  might b e  misleading, and  any i n t e r p r e t a t i o n  

should t a k e  th i s  i n t o  acount. 

3.2.9.2 Engines 

The f o u r  opera t ing  engines  were all extens ive ly  damaged.  A view 

of  t h e  f a n  b lades  did n o t  show s igns  of  any  r o t a t i o n a l  damage ,  and  it could 

n o t  be d e t e r  mined whether  any pre- impact  f a i lu re s  had occurred.  The e x t e r n a l  

damage  t o  t h e  engines  varied, and a t  l e a s t  one  engine  appea red  t o  be  a t t a c h e d  

t o  p a r t  of ' the  nace l le  s t ru t .  Except  f o r  t h e  non-operat ional  f i f t h  engine,  

t h e  engines  could n o t  b e  matched with t h e i r  or ig ina l  posi t ions on t h e  a i r c ra f t .  

'ICAO Note.- Section 3.2.8 was not reproduced. 
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3.2.9.3 Landinq Gear 

The nose, wing, and body landing gear were all located. Photographic 

examhation indicated that all the gears were in the 'up' podtion a t  the 

time of impact. 

3-2.9.4 Fbps and Spoilers 

Positive identification of  all the flap and spoiler surfaces was 

not made. A l l  the flap jackscrews indicated that the flaps were retracted 

a t  impact. Of  the spoilers identified, ytx had actuators attached. The actuators 

were in the fully retracted position. 

3.2.9.5 Section 41 

Section 41, consisting of t h e  cockpit, first-class section, and electro- 

nics bay and identified as target 192, was found in a near-inverted attitude. 

This section was severely damaged. The electronics bay and cockpit areas 

could;not be located w i t h  the wreckage. The first officer's seat was found 

on the sea bed near section 41 wreckage. 

3.2.9.6 Section 42 . 

Portions of Section ,42, cor&ting of the forward cargo hold, main 

deck passenger area, and the upper deck passenger area, were located near 

section 41. This area was severely damaged and so me of sect30~ 42 was 

attached t o  section 44. Some of the structure identified from section 42 

was the crown skifi, the upper passenger co mpartrnent deck, the belly skin, 

and some of the cargo floor including roller tracks. The right-hand, number 

t w o  passenger door fncluding some o f  the upper and a f t  frame and outer 

skin was located beside section 44. Scattered on t h e  sea bed near this area 

were a large number of suitcases and baggage as well qs several badly damaged 

containers. A l l  cargo d d m  were found intact and attached t o  the fuselage 

structure, except for the forward cargo door which had same fuselage and 

cargo floor attached. This door, located on the forward right side of the 

aircraft, was broken horizontally about one-quarter o f  the distance above 

the lower frame. The damage to  t h e  door and the fuselage skin near the 

door appeared to have been caused by an outward force. The fractured surface 

o f  the cargo door appeared t o  have been badly frayed. Because the damage 

appeared to  be  different f r o m  t h a t  seen on other wreckaae ~ieces ,  an a t t e m ~ t  
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to  recover the door was made by CCCS John Cabot. Shortly after  the wreck- 

age broke clear of t h e  water, the  area of th,e door to  which the lift  cable 

was attached broke free from the cargo door, and the wreckage settled 

back on t o  the sea bed. An attempt to  relocate the door was unsuccessful. 

3.2.9.7 Section 44 ~ 

Section 44 containing the aircraft structure between B S 1000 

and B S 1480 including that  area where the fuselage and wings were mated 

was located and identified. This  section was severely da maged but maintained 

its overall shape and was lying on its right side. Part of the left  wing upper 

skin was attached to  the fuselage and a large portion, about one th i rd  of 

the upper wing skin, separated and was lying against the fuselage crown 

skin. Some of the body 'and wing landing gears were found beside this section 

of the aircraft. The gear was detached from the main structure. The interior 

of the fuselage was extensively da m aged. 

3.2.9.8 \Vinq Structure 

The wing structure was located near the forward area of the aircraft 

structure and towards the northern most area of the wreckage pattern. The 

wings showed extreme damage patterns with the top and bottom surfaces 

separated and the wing surfaces broken into segments. 

3.2.9.9 Sections 46 and 48 

Sections 46 and 48 contain that  part of the aircraft structure a f t  

of B S 1460 and, for purposes of this report, w i l l  include the horizontal 

stabilizer and vertical fin. This  section of the aircraft was scattered in a 

west to  east pattern about 6.5 nautical miles in length and exhibited severe 

break-up characteristics. 

3.2.9.10 The aft  cargo and bulk cargo doors were found in place and intact, 

and SL, 5R and 4R entry doors were identified. Four segments 

of the aft pressure bulkhead were positively identified (targets 35, 37, 73 

and 296). Much of the fuselage which was forward of the number five door 

and above the passenger floor area was not located, or- i f -  located w a s  not 

recognisable as having come from a specific area of the aircraft. 
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3.2.9.9 1 Sections of  the outer skin below the cargo area were located as 

was s o m e  of the cargo floor structure. Generally, the stringers 

and stiffeners are attached t o  the skin; however, the lower frames, which 

provided the cargo floor support, were detached from the skin. The sear 

. cargo floor from 8 5 1600 t o  D S 1760 was located and was found t o  have . , 
little or no distortion; however, the lower  skin and stringers were missing. 

A second portion of the aft  cargo compartment floor containing cargo drive 

wheels and cargo roller trays was Located. This structure was severely dam aged 

and mangled. 

3.2.9.12 The tail cone and the a u a a r y  power unit IAPCI) housing were 

located and had received relatively minor damage; however, the 

AP U had broken free and was never located. 

3.2.9.13 A large portion of the outer skin panels showed signs of a force 

being applied from the inside out, On several pieces of wreckage, 

the skin was curled outwards away from the stringers and formers. This 

could have been the result of an overpressure. 

3.2.9.14 The vertical ta i l  was found i n  good condition, In a dngk piece 

with both rudders attached. The top cap was pal-tially separated 

and a s m a l l  dent was noticed in the middle of the leading edge a t  the bottom. 

A curved broken portion o f  fuselage was observed with a portton of the 

" Y "  ring and pressure bulkhead attached. Another small segment of the 

pressure bulkhead was leaning on the bwer section of the tail. 

3.2.9.15 The horizontal stabilizer tail section was located and was bne - 
Y nit with the elevators attached. The actuator jackscrew was attach- 

ed t o  the assembly. The stabilizer jackscrew ballnut was observed t o  be 

located a t  the upper jackscrew stop. This  equates to  a full deflection o f  

elevator t r i m .  Shce there k, nothing on the OF D R or C V R  t o  indicate a 

malfunction of the trim, it b deduced that  this was not the ledd event. 

It is not known If the podtion of i h e  b d n u t  resulted from a pilot b i r n  selec- 

tion, a result of the Initial event or  if it rotated to  the observed position 

under the influence of  gravity. Two-thirds of the kadlng edge of the right 

horizontal stabilizer was missing and the auxWary spar was exposed. There 
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was localized damage t o  t he  right-hand root of t h e  loading edge through 

about a span of five ribs. The leading edge skln and par t  of t h e  leading edge 

ribs were torn downwards. Some localized damage t o  t h e  root  of t he  l e f t  

leading edge was visible with t he  remainder of t h e  leading edge undamaged. 

There was minor damage t o  t h e  trailing edge of t h e  outboard l e f t  elevator, 

and a major portion of t h e  inboard l e f t  elevator was m M n g .  

3.2.9.16 Passenger Seats  
M any of t h e  passenger s ea t s  located among t h e  wreckage pattern 

and identified a s  having come from section 46 and 48 appeared t o  have the  

a f t  support legs  buckled with little o r  no damage t o  t he  forward support 

legs. Seats  located in the wreckage containing sections 41, 42 and 44 appeared 

t o  have varying types of damage, t h a t  is, a f t  support legs  only buckled, 

and all legs buckled. One consistent fea ture  noted was t h a t  in the  majority 

of sea t s  located it was possible t o  ascertain t h a t  t he  s e a t  belts were not  

fastened. 

3.2.10 Salvage Operations 

3.2.10.1 During recovery operation the  video tapes  a s  well a s  photographs 

of t he  wreckage t o  be recovered, were supplied t o  the personnel 

on board t he  ship for  facilitating identification and recovery of correct  

targets.  

3.2.10.2 Whenever any co mponentlpart of t h e  aircraf t  wreckage was salvaged 

it was essential t o  i m  mediately subject t h e  same t o  inspection 

and t o  identify t h e  damage sustained during recovery operation. I n  order 

t o  oversee this cr i t ical  operation, t h e  Court deputed one of its Assessors, 

Dr. , t o  be on board t h e  ships, Under his supervision, t he  

co  m ponents/parts were thoroughly washed with fresh water, dried and t reated 

with corrosion inhibiting compounds. A detailed inspection was thereaf te r  

carried out, observations recorded and the  targets  were appropriately labelled 

and their numbers were painted thereon. A laboratory microscope was taken 

on board by Or  With that ,  fragments of significance were 

segregated for  fur ther  investigation. Indeed some of these fragments did 

give important clues. 



3.2.10,3 AU the Investfgatlng personnel on board the ship were provided 

with leather gloves, fbher m an's shoes, raincoat, life floating s d k ,  writing 

and ' labelling material, ca sn era with coloured ffl rn s, atc, ~ u f  flcient number 

of "body bagsM were positioned on each ship t o  cater for the eventuality 
of recovery of bodies with the wreckage, This precaution helped when a 
body did come along with wreckage on 25.10.1985. 

3.2.10.5 Subsequent t o  the acddent t o  3apan Airlines Boeing 747 aircraft, 

suspected to have been caused by failure of the repair t o  the rear 

pressure bulkhead, N TSB and FA A decided to  fund the U.S. Navy for a two 

week operation over the seas for recovery of significant pieces of wreckage. 

For this purpose, U .S. Uavy appointed Co rn mander 3 deep 

sea salvage expert, t o  head the recovery operation. An offshore supply vessel 

M.V. Kreuzturm, of Canada was hired by U.S. Navy t o  recover the wreckage 

with the help of Scarab on John Cabot. One nylon Uft  h e  together with 

winch and ram were hstalled on the ship, prior t o  Lts s a n g  t o  Cork where 

it arrived on 4th October, 1985. One crane was installed on the ship Kreuzturm 

in Cork. 

3.2.10.7 The structure group after studying the photographic data, had 

formulated a kt of 32 targets for recovery on 3.10.85. A systemwise 

priority list proposed by the Court o f  Inquiry was received through D r  
... 

on 4.10.85. Using these two lists, and taking into account 

the operating restrictions imposed by two ship operation, a final list of targets 

was prepared for recovery by the ships, a d g n h g  a priority number to  each 

target. Hew ever, as t h e  recovery operaljon progressed, changes in priority 

Ust were made to achieve optimum utiLisation of the ships. 

'ICAO Note.- Paragraphs 3.2.104,3.2.10.6 and 3.2.10.8 were not reproducsd. 
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3.2.10.9 A detail  log of t he  activit ies of t h e  ships 3ohn Cabot and Kreuzturm 

which s tar ted t he  recovery operation of 10.10.85, reveals t he  

following : 

(a) The Scarab working independently recovered t h e  following 

(1) Basket a t  t a rge t  192 containing copilot's chair, 2 suit- 

cases  and radar antenna (12.10.85) 

(2) Target 8 - Lower fuselage skin of a f t  cargo compartment. 

( I  1.10.85). 

(3) Target 245 - Forward belly skin just a f t  of radome 

( 16.10.85). 

(4) Target 350 - Economy class sea t s  and carpe t  (23.10.85). 

( 5 )  Target 296 - Piece of a f t  pressure bulkhead. 

(b) The - Scarab a f t e r  attaching t h e  grippers, bridal cable and 

l i f t  line t o  t h e  targets  buoyed off t h e  same t o  Kreuzturm 

which recovered the  following targets  : 

(1) Target 3621396 - Forward cargo fuselage skin from 

station 700 t o  840 and STR 41L t o  43R. (16.10.85). 

(2) Target 193 - Fueselage skin from station 720 t o  860 

and passenger door 2L (1 7.10.85) 

(3) Target 223 - Nose landing gear  pressure deck web 

and stiffeners, container pieces (station 260-340)( 19.10.85). 

(4) Target 181 - Wing skin with forward cargo compartment 

SLIPPED OFF WITH GRIPPERS (21.10.85) A N D  WAS 

LOST; 

(5) Target 3991358 - Fuselage skin from station 780 to 

940 and STR 7R t o  35R with 2R door (25.10.85). A body 

entrapped in ta rge t  3991358 was recovered. Another 

body which came up t o  surface with t h e  wreckage fe l l  

off into sea  and was los t  while hauling the  wreckage 

on board. The recovered body was identified a s  of 

a passenger and was brought 

t o  Cork by Fisherman's vessel "Orion" a t  0130 hrs. 

on 28.10.85 and was s en t  f o r  Post Mortem etc. 



6 Target 7 - A f t  cargo compartment fuselage skin from 

station 1480-to 1860 (26.10.85). 

(7) Target 47/50 - A f t  cargo floor s t r u c t k  with roller 

- tracks, franies, latch etc. from statton 1600 t o  1760 

(27.10.851. 

(8) Target 117 - Three rows of coach class seats with 

passenger cabin floor boards, broken floor bea m (28.10.85). 

(9)  Target 35 - A f t  Pressure Bulkhead piece (30.10.85). 

3.2.10.12 After detailed rn acro photography of the recovered wreckage, 

the experts group mentioned in section 1.5.16 prepared a detailed 

factual report after carefully inspecting each of the targets reovered, It 

was decided t o  send t h e  wreckage t o  Bombay for which necessary crates 
were then prepared and the large pieces of wreckage were cut along the 

lines indicated by the experts group t o  facilitate their packing. 

3.2.10,13 R C M P investigators carried out a close visual and microscopic 

examination of the frag ments recovered with the wreckage, 

suitcases, seats and cushions, etc. For further laboratory analysis. Dr A.D. 

Beveridge collected a few sa nples. 

'ICAO Note.-Paragraphs3.2.10.10, 3.2.10.11,3.2.1O.f4,3.2.10.15 and 3.2.10.16were not reproduced. 
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3.2.11 Exa mination of Wreckage 

3.2.1 1.1 Floatinq W reckaqe 

Soon a f t e r  t h e  accident, a number of l ight  weight par ts  of t he  

aircraf t  were found floating over a wide area a t  t he  crash site. These were 

picked up by the  ships engaged in rescue operations and were brought t o  

Cork where they were kept  in t he  boat yard. The floating wreckage recovery 

continued for  four days i.e. upto 26th 3une. 

3.2.1 1.2 Some of t he  wreckage i tems  were subsequently washed t o  t he  

west coast  of Ireland. These were picked up by the  Irish Police 

and were brought t o  Cork. Some wreckage items were taken by a ship t o  

Halifax, Canada. These were flown t o  Cork by the  Canadian Aviation Safety 

Board. With t h e  assistance of Air India engineers, the  wreckage i tems  were 

identified, labelled, photographed and laid out in the  boat yard hangar for  

exam ination. 

3.2.1 1.3 The wreckage was initially examined a t  Cork by the  Structures, 

Power Plant and Systems Group. It was subsequently transported 

t o  Bombay for  fur ther  examination. A few wreckage i tems  which were 

taken by t h e  Spanish trawlers t o  Madrid were also transported t o  Bombay. 

Some wreckage items had washed t o  the  west coast of England. These were 

collected by the  Accident Investigation Branch of U K  and were transported 

t o  Cork and then t o  Bombay. 

3.2.11.4 The floating wreckage recovered constituted approximately 3 t o  

5 per c e n t  of t h e  aircraf t  structure. The major items of t he  wreck- 

age recovered were : 

Various leading edge skin panels of LH nd R H  wing, L H  wing tip, 

spoilers, leading edge and trailing edge flaps, engine cowlings, 

f lap t rack  canon fairings a f t  end pieces, landing gear  wheel wall 

doors, pieces of elevator and aileron, toilet  doors, cabin floor 

panels, cabin overhead and upper deck bins, passenger seats, l ife 

vests, slide rafts, hand baggages, suitcases etc. and three  empty 

oxygen bottles. 
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* 3.2.1 1-5 

3.2.3 1.6 W reckalqe Salva~ed.  fro m Sea 

The wreckage salvaged from the sea was vllsuaUy examined at  
Cork by the Corn mittee of Experts as mentioned in section 1.5.16 and the 

observations thereon recorded. Subsequently det&d nret&u@cal exa m ha- 

tian was carried out at the Bhabha Atomb Research Centre, Bombay by 

Dr. and Dr. of B.A.R.C., Mr. A 

and Dr. of' Natfonal Aeronautical Laboratory and #r. , 

of the Explosives Research and Develop m ent Laboratory, under 

the guidance of Or. Ouring this examhation, representa- 

t ives of C ASB, CP  A i r  and Boeing were present 'in the  first week. These 

representatives left Bo m hay w bile the rn etallurgical exa mination was being 

carried out. The metallurgical exa mination was continued and the aforesaid 

group submitted the metallurgical report t o  the Court in December, 1985. 

3.2.11.7 Although all the recovered wreckage was exambed, only those 

items exhibiting characteristics 'whllch provide s o m e  evidence as 

t o  what may have happened to the aircraft during its final moments of flight 

are &cussed herein below : 

3.2.11.8 Tarqet 7 - Lower Fuselage Skin Panel 

This skin panel was located below the aft cargo area and contained 

the keel bea rn . Target ' 7 extended from B S 1480 to  1850 and was about 

eight feet in width and 32 Feet in Iength. The left edge had a full length 

rivet Une tear and the tarn edge was buckled in waves, like the trace of 

a sine wave. One the right side, between the one quarter and mid way segment, 

a brge flap of skin was attached. The skin was folded aft, diagonally under- 
neath, f rom right to  left and the paint was scoured 'off the leading edge. 

The forward break was a t  the joint at  8 S 1480. The skin tear  located a t  

about 8 S 1060 was irregular in nature. The forward keel joint splice plate 

was bent, and the k e d  joht bolt holes were &tared and dongabd. 
. . 

3.2.11.9 This panel was examined by the commPttee of experts a t  B A R C  

and according t o  their report the keel beam trundon fitting beneath 

'ICAO Not@.- Paragraph 3.2.1 I .5 was no1 reprodud. 
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t h e  outer chord sf t h e  station 1480 bulkhead had fractured a t  t he  a f t  set  

of bolt holes. The f rac ture  surface sf t h e  right side of 'the trunnion Pitting 

was clean. A s  per t h e  report, it was typical of overload failure in tension, 

The fracture surface of t he  l e f t  side of t h e  trunnion f i t ~ n g  was covered 

with corrosion products, especially, a t  one corner, due t o  sea  water. After 

cleaning this area by the  reco m mended techniques, scanning electron micro- 

scopy revealed morphology of overload f rac ture  consisting of dimples. A way 

from this corner also t he  fracture  was similar a s  being due t o  overload. 

There was no evidence of these having been any fatigue falluse. 

3.2.11.10 A t  B.A.R.C., a sample was c u t  from t h e  corroded corner of t he  

failed l e f t  side trunnion fitting and metallographic examination 

was carried out on t h e  same. The said examination showed on a f ace  per- 

pendicular t o  t he  corroded fracture  surface, pits due t o  corrosion by sea 

water. The basic microstructure was how eve r  f r ee  f ro  m intergranular cracking. 

It was thus concluded by the  experts t h a t  t he  material in t he  region corroded 

by sea water had not  suffered s t ress  corrosion cracking which generally 

manifests as  intergranular cracking. 

3.2.11.11 A piece of t h e  trunnion fitting was cu t  and t h e  hardness and elec- 

t r ical  conductivity values were measured by t h e  said experts. 

A s  per their report, t he  electrical conductivity values sere within t he  speci- 

fied limits. - 

3.2.1 1.12 Tarqet 8 - Lower Fuselaqe Skin Panel 

ThLs skin panel was located below t h e  a f t  cargo a rea  and extended 

from B S 1860 t o  1960 and from stringer 46L t o  46R. The forward end of 

target  8 matched with t h e  a f t  end of Target 7. A region of f racture  along 

the  rivet holes near stringer 46L was marked fo r  SEM examination. SEM 

examination a f t e r  cleaning revealed t h a t  t h e  f rac ture  was characterised 

by dimples along its length, including areas  adjacent t o  t he  edges of t he  

r ivet  holes. These features  a r e  consistent with an overload mode of  failure. 

3.2.1 1.13 According t o  t he  metallurgical report, there  was no evidence 

of fatigue failure on this target.  
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3.2.1 1.14 Tarclet 35 - Portion of Rear Pressure Bulkhead 

Looking forward from behind the aircraft, this segment of pressure 

bulkhead occupied the 9 t o  f 0 ' Clock position, the piece fro m 12 to  1 0 ' Clock 

position had the flange from the outer ring attached. The web below the 

outer ring flange had areas o f  buckling. From the 11 t o  12 9' Clock position 

the outer edge showed sinusoidal buckling, and the edge sector a t  9 O'clock 

position was p a d a f t y  collapsed and its edge was turned under. Samples taken 

for optical stereomicroscope and SE M exa mhatfon revealed that the fracture 

characte&tics were c o d t e n t  with an overload mode of failure. 

3.2.1 1.15 According t o  the me$aUurgical report, there' was no evidence 

of fatigue or any other mode of failure. 

3.2.11.16 Tarqet 2 9 6 -  Portion of Rear Pressure Bulkhead 

Looking forward from the rear of the aircraft, this segment of 

the bulkhead occuped the 7 t o  9 0' Clock position. Optical and SE M exa m h a -  

tion were undertaken on this item. 

3.2.1 1.17 The fracture dong the left-hand edge of target 296 (viewed f r o m  

the rear) was exa m hed opticfly prior to re moving any wpresenta- 

tive samples. The fracture was a t  the r ivet  line a t ,  a skin splice, except 

for a length of fracture about 15 inches long near the forward end, which 

was through the skin away from the rfvet h e .  Most of the rivet holes along 

the fracture path showed some slight elongation and s k h  deformation. 

3.2.1 1.18 Representative fracture sa mpler were cut * f r o  m the left-hand 

dde and circumferential fracture edges of the fracture surfaces. 

0 pt i .al  and SE M exa nhation revealed that the fracture characteristics are 

consistent with an overload mode of fallure. 

3.2.1 1.19 Tarqet 47 - A f t  Carqo Floor Structure 

f tcIs portion of the aft cargo compartment was located between 

B S 1600 and B S 1760. No significant observation was noted. There was 

no evidence to indicate charactektics o f  an explosion emanating from the 

a f t  cargo co m part  m ent. 
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3.2.1 1.20 Tarqet 11 7 - Floor with Seats Attached 

These seats were right-section doubles, located between 8 5 

1880 and 1980 and were from rows 46, '47 and 48, F and G (Zone El. The 

seats were displaced to the left with the .rear legs buckled to  the left. The , 

front leg supports. exhibited only m Aor da mage. The mU&e and rear -doubles, 

had,  aWe-side ,seat arms bent t o  the rlght. here was no impact damage 

t o  the seat backs or seat pans, and a l l  l ife vests except one were gone from 

the underseat container bags. 

3.2.11.21 In the metallurgical report it is stated that en an examination 

of t h b  target it was also found that on the underside of this  

floor near the forward end, a number of dents and impact marks were observed. 

This region appeared to have suffered shrapnel. penetraHon. This- area was 

radiographed but no rnekl lk fragment was detected. 

3.2.1 1.22 f amet 193 - .Fuselase Side and 2L Entry Door 

The fuselage segment . was located between 0 S 720 and 840. 

The door and fuselage skin were buckled outwards, approximately in l ine 

with the buckling on the fuselage. and 2R entry door directly opposite. 

3.2.17.23 Tarqet 399 - fuselaqe around 2R Door 

This target i s  shown h Fig. 399-1. A detailed description 3s 

given Be-low : 

T A R C S T  399 Fuselage Station 780 to 940 i n  the hqi- 

e'udinai direction and stringer 7 R  dawn 

to stringer 35R c h u m  f e r e n u y .  

This piece contained five window fra m es, one in the LA passenger 

entry door. Three of  the window frames, including the door window frame, 

s t i l l  contained window panes Little overall deform atIon was found in the 

stringers and skin above the door. The structure did contain a significant 

a mount of dam age and .fractures In the skin and stringers beneath the window 

level. In the area beneath the level of the windows, the origind convex 

outward shape of the surface had been deformed into an inward concave 

shape, Further inward concavity was found in the skin between many of 

the stringers below str3naec 28R. The skin a t  the forward edge of the pEece 
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was folded outward and back between stringers 25R and 3PR. Over most 

of the remaining ;dges of the piece a relatively s m a l l  amount of overall 

deformation. was noted i n  the skin adjacent to the edge separations. Twelve 

hales or darn age areas were numbered and are further described. 

No.1 : Hole, 5 inches by 9 inches with two large flaps and one smaller 

curl, all. folded outward. Reversing slant fractures, small area 

No.2 : Hole, 2 hches by 3/4 inch, one flap folded outward, reversing 

slant Fractures, one curled diver, no m M n g  m c td .  

No.3 : Triangular shaped hole about 2 inches on each dde. One flap, 

folding inward, with, one area with a serrated edge. No m W g  

metal, extensive cracking away from corners of the hole, reversing 

slant  fracture. 

I.la.4 : Tear area, 8 inches overall, with deformation jnrvard in the centre 

of the  area. Reversing slant fracture. 

No.5 : Fracture area with two legs heasuring 14 inches and about 24 

inches. S m a l l  triangular shaped piece m M n g  from a position 

slightly above stringer 27R. Inward fold noted near the  jolnt 

of the legs. An area of 45O scuff marks extend onto this fold, 

No.6 : Hole about 2.5 inches by 3 ~nches with a flap folded outward, 

reversing slant fracture. Approxi m ateiy half the metal from the 

hole Is rn issing. 

No.7 : Hole aboyt 3 inches by 1 Inch, all metal  from the hole is missing. 

Fracture edges are deform ed outw ard. 

N0.8 : Forward edge of the skin is deformed into an "S" shaped flap. 

Three inward curls noted on an edge. 

N0.9 : Inlvardly deformed flap of metal between stringers 1 1 R  and 12P 

at  a fra me splice separation. No evidence of an impact on t h e  

outside surface. 

Plo.10 : Door lower dl fractured and deformed downward a t  -the a f t  

edge of the door. 



154 ICAO Circular 232-AN11 39 

No.11 : F r a m e  860 missing above  s t r inge r  14R. Upper auxil l iary f r a m e  

of t h e  door  h a s  its inne r  chord  and web missing a t  s t a t i o n  860. 

A 10 i n c h  p iece  of s t r i nge r  12R is missing a f t  of s t a t i o n  860. 

No.12 : At tached  p iece  of f loor  pane l  (beneath  door) h a s  o n e  half of 

a s e a t  t r a c k  a t t ached .  The f loor  pane l  is pe r fo ra t ed  and t h e  

l o w e r  s u r f a c e  skin is torn .  

3.2.1 1.24 E!uch of t h e  d a  maae on  t h i s  t a r g e t  was  on t h e  skin and s t r inoe r s  

benea th  t h e  window level ,  i.e., on  t h e  s t a rboa rd  s i d e  of  t h e  f r o n t  

c a r g o  hold. The inside and outs ide  s u r f a c e  of t h e  skin i n  t h i s  region a r e  

shown i n  Fig. 399-2 and 399-3 respec t ive ly .  There  were 12 holes  o r  d a  maged 

a r e a s  on t h e  skin a s  descr ibed  above,  general ly with p e t a l s  bending outwards.  

The c u r l  on a f l ap  around hole no.1 shown in  Fig. 399-4 h a s  one  fu l l  turn.  

T h i s  c u r l  is i n  t h e  outward  direct ion.  Cracks  were a lso  not iced  around s o m e  

of t h e  holes. P a r t  of  t h e  me ta l  was missing in s o m e  o f  t h e  holes. The e d g e s  

of s o m e  of t h e  pe t a l s  showed r eve r se  s l a n t  f r ac tu re .  In o n e  of  t h e  holes, 

sp ikes  were not iced  a t  t h e  edge  of a petal .  

3.2.11.25 When this t a r g e t  was r ecove red  from t h e  sea, along with it 

c a m e  a l a r g e  number, a few hundreds, of t i ny  f r a g m e n t s  and 

medium s i z e  pieces,  A l l  of t h e  f r a g  m e n t s  were recove red  from t h e  a r e a  

below t h e  passenger e n t r y  door  2R. One of t h e  medium s i z e  p i eces  r ecove red  

with this t a r g e t  was a f l oo r  s tan t ion ,  a b o u t  35 i nches  long, shown i n  Fig. 

399-5. It is a squa re  tube.  It had t h e  mark s t a t i o n  880 pain ted  on its i n n e r  

f a c e ,  i.e. fac ing  t h e  c e n t r e  l i n e  of t h e  ca rgo  hold. The p a r t  number  pr in ted  

on this s t a t i o n  is 698061 15 12 and t h e  assembly number  is ASSY 658061 15- 

942 E3664 1/31/78*. It was conf i rmed t h a t  t h i s  s t an t ion  belongs t o  t h e  

s t a rboa rd  s ide  of t h e  forward  ca rgo  hold. The inne r  f a c e  of  t h e  s t an t ion  

had a f r ac tu re '  with a c u r l  a t  t h e  l o w e r  end, t h e  c u r l  being in t h e  outboard  

d i rec t ion  and up i n t o  t h e  c e n t r e  of  t h e  s tat ion.  Fig. 399-6 is a pr in t  f rom 

t h e  radiograph of  t h i s  s ta t ion .  The inward  curling c a n  be s e e n  c lear ly  in 

t h i s  f igure.  Curling of t h e  metal in this manner is a shock wave e f f e c t .  

3.2.11.26 A piece  nea r  t h e  f r a c t u r e  edge  of this s t an t ion  was c u t ,  and  

e x a m k e d  metaUographicaUy, Fig. 399-7 and 399-8 show t h e  
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micro-structure of  'Ws piece. T w h s  are seen in the grains close to the 

fracture edge. The norm,al microstructure of the stantion material is free 

Prom twins. as shown in Fig. 399-9. 

3.2.11.27 Fig. 399-10 shows a coUection of small fragments recovered 
along with target 399. There were some curved fragments 

with small radius of curvature (A). Reverse slant fracture (B) was noticed 

In some of the skin pieces, A piece 314" x 1/2" and 3/16" thick was found 

to have three blunt spkes at the edge (k). This piece was metallographicaly 

polished on the longitudhaf edge. The microstructre of  the piece is shown 

i n  Fig. 399-1 1. It may be seen .that the grains in this fragment also contain 

a large 'nu m ber o f  twins. 

3.2.1 1.28 Tarqet 3621396 Forward Carqo Skin 

This piece included the station 815 electronic access door, 

portions of seven longitudinal stringers to  the left of bottom centre and 

five longitudinal stringers to  the right of bottom centre. The original, shape 

o f  the piece (convex in the circumferential direction) had been deformed 

to a concave inward overall shape. Multiple separations were found in the 

skLn as well  as in the underlying stringers. Further award concavity was 

found in the skin between most o f  the stringers. 

3.2.11.29 The two sides o f  this piece are 5hown.h Fig. 362-1 and 362-2. 

T h i s  piece' has 25 holes or da maged areas in most o f  which 

there are mulsrpie petals curling outwards. These holes me numbered 1 

to 3, 4a, 4b, 4c i d  5 to  23. .These are described belo;. Unless otherwise 

noted, hdes did n i t  have any material rnlssing : 

140.1 : Hole 4 t h  a large flap of skin, reversing slant f r a m e .  

140.2 : Hole with m dtiple curls; reverse slant fracture. 

No.3 : Hole with ,multiple flaps and curls, reverdng slant fracture, 

one area of spikes (ragged sawtooth) 

No.4A : One large flap, reverse slant fracture, one area of spikes. 

No.4B : Hole with two flaps. 

N o.4C : Hole with tw flaps, one area a P  spikes 



No. 14 : 

No. 15 : 

No. 1'6 : 

No. 17 : 

No, 18: 
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H Ole with two flaps. 

O & h h g  tedr from' the left 'side, &of the piece, reversing slant 

fracture. 
. . 

Hole, with one flap, one curl and one area df spike=* 

Very large tear frdm the left side of the piece with multiple 

flaps and curls, reversing slant fracture 'and a t  Last t w o  areas 

of spikes. 

Hole with m uktiple flaps, one curl, 

2.5 inch tear 

One flap' 

Grip hale, plus a :curl with spikes on ,both 'sides. of .the c k i .  

"U" shaped notch with gouge marks in the lnboard/outboard 

direction. Three curls are nearby with  ;one are of spikes. Gouges 

found on a nearby stringer and on a nearby flap. 

Nearly circular hale, 0.3 inch to 0.4 inch in diameter. S m a l l  

meta l  lipping on outside surface of  the skin. Most of the m eta1 

from the hole is missing. 

Hole in the skin beneath the first strjnger t o  the left of centre 

bo#o m . S m all piece missing. 

Hole in the stringer above hole , No, I S .  . Most of the metal 

f r o m  this hole Is missing. 

Hole through the second stringer to  the kft of centre bottom, 

0.4 h c h  h~ diameter. The hole encompassed a duet which 

attached the strlnger to the auter:'sktn. Small pieces oP metal  

rnbdng; 

Hole at the aft end of the piece between the  W d  and fwreh 

stringers t o  the left of centre bottom. The hole consisted of 

a circular portion (0.4 inch diameter), plus a folded Up extendPng 

away from the hole. The metal from t h e  circular area was 
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No, 19 : Hole with metal  folded from the outside t o  the inside, about 

0.6 h c h  by 1.5 bch.  Flap adjacent to  the hole contdned a 

heavy  gouge mark on the wtslde surface of t he  skin. 

No, 21) 3 Hole contablng 4 piece of extruded angle, 

0 .  2 : Hqle cqr\taining a piece of extruded angle. 

4 ,  : Hole with one f l a p  

PIP. 23 : Hole about 0.3 inch Ln diameter, with tears away'  from the 

hole. 5m.a  piece missing. 

?.2.11,30 Fig, 362-3 to  366-7 show 3 few of these holes. There were 

also cracks or tears around some of the holes. The curls around 

same af  the bales had nearly one ful l  turn, &-I the large tear between body 

stations 700 and 740 and stringers between 41L and 45L, there were many 

pronounced curb as shown in Fig. 362-8. On the edges of  the petals around 

several holes, reverse slant fracture was seen at  a number of places. This 

slant fracture b a t  an angle of about 45' to the skin surface, the fracture 

continuing in the same general direction but with t h e  slope of the s lan t  

fracture reversing frequently. 

3.2.1 1.31 Sharp spikes were observed at  the edges of the holes -or at 

t h e  edges of the petals around the holes No. 3, 44, 4C,  7, 

8 ,  (a t  t w o  locations), 12, 13 and 16, Some o f  the spikes are shown in f ig.  

362-9 t o  362-12. One 'of the holes, No. 14, on the skin was nearly elliptical 

with metal completely mlssing, as shown h f i g ,  362-13. On the inside surface 

o f  the skin, paint surrounding this hole was missing. Hole No. 16 was through 

the hat section itringer, as shown in f i g .  362-14. In this, most of the metal 

was m h i n g .  On the Inside of the hat section, the fracture edge of  this 

hole had spikes, as shown In Fig. 362-15. Hole No. 17 was through t h e  stringer 

and the skin, as shown In 362-t6. 

3:2.1732 Through holes fJo. 20 and 21, extruded angles were found stuck 

Inside, as shown in F-ig. 362-q7 and 362-18 respectively. 31 

the petal around hole No. 2@* there was an impact. mark by hit from the 

a~bgie ao e n  in ffg. 38819 photographed after removhg t h e  angle- Such 

a mark was not present in the petals around other hdes. 



3.2.1 1.33 On the skin adjacent to  hole No. 13 gouge marks were noticed, 

Fig. 382-20. These marks were on the M d e  surface of  the 

skin. To check whether these could be due t o  rubbing by the brldal cable 
of  Scarab during the recovery operations, a sample of bridal cable was 

obtained from T o h n  ' tabotq3 and gouge marks were produced by pressing 

this cable against an aluminium sheet. The gouge marks thus produced, 

as shown Sn Fig. 362-21, appear to  be different from those, observed near 

hole No. 13.. 

3.2.1 1.34 A @cce surrounding hole No. 14 nari c'ut out and examined 

in a 3eol 840 scanning electron microscope a t  the Naval C he mica1 

and Metallurgical Laboratory, Bombay, Fig. 362-22 and 362-23 are the' scann- 

ing electron micrographs showhg the Jndde surface and outside surface 

of  the skin around this hole. Flow of metal  from indde to outslde can be 

seen from these figures. Energy dispersive x-ray analysis was carried out 

on the edges of  tMs hole. Only the  elements present fn this alloy and sea 

water residue were detected. 

3.2.11.35 A portion of the skin'contabhg pa& 0f hole No. 14 was cut, 

pokhed on the Wckness side of the skin and examined in a 

metallurgical microscope. Fig. 362-24 shows the microstructure of  th is  

region. The flow of metal along the edge of the hole can be seen from 

the shape of the deform ed grains near the hole, Thls can be compared with 

the bulk o f  the gralns shown in Fig. 362-23, away from the hole. Irr addition, 

in Fig. 362-24, a series of t w h  bbadds can be seen h some of  the grains 

near the hole. Fig, 362-26 shows these banbs at a hlgher magnification. 

Normal deformation rates a t  various temperatures do not ,produce such 

twinning in aluminium or its alloys. It rn ay be noted that this microstructural 

feature b absent in  the microstructure of the sldn, away f r o m  hole No, 

14, Fig. 362-25. 

3 2 . 1  1.36 Metdllography was also carried out on a petal around hole No,7 

- and on a curl with spikes around hole 'NO. 12. The microstruc- 

tures indlcate twins, however they could not be recorded due t o  their poor 

contrast. 
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3.2.1 1.37 Small pieces containing the spikes around holes No. 12 and 

16 were cut and energy dispersive x-ray chemical analysis 

on the region of  spikes in both was carried out in the 3ed 840 SEM. Only 

elements present h the alloys and sea water redue  were detected. 

3 . 1  3 A number of small  fragments were found along wlth the forward 
. _ cargo skin in target 362, Amongst them was a piece from the 

web of a roller tray- T b  has pronounced curling of  the edges towards 

the drive wheel, Fig. 362-27. 

3.2.1 1.39 Another s m a l l  fragment was found from the above target. 

Thls piece, identified as specimen No. 12 i n  box No. 1, target 

362, has a nu nber of spikes along the edge. A scanning electrdn micrograph 

of  the spikes is shown in Fig. 362-28. The sides of the spikes on SEM examha- 

t i on  revcalcd elongated dimples  as shown in Pig. 362-29, characteristic 

o f  shear mode of fracture. Hetallography was carded out on the thickness 

side of this specimen. Fig. 362-30 and 362-31 show the microstructure near 

the apex o f  the spike and a t  the root of  the spike respectively. Extensive 

twinning can be seen in these regions of the spikes. 

3.2.1 1.40 Another fragment recovered with target 362 and identified 

as specimen No. 8 in box No. 1, also showed extensive twinning. 

The microstructure is recorded in Fig. 362-32. 

3.2.1 1.41 R eferqce has' also ta be made to two other reports concerning 

wreckage. 

3.2.1 1.42 Fhe floating wreckage recovered was initially examined at 

Cork, On 25th June, Mr.  a rewed investigator 

o f  AXB, UK,  was requested t o  examine the floating wreckage recovered 

and other  ma^^ with specific reference t o  the poss iWty  of  explosive 

sabotage having taken place. M r ,  exa mined the floating wreckage, 

passenger dothings and t h e  other materials recovered from t h e  crash victims 

The findbgs of Mr. on the material available a t  that  t i n e  are 

s u m  marlsed below : 



160 iCAO Circular 232-AM 39 

a. Taking the scatter of the wreckage and bodies into consi- 

deration and the condition o f  the l imi t ed  wreckage recover- 

ed  indicates that the aircraft had broken up in N g h t  

before impact with the sea. 

b. Detailed examination of the structural wreckage recovered 

did not reveal any evidence of  collision w i t h  another 

aircraft. Nothing was found suggestive of an external 

m W e  attack. 

c. Them was no evidence of flre internal 'or external. 
. , 

, .  , . . 
d .  There wasnoevidence dflightrutng strike..  

e ,  Examination of all available structural parts recovered, 

did not reveal any evidence of significant corrosion, metal 

fatigue or other material defecb. A l l  fractures and failures 

were consistent with overstressing m atetial and crash 

impact forces. 

f. Examination o f  clothing from the bodies did not show 

any explosive fractures or any signs of  burning. The &at  

cushfons and head cushions also did not show any explosive 

characteristics. 

g, The da m age t o  the suitcases (14 large and 29 small) which 

were exa mhed was due t o  impact crash forces. The 

presence of  14 large suitcases could, hcwever, indfcate 

that  one o f  the baggage containers had been broken to  

permit these suitcases to escape. 

h. A number of lavatory doors and structure also did not 

show any damage consistent 'with explosion, The f l ight 

deck door showed no explodon dahage inside or outside. 

i. The circu m stantlal evidence strongly suggests a sudden 

and unexpected disaster occurred in flight. 

.j. There was no significant fire or explosion in the flight 

deck, first and tourlst passenger cabin including several 

lavatories and the rear bulk cargo hold. 
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3.2.11.43 The other report dated 30th November, 1985 is of Mr .  

Mr. had exambed the wreckdge and had also 

taken part, though only ' for a few days, in the metallurgical examination 

which was being conducted a t  B A R C, Bo rn bay. 

3.2.1 1.44 Mr. examined practically a31 the i tems of wreckage 

which had been brought t o  B A R C  and in his report he has deal t  

with all of them. His report contained a description of the recovered items 

and also his co m m ents thereon. 

3.2.11.45 Il'lth regard to the  aforesaid target 362, he observed that these 

were about 20 holes in it dearly resulting Prom penetrations 

from inside. 

3*2.11,46 Hefurtherstatedthat:  

"h addition t o  the fact that perforation was from instde 
there are certain features rvhich suggest that  they were made by high velocity 

frag m ents such as are produced by an explosion. These features are : , 

(a) Presence of tootlied or spfked edges a t  some parts of 

the metal which had petalled out ,from the perforations. 

ff Tardif and SterUng ( c anadian Aeronautics and 

Space gournat, 1969, 16, 1, 19-27) obtained spiked fractures 

in fragments f r o m  sheet alloy subjected closely to  an 

explodon. They stated that they had not obtained this 

effect in fractures otherwise produced. 

(b) Presence of marked curling, in some cases of more than 

36U0, of some .of the pet&. 

Jradif and Sterling stated that such curling was 

a feature of  explosively produced frag m en-. 

(c)  The virtual absence of scratches or score marks on the 

petals such as might be expected if something were slowly 

forced through the metal. 

(d) The vhtual absence of other impact marks on the inside 

surface such as might have been produced by a massive 
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impac t  with ' a substantial object. This suggested t h a t  

t h e  production of a t  l eas t  many of t h e  perforations were 

sdparate independent events. 

(e) One perforation (identified a s  No. 14) resembles a "bullet 

hole", t h a t  is cleanly punched out  - a type of hole usually 

associated wi th  a high velocity missile. 

"There is evidence t h a t  t he  forward par t  of this item had been 

folded back inwards along t h e  line of station 760 and thkn bent back again 

along a line. slightly forward of this station. 

"Such folding, may be violently produced on impact  with  the 

water, could have brought broken metal of stringers or st iffeners into force- 

ful  contact  with t he  internal surfaces producing perforations outwards. 

The overlap of such folding would conceivably have covered t h e  area up 

t o  station 800 and thus included most of the  perforations. 

"One hole identified a s  No. 13, was almost certainly caused 

by a slipping wire rope used a s  a sling. 

I' Pa r t  of t he  inner surface, a f t  of station 780 was superficially 

blackened a s  if by soot from a fire. S~vabs  were taken by me of this  area 

and a r e  being examined by R.A.R.D.E. f o r  evidence of fire o r  explosives". 

3.2.1 1.47 There were several hundred small fragments which were recover- 

ed from - the  sa me general area a s  Target 362. While dealing 

with these Mr. observed tha t  t h e  production of a large number 

of small fragments ki generally regarded a s  indicative of an explosion. 

One piece out  of this  was isolated, which was about one inch square of 

sheet  alloy, and it was noted by Mr. t h a t  this piece had chara- 

cteristic spikes on one edge similar t o  those described by Tardif and Sterling. 

(This piece is t he  sa me a s  shown i n  Fig. 362-28). 

3.2.1 1.48 H r. &s examined a few suit  cases which had been 

recovered. One particular wit case t o  which reference was 

made by &E b9as of red plastic material with blue lining. With regard t o  
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t h i s  he  s t a t e d  t h a t  t h e  damaged lining, s eve re ly  t a t t e r e d ,  r e sembles  t h a t  

of  o n e  found a f t e r  a n  explosion in a n  a i r c r a f t  in Angola. In ' tha t  c a s e  micro- 

scopic  exa  mination showed def in i te  ev idence  of da  m age  by' a n  explosion. 

3.2.1 1.49 The later p a r t  o f  t h e  r e p o r t  of  Mr. conta ined  his opinion. 

With r ega rd  t o  T a r g e t  362 his opinion was a s  fo l lows : 

"The f e a t u r e s  discernible t o  a c a r e f u l  c lose  v isua l  examinat ion  

point  t owards  t h e  possibility of a n  explosion bu t  t a k e n  a lone  d o  n o t  just i fy 

a firm conclusion. 

l l C u r h g  of  pe t a l s  and spiked o r  t oo thed  f r a c t u r e s  may be  observed 

o t h e r  e v e n t s  t h a n  explosions desp i t e  t h e  f a i lu re  by ~ a r d i f  and  S t e r h g  

t o  obta in  them in  t h e i r  Limited number  o f  a t t empt s .  It is probable t h a t  

t h e s e  f e a t u r e s  indicate a rapid r a t e  o f  f a i lu re  b u t  n o t  necessari ly o f  a r~apid i ty  

which could only be produced by a n  explosion. 

"A more de t a i l ed  study,  meta l lurg ica l  and f rac tographic ,  is 

required.  

"The s tud ie s  by Tardif and S t e r h g  were done  on f r a g m e n t s  

produced f rom aluminium alloy in c o n t a c t  with t h e  explosive. Very l i t t l e  

inform a t ion  is avai lab le  on t h e  behaviour of  aluminium alloy s o  me d i s t ance  

f rom t h e  explosive and subjec ted  t o  a t t a c k  by .secondary f r agmen t s .  To 

d e t e r m i n e  th i s  s o m e  trials w i l l  be necessary,  t o  obta in  r e f e r e n c e  s a m p l e s  

f o r  c o  m parison. 

"The single "bullet holeH, No. 14, s t rongly  suppor t s  a n  explosion 

hypothesis  but ,  being t h e  so le  example  of its kind, ls n o t  , by i t s e l f  d e t e r -  

minative. 

"If t h e  forward  p a r t  of t h i s  item was forceful ly and rapidly 

folded back t o  i m p a c t  on t h e  o t h e r  p a r t  it might explain t h e  o t h e r  f e a t u r e s  

a p p a r e n t  t o  vjlsual examination.  It would requi re  de ta i led  l abo ra to ry  e x a  mina- 

t i on  and tests t o  e l imina te  t h i s  possibility". 
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3.2.11.50 The opinion of  Mr. a b o u t  t h e  small f r a g m e n t s  was a s  

fol lows : 

"The production of a l a r g e  number  of s m a l l  f r a g m e n t s  is genera l ly  

r ega rded  a s  a poin ter  t o w a r d s  a n  explosive c a u s e  b u t  c a n n o t  be re l ied  upon 

unless it Is c l e a r  t h a t  t h e y  could no t  have  been  produced by s o m e  o t h e r  

means. It is known t h a t  t h e  break-up of a n  a i r c r a f t  a t  high speed  may produce 

g r e a t  f ragmenta t ion .  

"The s ingle  spiked f r a g m e n t  'must be  r ega rded  a s  i m p o r t a n t  

b u t  a s ingle spec imen  is not ,  by itself, determinative." 

3.2.1 1.51 It appea red  t o  t h e  C o u r t ' t h a t  t h e  r e p o r t  o f  Mr. requi red  

certain clarif icat ions.  It was sugges t ed  t o  Boeing Com merc ia l  

Airplane Company by t h e  Cour t  t h a t  Mr. s h o u l d  a p p e a r  a s  a witness. 

The Cour t  rece ived  a message t o  t h e  e f f e c t  t h a t  Mr. f e l t  t h a t  

h e  could n o t  add  anyth ing  usefu l  t o  his repor t .  - 
3.2.11.52 A c lose  examinat ion  o f  t h e  r e p o r t  of  Mr. shows t h a t  

t h e  opinion expressed by him in t h e  l a t e r  p a r t  of t h e  r e p o r t  

is a t  considerable var iance  with t h e  observa t ions  conta ined  i n  t h e  e a r l i e r  

p a r t  of  t h e  repor t .  Par t icu lar ly  with r ega rd  t o  Ta rge t  362 and t h e  small 

f r a g  m en ts ,  Mr. has  s t a t e d  i n  his observa t ions  t h a t  t h e r e  was s t rong  

ev idence  of explosion. I n  his opinion, however,  h e  h a s  s t a t e d  t h a t  more 

de t a i l ed  s tudy  is required.  It is in t e re s t ing  t o  n o t e  t h a t  though Mr. 

h a s  r e f e r r e d  t o  t h e  opinion of Tardif and  s t e r l i ng ,  h e  h a s  n o t  chosen  t o  

c o n t r a d i c t  t h e  conclusions ar r ived  by them.  Mr. h a s  a l so  n o t  s t a t e d  
as t o  what  could possibly have  caused  t h e  spec ia l  f e a t u r e s  which were noted  

on  Ta rge t  362. 

3.2.1 1.53 \Ye find t h e  m e ta l lurg ica l  r e p o r t  inspi res  m o r e  confidence.  

Not  only is r e f e r e n c e  and r e l i ance  made in t h e  r e p o r t  t o  o t h e r  

e x p e r t  opinions conta ined  i n  various articles wri t ten  by e x p e r t s  all over  

t h e  world, c e r t a i n  explosion expe r imen t s  were also ca r r i ed  o u t  by t h e  e x p e r t s  

which l e d  them t o  t h e  same conclusion. 
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3.2.11.54 The par t icu lars  of t h e  expe r imen t s  s o  ca r r i ed  o u t  and t h e  results 

obta ined  the re f rom have been  s t a t e d  i n  t h e i r  r e p o r t  a s  fol lows : 

EXPLOSION EXPERIMENTS 

"To d e t e r m i n e  t h e  d a m a g e  by high veloci ty f r a g m e n t s  o r  shock 

waves on  a s t r u c t u r e  similar t o  t h e  o n e  in a i r c r a f t  c a r g o  hold, t h e  following 

expe r imen t s  were conducted  on November 3 0  and December  1, 1985 a t  

t h e  Explosives Research  and Development  Laboratory,  Puae ,  using p las t ic  

explosive (PEKU and  d i f f e ren t  mixtures  of p las t ic  explosive and TNT. The 

explosive was k e p t  in a box made of  s h e e t  metal o f  6" x 6" x 6" o f  1/16" 

thickness. This box was k e p t  ' inside a n o t h e r  box made of  s h e e t  metal 2' 

x 2' x 2' of  .04 o r  .06" thickness.  The boxes were made  of  2 0 2 4  aluminium 

al loy s h e e t s  used f o r  a i r c r a f t  skin. To t h e  i n n e r  s u r f a c e  of  t h e  o u t e r  box, 

h a t  s ec t ion  s t r i nge r s  s imi lar  t o  t h o s e  used in t h e  a i r c r a f t  were r ive ted .  

The quant i ty  of explosive used in t h e  i n n e r  box was varied f rom 60 g t o  

100 g. The explosive was de tona ted  with an  e l e c t r i c a l  de tonator .  Af t e r  

t h e  explosions t h e  f r a g m e n t s  and t h e  panels  were co l l ec t ed  and examined.  

"Exper iments  were a lso  conduc ted  t o  produce explosive damage  
< 

on  skin panels, individual  h a t  s ec t ion  s t r i nge r s  and individual  s t an t ion  tubes.  

In t h e  c a s e  of s t an t ion  t u b e s  expe r imen t s  were ca r r i ed  o u t  placing t h e  

explosive cha rge  both inside 'and outside. The quant i ty  of explosive used 

was varied from 5 g t o  50  g. 

"Various t y p e s  of damages  were reco rded  on a l l  t h e  t a rge t s .  

These inc lude  punched holes, petal ing and curl ing around holes, sp ikes  a t  

f r a c t u r e  edges,  curved  f r a g m e n t s  with s m a l l  rad ius  of c u r v a t u r e  and  r e v e r s e  

s l a n t  f r ac tu re .  Fig. EXP-1 shows a co l lec t ion  of f r agmen t s .  The f e a t u r e s  

mentioned above  a r e  shown in Fig. EXP-2 t o  EXP-7. It may be noticed 

t h a t  t h e  f e a t u r e s  produced by expe r imen ta l  explosion were s imi lar  t o  t h e  

f e a t u r e s  observed la rge ly  i n  t a r g e t  362 of  t h e  wreckage. The small f r a g m e n t s  

had f e a t u r e s  s imi lar  t o  t hose  in . the  f r a g m e n t s  f rom t a r g e t s  362; and 399. 

"Metallography was ca r r i ed  o u t  i n  (a )  a spec imen  surrounding 

a punched hole in t h e  skin (b) a spec imen surrounding a hole in t h e  s t r i nge r ,  
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(c) a c u d  i n  t h e  s t an t ion  and (d) sp ikes  in a f r agmen t .  In all t h e s e  cases ,  

t h e  gra ins  ad jacen t  t o  t h e  a r e a  of  explosive damage  a r e  having twins.  Two 

typ ica l  micros t ruc tures  a r e  shown in  Fig. EXP-8 and EX P-9. Away from 

t h e s e  a r e a s  t h e  micros t ruc ture  is normal. Thus it is conf i rmed t h a t  twinning 

i n  t h e  micros t ruc ture  of t h e s e  s t r u c t u r a l  members  is a unique f e a t u r e  of  

explosive f r a c t u r e ,  n o t  produced by any o t h e r  means  known s o  far." 

3.2.11.55 The f indings in t h e  sa id  meta l lurg ica l  r e p o r t  a r e  also s t r eng thened  

by t h e  observa t ions  of  in t h e  article "Investigating 

Explosive Sabotage  in Aircraft"  published in t h e  In t e rna t iona l  J o u r n a l  of  

Aviation Sa fe ty ,  March 1985, p. 43. Mr. is a n  acknowledged au tho r i ty  

i n  t h e  d e t e c t i o n  of  explosive sabo tage  in a i r c ra f t .  The -conclusions conta ined  

in  t h e  a r t i c l e  a r e  based on his review of i nc iden t s  o f  explosion be tween  

1946 and 1984 which were- known t o  h i m .  Some  of  t h e  .conclusions ar r ived  

a t  by h i m  which were r e l e v a n t  in t h e  p re sen t  c a s e  are when h e  states 

"Generally speaking,  t h e  s m a l l e r  t h e  f r a g m e n t ,  h igher  t h e  veloci ty o f  t h e  

detonation.  Idinute f r agmen ta t ion  is indica t ive  of high explosive having 

been  used, and  provides c lues  t o  t h e  f o c a l  poin t  o r  region of t h e  explosion. 

The mode of break up of t h e  a i r c r a f t  i t s e l f  and its sequence  of  fa i lure  

is usually very  compl ica ted  and qu i t e  wi thout  t h e  logic  d i c t a t e d  by nor m a1 

aerodyna  mic overstressing". 

3.2.1 1.56 blr. h a s  a l so  observed t h a t  curl ing,  cork-screwing,  

and saw t o o t h  e d g e s  may a lso  be indica t ive  of an  explosion 

though such  f r a c t u r e s  by themse lves  may n o t  be  conclusive evidence  t h a t  

a n  explosion was involved. Firm er evidence,  according  t o  him, was o f  fusing 

of m etal, scorching,  p i t t ing  and b l a s t  e f f e c t .  He f u r t h e r  s t a t e s  t h a t  "Perhaps  

t h e  most  conclusive material evidence  t o  be  found on metal spec imens  

is c ra t e r ing ,  very  o f t e n  i n  groups, o f t e n  minute and numerous". 

3.2.1 1.57 Mr. also r e f e r s  t o  t h e  positive explosive s igna tu re s  

which r ema in  on a de tonat ion  i n  a n  a i rc raf t .  These posi t ive 

s ignatures ,  according t o  h i m ,  are a s  fol lows : 

"(a) The fo rma t ion  of  d is t inc t ive  s u r f a c e  e f f e c t s  such  a s  pi t t ing 

o r  very small c r a t e r s  fo rmed  in metal sur faces ,  caused  by e x t r e m e l y  high 
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velocity i m  pacts fro m small particles of explosive material. Such craters, 

when viewed under the microscope, have raised and rolled over edges and 

often have explosive residue in the bottom of the crater. 

"(b) Small fragments of metal, so me less than 1 m m i n  dia meter, 

which, under the scanning electron microscope, reveal features such as 

rolled edges, hot gas washing (orange peel effect, surface melting and pitting 

and general evidence of heat; such features have been proved and observed 

following explosive experim ents with  known explosives). Supporting strong 

evidence would be if such frag m ents (norm a l ly  found em bedded in structures, 

furnishing or suitcases) were found embedded in a body where evidence 

of burning of tissue is present a t  the puncture entry and where the fragment 

came to rest. 

"(c) A s  well as surface effects on metal fragments produced 

by explosives there are deform ation mechanisms which are peculiar to high 

rates of strain a t  normal temperature. A t  normal rates of strain metals 

deform by usual mechanism associated with dislocation move m ent. How ever, 

because t h i s  process in an explosion is thermally activated a t  very high 

rates of strain, there is insufficient time for the normal process to occur, 

In some metals such as copper, iron and steel, deform ation in the crystals 

of the metal takes place by 'twinning', that  is to say by parallel lines or 

cracks cutting across the crystal. Such a phenomenon can occur only i f  

the specimen has been subjected to extreme shock wave loading a t  velocities 

in  the order of 8000 mlsec. Such specimens, usually distorted m u s t  be 

selected wi th  care, prepared i n  a metallurgical laboratory, polished, mounted 

and microscopically examined. Where such twinning of the crystals is found 

it establishes (a) that the specimen was close to the seat of the explosion 

and (b) that a military type explosive had been used wi th  a detonating velo- 

city of 8000 m/sec or more. Twinning is rarely produced when shock impact 

loadings are below 8000 m/sec. 

"The above features, singly or combined, are considered to 

be proof positive evidence of a detonation of a high explosive; they could 

not be produced i n  any other way." 
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3.2.1 1.58 The  metallurgical report  indicates t ha t  t he  microscopic exa mina- 

tion (conducted by them) discloses such features  being present 

which had been described a s  positive signatures of t h e  detonation of an 

explosive device in an aircraf t  by Mr. Furthermore, twinning e f f ec t  

has also been noticed a t  a number of places - around holes and in fragments. 

These have been categorised by Mr. as  positive signature of an 

explosion. 

3.2.11.59 In t he  primary zone of explosion, metallic s t ructures  disintegrate 

into nu m erous tiny frag m en ts  and usually these frag m ents  contain 

the  above mentioned distinct signatures of explosion. In the  present case 

t he  explosive damage had occurred a t  an alt i tude of 31000 f e e t  when the  

aircraf t  was flying over the  ocean. The fragments t ha t  formed due t o  explosion 

must have been scat tered over a wide area and it is impossible t o  locate  

and recover all of them from the  ocean bed. Nevertheless, some of the  

fragments which were recovered along with the targets  362 and 399 do 

contain signatures of explosive fracture.  

3.2.1 1.60 From the aforesaid discussion it would, therefore, be safe t o  

conclude tha t  the examination of t a rge ts  362 and 399 clearly 

reveals t ha t  there  had been a detonation of an explosive device on the 

Kanishka aircraf t  and tha t  detonation has taken place not too f a r  away 

from where these ta rge ts  had been located. 
. . 

. FIRE - 

3.3.1 There is no evidence t h a t  there  was any fire on board t h e  aircraf t  

before it met with t he  accident. - 

3.3.2 Amongst t he  floating wreckage, however, was found, what was 

l a t e r  on identified as, a spares equipment box belonging t o  this 

aircraft. This box was charred on one side and partially on t h e  bottom. 

The depth' of charring suggested t h a t  t h e  burning time was th ree  t o  four 

minutes. Tkis box contained some sand and small shellfish. The flesh from 

t h e  shellfish appeared t o  be charred, indicating t h a t  t h e  box was subjected . 

t o  fire a f t e r  t h e  occurrence. 
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F U G l l T  R E C O R D E R S  

3.4.1 Recovery of Flight Recorders 

3.4.1.1 Recovery of the flight recorders was a very difficult and challeng- 

ing job. A t  the site of accident, depth of water is about 6700 

feet. The job involved fixing the location of recorders and then retrieving 

them. For this purpose three ships viz. Guardline Locator (a ship provided 

b y  Accident Investigation Branch of U.K.), Le Aoife (an Irish Naval Ship) 

and Leon Thevenin (a French Cable laying ship, chartered by the Govern- 

ment of India) were utilised. . Guardline Locator and Le doife were solely 

for fixing the positions of recorders and also had the capability to  l i f t  

the recorders w i t h  the help of its Scarab. 

3.4.1.2 Both the Cockpit Voice Recorder and the Digital Flight Data 

Recorder were fitted with  Dukane Underwater Acoustic Beacons 

(Pingen) which enabled establishing the location of flight recorders under 

water. The beacons are designed to  pro,vide a signal a t  37.5 _+ 1 Khz fre- 

quency that can be heard for approximately 2 miles in any direction for 

30 days after water entry. Its high strength case permits operation in 

water depth to  20,000 feet. Its pulse repetition rate is not less than 0.9 

puLse per second. 

3.4.1.3 On 4th 3dy,  1985, Guardline Locator reported strong possibility 

of two separate sound sources of frequencies betwee'n 39 KHz 

and 42 KHz. On 5th 3uly, Guardline Locator gave coordinates of an area,' 

which it believed contained the pinger. C uardline Locator later reported 

that  using a Dukane Hand Locator, it had located pinger (2) a t  5102.6N, 

1248.6W. Leon Thevenin then concentrated its search i n  this area for 

retrieving the recorders. . . 

3.4.1.4 In response t o  a query, Messrs Dukane Corporation advised that  

Pinger transducer is made of ceramic and if cracked during 

impact, its frequency could be elevated. The pulse rate should, however, 

be uneffected. Keeping t h i s  in mind, the Leon Thedenin increased iti 

Sonar Band one upper frequency l i m i t  from 40 KHz to  45 KHz. 
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3 . 4 1 5  On 9th July a t  about 2300 hours the  Scarab of  Leon Thevenin 

located the  Cockpit .Voice Recorder at  5102.67N, 1248.93 W and 

the recorder was brought on the deck at 07.~7 hrs on 10th 3uly. The C V R  

was kept in a drum fiLled with water. The Scarab was again lowered on 

10th 3dy h the same area and a t  about 2130 hours faint signah were 

picked up on Sonar. By about 2200 hours the signals became louder and 

the pulse rate frequency was calculated t o  be 72 transmlsslons per minute. 

A t  about 2230 hours the OFD R was also located at  5103.10N, 1249.59 W 

and it was brought on deck a t  0245 Z on 11th July. 

3.4.1.6 The D F D R was also placed alongside the C V R in . the dru m filled 

with water. Leah Thevenin was then advised to return t o  Cork 

with the Flight Recorders. Lean Thevenfn reached Cork on the morning 

6f 12th 3uly and the flight recorders were placed in two specially fabri- 

cated water t ight  steel containers filled with water. 'The recorders were 
then carried t o  Bombay on the same day by Mr. negional 

Controller o f  Air Safety, Bombay, accompanied by Mr. of 

Air India for preparing read-outs and transcript o f  the recorders. Necessary 

precautions were taken t o  ensure that the data recorded was not affected 

during transportatior; t o  Bo m bay. 

3.4.2 Description o f  f liqht Recorders 

3.4.2.1 Kanishka was equipped with a  airc child A-100 Cockpit Voice 

Recorder Serial No. 5809 and a Lockheed 209E Digital Flight 

Data Recorder Serial No. 1282, These were each equipped with Dvkane 

Underwater Acoustic Beacons and were installed adjacent: t o  each other 

in the cabin on the left side near the rear pressure bulkhead. 

'ICAO Note.- Paragmphs 3.4.1.7 and 3.4.2.2 were not reproduced. 
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3.4.2.3 The serial  digital signal recorded by the  D F D  R was generated 

by a Teledyne Flight Data Acquisition U n i t  installed in the forward 

electronics bay below the  cabin floar. Adjacent t o  this unit was a Lockheed 

Model 280 Quick Access Recorder t ha t  recorded the same serial  digital 

signals on t o  a 50 hour cassette. 

3.4.2.4 The D F  D R records 52 basic parameters on a magnetic tape. 

The tape preserves records of the  las t  25 hours. The serial  digital 

signal has a bit r a t e  of 768 bits per second and is recorded a t  a tape 

speed of 0.37 inches per second. 

*3.4.3 Examination of ~ l i ~ h t  Recorders and Tapes 

3.4.4. Recovery of Information 

3.4.4.1 Cockpit Voice Recorder Tape 

The spool was removed from the  C V R  and was washed with dis- 

tilled water, dried and loaded on t o  another spool. The cleaned and dried 

tape was t a k e c  t o  the Bhabha P t ~ m i c  Research C e ~ t r e  ( B A R  C), and a copy  

of the tape was prepared which was used for  preparing transcript and 

carrying out further analysis. The transcript of t he  C V R  conversation 

is given in Appendix 2. 

3.4.4.2 - Shannon A i r  .Traffic Control Tape 

A copy of this tape tha t  contains all radio com munications bet- 

ween the  aircraf t  and Shannon was provided t o  the  Indian Authorities 

by the Air Traffic Control Authorities, Shannon. The recording also included 

the short series of unusual sounds t h a t  occurred about t h e  t ime of the  

accident. 

3.4.4.3 When the  C V R  and the A T C  tapes were played it was found 

t h a t  so me adjustment speed was necessary 'so a s  t o  synchronize 

the  two. This adjustment was independently carried out by different experts 

who analysed the  C V R  tapes. 

"16A8 Note.- Section 3.4.3 was not reproduced. 
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3.4.4.4 Diqitial Flight Data Recorder Tape 

The Lockheed representative had brought a Lockheed Model 

235 Copy Recorder from his plant. This unit copied al l  t h e  25 hours of 

data  from the  recorder by running it a t  high speed for only two passes 

of t h e  , tape,  an operation lasting only 16 minutes. A copy t ape  was made 

by this procedure before embarking on the  standard A i r  India recovery 

procedure t o  serve as  a back-up tape in  t h e  event  of physical damage 

t o  the  original tape in subsequent playback. 

3.4.4.5 Air India playback equipment for t he  DFDR required t h a t  the  

tape be re-installed in another DFD R in which it was driven 

a t  high speed. In the  standard playback procedure, t he  tape was first  

run t o  t he  beginning of Track 1 through 6 sequentially on t o  a computer 

tape followed by a repeat  of Track 1. The computer tape was then taken 

t o  Air India's m a h  computing facility where selected information was 

printed out  in engineering units.  

3.4.4.6 The f i rs t  printouts showed t h a t  t h e  accident was recorded on 

Track 1, as  indicated by t h e  latching relays, and suggested a 

ra ther  abrupt end t o  t he  recording. There was a loss in bit synchronization 

in word 26 of t h e  las t  Subframe 3 of data  t h a t  'was followed by a normal 

Subframe 4. Prior t o  t h e  loss in bit synchronization, a l l  measurements 

appeared normal. Plans were made t o  borrow t h e  high speed oscillograph 

recorder previously used t o  study t h e  final C V R signals fro m B A R C t o  

examine t h e  end of t h e  recorded serial  digi.tal signal in detail. 

3. 4.'4.7 Meanwhile, t h e  crit ical  section of the  tape and t h e  heads of 

t h e  playback recorder were re-cleaned and i second t ransfer  

of data on t o  t h e  co mputer tape was made. Printouts from this computer 

tape showed no significant difference from t h e  f i rs t  one. 

3.4.4.8 The recorder' was then opened and t h e  tape positioned about 

1.5 inches before t h e  final .resting place of t h e  tape  t h a t  was 

clearly hd i ea t ed  by head imprints on t he  magnetic oxide coating side. 

A high speed oscillograph record of a few seconds of data was made and 
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visually decoded. It was found t h a t  t he  recorded G M  T was 21 hr 16 min. 

This t ime corresponded t o  15 min or  about 333 inches of the  tape a f te r  

s t a r t  of t he  oldest cecording downstream of t he  accident. 
' 

3.4.4.9 The tape was then re-positioned using a Lockheed analogue play- 

back unit, t h a t  had a display of the  recorded t ime and a stopwatch 

was used t o  locate  t he  accident timing. Two oscillograph copies of the  

end of the  serial  digital data were made, t he  second one having more 

data preceding the  end. Visual reading of t h e  t races  confirmed t h a t  record- 

ing became errat ic  and irrecoverable a t  t h e  end of Word 26 in Subframe 

3 a t  the  recorded t ime of 07 h : 14m , :  35s. The errat ic  signal continued 

for about 0.27 inches of the  tape before switching back t o  t he  data  reco- 

rded 25 hours earlier. 

3.4.4.10 Examination of the  printouts confirmed a suspicion t h a t  the comp- 

l e t e  Subframe 4 of data following the  partial Subframe 3, was 

data from 32 seconds earlier t ha t  had not been cleared from the  data 

buffer in the  computer and t h a t  Word 26 o f  t he  Subframe 3 was the  last  

nor rn al m easure m ent provided by the  recorder. 

3.4.4.1 1 The end of recording occurred a t  t h e  point on the  tape a t  which 

so me damage had been observed during the  cleaning process. 

It was apparent that ,  a f te r  the  end of the  recording, the  tape had run 

on for  336 inches before finally coming to  rest. 

3.4.4.12 A copy tape of t he  D F D  R tape was made a t  Bombay and taken 

t o  Ottawa. Data from the  accident flight, t he  preceeding   or onto- 
to-Montreal flight and part  of t he  cruise conditions of t h e  earlier flight 

t o  Toronto were transcribed - on t o  t he  computer tape. The tape was edited 

t o  minimize errors and converted t o  engineering units using standards 

calibration. Time histories of all para m e ters  for periods of interest  were 

plotted. In addition, chart  records were made of a l l  para meters in raw 

data form for  t he  to ta l  duration of t he  las t  lap of t he  flight. 

3.4.4.13 The D F D R  read out shows t h a t  the  aircraf t  was cruising a t  aA 

altitude of 31,000 f t .  and a computed air speed of 296 knots 

till it suddenly stopped recording a t  07:'14:35 G M T recorded time. 
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3.4.5 Reports received by the Court 

3.4.5.1 The C V R  was taken to  B.A.R.C.  This  tape was played by the 

C V  R group a number of times and hard copies of the time infor- 

mation were also prepared using an ultra violet ( U V )  Recorder. The group 

consisted of Mr. Regional Controller of 'Air Safety of 

O.G.C.A., Mr. of B A R C ,  Mr. of NTSB, USA, 

Mr. of NTSB, USA and Mr. of C ASB, 

Canada. On 18th 3uly, 1985 this group made the following observations 

after  playing the aforesaid tape ( U V recording of C V R  is a t  Fig. 1) :- 

"The first viSible rising signal volume was observed on channel 

number three the C A  M channel. I t  reaches a maximum in about 50 m i l l i -  

seconds. A t  this time noticeable disturbances are observable on the other 

three channels. A smaller disturbance is observable on channels 2 and 

4 earlier than observable on channel 1. A major disturbance is observed 

to  begin approx. ninety milliseconds following the initial observation on 

channel number 3 ( C  A M I ,  on channels 1,2 and 4. Following t h i s  point 

a t  75 milliseconds the C A  M signal subsides t o  a lower level but much 

higher than observed a m bient (prior to  disturbance) where it re m ains 

for approxim ately 375 milliseconds fro m initiation when it ceases. Channel 

four goes off a t  the sa m e time. Channel 1 goes off twenty five milliseconds 

earlier. Channel two is inconclusive and had a different pattern. A l l  four 

channels exhibit a disturbance a t  approx. 450 milliseconds. The cockpit 

voice recorder power then s h u t s  off a t  650 m e e c o n d s .  

The Shannon area control centre tape made the night of the 

accident was examined and printed. It shows a signal w'as received a t  
L 

approximately the time the aircraft disappeared from radar. It i s n ' t  conclu- 

sive a t  t h i s  time that the signal originated from the accident aircraft. 

The signal was received in p S e s  for approximately five seconds!' 

3.4.5.2 The tape was again played on 19th,3uly, 1985 and a further report 

was prepared which was signed by the aforesaid persons and 

Mr. of E I R C ,  Canada. In t h j s  report it was stated as follo~vs:- 
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"The Shannon area control centre tape was again printed a t  .05"/ 

second per inch speed from approximately 22 ,  sec. before the first broadcast 

from the accident aircraft a t  0709.58 u n t i l  Radio carrier with  indecipher- 

able modulation can be heard a t  0714:Ol. The print contains a time en- 

coded signal. 

A similar print was made from the C V R  channel 4 (Cu-Pilot's) 

of the same audio as  received on the A T C  tape. Although the tape speed 

is different, the events when corrected for tape speed errors occur a t  

the same time. It appears that  the A T C  recording contains the beginning 

of the aircraft breaking until power is lost t o  the transmitter since channel 

one and channel four (Capt + Co-pilot's radio) appear t o  contain a trans- 

mitted signal on the C V R .  It is probable that  the A T C  signal a t  0714:01 

coincides with  the final quarter second of C V  R radio channels". 

3.4.5.3 On the date i.e. 19th 3uly, 1985, Mr. of N T S B  also 

gave an additional report which is to the following effect :- 

"During m y observations of nu m erous cockpit voice recorders 

I have heard and observed a number of aircraft breakages due t o  various 

causes. I n  this case the explosive sound on the C A  M channels occurs prior 

to  any electrical- disturbance observable on the selector panel signals. 

Electrical disturbances can generally be seen prior to  audio signal when 

explosive sounds originate a t  any significant measureable distance from 

the microphone (15 feet)  and in the area where there is significant elect- 

rical systems. It fs my opinion that  an explosive event occurred close 

to  the cockpit. The C A M  signal which follows the explosive event shows 

a very much higher noise level than cockpit ambient 85 db, indicating 

to  me the cockpit area was penetrated and opened t o  the atmosphere. 

The selector panel signals show signatures similar t o  those of an aircraft 

breaking up and are apparantly caused by electrical systems disturbance 

(circuit breaker blowing, fuse switching etc.). The lack of Mayday call 

and apparent inadvertant signal fro m the cockpit ere w incapacitation. 

The transmitter coming on due to breakup is phenomena observed pre- 

vio usly  . 
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This contains only my personal opinion and in no way should 

be considered a final determination of cause without corroborating evi- 

dence". 

3.4.5.4 Copies of the tapes were also sent to  some of the participants 

who wanted to carry out independent analysis. 

Court 0 bservatio'ns 

3.4.6.1 Diaital Fliaht Data Recorder 

The reports of Dr. and Mr. which also 

coincide with the report submitted by Mr. disclose that  

the D F D  R showed no evidence of abnormal values of any of the many 

para meters being monitored upto a point a t  which the recorded data signal 

became irregular for a fraction of a second and recording ceased. Both 

the D F D R and the C V-R stopped a t  the same time. 

3.4.6.2 The short period of irregular digital data that  occupied only 

' 0.27 inches of tape, most probably indicates~ that  the recorder 

was subjected to a sharp angular acceleratio~n i n  the left  wing down sense 

about the aircraft longitudinal axis. 

3.4.6.3 According to Mr. 's report the possibility that the digital 

recorder was subjected to a sharp disturbance more rapid than 

violent motion of the aircraft lends some credence to the possibility of 

a detonation of an explosive device in the aircraft. The other alternative, 

according to Mr. *, which could have led to this was that  the Flight 

Data Acquisition Unit in the main electronics bay or its power supply 

were suddenly disturbed. A s  the Lockheed Quick Access Recorder was 

'ICAO Note.- Paragraphs 3.4.5.5 and 3.4.5.6 were not reproduced. 
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not recovered from the wreckage, t h i s  possibility could not be investigated 

further. A perusal of the D F D R  print out, however, shows that  whereas 

there was a speed l i m i t  of 290 knots (.81 Mach) of the &craft due t o  

carriage of the 5th pod engine, in actual fact  the aircraft's speed during 

cruise varied from 287 to 296 knots. Mr. asked the Boeing 

Airplane Company to examine the effect of aircraft cruising a t  a speed 

of 296 knots with a 5th pod engine installed on it. The Boeing company 

sent a reply, inter &a, stating as follows : 

"The operating speed limit of Air India 747-2378, 3T9D-73 wi th  

fifth engine pod was 290 knots indicated airspeed, wi th  an altitude 

l i m i t  of 35,200 feet. Flight testing of this model airplane confi- 

guration was successfully accomplished to a dive speed of 386 

knots calibrated airspeed and 0.92 Mach number, wi th  no adverse 

effects. In the event that  the operating speed placard was exceeded 

an increase in perceptible vibration levels would be felt. A s  

the dive Mach number (0.92) is approached the buffet vibration 

would increase to level that,  could become objectional to  the 

flight crew, but would not be hazardous". 

3.4.6.4 It would t h u s  be clear that  if no adverse effects could have been 

noticed with a dive speed of 386 knots calibrated airspeed and 

0.92 Mach number, there was little Likelihbood of the aircraft having 

been subjected to any adverse effect by reason of the speed varying from 

287 to  296 knots while it was cruising a t  a height of about 31,000 feet. 

3.4.6.5 Cockpit Voice Recorder 

The Court received four reports of the  C V R  tape analysis. These 

reports were of Mr. , Mr. , Mr. and 

Mr. . Whereas the first.three experts appeared and deposed 

in Court, Mr. did not come. 

3.4.6.6. There were certain aspects of the report of Mr. w hic h 

required clarification. After the Court had failed to  secure his 

presence, it sent a questionnaire to  Mr. for h is  answers thereto. 
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It Is indeed unfortunate that tFU now no reply has been received. It b 

in this background that  the report dated 13th November, 1985 of  Mr. 

and the reports of other experts have to be judged and analysed. 

Hr.  Report and Deposition 

* 3.4.6.12 Mr. ReQort and Depodtfon 

* 
3.4.6.19 Mc* Report and Oepasltion 

* 3.4.6.36 M r .  Report 

3.4.6.49 Court Evaluation 

From t h e  reports of alL the experts and the  testimonies of 

9 and i t  js dear, and it is agreed t o  by a l l  of them, 

that there was a breakup of  the aircraft in mid-air. The experts also 

agreed that the sounds recorded on the A T C  Shannon tape a t  0714:Ol 

Z emanated from t h e  Kanlshka aircraft. 

3.4.6.50 Mr. has not said either in the report or in his statement 

as to  what was the cause o f  the bang. Mr. on the other 

hand, is categorical. in stating In his report that there was explosive decom - 
pression (meaning rapid decompression) on the aircraft. He has, however, 

stated in the report: t ha t  there is no evidence of an explosive d t d c a  

The main reason for his coming t o  this conclusion is that he had not  been 

able to  find law frequencies in the spectra of  the C V R  of Kanishka. M r .  

, on the other hand Ts equally vehement in concluding ' that an 

explosive device had detonated In the  front cargo hold o f  Kanishka. 

3-4.6.51 It nay be that the frequency spectrum of Kanfshka C V R  did 

not contain low frequencies but, as has been admitted by Mr .  

himsel f  in answer t o  a Court question, it h kt  necessary that . 

in the ease o f  every detonation there m u s t  necesarily be bw frequencies 

in the spectrum. Frequency specffa of IKanishka C V R  before 'bang' and 

'ICAO No@.- paGgrnphs 3.4.6.7 lo 3.4.6.48 were not reproduced. 
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a t  t h e  'bang' position a r e  shown in Figs. 2 & 3, ind ica t ing  presence  o f  

addi t ional  high f r equenc ie s  a t  t h e  bang. Indeed in t h e  c a s e  o f  Indian Airlines 

Boeing 737, which admi t t ed ly  was a c a s e  where t h e r e  was a n  explosion 

of a dev ice  within a b o u t  8 f e e t  of  t h e  CA M ,  t h e  f r equency  analys is  showed 

absence  of  low frequencies.  Frequency spec t rum o f  Indian Airlines Boeing 

737 CV R is shown a t  Fig. 4. Merely, because  the re fo re ,  t h e r e  were no 

low f r equenc ie s  p re sen t  would n o t  mean t h a t  t h e r e  was no  de tonat ing  

dev ice  on board t h e  Kanishka. The CVR of Indian Airlines Boeing 737 

h a s  n o t  been  analysed e i t h e r  by Mr. o r  Mr. . The analys is  

was, however, conducted  by Mr. a n d  a s  is ev iden t  f rom his repor t ,  

t h e r e  were marked similarities be tween  t h e  s p e c t r a  of Indian Airlines 

737 and  Air India 's  Kanishka CV R.  One o f  t h e  i m p o r t a n t  r ea sons  f o r  coming 

t o  t h i s  conclusion, which h a s  been  ind ica t ed  by Mr. is t h e  rise 

time of t h e  bang -signal. From t h e  analys is  o f  t h e  Indian Airlines Boeing 

737 t a p e  it was observed  t h a t  it had t a k e n  8 milliseconds f o r  t h e  peak  

t o  be reached.  It was a lso  s e e n  t h a t  t h e  explosive dev ice  was approxi-  

mately 8 f e e t  away  f rom t h e  cockp i t  area mike. Keeping this i n  view 

Mr. observed  t h a t  in t h e  case o f  Kanishka t h e  peak  of t h e  bang 

s igna l  was r eached  in a b o u t  40  milliseconds. He, t h e r e f o r e ,  concluded 

t h a t  t h e  origin of  t h e  bang sound was a b o u t  4 0  f e e t  a w a y  f rom t h e  cockp i t  

a r e a  mike. 

3.4.6.52 It would be  pe r t inen t  t o  n o t e  t h a t  even  according  t o  t h e  r epor t  

of  Mr. t h e  rise time i n  t h e  case of Kanishka, which h a s  

been  given f o r  t h e  peak  Is a b o u t  40 milliseconds. He, however,  does  n o t  

a t t a c h  much i m p o r t a n c e  t o  this because  according  t o  him a f t e r  a b o u t  

4 0  ms a u t o  mat ic  gain c o n t r o l  would b e c o m e  e f f ec t ive .  

3.4.6.53 Mr. h a s  no  personal  expe r i ence  of  t h e  t i m e  which it would 

t a k e  f o r  t h e  Au tomat i c  Gain Contro l  t o  t a k e  e f f ec t .  He h a s  

g o t  t h e  f igures  f rom t h e  manufacturer .  Mr. a d m i t t e d  t h a t  t h e  time 

which -it w i l l  t a k e  f o r  t h e  A G  C t o  be e f f e c t i v e  is n o t  i nd ica t ed  i n  a n y  

published documen t  of  t h e  m anufac turer .  

3.4.6.54 Mr. however,  personally ca r r i ed  o u t  t h e  expe r imen t s  

on a Boeing 747 by using an  i n s t r u m e n t  s imi l a r  t o  wha t  was 
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on board Kanishka. From t h e  t e s t imony  of  Mr. jt is a p p a r e n t  

t h a t  t h e  results which he  g o t  were di f ferent .  A s  p e r  his tes t imony,  f o r  

t h e  A G C t o  be  e f f e c t i v e  it w i l l  t a k e  130  ms .  If t h i s  be  so t h e n  it may 

be possible t o  conclude  t h a t  in t h e  c a s e  o f  Kanishka t h e  peak  was r e a c h e d  

i n  4 0  ms. and t h e r e a f t e r  t h e  s ignal  decayed  and  t h e  s igna l  was in no way 

e f f e c t e d  by t h e  A G C. 

3.4.6.55 A r e f e r e n c e  may a l so  be  made, a t  this s t age ,  t h e  f requency spec t -  

rum of t h e  sound o f  t h e  hand gun which was f i r e d  on a boeing ' 

737 f l i gh t  deck. Frequency spec t rum prepared  by Mr. is shown 

a t  Fig. 5. He h a s  s t a t e d  t h a t  t h e  rise time f o r  reaching  t h e  peak  is a l m o s t  

ins tantaneous .  S a m e  is t h e  case with r e g a r d  t o  t h e  f r equency  spec t rum 

prepared  by h i m  of a bomb in- a 8-737 a i r c r a f t  where t h e  bomb had been  - 
placed in t h e  f r e i g h t  hold which is shown in Fig. 6. A perusa l  of t h a t  

spec t rum a lso  shows t h a t  t h e  peak was r e a c h e d  i n  approximate ly  5 m s .  

The fo rward  f r e i g h t  hold c o m p a r t m e n t  o f  Boeing 737 is much more t h a n  

f i v e  f e e t  away  f rom t h e  cockp i t  area mike. If t h e  t h e o r y  o f  Mr. 

was t o  be applied t h e n  as p e r  t h e  f r equency  analys is  o f  this Boeing 737 
. . 

bomb, t h e  d i s t ance  f rom t h e  area mike could n o t  h a v e  been  more t h a n  

5 f t .  It is, however,  known, a s  p e r  t h e  r e p o r t  of  t h a t  t h e  bomb 

was ac tua l ly  in t h e  f r e i g h t  hold which would mean n o t  n e a r e r  t h a n  a b o u t  

2 5  f e e t .  

3.4.6.56 From what  h a s  been  s t a t e d  in t h e  var ious  r epor t s ,  as well as 

in t h e  t e s t imony  of  t h e  . 3  e x p e r t s ,  who appe ra red  i n  t h e  Cour t ,  

t h e  only s a f e  conclusion which c a n  be  drawn is t h a t  possibly enough s t u d y  

h a s  n o t  been  done,  d u e  t o  l a c k  of  a d e q u a t e  d a t a ,  which c a n  l e a d  o n e  t o  

t h e  conclusion a s  t o  t6e e x a c t  na tu re  o f  t h e  sound and  t h e  d i s t ance  f rom 

which it originated.  

3.4.6.57 The f a c t  t h a t  a bang was hea rd  is ev iden t  t o  t h e  e a r  when t h e  

CV R as well a s  t h e  ATC t a p e s  are played. The bang could have  

been  caused  by a rapid decompression b u t  it could a l so  have  been  caused  

by an  explosive device. One f a c t  which has, however, t o  be  noticed is 

t h a t  t h e  sound f rom t h e  explosion must  necessari ly e m a n a t e  a few m i l l i -  

s econds  o r  s econds  e a r l i e r  t h a n  t h e  sound of rapid decompression because  
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t h e  explosion must  necessari ly o c c u r  be fo re  a hole is made, which results 

i n  decompression. In t h e  e v e n t  of  t h e r e  being an  explosive de tonat ion  

t h e n  t h e  sound f r o m  t h e r e  must  r e a c h  t h e  area mike f i r s t  be fo re  t h e  

sound of  decompression fs r ece ived  by it. The sound may t r a v e l  e i t h e r  

through t h e  air o r  through t h e  s t r u c t u r e  o f  t h e  a i r c ra f t ,  b u t  if t h e r e  is 

no explosion o f  a device,  bu t  t h e r e  is never the less  a n  explosive decom- 

pression f o r  s o m e  o t h e r  reason,  t h e n  it is t h a t  sound which w i l l  r e a c h  

t h e  a r e a  mike. To my mind it w i l l  be  d i f f icu l t  t o  say,  merely by looking 

a t  t h e  s p e c t r a  of t h e  sound, t h a t  t h e  bang recorded on t h e  C V R  t a p e  

was f rom a n  explosive device.  

3.4.6.58 There  a r e  various hypothesis  and  t h e o r i e s  which t h e  e x p e r t s  

have  t o  inves t iga t e  . be fo re  any  a c c e p t a b l e  conclusions a r e  a r r ived  

a t .  It s o  happens  t h a t  i n  t h e  p re sen t  case we have  t h e  opinions of  f o u r  

exper ts ,  b u t  t h e y  d o  n o t  a g r e e  with o n e  a n o t h e r .  o n  s o m e  m a t e r i a l  aspects .  

Two of t h e  exper ts ,  namely,  Mr. and  Mr. a r e  c a t e g o r i c a l  

in saying t h a t  it is n o t  possible t o  measure  t h e  d i s t ance  o f  t h e  origin 

of  t h e  sound on t h e  cockp i t  a r e a  mike, whereas  Mr. h a s  c o m e  

t o  a d i f f e ren t  conclusion. Mr. in his r e p o r t  d a t e d  13 th  Nove m -  

ber ,  1985 in s i l en t  on  this aspec t ,  t hough  in his e a r l i e r  r e p o r t  d a t e d  19th  

3uly, 1985 he  had ca tegor ica l ly  sa id  t h a t  t h e r e  was a n  explosive devil .. 

c lose  t o  t h e  cockpit .  

3.4.6.59 With r ega rd  t o  t h e  na tu re  o f  t h e  sound a l so  we have  3 d i f f e r e n t  

opinions. Mr. is unable t o  give. t h e  n a t u r e  of  t h e  sound, 

Mr. s a y s  it is rapid  decompression while Mr. s a y s  it is 

a sound of a n  explosive device  follorved by decompression.  

3.4.6.60 In t h e  absence  of  a n y  o t h e r  t e c h n i c a l  l i t e r a t u r e  on t h e  subjec t ,  

it is n o t  possible f o r  t h i s  Cour t  t o  c o m e  t o  t h e  conclusion a s  

t o  which o f  t h e  e x p e r t  is right .  The only conclusion which can ,  however,  

be a r r ived  a t  is t h a t  t h e  a i r c r a f t  had broken i n  midair and t h a t  t h e r e  

has  been a rapid decompression in t h e  a i r c ra f t .  gus t  a s  it is n o t  possible 

t o  s a y  t h a t  t h e  spec t rum discloses t h a t  t h e  bang is due  t o  a n  explosive 

device  similarly, and  a s  h a s  a l so  been a d m i t t e d  by Mr. and Mr. 

, it is n o t  possible t o  s a y  t h a t  t h e  bang is due  t o  break  up of  a s t ruc -  

t u re .  



1 82 ICAO Circular 232-AN11 39 

3.4.6.61 The bang could have been due t o  either of t h e  aforesaid two 

causes i.e. a bomb explosion or t he  sound emanating due t o  rapid 

decompression. The advantage of carrying out t he  said analysis is t h a t  

a number of possible causes of t h e  accident a r e  eliminated: On the  other  

hand, if t h e  analysis is viewed in conjunction with other  evidence on t h e  

record it is further possible t o  determine t h e  exac t  nature or  cause of 

t h e  bang. In t he  present case t h e  bang, a s  already noticed, could have 

been 'due t o  t he  sound originating from t h e  detonation of a device or  

by reason of rapid decompression. Other evidence on t h e  record, however, 

clearly indicates t h a t  t h e  accident occurred due t o  a bomb having explo- 

ded in the  forward cargo hold of Kanishka. The spectra  analysis and t h e  

conclusions of Mr. a r e  corroborated by other  evidence. 

TESTS AND RESEARCH 

3.5.1 During the  course of investigation a number of groups were 

formed t o  study and analyse evidence and da ta  which was avail- 

able. Idaterials like C V R ,  ' A  T C  and D F D R tapes  were also given t o  t he  

various participants. 

3.5.2 The groups a s  well a s  other  experts studied and analysed the  

m a ter ia l  with them and submitted their  reports which have 

been referred t o  earlier. 

3.5.3 The experts exa mining t h e  C V R tapes  did carry ou t  a number 

of tests. Different graphs and t r aces  were prepared and t h e  

sound was analysed by them. The result  of their  analysis has been referred 

t o  in Chapter 3.4 on Flight Recorders. 

$5.4. The metallurgical examination of some of t h e  recovered pieces 

was carried out  a t  6 A R C. The exa mination of s o  m e of t h e  

pieces showed different types of damages having been recorded on t h e  

targets  such a s  petalling and curling round the  holes, spikes etc. The said 

team carried ou t  certain explosion experiments. Their report  on t h e  experi- 

ments so carried ou t  has already been set-out in paragraph 3.2 above. 
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3.5.5 The I n d i i n  A i r  Fo rce  h a s  set up a n  I n s t i t u t e  of  Aviation Medicine 

a t  Bangalore. The Cour t  vis i ted t h e  sa id  I n s t i t u t e  on  9 t h  December  

1985. During t h a t  vis i t  a n  e x p e r i m e n t  was conduc ted  in t h e  explosive de-  

corn pression and high d t i t u d e  c h a  m b e r  t o  d e  m o n s t r a t e  w h a t  ac tua l ly  'happens 

during explosive decompress ion  and subsequently on  exposure  t o  hypoxia. ... 

3.5.6 Sub jec t s  were t a k e n  t o  8,000 f e e t  in t h e  explosive decompress ion  

c h a m b e r  with oxygen. They were exposed  t o  a n  a l t i t u d e  o f  

25,000 f e e t  within o n e  second.  During t h e  c o u r s e  o f  t h i s  explosion a loud 

bang was hea rd  and  ins ide  t h e  c h a m b e r  t h e r e  was misting and  d rop  in t e m p e r a -  

t u re .  Af t e r  this t h e  c h a m b e r  was  al lowed t o  run  a t  22,000 f e e t  f o r  rougNy  

t w o  minutes and  a n  e x p e r i m e n t  t o  show t h e  adve r se  a f f e c t s  o f  hypoxia 

on t h e  sub jec t s  was done. In this expe r imen t ,  sub jec t s  were asked t o  write 

a given s e n t e n c e  while t h e i r  oxygen supply was c u t  off .  It was observed  

t h a t  ini t ial ly t h e  sub jec t s  k e p t  on writing t h e  s e n t e n c e  c o r r e c t l y  and  t h e n  

a f t e r  abou t  120  seconds  t h e y  s t a r t e d  m aking e r r o r s  while writing t h e  s e n t e n c e  

and finally t h e y  s topped writing. A t  this s t a g e  oxygen was r e - s t a r t ed  and 

within a few seconds,  t h e  sub jec t s  s t a r t e d  writing t h e i r  s e n t e n c e  o n c e  again.  

The expe r imen t  was comple t ed  a t  t h i s  s t a g e  and t h e  a l t i t u d e  c h a m b e r  was 

brought  down t o  ground level .  

3.5.7 The sub jec t s  were t a k e n  o u t  and were asked ques t ions  a s  t o  

wha t  did t h e y  f ee l .  They explained t h a t  a t  t h e  time of  explosive 

decompression,  t h e y  heard  a loud bang, f e l t  cold and saw misting ins ide  

t h e  chzmber .  T h e y  also found air escaping f rom t h e i r  lungs. On f u r t h e r  

enquiry a b o u t  t h e  e x p e r i m e n t  pertaining t o  hypoxia, t h e y  sa id  t h a t  t h e y  

f e l t  l i gh t  headed and a f t e r  t h a t  t h e y  did n o t  know wha t  happened till t h e y  

o n c e  a g d n  not iced  t h a t  t h e y  were writing on  a p iece  of  paper. 

SECURITY  

3.6.1 The ev idence  and t h e  s t a t e  ments  f i led  on r eco rd  show t h a t  Cana- 

dian Secur i ty  a r r angemen t s  in place  prior  t o  23rd June ,  1985 

met t h e  in t e rna t iona l  r equ i r emen t s  f o r  c iv i l  air t ranspor ta t ion .  However, 

be fo re  t h i s  d a t e ,  t h e  emphas is  was on preventing t h e  boarding of  weapons 
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including explosive devices in hand baggage. Hence, t he  screening of checked 

baggage was only undertaken in conditions of a heightened threa t  a s  was 

the  case with respect t o  A i r  India flights. 

3.6.2 A i r  India, a s  required by Canadian regulation, had a security 

program me. Because of t he  th rea t  level  assessed against t h e  Airline, 

A i r  India had more extensive security measures than almost any other  

Canadian or  international airline. These measures were generally in accord- 

ance with t h e  recom mended procedures of t h e  I C  A0 Security Manual 

for special risk flights, Air India had also requested and had received 

and arranged for extra  security for  t h e  month of 3une, 1985. For Air 

India flight 181/182, A i r .  India provided a security officer from its blew 

Y ork Office t o  oversee t he  security a t  Toronto and Montreal. 

3.6.3 A s  it became apparent during t h e  course of investigation tha t  

security ' would be an important aspect which would require t he  

attention of t he  Court, Mr. Director, Facilitation and 

Security, International Air Transport Association was good enough t o  appear 

in Court on 24th 3anuary, 1986. His testimony on certain aspects of secu- 

rity was recorded in camera by the  Court on t h a t  date. The expert  evidence 

has been taken into consideration w M e  form ulst ing so m e of t h e  reco m m end- 

a tions. 
* 

ANALYSIS AND CONCLUSIONS 

4.1 From the  evidence which is available what has now t o  be deter- 

mined is a s  t o  what caused t h e  accident. 

4.2 Finding t h e  cause of t h e  accident is usually a deduction from 

known set of facts.  In t h e  present case known f ac t s  a re  not 

very many, but there  a r e  a number of possible events which might have 

happened which could have led t o  t h e  crash. 

4.3 The f i r s t  task is t o  t ry  and marshal the  f ac t s  which may have 

a bearing a s  t o  the  cause of t he  accident. 

'ICAO Note.- Section 3.7 (International co-operation) was not reproduced. 
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4.4 It is undisputed, and t h e r e  is ample  evidence  on t h e  r eco rd  

t o  prove  it, t h a t  Air India 's  Kanishka had a norrilal and  unevent fu l  

f l i gh t  o u t  of Montreal. The a i r c r a f t  had been  i n  air f o r  a b o u t  f i v e  hours 

and  was cruising smoothly  a t  a n  a l t i t ude  of 31,000 f e e t .  The r e a d o u t  f rom 

t h e  C V R  shows t h a t  t h e r e  was no emergency  on board till t h e  ca t a s t roph ic  

e v e n t  had occurred .  Th is  is cor robora t ed  by t h e  pr in tout  ava i lab le  from 

t h e  D F  D R. The e v e n t  occu r red  a t  approximate ly  0714 Z and  t h a t  brought  

t h e  a i r c r a f t  down, and  it probably hit t h e  s u r f a c e  of t h e  s e a  within a d i s t ance  

of  5 miles. The time within which t h e  p lane  c a m e  down at  s u c h  a s t e e p  

angle  could n o t  have  been  more t h a n  very  few minutes. The re  was a sudden 

snapping of  t h e  com municatiqn be tween  t h e  a i r c r a f t  and  t h e  ground. The 

a i r c r a f t  had a l so  suddenly d isappeared  f rom t h e  radar .  

4.5 It is ev iden t  t h a t  a n  e v e n t  had  occu r red  a t  31,000 f e e t  which 

had  brought  down 'Kanishka'. What could have  possibly happened 

t o  it? The a i r c r a f t  was apparent ly  i n c a p a c i t a t e d  and this was d u e  e i t h e r  

t o  it having been  hi t  f rom outside; o r  d u e  t o  s o m e  s t r u c t u r a l  fa i lure ;  o r  

due  t o  t h e  de tonat ion  of  a n  explosive dev ice  within t h e  a i r c r a f t .  

4.6 Evidence ind ica t e s  t h a t  a f t e r  t h e  e v e n t  had occu r red ,  though 

t h e  pi lots  did n o t  o r  were n o t  i n  a position t o  com munica te  

with t h e  ground, t h e y  never the less  appea red  t o  h a v e  t a k e n  s o m e  act ion.  

According t o  Mr. , witness No. 12, t h e  examina t ion  o f  t h e  wreck- 

a g e  showed t h a t  spoi le rs  had been  deployed and this must  have  been  done  

with a view t o  e n t e r  i n t o  emergency  descent .  He h a s  f u r t h e r  specu la t ed  

t h a t  such  a n  emergency  d e s c e n t  would suppor t  o r  perhaps  cause  a r u p t u r e  

i n  t h e  forward  a r e a  o r  a pa r t i a l  d a m a g e  t o  t h e  hydraulic  sys tem o r  damage  

t o  t h e  c o n t r o l  sys tem which c r e a t e d  such  a condit ion t h a t  t h e  p i lo ts  were 

n o t  ab le  t o  con t ro l  t h e  f l ight .  The wreckage  f u r t h e r  showed t h a t  t h e  jack  

screw f o r  t h e  s t ab i l i ze r  t r i m  was found in t h e  nose-up position and it was 

ha rd  t o  explain how this g o t  t h e r e  merely as a result of  i m p a c t  with t h e  

water .  The trim being i n  t h a t  position could only have  been d u e  t o  t h e  

pi lot  se lec t ing  it o r  a s  a result of a s i t ua t ion  c r e a t e d  by a n  explosion. I n  

t h a t  position, and a t  a high a i r c r a f t  speed ,  t h e r e  would -have been  a n  ex- 

t r e m e l y  high g-loading on t h e  a i r c ra f t .  
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4.7 It can *further be speculated that if an explosion takes place 

in the forward cargo compartment, the  oxygen stream might have been 

dam aged so that when the pUots donned thelr masks as part of the emergency 

drill for explosive decompression, they were not breathing enriched oxygen 

and t h e  t i m e  of useful consciousness a t  about 31,000 feet wodd be signi- 

ficantly less than 30 seconds under hlgh stress and if the pilots became 

unconsdous as a result of tk, then the &craft would have got out of 

control which w o d d  explain the subsequent events. 

4.8 flone of: the participants have produced any evidence which 

codd lead one to  the  condudon, that there was any external 

hit t o  the aircraft. In fact In the report dated 13th November, 1985, Mr. 

has stated as follows :, 

"The United States NoradlSpace Co m m and has confirm ed that 

there was no incoming space debris in the vicinity of Ireland on 3une 23, 

1985." 

4.9 Thus we are left with only two of  the possibUlties vf i . ,  structural 

fallure or accident having been caused due to a bomb haking 

been placed Lnside the alrcraft 

4; 10 After going through the entire record we find that there is 

circu rn stantial as well as direct evidence w-hich directly points 

t o  the cause of the accident as being that of an explosion of a bomb in 

the forward cargo hold of  the drcraft. A t  the sane time there is complete 

lack of evidence t o  indicate t h a t  there was any structural fdure. 

4.1 1 The ckcumstantial and dLrect evidence which leads to the afore- 

said conclusion is as follows : 

A. Connection with an explosion a t  Narita Airport : 

On 23rd June, 1985 there was an explosion a t  the N arita Akport. 

The explosion occurred when a born b exploded h a suit case which was 

t o  be interlined to  A i r  India's Flight No. 301 from Tokyo to  Bangkok. The 
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following events, which had occurred prior t o  thfs explodon, clearly establish 

the connection between the t~ o incidents : 

(3 On 19 June 1985, a t  approxiin ately 1800 P 0 T (01 00 G M 7, 

20 aune), a CP A i r  reservations agent h-~ Vancouver received 

a telephone call from a male with a slight Indian accent. 

He identified himself as Mr. Singh and informed the agent 

that he was making bookings for two different males 

also with the surname of Singh., One booking was made 

i n  the name of gaswand Singh with C P 086 from Vacouver 

to Docval on 22 3une 1985 t o  link with A 1  182 departing 

from ~ f r a b e l ;  The other booking was to  Bangkok using 

CP 003 Prom Uariccluvec to Tokyo and A 1  301 from Tokyo 

to Bangkok. This  booking was made in t h e  name of  

Mohlnderbel Singh. A local telephone contact ,number 

was given and the call lasted about one-half hour. 

(ii) On the same date a t  approxmimately 1920 PD T (0220 

G M TI, another reservations agent for CP A i r  was contacted 

and requested to change the booking far 3aswand Singh. 

The confirmed flight on CP 086 was cancelled and a reser- 

vation was made on CP 060 from Vancouver to  Toronto, 

and a request to be wait-listed on A1 181/182 fro in Toronto 
t o  belhi was made. 

&I On 20 3une, 1985 at about I210 PD-f (1910 G M T/, a male 

appeacing to  be of Indian origin purchased the tickets 

with cash from a CP b'lr Ticket office in Vancouver. 

The booking jn t h e  name of Mohinderbel Shgh was changed 

t o  L. Shgh and the booking using the name of Jaswand 

Singh changed to ' M. Shgh'. The telephone contact hum ber 

was also changed. The f i na l  itinerary was as follows : 

(a) M. Sinqh - CP 060 Vancouver - Toronto Confirmed 
Scheduled to depart' Vancouver at; 

11900 PO T, 22 3une t 985 
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- A 1  181 Toronto - Montreal Wait-Wed 

Scheduled t o  depart Toronto a t  1835 

E 0 T, 22nd June, 1985 
- A 1  t82 Montreal - Delhi Wait-lristed 

Scheduled to depart Montreal a t  2020 

EDT, 22nd 3une, 1985 

Ib) L, Shqh - CP 003 Vancouver - Tokyo Confirmed 

Scheduled t o  * depart Vancouver at 

1315 PDT,  22 3une, 1985 
a A i r  India 301 Tokyo - Bangkok Confirmed 

Scheduled t o  depart Tokyo a t  1705 

time h Tokyo, bcd 23 June, 9985 

I iv)  On 22 gun@, 1985 a t  about 0630 P D T  (1 330 6 1.1 TI, a caller 
identifying himself as Mr. M a a t  Singh called the CP 

A L  reservations office. The caller spoke with a heavy 

Indian accent and wanted to  know if his booking on A I  

181J182 was confirmed. The caller was informed by the 

agent that he was sti l l  wait-listed out of Toronto and 

offered to  make alternate arrangements t o  DeM. The 

caller stated that  he would rather go to  the &port and 

take his chances. The caIler also asked if he could send 

hls Luggage from Vancouver t o  Uelhi and was tau he  

could not check his baggage past Toronto unless h& flight 

was confirmed. 

( v )  On Saturday morning, 22 June, 1985, a CP A i r  passenger 
agent worked check-in posttion number 26 a t  the CP 

A I R  ticket counter, Vancouver hternattand Airport, 

and recalls dealing with a passenger of Indian origin booked 

on CP 060 and then on to  DdX. The passenger stated 

. that he wanted his bag tagged right to Oelhi from Van- 

couver. After checking the computer, the agent explained 

that since he was not confirmed past Toronto his baggage 

could not be interlined. the passenger insisted and, as 
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the  line-up was long, the agent relented and interlined 

his suitcase. The mght  manifest far CP 060 shows that 

' M, ~ h g h '  checked in th~ough this passehger agent* w a s  

assigned seat 10I3, and checked one piece of baggage. 

Th'e flight manifest for CP 003 shows that on the same 

day the person using the name of '  'L. Singh' w i t h  an interline 

ticket to  Bangkok also checked through the same counter, 

was assigned seat 38H, and checked one piece of baggage. 

A check o f  CP Air's records and interviews w i t h  passengers 

on flights CP 003 and CP 060 indicates tha t  the persons 
identLfyirrg themselves as 'H .  Singh' and 'L. Singh' did ' 

not board these respective flights. 

(viii) In a statement of  annexed t o  the  affidavit 

of Police Officer, C i t y  of Toronto, ha has stated 

that on ZZnd June, 1985 .he was employed as a driver 

whose responsibility was t o  deliver interlined baggage 

between terminal 2 ' t o  Terminal 1 and vice versa'at Toronto. 

He has further stated that  he had picked up 4 bags from 
Terminal 1 which here destined for terminal 2 Air India. 
Three of  these bags were from U.5, Air originating from 

New Y ork c i t y  Regarding the last bag he stated as follows : 

"The fourth bag destined for A i r  India was, I 

&thctly remember looklng at the baggage tag 

and it was pink with the CP logo Xn blue and 

letters saying CP an it there were also numbers 

but 1 can't remember the number, from CP Air 

and I remember it was from Vancouver. On the 

bottom of the tag it said Vancouver using the 

MtLals Y V R  and the flight number which I can't 

remember. The bag was destined for India. When 

I arrived a t  the CP Air belt there' were a number 

o f  bags from other airlines on the belt included 
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in these were the three U.S.. A i r  bags destined 

for Air India. As I was fWsNng  loading the carts, 

a CP A i r  station attendant who had been unloading 

bags from containers, I noticed as X checked once 

mote for any more bags, drop another bag on 

the conveyer belt. This was the bag destined for 

Air. India, It .was dark brown Sa msonite Hard sided 

Type 01A on the Baggage Identification Chart, 

After  they were loaded onto the cart f took them 

over t o  A i r  Canada domestic belt a t  Gate 89-97". 

To further questions posed to h i m ,  stated that this 

bag from CP A k  weighed approximately 70 lbs and there 

was something which rattled inside the bag. He could 

not say what it w a s  but he said that "it sounded smal l" .  

When specifically asked whether he thought there was 

something big Inside the bag, Ire answered in the affir- 

m ative, and added that he did not know what was in it 

but ft was heavy. There was discrepancy in the time 

when he k, alleged to have picked up the bags which he 

had indicated in his schedule when compared with CP 

A i r  Vancouver mght  whlch had arrived a t  1622 hours. 

\\'hen this was pointed out t o  Long, he answered ''I could 

have may be got  the time wrong, it was during the busy 

period. It could have been an estimate time. 8ut  I do 

remember the bag came off C P  air. It could have been 

16:34 Hrs. I don't know.'' 

(ix) The aircraft; departed from Toronto for Mirahd and London 

with the suitcase unaccompained by the passenger who 

had checked It h inat Vancouver. Similarly, CP A l r  003 

departed Toronto for Tokyo w i t h  the baggage of one 

passenger 'L. SMgh' t o  be hinterlined t o  Air hd ia  flight 

A 1  301 to  Bangkok even though 'L Shgh' had not boarded 

that flight. 
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(x) The hktng  of  the two  occurrences namely the blast at  

N arita Airport and the A i r  India accident beco m es startingly 

evident If we look a t  the following chronology of  events 

C P A  003 ( V A N C O U V E R - T O K Y ' O )  C P A  060 ( V A N C O U V E R - T O R O N T O )  

Connection to  . Connecting t o  

A i r  India 301 Air India 182 

WEST8OUND EASTBOUND 

A l l  Times G Pl T 
. . 

T hurs 

20 3une, 

1985 

0057 
l 

A male called C.P. A i r  Reservations In Vancouver and 

after discussing a number of routlngs, booked a one-way ticket 

and CPA 060 t o  Toronto with connections t o  A i r  India 182 under 

the name of 3aswand SIN GH. A return ticket was also booked 

on C PA 003 t o  Tokyo connecting with Aic India 301 t o  Bangkok 

i n  the na me of  M ohinderbel SIN G H. 

A male attended the CP Air Ticket Office ~JI Vancouver. 

He paid $ 3005.00 in cash for the above tickets after changing 

the ticket of Mohinderbel SIN G H  to 1. SINGH and changing 

from a return t a  a one-way ticket. He changed the 3aswand 

SING H ticket to  M. SING H. 

Saturday 

22 June 

A Mr. SINGH called 

Reservations and got 
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L. S H G H  checked in for C P A  

003 and one suitcase lnterllned 

t o  A i r ,  h d i a  301. Assigned seat 

confjrmation on his one- 

way ticket t o  Toronto 

with luggage to be sent 

through t o  Tnd3.a. 

H. SIN G H checked h with 

seat 108 confirmed to 

Toronto. Wanted suitcase 

interlined t o  A 1  182. 

A gent relents. 

1618 CP A 060 departed 
Vancouver 18 minutes 

kte. M. SINGH not in 

assigned seat. 

C P A 060 arrived Toronto 

12 minuteslate. Some 
2022 passengers and baggage 

interlined to A 1  161. 

C P A  003 depsrted 17 m h .  late 
for  Tokyo. L, SIN G H not h 

assigned seat. 



Sunday 

23 3une 

Air India 181 departed 

T oronto for Hlrabel 

1 hour 40 arhutes late. 

Air h d P a  182 departed 

Mirabel 't hour 38 minutes 

late, 

C P A QB7 arrived N arita Ahport, 

Tokyo. Arrived 14 rnhutes early 0541 

Baggage cart explodes In 

area. 2 W e d ,  4 h@pt!d, 0619 

I appeared from Radar 

I 
1 

A i r  India 301 depafied Narlta. 0005 
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0815 A& hdia 182 Scheduled 

(d k would indeed to  too much of a cohCldence that two 

~rsorrs,  whose tf~ke& were bought at  the s a m e  t i m e  

and who had checked in h d e r  the na mes of 'L. $jnghl 

and 'M. Shgh' m&ed theic EspsctSve flights, more so 

uohm ' H .  Sngh* had -ted at the check h counter 
at Vancouver  at he should be interUned, even though 

hb seat from Toronto on A 1  3811182 was not c~nfiTfne8, 

and hb baggage (one suitcase) accepted and be routed 
tRWugh to OeM. If  there had been s o m e  reason for 'gate 

no-ahouu' by both of the m , one Would ordinarily have expected 

bo#, or a t h a s t  one of them, to have made efforts, 
at that t i m s  or thereafter, &her to ask for refund ~f 

money or they should have contacted the ahme staff  

st the Airport and a&ed that  %hey &auld be put cm anather 

A brge amount of money had been spent on the purchase 

of the twp acckeets and a questgon ~nhScb came$ t o  mind 

is as to  why was tMs money spent i f  both the tickets 

were to be wasted and no me was to  t ravd on them, 

after having checked in and obtained boarding cards, 
Furthermore, no effort has been made by any of thew 

i*D persons to b y  and hdg@ ' a d a i m  Tor The baggage 
w hlch they had checked h: 

Ixi l i )  The afotesaid facts clearly hdlcate the connection between 
t;he travel  pbns of so called I t .  Shgh' and ' H. Singhf. 

lh the manner In whch the reservaams were rhanged 

t o  -the ria mes of S5rrgh' and 't Sfngh' shows fhe anxiety 

of so'tae me b bide k&d the identity of persons who 

'bore notodous na m a -  



ICAO Circular 232-AN11 39 195 

(xiv) The interlined baggage exploded a t  ~ a r i t a  Airport and 

there is strong probability that the suticase from Vancouver, 

which was hterbed t o  A1  182, contained a device similar 

to  the one which had exploded a t  Narita Afpor t  on 23 

3une, 1985. 

C Y R and D F O R both stopped d m  ultaneoudy : 

There was simultaneous interruption of  electrical power t o  

the flight recorders. The electrical supply codd have been interrupted either 

because' of the cables being cut or because of to ta l  electric failure. Power 

supply wires t o  the C V R and the I) F D R run under the passenger cabin ceiling 

on the left and the d g h t  hand side* The supply of  electricity through these 

cables originates from the M E C  compartment, which is ts front of the 

forward cargo hold. If the C V R and the 0 F D R had stopped due t o  the  breakage 

of  electrical supply wires as a result of possible explosion in the af t  cargo 

hold there w o d d  have had t o  be an Instantaneous break of almost the entire 

secHon of fuselage, because both these recorders had stopped d m  ultaneoudy . 
In such a catastrophic event it is not possible that  the bottom skin panels 

of the aft  cargo compartment would remain undtstorted, or would have 

no rupture or hales in them, Furthermore, in such an event the tail portion 

of the aircraft would - have been found in the beginning of the wreckage 

Wall, but tkis was not so. On the other hand, an - explosion in  the forward 

cargo corn part ment would have resulted in damage to  the electrical buses 

located in the M E C  and that would, in turn, result in cutting off the elec- 

trical power supply causing d m  ultaneous stoppage of  the recorders. 

C. The A T C Transponder Stopped Trans rnittlnq : 

The transponder is located a t  the bottom of the one of the 

forward rakes i m  m e d a t d y  forward of t h e  front cargo co m part m ent. Sign&. 

from this also stopped being received by the secondary radar a t  Shannon. 

Keeping in view that the C V R  and the DFDR had stopped simultaneously 

a t  about the same time, when the signals from A T C  transponder had also 

ceased, it is reasonable t o  presume that there must have been a complete 

breackdown of electrical supply which had affected all the three units. The 
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only event  which could have caused such a ,da m age to patalyse the entire 

ME C corn part ment could only have been an explosion in the forward cargo 

hold. It was not possihle that any rapid deco m predon  caused by a structural 

failure could have disrupted the entire electrical pow ei 'supply fro rn the 

M E C  compartment. Xn known cases of  *craft being subjected to  rapid 

decompression there has never been such an bstantaneous and to ta l  stoppage 

of electrical power and in fact aircraft have been known to  have continued 

to f l y  and co m municate with the ground even after decompression. 

0 .  Non-supply o f  Oxyqen : 

Oxygen supply cylinders are located fn the ceiling of the rorward 

cargo compartment. Any rupture or the only pipeline which supplies oxygen 

t o  the would result in there being no surge of oxygen flow, 

which alone drops the oxygen masks. The inspection of the wreckage shows 

that there is no, indication of the oxygen masks ever having dropped. A 

rupture of this p ipehe ,  simultaneoudy with power rupture, could only have 

been caused if there had been a detonation of the explosive device in the 

front cargo hold. 

E. Damaae in air : 

The examination of the floatrng and the other wreckage shows 

tha t  , the right hand wing leading edge, the No. 3 engine fan cowl, right 

hand inboard mid flap leacling edge and the leading edge of the right hand 

stabUizer were damaged 5n flight. This damage could have occurred o d y  

if objecb had been ejected from the front portJon df the aircraft when 

it was stUl in the air. The cargo door o f  the front cargo compartment 

was also found ruptured from above. This also indicates that the explosion 

perhaps occurred in the forward cargo compartment causing the objects 

t o  come out and thereby damaging the components on the right hand side. 

F. Evidence of 0 verpressurizatlon : 

The examination of the structural panels and t h e  other parts 

of the  forward carso compartment and the aft cargo compartment, recovered 
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from t h e  sea bed, i n d i c a t e s  t h a t  overpressure  condit ion had occu r red  i n  

both t h e  c a r g o  compar tmen t s .  The fa i lure  of t h e  passenger  cabin  f loo r  

panels  h upward d i rec t ion  a lso  i n d i c a t e s  t h a t  overpressure  was c r e a t e d  

i n  both t h e  compar tmen t s .  It c a n n o t  b e  d isputed  t h a t  whenever  a n  explosive 

d e t o n a t e s  very  high pressure  shockwaves  a r e  f o r m e d  which t r a v e l  i n  a l l  

d i rec t ions  and  high speed  f r a g m e n t s  of  t h e  conta iner ,  o r  t h e  l o o s e  material ,  

a l so  move away  f r o  m t h e  sou rce  of  explosion. It is, the re fo re ,  clear t h a t  

t h e r e  was overpressur iza t ion  i n  t h e  ca rgo  c o  m p a r t  m e n t s  which r e su l t ed  

i n  such  r u p t u r e  o f  t h e  cabin  f l o o r  panels. 

C. Holes i n  t h e  f r o n t  c a r g o  hold panels  

While t h e  skin panels  o f  t h e  a f t  c a r g o  c o m p a r t m e n t  are fa i r ly  

s t r a i g h t  and undamaged,  t h e  panels  of  t h e  f r o n t  ca rgo  c o m p a r t m e n t  are 

rup tu red  and have  a l a r g e  number  of holes. This shows t h a t  t h e r e  was 

occur rence  of  a n  e v e n t  in t h e  f r o n t  c a r g o  c o m p a r t m e n t  and  n o t  in t h e  

a f t  c a r g o  compar tmen t .  

H. Bucklinq o f  S e a t s  : 

The s e a t s  t o w a r d s  t h e  rear of t h e  a i r c r a f t  had only t h e  a f t  

l e g s  buckled, whereas  t h e  s e a t s  t o w a r d s  t h e  f r o n t  had both  t h e  f r o n t  and  

t h e  a f t  l e g s  buckled. This ind ica t ed  t h a t  t h e  whole f l o o r  was sub jec t ed  

t o  a v e r t i c a l  f o r c e  and was more se'vere t o w a r d s  t h e  f ront .  Moreover, t h e  

upper  deck  s t o r a g e  cabin  was found among  f loa t ing  wreckage.  The bot tom 

of t h i s  cabin  was pushed up in t h e  shape  of  a do  me with no ev idence  of 

i m p a c t  damage.  This deformat ion  was  indica t ive  of having been  caused ,  

possibly, as a r e s u l t  of a shockwave.  

L M e ta l lu rq i ca l  Exa rnination Resul t s  : 

A meta l lurg ica l  examinat ion ,  espec ia l ly  of Ta rge t s  362 and 

399, c lear ly  conf i rms  t h a t  t h e r e  was a n  explosion in t h e  fo rward  c a r g o  

compar tmen t .  Microscopy around s o m e  of t h e  holes discloses t h a t  t h e y  

have  such  cha rac t e r i s t i c s  l i ke  twinning which c a n  be  p re sen t  only i f  t h e  

holes had been  puntured  due. t o  t h e  de tonat ion  of  a n  explosive device. 
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3. C V U  Tape Analysis : 

The report of C V R  tape analysis by Mr. also 

corroborates the aforesaid evidence i.e. that there was a bomb in t h e  forward 

cargo hold of t h e  aircraft. 

5.1 IC A 0, I A  1 A and the States should :- 

(4 undertake an ongoing review of established aviation 
s e c d t y  standards t o  prevent the placement of  explo- 

sive substances on board co m rnerdal aircraft; 
establish a program me of  rn onitorhg the i m  pllm ent- 

ation of security measures in airporn around the 

w orldl fn cooperation with the Govern rnents concer- 

ned. For each ai rpor t  studied, it should report its 

findings and recornend any improvements that may 

be required; 

consider establishing a group of civU adation experts 

t o  hvestigate serious breaches of  security. The pur- 
pose of these investigations would be to  determine 

the facts of an Incident so that  necesary measures 

could be developed and i m  ple m ented world wide 

t o  prevent similar breaches fn the future. 

Note ; - As lk may Qk-e some time Por l C A O  and I A f A  to 

implement these recommendations, a t  l e a s  those 

countrites which have hkrnallonal alr traffic shodd 

take up .effective measures without delay. 

5.2 I C A O  should :- 

(a) develop a model clause on security that could be 

used in the bilateral air ' agree m ents that govern 

-the exchange of  air traffic rights 'between caunbies; 
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(b) consider establishing standards for  t he  training of 

security personnel. 

5.3 IA T A should develop practical procedures for  reconciLiation of 

interlined passengers and their baggage a t  i n t e r  m ediate airports. 

5.4 Interlining of checked-in baggage should not be done if a passenger 

does not have a confirmed reservation on t h e  onward carrier 

flight. 

5.5 The  baggage of interlined passengers should be matched with 

passengers by t h e  onward carriers before loading t h e  baggage 

on t h e  aircraft. 

5.6 Whenever a Government becomes aware of particular high r i sk  

security th rea t  it should notify not  only t he  airline a t  risk, but 

also all connecting airlines in order t h a t  extra  precaution can 

be taken a t  potential points ~f introduction of interline baggage 

into t he  system. 

When an airline is a ware of a high security . th rea t  it should co m m - 
unicate t h e  same t o  t he  host s t a t e  a s  well as, i f  possible and 

prudent, to the  other  airlines operating there. 

5.8 Passenger count should be done a t  boarding ga te  and in  case 

of 'no gate  show' of a passenger, his baggage' must be off-loaded. 

5.9 A l l  checked-in baggage, whether it has been screened by X-ray 

machine or  not, should be personally matched and identified 

with t h e  passengers boarding an aircraft. Any baggage which 

is not so identified should be off-loaded. This is advisable a s  

examination of t h e  baggage with t h e  help of an X-ray machine 

has its own limitations and is not fool proof. Some explosives 

hidden i n  radios, cameras etc. may not be readily detected 

by such a machine. In f a c t  an explosive not placed in a metallic 

container w i l l  no t  be detectable by an X-ray machine. Similarly, 
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a p las t ic  explosive c a n  be given a n  innocuous shape  o r  form s o  

a s  t o  avoid de t ec t ion  by a n  X-Ray. Rel iance  on a n  X-Ray machine 

a ione  may in f a c t  provide a f a l s e  s ense  of iec"rity. 

5.10 Effec t iveness  of t h e  i n s t r u m e n t  known as PO-4 is highly quest-  

ionable.  It is n o t  advisable t o  r e ly  o n  it. 

5.1 1 A l l  unaccompanied baggage  should be p laced  o n  the aircraft 

a f t e r  t h e i r  c o n t e n t s  have  been  physically checked.  In t h e  alter- 

na t ive ,  it should be  loaded only a f t e r  it h a s  been  p laced  in a 

decompress ion  c h a m b e r  and  t h e  hos t  s t a t e  is sa t i s f i ed  t h a t  t h e  

baggag'e is clean  and t h e  sh ippe r  h a s  been  identif ied.  

5.1 2 Airlines should have  e f f e c t i v e  backup secu r i ty  equip m e n t  o r  

procedures  ava i lab le  in case of mechanica l  break  down op secu r i ty  

equip m ent .  

5.1 3 A l l  hand baggage, including t h a t  of t h e  crew, should be  opened 

and  t h e  c o n t e n t s  physically checked  e v e n  i f  t h e  said baggage  

h a s  been  x-rayed. This w i l l  no  doubt  be a b i t  time consuming 

a n d  l abor ius  b u t  i f  s ecu r i ty  is t o  be  meaningful,  t h e n  s l ight  incon- 

ven ience  h a s  to be  endured  i n  o rde r  t o  ensure  a s a f e r  flight.  

5-14 The manufac turers  of a i r c r a f t  should t a k e  . e f f e c t i v e  s t e p s  f o r  

p ro t ec t ing  sens i t ive  p a r t s  o f  t h e  a i r c r a f t  f om explosive damage.  . . 

5.15 Stud ie s  should be under taken  t o  de t e rmine  t h e  feasibi l i ty of 

physically s epa ra t ing  the avionics  bay and e m e r g e n c y  oxygen 

s y s t e m s  from the ca rgo  a r e a  i n  a i r c r a f t  so t h a t  t h e s e  sens i t ive  

and essen t i a l  a r e a s  of t h e  aircraft c a n n o t  b e  damaged  o r  des t royed 

by a re la t ive ly  s m d l  explos ive  dev ice  concealed  i n  luggage.  

5.16 T-he s e a t s  should h a v e  s a f e t y  be l t s  which c a n  act as r e s t r a i n t  

f o r  t h e  upper  part of t h e  body e.g. like a shoulder  harness  w i t h  

i n e r t i a l  restraint . 
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5.17 The s e a t s  i n  t h e  a i r c r a f t  should be  s o  designed s o  as t o  inco rpora t e  

shock absdrbing s y s t e m s  within t h e  s e a t  and  t h e y  should be  manu- 

f a c t u r e d  by using ma te r i a l  which does  n o t  break  e a d l y .  

5.18 In addit ion t o  t h e  cockp i t  voice  recorder ,  t h e r e  should be in  

t h e  cockpi t  a videofscanning c a  m era which would r e c o r d  t h e  

movements  and  t h e  audio sounds in t h e  cockpit.  This w i l l  n o t  

only assist in ascer ta in ing  a s  t o  how t h e  pi lots  a c t  during as 

e m e r g e n c y  but,  in t h e  c a s e  of hijacking, would a lso  ass is t  i n  

t h e  ident i f ica t ion  of  t h e  hf jacken.  

5.19 The C V  R should r eco rd  all t h e  conserva t ion  and sounds  in t h e  

cockpi t  f o r  t h e  e n t i r e  dura t ion  of t h e  f l ight ,  and  n o t  merely 

f o r  t h e  last 30 minutes. 

5.20 The C V R and t h e  D F D R should be powered from t w o .  a l t e rna t ive  

sou rces  of  energy.  

5.21 The oxygen f o r  t h e  f l ight  crew should be  supplied from t w o  d i f fer -  

e n t  sou rces  i.e. i n  t h e  e v e n t  of a n  emergency  t h e  pi lot  and  t h e  

co-pilot must  don t h e  oxygen mask and t h e  oxygen must  be  sup- 

plied from d i f f e r e n t  source.  

5.22 ScLitable provisions should b e  inco rpora t ed  in Annex 13 which 

would give power  t o  a n  Inves t iga tor  t o  r eco rd  ev idence  outs ide  

t h e  coun t ry  of  inves t iga t ion  and a lso  t o  sum mon wi tness  from 

abroad. It should a lso  b e  mandatory on t h e  con t r ac t ing  S t a t e s  

t o  give in fo rma t ion  sought  f o r  by a n  Invest igator .  

ICAO Note.- Names of personnel were deleted. Minor editorial changes were made. Chapter 1, Sections 3.2.3,3.2.4,3.2.8, paragraphs 
3.2.10.4,3.2.10.6,3.2.10.8,3.2.10.10,3.2.10.11,3.2.10.14 to3.2.10.16,3.2.11.5,3.4.1.7,3.4.2.2, Section3.4.3, paragraphs3.4.5.5,3.4.5.6, 
3.4.6.7 to 3.4.6.48 and Section 3.7 were not reproduced. Appendices were not reproduced. 
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No. 5 

Lockheed 1-101 1-3851, NmDA, accident at DalfaslFort Worth, 
Uniietl States, on 2 August 1385. Report No. NTSBIAAR-BGIEIS re?msd by the 

Nationat Transportation Safety Board, llnfted States 

On August 2, 1985, at  1805:52 central daylight time, Delta Air Lines 
flight 191, a Lockheed L-1011-385-1, N?26DA, crashed while approaching to h n d  on 
runway 17L at the Dallas/Fort Worth International Airport, Texas. While passing through 
the  rain shaft beneath a thunderstorm, flight 191 entered rr microburst which the pilot was 
unable to traverse successfully, The airplane struck the ground about 6,300 feet north of 
the approach end of runway 17L, hit a car on a highway north of the runway killing the 
driver, struck two water tanks on the airport, and broke apart. Except for a section of 
the airplane containing the aft fuselage and empennage, the remainder of the airplane 
disintegrated during the impact sequence, and a severe fire erupted during the impact 
sequence. Of the 163 persons aboard, 134 passengers and crewmembers were killed; 26 
passengers and 3 cabin attendants survived. 

me National Transportation, Safety Board deter mines that the probable causes 
of the accident were the flightcrewts decision to initiate and continue the approach into a 
cumulonimbus cloud which they observed to contain visible lightning; the lack of specific 
guidelines, procedures, and training for avoiding and escaping from low-a1 t itude 
windshear; and the lack of definitive, teal-time windshear hazard informat ion. This 
resulted in the aircraft% encounter at low altitude with a microburst-induced, severe 
windshear from a rapidly developing thunderstof rn located on the final approach course. 

On August 2, 1985, Delta Air Lines (Delta) flight 191 was a regularly scheduled 
passenger flight between ?art Lauderdale, Florida, and Los Angeles, California, with an 
en route stop at the DaUasfFort Worth International Airport, Texas IDFW Airport). 
Flight 191, a Lockheed L-1011-385-1 airplane, departed Fort huderdale on an instrument 
flight rules (IFIR) nigh€ plan wi th  152 passengers and a crew of 11 on board at 1510 
eastern daylight time. The I3FW Airport terminal weather forecast contained in  the 
flightcrew's dispatch document packqe stated, in part, that there was a possibility of 
widely scattered rain showers and thunderstorms, becoming isolated after 2000 central 
daylight time. L/ The dispatch package a h  contained company Metro Alert No. T87, 
valid to '2lU0, which stated that %n ares of isolated thunderstorms is expected over 
Oklahoma and northern and northeastern Texas . . a few isolated tops to above 
-- - I J AU times herein rn central  dapligh t based on the 24+our clock. 



FL 450." 21 The flightcrew had reviewed this data before takeoff and did not call'~e1ta~s 
weather &cili ty in Atlanta, Georgia, far any additional weather information. 

The flight was uneventful until passing New Orleans, Louisiana. A line of 
weather along the  Texas-Louisiana gulf coast had intensified. The flightcrew elected to 
change their route of flight to the more northerly Blue Ridge arrival route to avoid the 
developing weather to the south. This change necessitated a 10- to 15-minute hold ett the 
Texarkana, Arkansas, VQRTAC - 31 for arrival sequencing at the DF W Airport. 

At  1735:26, the airplane's cockpit voice recorder CCVR) showed that t h e  
flightcrew received the following' Automatic Terminal Infor mation .Service 
(ATIS) - 41 broadcast: 

DFW a~rival information romeo, two one four seven Greenwich, weather 
six  thousand scattered, two one thousand scattered, visibility one zero, 
temperature one zero one, dew point six seven, wind calm, altimeter two 
niner niner two, runway one eight right one seven left, v i s u ~ l  approaches 
in progress, advise approach control tha t  you have romeo. 

A t  1735:33, Fort Worth Air Route Traffic Control Center CARTCC) cleared 
flight 191 to the Blue Ridge, Texas, VORTAC for the Slue Ridge Nine  arrival, 5/ and to - 
begin its descent. 

At 1743:45, Fort Worth ARTCC cleared flight 191 to descend to 
10,000 feet, g/ gave it a 29.92 in Hg altimeter setting, and suggested that the flight turn 
to a heading of 250" "to join the Blue Ridge zero one zero radial inbound and we have a 
good area there to ga through." The captain replied 71 that he was looking at a "pretty 
good size" weather ceU, "at a heading of two f ive  five . . and Fd rather not go through it, 
I'd rather go around it one way or the other." Fort Worth ARTCC then gave the flight 
another heading and stated "when I can fll turn you into Blue Ridge, it" be about t h e  zero 
one zero radial.'' A t  1746:50, the center cleared flight 191 direct to Blue Ridge and to 
descend to 9,000 feet,.and flight 191 acknowledged receipt of the clearence. 

A t  1748:22, t h e  captain told the first officer, ttYoulre in good shape. Fm glad 
we didn't have to  go through that mess, I thought sure he was going to send us through it*!' 
At 1751:19, the flight engineer said, "Looks like it's raining over Fort Worth." At 1'151:42, 
Forth Worth ARTCC instructed flight 19 1 to contact DF W Airport Approach Control 
(Regional Approach Control), and at 1752:U 8, t h e  flight contacted approach control 
stating that it was descending through 11,000 feet and had received ATIS Information 
Romeo. At 1756:28, Regional Approach Controlts Feeder East controller transmitted an 
all aircraft message which was received by flight 191, The message stated in part, 

21 A level of constant atmospheric pressure related to a reference datum of 29,92 in Hg. - 
Each flight level is stated in three digits that represent hundreds of feet. FL 450 
represents a barometric altimeter reading of 45,000 feet. 
3/ VORTAC-- A coUocated very high frequency omni range station and ultra-high 
Frequency tactical air navigational aid providing azimuth and distance infor matian to the 
user. 
41 ATIS-- A continuous broadcast of recorded weather and noncontrol airport - 
information. 
5 /  A published Standard Arrival Route (STAR). - 
61 All altitudes herein are mean sea level unless otherwise specified. 
71 - Identification of the ccewmernbers speaking was made by  members of the Cockpit 
Voice Recorder (CV Rb Group familiar with the flightcrew. 



ttAttention, a11 aircraft listening . . . theregs a little rainshower just north of the airport 
and they're starting to make ILS instrument landing system] approaches . . tune up one 
oh nine one for one seven left." 

At 1759:47, the first officer stated, "Wetre gonna get our airplane washed," 
and at 1759:54, the captain switched to Regional Approach Control's Arrival Radar-1 
(AR-1) frequency and told the controller that they were at 5,000 feet. A T  1800:36, the 
approaeh controUer asked American Air Lines flight 351 if it was &Me to see the airport. 
(Flight 351 was two airplanes ahead of flight 191 in the landing sequence for runway 1?L.) 
Flight 351 replied, "As soon as we break out of this rainshower we will.rt The controller 
then told flight 351 that it was 4 miles from the outer marker, and to join the localizer at 
2,300 feet; the controller then cleared the night for the ILS approach to runway 17L. AU 
of the transmissions between the controller and flight 351 were recorded on flight 191's 
CV R. 

At 1800:51, the approach controller asked flight 191 to reduce i t s  airspeed to  
170 knots indicated IKIAS), and to turn left to  270'; flight 191 then acknowledged receipt 
of the clearance. Flight 291 had been sequenced behind a Learjet Model 25 &ear 25) for 

. landing on runway 1%. 

At 1802~35, the approach controller told flight 191 that it was 6 miles from 
the outer marker, requested that it turn to 180' to join the localizer at or above 
2,300 feet, and stated, meleared for ILS one seven left The flight 
acknowledged receipt of the transmission, At 1803:03, the approach controller requested 
flight 191 "to reduce your speed t o  one six zero ppleasr1' and the captain replied, "Be glad 
to." Thereafter, at 1803:30, he broadcast, ''And we're getting some variable winds out 
there due to a shower . . . out there north end of DFW." This transmission was received 
by flight 191, and at 1803:34, the CVRTs cockpit area microphone (CAM) showed that an 
unidentified flightcrew member remarked, "Stuff is moving in.'" 

At 1803:46, the approach controller requested flight 191 to slow to 150 KIAS, 
and to contact the DFW Airport tower. A t  180358, the captain, after switching to the 
tower's radio frequency, stated, Tower, Delts one ninety one heavy, out here in the rain, 
feels good*" The tower cleared the flight ta land and informed it, "wind zero nine zero at 
five, gusts to one f ive.'qAt 1804:03, the first officer called for the before-landing check, 
The flightcrew confirmed that the landing gear was down and that the flaps were 
extended to  33; the landing flap setting. 

A t  1804:18, the first officer said, "Lightning coming out of that one.'' The 
captain asked, "What," and the first officer repeated +tLightning coming out of that anemtr 
The captain asked, tlWhere,lt and at 1804:23, the first qfficer replied, "Right ahead of us." 

Flight 191 continued descending along the final, approach course. A t  1805:05 
the captain called out "1,000 feet," At 1805:19, the captain cautioned the first officer to 
watch his indicated airspeed and a sound identified as rain began. At 1805:21, the captain 
warned 'the first officer, ttYou+re gonna lose it all of a sudden, there it i s t g  A t  1805:26 the 
captain stated, "Push it up, push it way up," At 1805:29, the sound of engines at high rpm 
w s s  heard on the CVR, and the captain said tThatgs it.lt 

At  1805:44, the Ground Proximity Warning System's IGPWS) 8_/ "Whoop whoop 
pull up" alert sounded and the captain corn manded ttTOGAu. 9 /  A t  1805:48 and 1805:49, 
two more GPWS alerts were recorded. At L805:52 a sound shilas to that produced by a 
leanding airplane and the sound of the takeoff warning horn - l o /  were recorded, A t  
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1805:56, the local controller in the  tower told flight 191 to "go around,lt and the CVR 
recording ended at 1805:58. 

Witqesses on or near State Highway 114 north of the airport saw flight 191 
emerge from the rain about 1.25 miles f rom the end of runway 17L and then strike an 
automobile in the  westbound lane of State Highway 2 14. Subsequent investigation showed 
that the airplane had touched down earlier and became airborne again before striking the 
automobile. 

The local controller handling flight 191 abo saw it emerge from the rain at  the 
north end of the field. H e  testified that, 

When Delta came out of the rain shower his attitude to me did not 
appear to be safe* As many aircraft as I've seen land in my years at 
DEW, normal attitude is nose slightly up . . . and when he appeared out 
of the rain h e  was in what appeared to be straight and level flight. It 
just didn't look right to me.  (So I told the flight) just, 'Delta go around.' 

After the plane struck the car and a light pole on the highway* other witnesses 
saw fire on the left side of the airplane in the vicinity of the wing mot. The witnesses 
generally agreed that the airplane struck the ground in a left-wing-Iaw attitude, and that 
the fuselage rotated counterclockwise after the left wing and cockpit area struck a water 
tank on the airport. (See figures 1 and 2,) A large explosion obscured the witnessest view 
momentarily, and then the  tail sect ion emerged from the fireball, skidding backwards. 
The tail section finally came to rest on its left side with the empennage pointing south 
and was subsequently blown to an upright position by wind gusts. One hundred and thirty- 
four persons on board the airplane and the driver of the automobile which was struck by 
the airplane were killed in the accident; 27 persons on board the airplane and 1 rescue 
worker at the accident site were injured, 2 passengers on the airplane were uninjured. 

The accident occurred at 1805:52 during daylight hours at coordinates 32O 5 5'N 
latitude and 9791'W longitude. 

81 The GPWS warns the flightcrew of a potentially dangerous flight path relative to the 
:round. The following abnor ma1 flight conditions will. produce a "Pull Up'-warning: an 
excessive sink rate below 2,500 feet above the ground IAGL); excessive closure rate 
toward rising terrain; descent immediately after takeoff; not in landing configuration 
below 500 feet AGL; and excessive deviation below the 1LS glide slope. 
9/ TOGA - TakeoffIGo Around Switch, A pilot-actuated switch which, when selected - 
and the airplane is being flown manually, provides flight director command bar guidance 
for an optimum climbout maneuver. 
10/ A throttle-actuated warning system: If flapst speed brakes, or stabilizer trim are not 
s t  correctly for takeoff, the takeoff warning horn wi l l  sound when the throttles are 
advanced. The same horn sounds on the ground if an elevator jam i s  detected and the 
throttles are retarded. When airborne, with gear and flaps up and below 180 KfAS, the 
system will provide an aural warning when the throttles are retarded to flight idle. 
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Injuries E/ - Crew Passengers Others - 
Fatal 8 
Serious 1 
Minor 2 
None 
Total 

* Driver of the automobile struck by Flight 191. 
* *  Two survivors died more than 30 days after  the accident. 
* ** An employee of an airline who assisted in rescuing survivors was 
hospitalized overnight for chest and arm pains. 

1.3 Damage to the Airplane 

The airplane was destroyed by impact and postcrash fire. 

Other Damage 

One automobile was destroyed, four highway Iight standards were knocked 
over, and two water storage tanks on the airport were damaged. The north water tank 
was dented and the south tank was buckled and displaced from its base. 

The flightcrew, cabin crew, and air traffic controllers were qualified in 
accordance with cuprent regulations. The examination of the  training records of all 
personnel did not reveal derogato~y entries or anything unusual. (See appendix B,) 

The investigation of the background of the flightcrew and their activities 
during the 2 to 3 days before reporting for the accident flight did not reveal anything 
remarkable. According to  airmen who had flown with the captain, he was a very capable 
and rne%ieul&us p i l ~ t  who adhered strictly to  company procedures, explained his thoughts 
about airphne operation to the  fligh terew, and cautiously deviated around thunderstorms 
even if other flights took more direct  routes, He wi%IingSy accepted suggestions from his 
flightcrew and made prompt decisions. The captain1$ personnel file showed that he had 
been designated by the Federal Aviation Administration (FAA) to serve as a line check 
airman in the Boeing 727 and McDonnePI Douglas DC-8 airplanes. 

FAA surveillance records indicate that the captain had received eight en route 
inspections in the L-1011 since 1979, and all were satisfactory with favorable corn ments 
added concerning cockpit discipline and standrtrdization. 

11 / Section 49 CFR 830.2 of the Safety Board's rules defines a tffatality" and a ttseriaus - 
injurytT as follows: "Fatal Injurytt means any injury which results in death within 30 days of 
the accident. . "Serious injuryt1 means any injury which (1) requires hospitalization for more 
than 48 hours, commencing within ? days from the date the injury was received; (2) results 
in a fracture of any bone (except simple fractures of fingers, toes, or nose); (3) causes 
severe hemorrhages, nerve, muscle, or tendon damage; (4) involves any internal organ; or 
( 5 )  involves second- or third-degree burns, or any burns affecting more than 5 percent of 
t h e  body surface. 
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Delta captains who had flown recently with the first officer described him as 
an above average first officer. They stated that he had excellent knowledge af the 
L-1011. For 2 years, beginning in September 1977, the first officer had worked with the 
companyls L-1011 ground school instructors staff  to revise mmpleteiy Books I and XI of 
the Delta Air Lines L-1012 Pilot' Operating Manual. In October 1973, the FAA designated 
the first officer as a line and proficiency check airman in the L-I011 airplane. 

Fellow company cockpit personnel described the second officer as observant, 
alert, and professional. H e  monitored the  operation of the airplane and called attention 
to items he thought required it, He had a good knowledge of the airplane. H e  had served 
as second officer instructor and check airman on the Boeing '8-727 airplane. F A A  records 
for eight route inspections since April I981 indicated satisfactory performance. 

Interviews with the three air traf fie cbntrol (ATC) controllers who had 
provided air traffic services to flight 191 during its descent and final approach to DFW 
Airport did not disclose anything either remarkable or out of the ordinary. The three 
controllers, t w o  radar controllers, and local contro~er in the airport tower were Pull 
performance level (FPL) controllers and were fully qualified to staff their respective 
positions. (See appendix B.1 Only one controller, the AR-1 controller had worked any 
overtime during the 2 weeks preceding the accident. He had worked overtime on July 30, 
1986, and was off duty the following day. 

Airplane Information 

The airplane, e Lockheed L-1011-385-1, N726DA, was owned and operated by 
Delta. (See appendix C.) The airplane's maximum takeoff ~ n d  landing u o s s  weights were 
430,000 pounds and 348,000 pounds, respectively. Based on the company's final weight 
data record contained in flight 19Ifs dispatch documents, its estimated landing weight and 
center of gravity for landing at the DFW Airport were 324,800 pounds and 21,8 percent 
MAC (mean aerodynamic chord). The forward and aft center of gravity limits for landing 
were 17.1 percent MAC and 32.4 percent MAC. Based on thelanding weight and with the 
flaps set at 3 3 O ,  the calculated approach speed was 137 KIAS. 121 The maximum 
allowable tailwind for takeoff and landing was 10 knots, and the maximum demonstrated 
landing crosswind was 3% knots. 

Flight 191 had about 28,000 pounds of fuel when it began its approach. 
According to the flight plan, 12,300 pounds plus the required 11,000-pound reserve were 
required for the flight to the alternate airport, San Antonio, Texas, leaving 4,700 pounds 
of fuel for maneuvering in the DFW Airport area. At 3,000 feet, gear and flaps up, 
4,700 pounds of fuel would have permitted the flight to hold about 20 minutes before 
departing for San Antonio. 

N726DA was equipped with a Bendix model RDR-1 F monochromatic weather 
radar system. The system operates on X-band frequency at a 3.2 cm wavelenflh. The 
system is designed to display targets at three range selections--50, 150, and 300 nautical 
miles (nmil--rtnd to display weather in two modes--normal and contour. fn the normal 
mode, any precipitation return exceeding rt radar reflectivity of 20 dB2 131 is dispbyed as 
a luminescent green area on the dark background sf  the plan position indicator (PPI). The 
stronger the reflectivity of the precipitation return, the stronger t he  return displayed on 
the PpI will be. When the rsldar system is phced in contour mods, the eontous circuitry, 

I2/ Approach, or reference speed  ref), is a speed equal to 1,3 time$ the shbl S- in a 
Erticulac airplane configuration. 
13/ dBZ: A measurement of radar reflectivity expressed in decibels. - 



in effect, inverts all levels of reflectivity above 40 dB2 and displays them as a black hole 
surrounded by luminescent green areas. The 404BZ reflectivity 'level corresponds 
approximateIy to a National Weather Service (N WS) level 3 radar echo (see section 1.71. 

The display area of the PPI is a b u t  3 1/2 inches in diameter. With a 50-nmi 
range selection, a weather cell with a diameter of 10 to 15 nrni would cover a diameter of 
0.6 to 0.9 inch on the PH. If the precipitation contained in the cell exceeded a 40-dB2 
reflectivity, and the pilot selected contour mode, that part of the ce3J exceeding the 
40-dB2 level would contour and appear as a Mack hole on the PPt As the range between 
the airplane and the ceU decreased, the dimensions of the cell portrayal would remain 
constant, but the portrayal would move downward toward the origin point of the antenna 
sweep at  the bottom center of the PPI, If ground returns were being displayed on the PPI 
as the airplane approached the cell, the pilot would have to increase the antenna tilt until 
the ground returns were eliminated. As the airplane closed t~ within 2 nrni of the cell, 
the cell's radar return would begin to disappear at the base of the PPI. 

The airplanet logbook showed that flightcrews had written up the weather 
radar system seven times between June 6 and July 25, 1985. The logbook entries also 
showed that corrective action had been accomplished after each flightcrew entry. After 
July 25, no further entries concerning the weather radar were found nor were any carry- 
over maintenance items on this system found. 

The 1600 NWS surface analysis weather chart issued by the National 
Meteorological Center, Camp Springs, Maryland, showed a weak diffuse stationary front 
about 60 nrni north of the DF W Airport. The 1900 WWS surface analysis chart also showed 
a weak diffuse cold front about 60 nrni north of the DFW Airport. 

The NWS terminal forec~st for the DFW Airport pertinent to  the accident 
indicated a slight chance of a thunderstorm with a moderate rain shower. The NWS area 
forecast pertinent to the accident called for isolated thunderstorms with moderate rain 
showers for northern and eastern portions of Texas. The terminal forecast was issued by 
the NWS Porecast Office in Fort Worth, Texas, and the  area forecast was issued by the 
National Aviation Weather Advisory Unit in Kansas City, Missouri, 

There were no SIGMETS, 14j  wnvective SlGRnETs %/, Severe Weather 
Warnings, Local Aviation Warnings, ~Tvere Weather Wat~hes, or Center Weather 
Advisories [CWA) in effect for the t ime  and area of the accident, 

The company's dispatch and meteorology department provided the flightcrew 
with a dispatch package which c~ntained the f o ~ o w h g  weather documents. the weather 
at DFW Airport and at t h e  flight's field alternate, San Antonio; a DPW Airport terminal 
weather forecast indicating widely scattered moderate rain showers and thunderstorms 
with moderate rain showers; an en route forecast indicating isolated thunderstorms, 
moderate rain showers over Oklahoma and northern and northeastern Texas with a f ew 
isolated tops above 45,000 feet; and Delta Metro Alerts applicable to the route of flight. 
The forecasts were prepared by Delta meteorologists, 

L4/ A weather advisory concerning weather significant b the safety of all: aircraft. - 
151 Convective SIGMETs are issued by the National Aviation Weather Advisory Unit, - 
Kansas City, Missouri, for lines of thunderstorms, severe/em bedded thunderstorms of any 
intensity level, and for areas of 3,000 square miles or larger with VIP level 4 (see section 
1.7.13 or greater covering at least 40 percent af the area. 
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Weather Radar Data 

The weather radar. antenna at the NWS station at Stephenville, Texas, i s  
located about 7 2  nrni from the approach end of runway 17L at DFW Airport on a bearing 
of 55'. The Stephenville radar is a Weather Surveillance Radar (WSR) type 5 7 M  with 
Video Integrator Processor (VIP) equipment, The VIP equipment permits NWS radar 
observers t o  determine objectively the intensities of radar weather echoes, Based on this 
'capability, the NWS has classified six levels of echo intensity and has assigned VIP 
numbers for each level. (See table 1.) 

Table 1 .--VIP levels and categories of intensity and rainfall rate. 

VIP level Echo intensity 

weak 
moderate 
strong 
very strong 
intense 
extreme 

Convective rainfall rate 
(in/hr) 

dBZ 
(threshold values) 

Although existing N WS weather radar systems cannot detect turbulence, there 
is a correlation between the  degree of turbulence and other weather features associated 
with thunderstorms and the intensity of the radar weather echo. The degree of turbulence 
and type of weather phenomena associated with 'these VIP levels have been identified and 
categorized. The resultant tabular data has been made available to pilots  and controllers 
in various publications. The following table, excerpted from the Pilot/Controller Glossary 
of the June 6, 1985, Airmans Information Manual (AIM), presents the  weather features 
likely to  be associated with the VIP levels during thunderstorm weather situations. 

Table 2.- -Radar weather echo intensity levels. 

1. Level.1 (WEAK) and Level 2 (MODERATE). .Light to  
moderate turbulence is possible with lightning. 

2. Level 3 (STRONG). severe turbulence possible, lightning. 

3. Level 4 (VERY STRONG). Severe turbulence likely, 
lightning. 

4. Level 5 (INTENSE). Severe turbulence, lightning, organized 
wind gusts. Hail likely. 

5. Level 6 (EXTREME). Severe turbulence, large hail, lightning, 
and extensive wind gusts. 

Photographs taken of the Stephenville weather radar display were examined by 
a NWS Southern Region Radar Program Leader. The photographs were taken at 4- to 
5-minute intervals between 1728 and 18 13 and the program leader's examination revealed 
the following: 
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Between 1728 and 1743, two small pinpoint radar echoes appeared abut 9 to 
10 nmi northeast of the end of runway 17L; however, these two echoes disappeared by 
1743. 

At 1748, a VIP level 2 cell, hereinafter called Cell "C,ff developed about 6 nrni 
northeast of the end of runway 1?L. By 1752, Cell 'IC" had intensified to a VIP level 3, 
and a new pinpoint radar echo, hereinafter called Cell "D," had developed south of CeU 
rrCtT. Cell 9" was located about 2 nrni northeast of the end of runway 1721 and its 
intensity was about VIP level 1. 

A t  1756, Cell "Dr1 had intensified to about VIP level 3 and was located' just 
north of the end of runway 17L. Cell "Ct8 had not moved and its intensity Ifwas not 
disce~nibIe.~~ 

A t  1800, Cell "D," which appeared to be "the dominant echottt was still located 
near the end of runway 17L, and "appeared to be a VIP level 3." Cell l1Cf' was "no longer 
displayed." By 1804, Cell "Dl1 had intensified to a VIP level 4. 

Stephenville upper' Air Radar Specialist.--The upper air radar specialist on 
duty at the time of the accident testified that he left his radar position about 1735 for 
dinner. The room in which h e  ate was equipped with a television monitor which displays 
the weather echo intensity from the StephenvilIe weather radar. The monitor uses 
different colors to portray the six VIP intensity levels. The radar specialist testified that 
he was able to and did monitor the presentation while he was eating. 

At 1748, the radar specialist finished eating, but h e  did not return to the 
radarscope. Instead he tended to other duties and assisted another station specialist in 
preparing and launching a radiosonde ascent. J 

About 1800, the radar specialist returned to the radar and saw a small weather 
cell (previously identified ~s CeU "Dn). The top of the cell was 40,000 feet, and after 
measuring its intensity with the VIP equipment, the radar specialist testified that it was a 
"pinpoint four.+l H e  testified, "A pinpoint four means that the cell was] barely a four 
intensity." 

The radar specialist testified that Cell lTDW was ltifi the area of E the airport 1 ," 
but he could not state a precise distance. The weather radar did not have an internal map 
overlay, and in order to determine prominent geographical featu~es, he had to  put a paper 
overlay or a transparency on the [radar] scope." While the averlay used by the radar 
specialist included Dallas, Fort Worth, and other communities in the,  area, it did not 
include DFW Airpo~t  or other airports. 

About 1804, the radar specialist called the Fort Worth Forecast Office, 
advised it of the presence of CeU "D,l"that it was a very strong echo, that the top was at 
40,000 feet, and that he had observed the upper structure of the cell and had not found 
any severe weather in it (i.e., the cellts mid-level reflectivity was not equal to or greater 
than VIP level 4 and there was no mid-level overhang). 

The radar specialist was not a meteorologist and was not qualified to issue 
either a forecast or a prediction as to whether Cell l+Dtt would either dissipate or continue 
growing. He was  not required to notify anyone when a thunderstorm was located near 

161 An instrument sent aloft to measure temperature, pressure, and humidity. Wind 
geed and direct ion infor mat ion are obtained by tracking the radiosonde. 
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DFW Airport, nor was he required to notify either the Fort Worth ARTCC1s Center 
Weather Service Unit or anyone at DEW Airport. 

After notifying the Fort Worth Forecast Office, the radar specialist turned his 
attention to analyzing other radar echoes on his scope and did not redirect his attention to 
Cell "Dn until about 1821. By that time, the top of Cell "D" had reached 50,000 feet and 
its intensity had increased to VIP level 5. 

The radar specialist also testified that there was another small weather cell 
just north of Cell "D." He testified that it was hard to estimate the intensity level of the 
cell based on interpretation of the radar photographs portraying the cell, but based on the 
radar photograph taken at 1800, he said that "it looks like maybe a VIP [level] two." The 
radar specialist testified that, based on the radar photographs, he could not state that the 
clouds and rains of the small cell (Cell llC1') would have masked the thunderstorm 
represented by Cell "Dl' from an airplane approaching DEW Airport from the north. 

1.9.2 The Fort Worth NWS Forecast Office 

The Fort Worth Forecast Office serves both the general public and the 
aviation community. At the time of the accident, the forecaster-in-charge of the office 
was also manning the aviation desk. The forecaster-in-charge testified that no special 
training "with regard to aviationtt was required before being assigned to the aviation desk. 
He testified that it was called the aviation desk because the forecaster assigned to it 
handled "all aviation products: the terminal forecasts and1 the transcribed weather 
broadcasts." 

The Fort Worth Forecast Office al'so was responsible for issuing Aviation 
Weather Warnings to the DFW Airport, and except for Carswell Air Force Base, to all 
airports in the Dallas/Fort Worth metropolitan area. Pursuant to a local letter of 
agreement between the forecast office and DFW Airport, the criteria for issuing an 
Aviation Weather Warning were a sustained wind of 35 knots or greater (1 minute), wind 
gusts of 40 knots or greater, and a severe thunderstorm/tornado warning for Tarrant 
and/or Dallas County. 

According to the NWS forecaster-in-charge, terminal forecasts and Aviation 
Weather Warnings are transmitted from the forecast office to DFW Airport through their 
computer system. The computer data are transmitted to the contract weather observer's 
office on the airport. The contract weather observer in turn transcribes the data onto an 
electrowriter system which has terminals in the DFW Airport Tower, Delta Air Lines 
Operations, and other aviation organizations at DEW Airport. The forecaster-in-charge 
estimated that the time between the decision to issue an Aviation Weather Warning and 
its delivery to user organizations at  the airport could vary from 6 to 10 minutes. He also 
testified that there was a dedicated or hot-line telephone between his office and the 
Center Weather Service Unit in the Fort Worth ARTCC but not to the DEW Airport 
Tower. 

The Fort Worth Forecast Office also had a television monitor which was set to 
the Stephenville weather radar on the day of the accident. The monitor did not have any 
mapping capability and the overlays used by the forecasters to fix the geographical 
location of weather echoes did not depict DFW Airport. Nevertheless, the forecaster-in- 
charge testified that the meteorologists in the office could fix the location of the airport 
within 3 miles. According to the forecaster-in-charge, he did not see any weather echoes 
within 10 nmi of the DFW Airport on the Kavouras monitor until about 1750 or shortly 
thereafter. 
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The forecaster-in-charge testified that because the phone call from the 
StephenviUe radar specialist at about 1804 was taken on the speaker by the public 
forecaster, the forecaster-in-charge overheard the radar specialist describe Cell "DV as a 
VIP level 4 weather echo with tops at 411,000 feet, The forecaster testified that he 
observed the cell on the television monitor. H e  estimated that it was a VIP level 3 to VIP 
level 4, but that he did not believe it was a starm of sufficient intensity to warrant issuing 
an Aviation Weather Warning. 

' According totheforecaster-in-charge, theintensity levelof a weatherecho' 
ttis merely an indicationt1 of the severity of a storm. The forecaster testified, ttOnce w e  
get a signature on the radar that suggests the possibility, w e  then seek ground 
truth." l'i'/According to the forecaster, En the absence of ground truth reports from 
observeE attesting to the presence of either thunder, hail, or both, he would not label a 
VIP level 4 cell a thunderstorm. 18/ He also testif i d  that either when or shortly after 
they received the telephone calI sorn StephenviUe, the forec~st office began contacting 
their spotters in the area of Cell "33" for ground truth reports. 

The forecaster-in-charge testified that if he observed a VIP level 5 or VIP 
level 6 echo out over a relatively thinly populated or uninhabited area, and the echo had 
increased rapidly over the past 20 minutes to 30 minutes, and if "it's moving toward a 
densely populated areat f would in all likelihood put out a warning on it." H e  further 
testified tha t  if he were to observe a VIP level 4 echo moving toward the DFW Airport, 
"in all likelihood, I would do nothing with it." H e  testified that throughout the afternoon 
and early evening hours the meteorologists in the forecast off ice  had observed a number 
of radar echoes similar to that of Cell tlD,lf none of which had, based on ground truth 
reports, contained phenomena that met the criteria for issuing a warning to the DFW 
Airport. Cell "DtT did not, in his judgment, seem any different from those cells observed 
earlier, and therefore he did not issue an Aviation Weether Warning to DFW Airport* 

- 
The forecaster-in-charge testified that if, in his judgment, 40-knot winds had 

been associated with Cell "D,'; he would have issued the required warning. However, 
based, on what was produced by similar weather echoes in the same area during that 
afternoan and evening, "we had nothing to suggest that we were going to have winds of 
that magnitude, I elected, therefore, not to issue a warning.tt He also testified that an 
Aviation Weather Warning is not meant for aircraft in flight, but is meant for the airport 
itself.' Its primary purpose is to alert airport personnel that tie-down precautions for 
airplanes and equipment may be required. The meteorologists in the forecast office did 
not become aware of a thunderstorm at'  DFW Airport until they received the DFW 
Airport's 1805 surface weather observation. 

Before the onset of the thunderstorm at the airport, the maximum recorded 
winds were about 10 knots. The forecaster-in-chaie testified that the first indication 
the forecast office had that the wind gusts exceeded 40 knots was when the contract 
weather observer at  DFW Airport called at 1815 and reported that he had recorded wind 
gusts to 46 knots. 

z/ A report from an individual describing what rneteorologictll event  is occurring at his 
or her observation point* The report could include rainfall intensity, the presence or lack 
of thunder and/or lightning, the presence or lack of hail and the size of the hail, and 
significant winds. 
18/ Thunderstorm--In general, a local storm invariably produced by a cumuIoni rn bus 
xoud, and always accompanied by lightning and thunder 1Glossary of Meteorology: 1959). 
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Although the television monitor in the forecast office did not incorporate any 
geographical mapping capability and the overlays used in the forecast office t o  fix the 
geographical location of the weather echoes did not depict the location of the DFW 
Airport, the forecaster-in-charge testified that his decision not t o  issue aviation weather 
warnings was based solely on his assessment of the  existing meteorological conditions and 
not on any uncertainty as to  the location of DFW Airport. 

1.7.3 The Fort Worth ARTCCts Center Weather Service Unit 

The terms and conditions establishing a Center Weather Service Unit (CWSU) 
a re  contained in a Memorandum of Agreement among the Department of Transportation, 
the FAA, the National Oceanic and Atmospheric Association (NOAA), and the NWS as 
amended July 14, 1981. The agreement s tates  that  the NWS will operate CWSUs a t  
selected ARTCCs and that, 

These units will each be comprised of four professional meteorologists 
operating two shifts per day except during periods of extended annual or 
sick leave as  may be determined by the NWS. Operating hours shall be 
determined in consonance with the Chief of each ARTCC. 

The agreement further states, in part, that the FAA will reimburse the NWS for the total 
personnel costs, including supporting services, relocation costs, and travel costs actually 
incurred for work performed under the Agreement. Under the terms of the agreement, 
the FAA could have chosen and received a higher level of staffing by meteorologists a t  
the CWSU a t  the Fort Worth ARTCC. 

The duties and responsibilities of 'a CWSU are  contained in FAA Order 
7210.38A, April 6, 1984. According to  paragraph 10 of the order, "the primary function 
and responsibility of the CWSU is t o  provide meteorological advice and consultation to  
center operations personnel and other designated FAA Air Traffic Facilities, terminal and 
FSS [ Flight Service Stations] , within the ARTCC area of responsibility." The 
information provided by the CWSU is t o  be developed Itthrough analysis and interpretation 
of available weather data and is provided in the form of briefings and other weather 
products (forecasts and now cast^).^^ 

The CWSUs a t  ARTCCs a re  staffed by NWS meteorologists. FAA ATC 
personnel serving in the position of weather coordinators provide assistance t o  the 
meteorologist. The order requires that  the meteorologist will conduct "weather 
familiarization training as  required by the I ARTCC] facility manager." 

FAA Order 7210.38A states that the weather coordinator functions as the 
interface between the NWS meteorologist and the facility air traffic staff and "is 
primarily responsible for the interlintra facility dissemination of SIGMETS, CWA and 
urgent PIREPS [Pilot Reports], and provides assistance in the collection and 
dissemination of other significant weather information." 

FAA Order 7210.38A also states that the  Weather Coordinator position will be 
manned on all shifts "and all personnel assigned t o  this function must have received prior 
training in the associated duties and responsibilities." The order further s tates  that, 
weather and workload conditions permitting, the weather coordinator may perform other 
operational and administrative functions; "however, the primary duty remains that of 
weather coordinator." 



214 ICAO Circular 232-MI39 

An Assistant Manager for Traffic Management at t h e  Fort Worth ARTCC 
testified that all facility personnel. assigned to the weather coordinator position were 
qualified to assume the position "through an on-the-job I training] system.tt He testified 
that a formal training course at the FAA Academy in Oklahoma City, Oklahoma, had been 
suspended about 4 years earlier for lack of students due to the 1981 strike. The course 
had been reestablished in April 1985 and he testified that two of his traffic managers 
were currently attending it. 

The assistant rnahager further testified that the weather coordinators at 'the 
Fort Worth ARTCC are trained to provide> liaison between the CWSU and the ATC 
personnel in the ARTCC and the other facilities within the ARTCCts air space. He 
further testified that the weather coordinators are neither trained nor qualified to make 
weather interpretations or to observe the Remote Radar Weather Display System 
(RRWDS) in the CWSU. 

At  the Fort Worth ARTCC, the weather coordinator is assigned to the Traffic 
Management Unit which, in turn, is responsible for administering the national and local 
traffic management programs that regulate'traffic flow within the ARTCCts air space. 
The weather coordinator works under the Traffic Manager-in-Charge, who is responsible 
for regulating and supervising aU traffic in  the control room. 

Paragraph 20 of FAA Order 7220.38A states, in part, that the "total shift 
staffing and the operational hours of each CWSU shall be specified by the Meteorologist- 
in-Charge in consonance with the ARTCC facility manager. Shift staffing shall be based 
upon available manpower, air traffic volume, and weather  consideration^.'^ N WS 
meteorologists staff the Fort Worth ARTCC's CWSU between 0600 and-2200. Except for 
a possible small overlap bet ween the morning and afternoon shifts, only one meteorologist 
is on duty during the 1400 to 2200 evening shift. On the day of the accident, the 
meteorologist on duty had reported for his shift at 1400, and the Traffic 
Manager-in-Cliarge was also serving as weather coordinator. 

The NWS meteorologist on duty at the time of the accident testified that the 
RRWDS can dial up direct access to five different weather radar sites around the Fort 
Worth ARTCCqs air traffic area, and at  the time of the accident Oklahoma City and 
Stephenville had been selected. The RRW DS is a digitized color display incorporating 
about a 2-minute delay in its presentation. The RRWDS presents the precipitation in six 
different colors, and the DF W Airport is located on the display. The RRWDS does not 
contain height-measuring capability and cannot measure echo Intensity at various 
altitudes as can be done a t  NWS weather radar sites. As a result, the meteorologist 
testified that he could interpret the intensity level of a weather cell on the RRWDS, but 
he could not determine the severity of the weather inside the cell from the return. 

The NWS meteorologist testified that on August 2 he took his supper break at 
1'725. Since the ARTCC7s regulations ban food from the radar room, he had to go to the 
cafeteria, located down a flight of stairs and about 200 feet from the CWSU position. 
While he  could not monitor the  weather radar from the cafeteria, be could be paged if he 
were needed. 

The meteorologist testified that there tire no normal scheduled times for meal 
breaks, that all breaks depend upon the existing weather situation, and that, at 1725, he 
checked the RRWDS before leaving and there were no weather echoes within 10 nmi of 
the DFW Airport. Although not required to, he notified the assistant traffic manager of 
his intentions. H e  testified that he was not paged while in the cafeteria and returned to 
the C WSU about 1810. 
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The meteorologist testified that  he did not ttnecessarily" issue a CWA for 
thunderstorms within 10 nmi  of DEW Airport since not ail thundersforms require one to be 
issued. He testified that only those storms that  produce gust fronts and low level 
windshears, and that have a major impact on [airport] traffic. require CWAs to be 
issued." Paragraph 4.3.3, Attachment I, F A A  Order 7210.38A, states in part that 

the CWA is an unscheduled in-flight flow-control, air traffic, and air 
crew advisory. It is for the guidance of the ARTCC personnel, air crews 
in flight, designated FAA facilities, and CWSU meteorologists for use in 
anticipating and avoiding adverse weather conditions in the en route and 
terminal environments. 

FAA Order 7210.38A further states in part that when 'Wrrent pilot reports or 
other weather infor mation sources indicate that en existing or anticipated meteorological 
phenomenon wil l  adversely affect the safe flow of air traffic within the ARTCC area of 
~esponsibility,~~ t h e  C WSU meteorologist ttw" issue a C W A. "In this situation the data 
available must be sufficient, i n  the judgement of the CWSU meteoralogist, to support both 
the issuance of such an advisory and, if necessary, its continuationmtt 

The CWSU meteorologist testified tha t  he normally did not issue a CWA based 
solely on the intensity levels portrayed on t h e  RRW DS. He testified that had he seen a 
VIP level 4 storm in the vicinity of DFW Airport on his radar, he would have tried to 
ascertain the severity of the cell by soliciting PIREPs and ground truth reports. If he had 
confirmed that the cell was a thunderstorm, he would have formulated a CWA to be 
delivered to the weather coordinator for transmission to the tower and Terminal Radar 
Approach Control (TRACON). Me estimated it would take about 5 to 30 minutes between 
composing the C WA and its delivery to the tower and TRACON. 

me CWSU meteorologist testified that if he had seen Cell "D," based on its 
location and rapidity of growth, he would have issued a CWA. In th i s  instance, he thought 
he might have sought additional information directly from the. TRACON or tower cab. 

The Contract Weather Observer 

Surface weather observations at DFW Airport are provided by a contract 
weather service whose observers are certificated by the  N WS. The weather station is on 
the second floor of the Delta Air Lines maintenance hangar on the east side of the 
airport. The contract weather observer an duty at the time of the accident testified that 
only 50 percent of the sky, from southeast through north, can be seen from inside the 
weather station; therefore, he either has to go to the hangar roof or out on the taxiway in 
front of the hangar to observe the sky from the north through east. After completing the 
sky condition observation, he has to return t o  t h e  weather station to take the required 
instrument readings. 

The weather observer transmits surface observations locally t o  user qencies 
by electrowriter. The electrowriter reproduces the observer's handwritten weather 
observations in the offices of all agencies subscribing to this service at the same time 
they are entered on the electrowriter terminal in t h e  weather office. The weather s ta t ion 
also transmits, via the electrowriter, the  NWS terminal forcasts and NWS aviation 
weather warnings received aver the teletype. 

. . 
At 1744, the weather observer testified that he went to the the taxiway to 

begin his scheduled 1751 observation. He completed his sky observations about 1744, 
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returned to the weather station and took the instrument readings required to complete the 
observation. At  1751, he transmitted the following observation via the electrowriter: 

1 7 5 1  - 6,000 feet scattered, estimated ceiling 21,000 feet broken, 
visibility 11 miles, temperature 1019.; dew point 659.; wind 12Q0 at 
08 knots, altimeter setting 29.92 inches of Hg.; cumulonimbus north- 
northeast, towering cumulus northeast-south-west-north. 

The tratismission of the observation was completed at 1752. 

The weather observer testified that, while observing the sky conditions for the 
2 7 5 1 observation, he noted a rapidly developing cumulonimbus cloud. Alter transmitting 
the 1751 observation, he decided to go back outside to see what was  happening to the 
cloud. He returned to the taxiway and tftook a good look at the sky. I noticed a rain 
shower faUing from the CB [cumulonimbus cloud] which was north through northeast of 
where I was located.'' While he was looking at the sky, he heard thunder at about 1802. 
The weather observer estimated that the leading edge of the rain shower was about 3 nmi 
north of the weather station, but he could not, due to the distance, estimate the  intensity 
of the rainfall. After he heard the thunder, he decided to issue a special surface weather 

- observation, "so once again, I had to note the kind and type of clouds. . . out there, how 
high they were, the visibility , . . how much, if any, lightning there was, where the rain 
showers were falling, and so forth." After completing his sky condition observations on 
the taxiway, the weather observer testified that he ran to the weather station to 
complete the required instrument readings, and, at 1805, issued the following: 

1805 - Special, estimated ceiling 6,000 feet broken, 21,000 feet broken, 
visibility 10 miles, wind 070° at 8 knots, altimeter setting 29.92 inches of 
Hg., thunderstorm began 1802, north-northeast and overhead moving 
slow~y south, occasional lightning cloud to cloud, rain showers unknown 
intensity north-northeast, to wering cumulus northeast-southeast, west. 

The transmission of the observation was completed at 1807. 

After transmitting the -1805 special observation, the weather observer 
returned to the taxiway to observe the weather conditions, and, at 1814, he issued the 
folhwing: 

1814 - Special, 400 feet scattered, estimated ceiling 6*000 feet broken, 
21,000 feet broken, visibility 11 miles, wind 360° at 37 knots gusting 
46 knots, altimeter setting 29.93 inches of Hg., thunderstorm north- 
northeast and overhead moving slowly south, occasional lightning cloud 
to cloud, rain showers unknown intensity north-northeast, wind shift 
1811. 

The transmission was completed at 1816. 

The weather observer testified that although not required by reporting 
procedures, he also called the Port Worth Forecast Office after he transmitted the 1814 
special weather observation to ensure that the forecasters were aware QF the change in 
the wind speed. 





been uprooted and bbwn over. Another witness, s h t  3 to 4 miles north of the airport, 
reported that a trailer containing 1,200 pounds of fertilizer was overturned during the 
passage of the storm. 

Another witness, about 4 miles north-northwest of 'BFW Airport, said he saw a 
large thunderstorm building just north of the airport. He saw two rain shafts coming from 
the cloud. The storm was divided into two main sreas, and the,rnast intense area was just 
north of runways l 7 L  and 17R, Tfie intense area produced multiple cloud-to-cloud and 
cloud-to-ground lightning bolts. About 1755, the witness said that he sew what appeared 
to be a small funnel cloud hanging out of the storm. The funnel was short* very tight, and 
had "the appearance of a water spout." The base was very high, about at "the eight 
thousand foot level," and it was hanging out of the west side of the cloud. According to 
the witness, the storm began to djssipate about 3 minutes later and the wind suddenly 
increased to about 50 mph or greater. 

Pasengers on Flight '1915--nle surviving passengers were seated in rows 21 
through 46. Survivors, passengers and cabin crew who were interviewed, stated that the 
airplms entered heavy rain during the descent. Some described the coloc of the clouds 
outside the airplane as blue-bhck or said that it gut dark outside the airplane. All of 
them stated that the airplane encountered turbulence before the impact and one, a flight 
attendsnt, said the approach was ftreally bumpy." The other flight attendant stated that it 
got "very rough" during the approach, and "we were moving in a lateral direction, being 
tossed about, up and down, left and right." 

Flightcrews Landing at  or Departing DFW Airport.--Flight 191 was third to 
land behind flight 351 (a being 7271 and a Learjet 25; American flight 539 (a McDonnell 
Douglas MD-81)) was to land behind flight 191. 

The captain of flight 351 testified that he had been directed to execute a 
missed approach because the airplane Landing ahead of him had not been able to clear the 
runway in time. During his approach ta the DFW Airport, the captain said he saw only 
scattered clouds and one tlthunderstorm northeast of the field." Re said that his Bendix 
monochromatic weather radar was set in contour mode and the cell did not contour. Ye 
could see the cell from the cockpit and "it looked harmless . . . like showers." The captain 
testified that after passing the outer marker inbound he did not encounter any rain or 
turbulence, and he did not see any lightning. After the missed approach, flight 351 was 
vectored to the downwind 1% for runway. 112 and sequenced into the traffic flow for 
another approach. After turning on base leg at 2,500 feet, the flight encounteced a 
windshear and lost about 20 KIAS traversing the area of the shear. 

PIREP criteria are contained in the General Operating 'and Flight Rules 
(14 CFR 91) and the Certification and Operations: Domestic, Flag, and Supplemental Air 
Carrier and Commercial Operators of Large Aircraft (14 CFR Part 121) sections of the 
Federal Aviation Rqgdations. Title 14 CFR 91.125 requires the pilot in command of an 
airplane operated under IFR to maintain a ''continuous watch . . . on the appropriate 
frequency and shall report by radio as soon as possible . . . (b) Any unforecast weather 
conditions encountef ed; and tc} Any other infor mation relating to safety of flight,'! 

Title 1 4  CFR 121.561 states as follows: 

(a) Whenever he encounters a meteorological condition or an irregularity 
in a ground of navigational facility, in flight, the knowledge of which he 
considers essential to the safety of other, flights, the pilot in corn mand 
s b U  notify 6m appropriate ground station as soon as practicable. 
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(b) The ground radio station that is notified under paragraph (a) of this 
section shall report this information to the agency dime tly responsible 
fur operating the facility. 

The captain of flight 351 testified tha t  he was familiar with the provisions of 14 CFR 
121.561, but he did not report the encounter because he believed that *'a windshear of 
20 knots a t  2,500 feet a t  [the] airspeed I was at is negligible and certainly would not 
interfere with,the safety of anyonets flight.I1 

Flight 351 was cleared for its second approach to runway 17L at 1800:38 and 
landed about 1804. The captain testified that he did not go through any weather cells and 
that, while on final, t h e  nearest one was about 2 miles east of his aircraft. The captain 
said that,  after departing the outer marker inbound he encountered heavy rain which 
lasted until he descended through 1,000 feet.  He did not encounter any turbulence or 
windshear, and he did not see any lightning during the approach. 

The captain also testified that the  airplane's weather radar was not dependable 
when "you're close to a buildup or thunderstorm." He said that there was not enough 
definition and that he believed that you would have to be about '!ten miles'' from the 
storm to really look at i t  well. 

The Learjet preceding flight 191 in the landing sequence had a Primus model 
400 color weather radar. The pilot stated that he used the radar until he was about 
25 nmi from DFW Airport and that "nothing looked bad." He was able to see the cells 
visually. At the public hearing, he testified that he saw this Tittle builduptt as he 
approached the airport, and that "it looked harmless." Although his weather radar was 
stiU on, he did not recall looking at his radar as he turned on the final approach course. 

About 1803, as the Learjet approached the outer marker, the pilot retarded 
power to decelerate the airplane from 170 to 153 KIAS, the maximum flap extension 
speed. At 153 KIAS, with power still retarded, he extended the  landing gear and flaps and 
placed the airplane into its landing configuration. While the flaps and landing gear were 
extending, the airspeed dropped from 153 to 125 KIAS. Since the airplane's power had 
been reduced l'considecably" to slow it from 170 KIAS, and since he had not added power 
while the flaps and landing gear were in transit, the pilot testified that he did not 
perceive the deceleration from 153 to 125 KfAS to be the result of a windshear encounter. 

The pilot testified t h t  since he had encountered Wght to moderate 
turbulencett after passing the  outer marker, he decided to  maintain 150 KIAS on the 
approach instead of the computed 125 KlAS approach speed. After passing the marker, 
the airplane entered heavy rain and he lost all forward visibility. Since he had no forward 
visibility, he thought that if the airplane did not get out of the rain, he might not be able 
to land, so he decided to  %stay highn and fly above the glideslope. 

The pilot testified that when he emerged from the rain and saw the runway, 
the airplane was "high and hot" and they landed '?ong" because of the approach. After the 
Learjet hnded, the local controller asked the pilot to clear the runway at the high-speed 
turnoff; however, because the airplane was going too fast and was passing the turnoff, he 
could not accommodate t he  local controller, The controller then asked him to "Expedite 
down to the [next taxiway] H e  said that he cleared the runway at the next taxiway and 
after clearing the runway he looked north and saw the smoke coming from the Delta crash 
site. With regard to reporting the weather to the tower, the captain testified that h e  had 
nothing to report, "the only thing that we encountered was the heavy rainVtv 
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Flight 539 was the next airplane behind flight 191 in the landing sequence. 
Flight 539 was equipped with a Bendix model RbR-4A color radar which, in the opinion of 
the captain, was t%enerally a very effective radar." 

The captain testified that flight 539 was about 5 to 6 nrni behind flight 191 
when flight 539 turned on the final approach course. We testified that there was a build'up 
in front of flight 539 and almost directly over the final approach course with heavy 
showers falling from the buildup's base. The captain testified that he observed the buildup 
on his radar at or inside the outer marker. The buildup was portrayed in red, and no lead- 
in green and yelIow colors were displayed. (The color radar displays a storm in three 
colors--green, yellow, and red--on a black screen. Green indicates areas of light to 
moderate reinfall, yellow indicates areas of heavy rainfall, and red indicates areas of 
heavy and greater rainfall rates or a precipitation reflectivity level in excess of 40 dSZ, 
The black screen around the perimeter of the  cell indicates areas of no detectable rates 
of rainfall.) 

The captain said that they maintained visual contact with flight 19 1 until it 
entered the rain shower beneath the buildup, He estimated that flight 191 was about 
800 feet AGL when it entered the rain, and he also saw lightning in the area where he lost 
sight of flight 191. His  first officer stated that a cell "with abundant lightningtt was 
directly off the approach end of runway 17L and he saw Right 191 "penetrate the cell.ft 

Although the captain of flight 539 tMified that, based on what he had 
observed visually and on his radar, he was considering rejecting the approach, he 
continued inbound on the approach until, a t  1806:21, the local controller requested flight 
539 to "go aro~n&'~  The captain testified that, on receipt of the request, the first officer, 
who was flying the airplane, added power, leveled off, and turned right to t r y  to go around 
the right edge of the buildup. "We took it 1 the airplanel . . . through the fringe area of 
the buildup, and were in it for approximately ten seconds or so, and then broke out on the 
other side." While the airplane was in the fringe area, the captain testified, "we were in 
moderate to  heavy rain, and . , . it lasted for most of the time we were in the cloudaTr 

About the time of the accident, Delta flight 1067 was inbound to DPW Airport 
from the east with its captain observing the airport weather on its Bendix RDR-4A color 
weather radar, The captain said that when the airplane was about 140 nmi east of DF W 
Airport and with the 160 nmi range selected on the radar, he saw some "green speckstt 
displayed an a north-south 'line over the DaUaslPort Worth VORTAC located about 1 nrni 
south of the southern end of runway 17L. As the airplane approached the Blue Ridge 
VQRTAC, the captain decreased the radar's range setting to 80 nmi and the '?green specks 
had become yellow cells with a small amount of red contour.'" 

After leaving Blue Ridge VORTAC, the c'aptain said he decreased the radar's 
range setting to 40 nrni and the cells %ad become mostly red with only a trace of yellow 
around the fringes." (According to ATC data, at 1805, flight 1067 was 8 nrni southwest of 
the Blue Ridge VORTAC.) 

After leaving Baton intersection (27 nrni northeast of DFW Airport) and while 
descending from 9,000 feet toward the airport, the captain said that, T h e  cell over the 
airport was a solid red contour with no yellow or green around the edges and was 15 nrni in 
diameter . . . The other cells in the short north-south line were much smeller than the 
one over the field, and I considered them ta be in~ignificant,~ The cslptain compared the 
rate of development of the c&ll to 'an atomic barnb@explosion filmed in slow motion." 



Shortly after leaving Baton intersection, the captain was told by ATC that 
DFW Airport was closed because of the accident. The captain stated 'that 'Wue to traffic 
considerations, I was very close to the cell before L could turn . . . and divert to  Oklahoma 
City* I was able to view the cell . . . on 20 nmi radar range. The cell was solid contour 
and still building." ITransitional areas or rainfall gradients on the radar display are the 
distances between the leading edges of 'each of the colors displayed within the portrayed 
cell or weather echo. Turbulence usually occurs near cells with cores exceeding 40 d32. 
A narrow transitional area or steep rainfall gradient can indicate the presence of 
moderate or greater turbulence. ) 

Pilots on the Ground.--8ecause of the convective weather impacting the ATC 
route structure, the Severe Weather Avoidance Pian (S WAPE flow control procedures were 
in effect and were delaying departures from DEW Airport. Many airplanes were 
positioned on the ramp accessing runway 17L Fsee appendix Dl and along the taxiways 
leading to  the runway awaiting takeoff clearance. Flightcrews in these airplanes as well 
as on other airplanes located elsewhere at the airport saw the storm approach. 

All crewmembers who saw the storm either a t  or just before the accident 
stated that it was north-northeast of the airport with its southern or leading edge abut  1 
to 5 miles from their positions. All of these personnel saw heavy rain falling from the cell 
and some described the rainfall as a "curtainu of either rain or water. The first officer of 
a DC-10 holding just west of the threshold of runway 17L stated that he saw an "opaque 
curtain of rain illuminated by frequent lightning flashesw before the accident. The first 
officer also noted that at this time the wind sock adjacent to his airplane's position 
showed the direction of the wind was from 080: With regard to lightning, crewmembers 
on two other airplanes said that they saw lightning in the area of the storm cell before the 
accident. 

The crewmembers observing the storm reported that it was moving toward the 
airport but that it did not reach their position until after flight 1 9 1  had crashed. The 
estimates of the time interval between the crash and the arrival of the storm at their 
airplanes varied from I or 2 minutes to as long as from 10 or 1 5  minutes. The last 
estimate was from a crewmember whose airplane was on the outer taxiway a t  cross 
taxiway 2 1 East (2 2E). 

Two captains reported seeing funnel structures within the rainfall area: The 
captain of a Boeing 722 holding just short of the threshold of runway 17L testified that his 
airplane was facing east and that he saw a "rain shower approaching the field from the 
north." When the shower was about 1 to 3 miles north of his airplane, he stated that he 
saw a funnef-shaped structure within the rain extending from the base of the cloud to the 
ground. H e  compared the structure to a water spout he had seen "off the Coast of 
Florida." H e  testified that he saw "one or two lightning strikes, cloud to groundfi before 
he saw the funnel and that the lightning was "kind of to the right of where we saw the 

The Boeing 721 was equipped with 4 Bindix model RDR-1E monochromatic 
weather radar. The radar was on, the 80-nmi range was selected* and the antenna had 
been tilted up to eliminate ground clutter. The captain testified that the shower ''was 
directly to our left, about 90" to us, so we didn't pick up anything themn (The azimuth 
l imits  of the radar antenna are 90" either side of the longitudinal centerline of the 
fuselage of the airplane.) 

The captain testified that after trying to locate the shower on his radar, he 
looked up and saw flight 131 crash and that the rain from the storm reached his airplane 
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shortly thereafter, H e  testified that his radio was tuned to  the tower's local control 
frequency, that he had "counted 20 alrcraf t on the outer taxiway,tt and that airplanes were 
taking off "one right after the other, so there was Quite a bit of congestion on the 
frequency." He testified that he would not hgve hesitated to break in and report the 
hazardous weather he had seen, but he mw flight 191 crash before he was able to 
assimilate what he had seen and that after seeing the accident, '?I no longer had any 
thought of reporting the tornado." 

The other captain who observed a funnel structure had just completed an ILS 
approach to runway 17L. He crossed the outer marker, 5.1 nmi from the end of runway 
17t, a t  1800:38; testif ied that he saw two lightning strikes, one on each side of the 
airplane, after passing the outer marker. After landing, the captain turned his Boeing 737 
off the runway onto taxiway 29, and was instructed by the local controller east to hold 
short of runway 17% A transcript of the airplane" CVR showed that, at 1803:32, the first 
officer asked, "Is that a waterspout out there?" The-captain testified that he looked out 
the first officer's side window, and "for about, . . . two  or three seconds, . . . i t  did look, in 
fact, [ l ike]  a tornado out there. It was essentially two very distinct sheets . . . of water . . . . . , There was a tubular area between the sheets that I think, in retrospect? was the 
background sky color, which led me to believe it was a t ~ c n a d o . ~  

At  1804:44, after viewing the funnel-like structure, the captain was cleared to 
taxi across runway 17R. He testified that he had to divert his attention from the weather 
to taxi his airplane and he did not inform the local controller of what he had just seen. He 
also did not report that he had seen lightning an the final approach. H e  testified that he 
planned to report what he had seen to the ground controller as soon as he reached the 
parking ramp and was cleared to transfer to ground control's radio Frequency. However, 
he did not make the report. 

The flightcrew of one Boeing 737 did use its weather radar to examine the 
storm shortly before the accident. The airplane had its Bendix model RRDR-4A color 
weather radar on and was facing north an the outer taxiway at the intersection with cross 
taxiway 218. After seeing the storm, the first officer selected the 20-nmi range setting, 
and used full antenna tilt--from O0 to +15'--to examine the storm. The captain said that 
the storm cell, based on an earlier visual observation, was the easternmost cell in a ttshort. 
linett of two to four medium-sized cells oriented along an east-west line. When viewed an 
the airplane's radar the storm cell was about 4 miles f som .their position. He said the cell 
was  '3 30 5 miles thick and about 4 miles long." The first officer said that the southern 
edge of the cell was about 5 miles from their positioh. "The size of the cell was about 
that of a silver dollar on the radar screen, the intensity w a s  depicted by complete red, 
[ and] there were no transitional colors at the edge of the cell, just solid red." 

L8 Havigational Aids 

Not applicable. 

1.9 Communicatims 

mere were no known cam rnunication difficulties. 

DFW Airport, elevation 603 feet, is located 13 miles north~est of Dallas, 
Texas , and is served by five runways: l8R/36L, 18t/36& 13LJ31R 1 7 ~ . / 3 5 ~ ,  and 1 7 ~ 1 3 5 ~ .  
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(See appendix D.1 The runways are served by seven ILS and nondirectional beacon (NDB) 
instrument approaches. 

Runway 17L is 11,388 feet long and 150 feet wide and has a grooved concrete 
surface. The runway has an approach lighting system with sequenced flashers, runway 
edge Lighting, and centerline lighting, and is served by an ILS instrument approach. 

The ILS approach to runway 17L transmits on 109.1 megahertz (Mhz). The 
localizer course is 173'. The touchdown zone (TDZ) elevation is 562 feet and the 
minimums for the approach are 200 feet AGL and 112 mile visibility. The final approach 
fix IFAF), Jiffy, has a low-frequency radio compass locator and outer marker radio 
transmitter (LOMI and is located 5.1 nmi from the runway threshold. The minimum 
altitude at Jiffy and the decision height IDH) for the approach are 2,300 feet and 
762 feet, respectively. (See appendix E.) 

On August 2, 1985, shortly after the accident, ILS runway 17L was flight- 
checked, and the facility opera tion was found to be satisfactory. 

L10.1 Xlow h e 1  Wind !%ear Alert -em 

The Low Level Wind Shear Alert System ILLWAS) at the DPW Airport was 
operational at the time of the accident. The system, which has no recording capability, 
consists of six 20-foot -high vector-vane type of sensors located strategically throughout 
the airport property. The northeast, southeast, southwest, west, and northwest sensors 
are located on the airport perimeter; the centerfield sensor is located about 4,463 feet 
south of the thresholds of runways 17L and 1 7 R  and midway between the two runways. 
The northeast and northwest sensors were nearest to the storm and are located about 
3,000 feet north of the thresholds of runways 17 left and right and 18 left and right, 
respectively . 

The six sensors provide wind direction and speed data to a computer and six 
display units; two display units are located on the east and west sides of the tower cab and 
four are in the TRACON. The TRACON units display only center field sensor data and are 
located at the following radar control positions: feeder east low, departure south, arrival 
1, and arrival 2. 

The top row of windows of the tower cab's display units show the centerfield 
wind direction, speed, and gust speed. The next five rows display wind information fcom 
the five peripheral sensors. When a peripheral sensor's average wind reading for 
30 seconds shows a vector difference {direction and speed) of 15 knots or more from that 
of the center field sensor" wind reading, an aural alarm sounds and the digital information 
from the affected sensor or sensors starts flashing in the appropriate r o w  or rows of the 
tower displays. The flashing continues for five scans of" the system" computer, or about 
37.5 seconds; the aural alarm lasts for two scans or 15 seconds. The gust veIocity is 
shown in its appropriate window anytime the instantaneous wind speed retrieved from the 
centerfield sensor exceeds by more than 9 knots the average wind speed retrieved over 
the previous 2 minutes. Wind gust information is not shown on the readouts for the 
peripheral sensors. The digital readouts far the peripheral sensors will not appear in the 
tower displays unless an alert has occurred, However, a controller can obtain a readout 
for any of the five peripheral sensors by pressing the appropriate blanking switch on the 
display unit. The readout will be retained until the controller presses the blanking switch, 

The LLWAS has several limitations: winds above the sensors are not detected; 
winds beyond the peripheral sensors are not detected; updrafts and downdrafts are not 
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detected; and i f  a shear boundary happens to  pass a particular peripheral sensor and the 
centerfield sensor simultaneously, en alarm wiU not occur. In addition, the dimensions of 
some meteorologicel phenomena--m icrobursts or macrobursts--may be smaller than the 
spacing between the sensors and thus may not be detected. However, since the downward 
flew in macrobursts and rniccobursts turns horizontally as i t  approaches the ground, an 
outward flowing shear boundary is established which eventually affects one of the sensors 
and places the system in alert. The controllers in the DFW Airport tower cab stated that 
the LLWAS went into alert either about the t ime  the storm reached the north end of the 
airport or about 10 to 12 minutes after the accident, and when they checked the display, 
all sensors were in alarm. 

Following the accident, the LLWAS was inspected by FAA maintenance 
personnel and, on August 3, 1985, the system was recertified. The recertification 
included all system components except the sensor components which measure wind speed 
and direction, This equipment was not recertif isd because the equipment required to 
calibrate the anemometer portion of the sensor was not available. at the DFW Airport. On 
August 12, 1985, the required equipment was brought to DFW Airport. All  six LLWAS 
sensors were removed one at  a time, their wind speed and direction measuring components 
were checked, recalibrated i f  required, and then replaced a t  their designated sites. The 
five perimeter sensors were found to have been accurate. Although the centerfield 
sensor's wind direction measuring components were found to have been accurate, the wind 
speed measuring components were reading 4 knots below the speed of the inserted check 
wind. The centerf ield sensor's vector-vane was removed and replaced and the sensor was 
returned to service. 

The cup type of wind sensor used by the contract weather observer at the 
airport is located within 30 to 40 feet of the LLWAS centerfield vector-vane type of 
sensor. The weather observer's sensor records wind speed but not direction, and the 
recorder graph showed that the winds were below 10 knots until 1750; From I750 until 
about 1811, the winds averaged between 10 and 12 knots. Between ab6ut 1811 and 1815, 
the win& increased to 46 knots, Between 1750 and 181 1, the wind direction, as reported 
by the TRACON controllers and the local controller, varied between 60* and 90'. 

. The airplane was equipped with a Fairchild model A-100 Cockpit Voice 
Recorder (CVRE, serial No. 2911, and a Lockheed Air Service Model 20% Digital Flight 
Data Recorder (DFDR), serial No 586. The CVR ahd DFDR were removed from the 
airplane wreckage and taken to the Safety Boar& Washington, D.C., Laboratory where 
they were examined and read out. 

me CVR was undamaged The tape- was removed and copied, a time 
correlation was made with ATC transmissions, and a transcript containing the last 
30 minutes of the flight was prepared (see appendix F), The transcript was complicated 
because the flightcrew was using the cockpit speakers, and cockpit conversation was 
partially obliterated by incoming transrnissians from ATC and other airplanes. Several 
transmissions from ATC and other airplanes were not transcribed, but are available in the 
ATC transcripts. 

The DFDR was undamaged and in working order on arrival at the Safety 
Board's laboratory, and its tape was removed and re& out. The examination of the 
readout disclosed two periods where data were lost due to loss of synchronization (sync 
lass). The first sync loss occurred 9 seconds before the end of the recopding and bsted 
less than 1 second. The second sync loss occurred 3.45 seconds Mer aria covered a 
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4-second period where sync was intermittento Sync was regained for t h e  final 2 seconds 
of the reeorded data. Some of these lost data were retrieved through the use of recovery 
techniques. 

The DFDR tape contained, among other monitored parameters, the following 
data: indicated airspeed; heading; pitch and roll attitudes; angle of attack; position of the 
lift and drag devices; pitch, roll, and yaw control inputs; rudder, aileron, elevator, and 
stabilizer trim positions; vertical and longitudinal acceleration forces (Gs); and VHF radio 
keying. 

The VHF radio keying data were correlated to the times contained on the ATC 
transcript for communications between flight 191 and the ATC facilities. The times were 
correlated to establish a real-time reference for the various events contained on the 
DFDR digital readout. The real-time correlation was used to prepare a graphic display of 
flight 191's landing approach to runway 17L containing the following selected parameters: 
indicated airspeed; magnetic heading; m.s.1. altitude; engine pressure ratios (EPR) g/; 
control column and control wheel positions; pitch and roll attitude; angle of attack; 
vertical Gs; and selected CVR comments (see appendix I). 

1.12 Wreckage and Impact Information 

The airplane touched down initially in a plowed field about 360 feet east of the 
extended centerline of runway 171, and 6,336 feet north of the runway threshold in a 
wings-level nose-high attitude and on a heading of about 167O magnetic. The left and 
right main gear tracks extended about 240 feet beyond the initial touchdown point, and 
the depth of the left and right main gear tracks was 6 to 8 inches and 5 to 6 inches, 
respectively. The main gear tracks then disappegred for about 320 feet, reappeared for a 
short distance, and finally touched down just before the north edge of State Highway 114. 
The nose gear touched down in the westbound lane of the highway. 

The airplane knocked over a highway light standard on the north side of the 
highway and collided with a westbound automobile about 1,500 feet beyond the initial 
touchdown point. The automobile, which was destroyed, contained a small section of 
No. 1 engine inlet cowling, and metal pieces from the automobile were found in the No. 1 
engine compressor inlet. Measurement of the distance between the main landing gear 
tracks showed that the airplane was yawed significantly to the left when it crossed the 
highway. The first pieces from the airplane--pieces of tire tread--were found just 
beyond the eastbound lanes of the highway, and two light standards on the southern edge 
of the westbound lanes were knocked over. The airplane breakup, which began as it 
traversed the highway, continued as it proceeded along the ground toward the two water 
tanks located on the airport about 1,700 feet beyond the highway. 

A 45-foot by 12-foot crater was located about 700 feet beyond the highway. 
The 2.5-foot-deep crater contained pieces from the accessory gearbox of the No. 1 
engine, and the No. 1 engine came to rest about 845 feet beyond the crater. Other 
components located along the track between the highway and the water tanks included, 
among others, portions of the nose landing gear, the left horizontal stabilizer, engine 
components, and pieces of the wing trailing edge flaps and the leading edge slats. 

191 Engine Pressure Ratio (EPR) is the turbine discharge total pressure divided by total 
Fessure at the compressor inlet; the higher the EPR, the greater the engine thrust 
output. 
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The airplane grazed the north water tank and then impacted the south water 
tank--about 3,195 feet beyond initial touchdowfi--and broke apart. The fuselage, from 
the nose aft to fuselage station 1365 (FS 13851, was  destroyed. Both wing sections 
outboard of the engine pylons separated during the breakup, The left wing came to rest in 
two inverted sections about 1,123 feet south of the south water tank. The wing sections 
and attached sections of the trailing edge flaps and leading edge slats were burned 
extensively. The outboard section of the right wing came to rest in an inverted position 
abwt  775 feet south of the south water tank. The No, 3 engine pylon was attached to  the 
wing and the No. 3 engine was partially attached to the  pylon* Both wings Left a trail of 
wing components and burning fuel between the water tank and their final positions. 

Portions of the airplane were scattered throughout the area extending from 
the two  water tanks to about 1,200 feet south of the southernmost tank. Examination of 
the wreckage showed that all of the recovered structural components in the area adjacent 
to and south of the water tanks were sooted and damaged to varying degrees by 
pastimpact fire and heat. Examination of the wreckage did not disclose any evidence of 
preirnpact separation or failure. 

The investigation team found the aft fuselage section containing the rear 
cabin and the empennage was in an upright position. Passengers and flight attendants 
reported that this section came to rest on Its left side and was rolled to the upright 
position by wind gusts after the arrival of the rescue personnel. The section was 
relatively intact and included the No. 2 engine and associated ducting, the right stabilizer 
and elevator, and the base of the vertical stabilizer and rudder. The upper 12 feet of the 
vertical stabilizer and rudder had separated as a unit during the impact sequence and was 
found about 100 feet north of the aft fuselage section. 

Examination of the recovered sections of the trailing edge flaps and leading 
edge sIats showed that the flaps were extended to 33' and that aU leading edge slats were 
extended. 

The airplane wreckage was examined for evidence of an in-flight lightning 
strike. Although the disintegration of the airplane after it struck the southern water tank 
limited the amount of structure available for inspection, 33 separate structucal segments 
ranging from the nose landing gear strut to the empennage- were located, identified, and 
examined. The examination, which included all accessible control surfaces, leading edge 
slats, and trailing edge flaps, and static discharge wicks, found no evidence to indicate 
that the airplane had been struck by lightning during thb landing approach. 

The airplane was damaged so severely by impact and postcrash fire and heat 
that little meaningful information was obtained by ex~mination of 'its systems and 
cockpit. 

Powerplants,--The No. 1 engine separated from the airplane south of State 
Highway 114. Ground scars indicate that the engine tumbled and rolled about 800 feet 
along the ground before coming to a stop. During the tumbling and rolling, the engine was 
damaged extensively and shed most a ttaehed accessories, the engine reverser components, 
and other engine components. Exmination of the engine's rotating components and 
various components of the thrust reverser system indicated that, at  the time of 
separation, the engine was capable of producing power and was in the fuU reverse thrust 
position. The manufacturer% specifications state that, during landing, the reversers will 
deploy in 1.95 seconds; 2.1 seconds are required to move the reversers from the deployed 
position lo the stowed position. 



The: No. 2 engine remained in position in the aft section of the fuselage, but its 
Jeft side was damaged significantly by impact forces. The engine, inlet and fan section, 
which had been protected by the fuselage structure during the crash, exhibited minor 
damage from the ingestion of miscellaneous debris, such as airplane seat cushions, seat 
sections, and other pieces of the airplane's interior furnishings. This debris was found as 
far back as the high-pressure compressor. Examination of the engine's rotating and thrust 
reverser components indicated that the engine was capable of producing power at impact 
and that It was in the full reverse thrust position, but that i t  had been commanded to t h e  
stow or forward thrust position. 

The No* 3 engine, which had remained with the right wing during the airplane 
breakup, was found with its inlet section pointing opposite to the direction of flight. The 
engine was damaged severely during the impact sequence. Examination of the  rotating 
components of the engine indicated that it was developing power at impact. Examination 
of the components of the thrust reverser system indicated that the system had been 
commanded to the stow or forward thrust position, and the thrust-reversing components 
in the engine were in transit at impact. 

Medical and Patholagical Information 

The three flightcrew members sustained fatal injuries as a result of the 
accident. The pa thological exam inat ions disclosed no abnormal conditions, To%icological 
enalysis of the flightcrew was limited by the availability of suitable specimens and the 
following results were the only ones possible to obtain. These results were reported by 
the F A A 3  Civil Aeromedfcal Institute (CAMT): Ethyl alcohol was not detected in either 
the captain or first afficer. Carbon monoxide was not detected in the first officer. 

Passengers saw Eire enter the left side of the mid-cabin area after the  airplane 
struck the automobile and before its left side struck the water tanks. The right exterior 
surface of the separated rear cabin section containing the majority of the survivors was 
sooted heavily, but the interior of the cabin was not damaged by heat. Parts of the 
airplane forward of the separated rear cabin section were subjected to severe postimpact 
and ground fire. 

survival Aspects 

The airplane's passenger ctsbin contained 46 rows of seats and a total of 
302 s'eats. (See figure 3.) There were 152 passengers on board flight 191: 71 adult males; 
ti2 adult females; 18 children (24 months or older, but younger than 16 years); and one 
infant (younger than 24 months). The ages of the passengers ranged from 20 months to 
70 years. In addition, 11 crewmembers were aboard. 

The fuselage forward of FS 1365--forward of seat row 34--including the 
cockpit disintqgrated after the airplane struck the water tanks. However, the passengers 
said fire entered the cabin through the mid-cabin left wall before the  airplane struck the 
water tanks, and they tried to shierd themseIves from the flames as the fire propagated 
into the cabin. The forward cabin containing the cockpit and first 12  rows of passenger 
seats was destroyed on impact with the water tanks, and there were no survivors from this 
part of the airplane. 

The mid-cabin section was also destroyed, Some of passengers seated in this  
section, some still in their seats, were ejected onto the ground, Of the 60 passengers 



228 ICAO Circu tar 232-AN11 39 

seated in this section, 52 were killed. All  8 survivors suffered blunt force trauma; 7 of 
the 8 survivors sustained thermal injuries in addttion to blunt force trauma. One of these 
8 passengers had been seated in row 21, the remaining 7 were seated between rows 27 and 
33. 

The rear fuselage separated from the airplane between seat rows 33 and '34 
and the separated rear cabin section contained 33 passengers and 4 flight attendants Of 
these 37 persons, 17, including 1 flight attendant, died. Of the 20 survivors, 18 received 
injuries' ranging from serious to minor, and 2 received no injuries. None of these survivors 
sustained thermal injuries, 

There was massive disruption of cabin floor, walls, and ceiling af the separated 
rear cabin section beginning a t  the point of separation and extending rearward to just 
forward of row 40. Fifteen persons, including 2 flight at tendants, were seated in this part 
of the cabin: 10 phlssengers and I flight attendant were killed, 3 passengers were injured 
seriousIy, and 1 flight attendant had minor injuries. 

Except for the left cabin wall, which was missing, the remainder of the 
separated rear cabin section from row 40 aft to raw 46 was relatively undamaged. Six 
passengers seated along the missing left cabin wall were killed. The remaining 36 
oecupan ts of this cabin section, including 2 flight at tendants, sustained serious and minor 
injuries, and 2 passengers were not injured. 

The rear cabin section came to rest on i t s  left side, The survivors were either 
flung fmm the airplane in their seats or released the~nselves from their seats and exited 
at the forward end of the separated fuselage section m through the missing left wall. One 
fIight attendant and three passengers could not escape from the cabin because of injuries 
and were removed by fellow passengers and rescue personnel. Two other flight attendants 
had only minor injuries  ad were able to  escape unaided after shouting corn mands to the 
passengers to get out of the cabin. The flight attendant seated at the right rear (R-4) 
exit had difficulty releasing her scatbelt because the buckle was located on her left hip 
and her weight was on the buckle. The passengers and flight at tendants were covered 
with fuel and some had fuel an their hands and in their eyes, which caused difficulties in  
climbing down the cabin to the hole created by the missing left cabin wall. Some persons 
were able to climb downward to the hole over scats while others fell the width of the 
c ~ b i n  to the ground. 

Shortly after most  of the and flight attendants had exited, high 
winds blew the rear cabin upright and rescue personnel removed two passengers, 

Three fire stations are located on DFW Airport. Fire station No. 1 was about 
2 miles south of the accident site; station No. 2 was about 3 miles west of the site; and 
station No. 3 was about 0.5 mile southeast of the site. At 2806, the DFW Airport's 
Department of Public Safety (DPS) Communications Center in the airport's Fire Station 
No. 1 was notified of the accident and its location. The communications center 
immediately alerted aU fire and emergency units, Fire trucks responded from the three 
airport fire stations, and additional firef igh ting and police personnel responded from 
various locations around DFW Airport. 

Within 45 seconds after notification, three airport fire trucks from fire station 
NO* 3 were at the accident scene, three more fire trucks from fire station No. 1 arrived 
within 4 minutes, and two more from fire station No. 2 arrived within 5 minutes after 
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1,56 Tests and &iwch 

Windshear has long been identified as a flight hazard and one that csn be 
extremely dangerous during takeoff and landing operations. According t L:, FAA Advisory 
Circular ZAC) O O d O A ,  "Wind shear is best described as a change in wind direction and/or 
speed in a very short distance in the atmosphere. Under certain conditions, the 
atmosphere is capable of producing some dramatic shears very close t o  the pound. . . ." 
One of the atmospheric conditions capable of producing "dramatic shearstr is the 
downburst from convective or cu muliform clouds. (See appendix G.) 

A downburst 20/ is a strong downdraft which induces an outburst of highly 
divergent damaging wi* on or nee7 the ground. Downbursts vary from less than 
1 kilometer (0.62 mile) to tens of kilometers in diameter. Downbursts are subdivided into 
macrobursts and microbursts according to their horizontal scale of damaging winds. A 
macroburst% horizontal wind field extends in excess of 4 kilometers (2.5 miles) in 
diameter, whereas the rnicroburstts horizontal, wind field extends less than 4 kilometers 
(2.5 miles) in diameter. (See figure 4.) 

The hazards to flight inherent in downbursts were demonstrated on July 9, 
1982, at Kenner, Louisiana, when a Pan American World Airways Boeing 727 crashed after 
encountering a microburst shortly after takeoff. One hundred and forty-five passengers 
and 8 persons on the ground were killed in the accident. The Safety Board determined 
that the probable cause of the accident 

was the airplane's encounter during the liftoff and initial climb phase of 
flight with a m icroburst -induced windshear which imposed a downdraft 
and decreasing headwind, the effects of which the pilot would have had 
difficulty recognizing and reacting to in time for the airphnets descent 
to be arrested before its impact with trees. g/ 

Much of the recent investigation of the downburst p3enornenon has been 
concentrated geographically around Stapleton International Airport, Denver, Colorado, 
during t w o  research projects: the Joint Airport Weather Study {JAWS), which ended 
August'l3, 1982, and the Classify, Locatet and Avoid Wind Shear (CLAWS] Project which 
began July 2, 1984, and ended August 15, 19.84. 

The director of the JAWS and CLAWS programs testified that the distance 
across a microbust can be as little as 3,000 feet, or as great as 10,000 feet. An airplane 
traversing a rn icraburst initially encounters the out flow on the front side, which increases 
the headwind component, causing the airplane to rise and its indicated airspeed to 
increase. Several seconds later, the headwind component begins deepeasing and the 
airplane traverses the central core downdraft, "which can be very strong." Finally, the 
airplane encounters the back side of the microburst, and the tailwind component begins to 
increase, causing the airplane to sink and its indicated airspeed to decrease. ' I h e  time 
across this whole feature is anywhere from 20 to 40 seconds. That's not very long and cen 

201 Fujita, T. 'fheodore (1985): The Downburst - Microburst and Macroburst. n/ Aircraft Accident Report --*Tan American World Airways, Inc., Clipper 759, Boeing - 
721-235, N4731, New Orleans International Airport, Kenner, Louisiana, July 9, 1982" 
(NTSB/AAR-~~/QZ)*  
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create serious performance problems for an airplane. . . ." Assuming that the mieroburstts 
horizontal outflow winds are 30 knots, then during the 20 to $0 seconds required to 
traverse the area, en airplane would encounter a 80 -knot horizontal windshear. 

The project director testif ied that during JAWS, "We found that for about 
75 rnicrobursts, the average wind speed spread] across it was 47 knots. . . The average 
microburst for an airplane is very severe. The wind differential across the . . . microburst 
[encountered by the Pan Am flight at Kenner? was about 4 1  knots* ' He also testified 
Wilf the ones we looked at were stronger than [ 47 knots] ." During JAWS, researchers 
had measured microburst wind differences in the  65-knot range, and '"found one up here in 
the almost [one] hundred-knot range." 

The project director testified that the LLWAS system "does a good job with 
gust fronts. W e  found in an analysis of our work in Denver in 1982 that i t  did not do a 
particularly good job with micrabursts." The director cited the following reasons for this: 
a microburst tends to be smaller than the distance between sensors. The LL W AS is like a 
net, but the mesh is too coarse, and' microbursts slip through. ' A lot of microburst action 
took place outside of the  sensor locations, and "some sensors are sheltered, trees have 
grown up around them and they do in inadequate job detecting the wind." The project 
director concluded that the LLW AS is Its limited system but i t  can be improved and must 
be improved. It's the only system we've got right now, and let% make the most of it." 

The CLAWS project was implemented by the FAA after a rnicroburst 
windshear takeoff mishap at Stapleton Airport. Immediately following the mishap, the 
FAA contacted the National Center for Atmospheric Reseetch (NCAR) in bulder, 
Colorado, and asked if they would use Doppler radar to protect Stapleton Airport. 
Although the NCAR microwave pulse Doppler radar was located about 18 miles northwest 
of the airport, they tried to protect or cover a 5 nmi radius around Stapleton Airport with 
pulse Doppler radar. (Doppler radar can, in addition to detecting precipitation, measure 
tne velocity of the scatter echo of precipitation and other aspects of the atmosphere; it 
measures any component of motion perpendicular to the direction of i t s  antenna and, 
therefore, can measure the speed of the winds within a weather cell.) During the CLAWS 
project, meteorologists were on duty in the radar room and in the tower cab, and were 
passing infor mation directly to ATC and "'hence, to pilots." The meteorologists used the 
Doppler radar to locate the microburst, est imate  the differential shear across its 
diameter, provide a warning to the controller, which the controller would read to the 
pilot. (For example, weather radar indicates a rnicroburst 2 miles north of Stapleton. 
Windshear may be 55 knots). The project director testified that they issued 30 microburst 
edvisories in 45 days to 30 pilots; ? pilots rejected the approach and executed a 
go-around. 

Tn addition to the nowcasts based on the Doppler radar information, the 
project also issued a daily forecast of microburst probability. ?he forecast was based on 
analysis of the dry adiabatic lapse rates 221 and the presence of moisture aloft in the 
atmosphere. The project director testified that the forecast was 80 percent accurate in 
determining that a rnicroburst would occur near Denver that day. The forecast was 
delivered to the weather service and was distributed nationally every morning the 

81 The rate at which unsaturated air moving upward or downward cools~or warms. 'Ihe 
z t e  is independent of the temperature of the mass of air through which the vertical 
movements occur. 
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forecast was made. The project director testified that,  although they cannot pinpoint 
1 2  hours in advance where a microburst will be, they can identify the days "where a 
microburst is likely to  occur for the dry high (cloud)-base type cases." I-Ie then testified 
that "we do not yet know how to  forecast the conditions for a microburst in the heavy wet 
Southeast or humid regions of the United States." 

-4 NOAA research scientist testified that the microburst problem is far from 
being solved. He testified that  not all thunderstorms produce significant outflow winds 
nor do they produce microbursts. In addition, the potential for a microburst cannot be 
predicted based on the intensity of the weather echo. Since present-day NCVS radar can 
only measure the intensity of the precipitation contained in the cell, he testified that he 
did not know of any technique available to  the NWS radar specialist that would allow him 
to  determine which convective echo on his radar would produce a microburst. He 
testified that  the Doppler radar is the best available sensor to detect the presence of a 
microburst. The JAWS and CLAWS project director testified that  "we found 
out . . . microbursts were enormously detectable with Doppler radar." 

The research scientist testified that the research data showed that 
- ~nicrobursts develop so rapidly and the responses are so transient that two airplanes, one 
following another through the microburst see entirely different things. He also testified 
that the JAWS data showed that,  in general, "the microburst as  seen by Doppler radar has 
a lifetime on the order of five minutes or longer, but not over ten minutes." 

In addition, the research scientist and the JAWS director testified that the 
research data also indicate that the descending column of air in the microburst may 
produce horizontal vortices along its boundary with the environmental air. 

The testimony a t  the Safety Board's public hearing disclosed that past and 
present microburst research has had very little impact on NWS operations and that formal 
training concerning research results had not been implemented. 

NOAA has been involved in developing microburst forecasting techniques 
based on JAWS data for about 4 years. Although these techniques show great promise, for 
the most part this information and formal training to use these techniques have not been 
provided to  operational meteorologists. Ihe Safety Board believes that every effort must 
be made to ensure that pertinent information developed from microburst research is 
provided to  operational meteorologists, and that formal training programs based on this 
information be implemented as soon as possible. 

Wind Field Analysis 

The microburst phenomena is often a part of the evaporation-condensation 
process which produces cumulonimbus clouds, heavy rainshowers, and thunderstorms. The 
windshear results from the convective movement of the air wherein low-level air heated 
by the ground rises and is replaced by cold air descending from aloft. ?he low-level wind 
condition is analagous to  pointing a high-pressure air hose a t  the ground; the vertically 
descending air fans out in all directions. 

When a microburst is encountered during a landing approach, the airplane will 
typically experience an increasing headwind, a downdraft, and a decreasing headwind in 
rapid succession as i t  passes beneath the outflow and descending air column. ?he 
increasing headwind will be recognized as the indicated airspeed increases suddenly and 
the airplane tends to rise above the glidepath. However, this apparent increase in 
airplane performance is shortlived as the airplane enters the downdraft and encounters 
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the decreasing headwind caused by t h e  reversal in the direction of the outflow. The rapid 
reversal of wind direction and speed produces sudden changes in ,the airplane's angle of 
attack and airspeed, which may reduce the airspeed far below the initial stabilized 
airspeed. The reduced airspeed will result in reduced vertical lift, causing t h e  airplane t o  
accelerate downward. Furthermore, the airplane's longitudinal stability will cause the 
airplane to  pitch nose downward as it attempts to  reacquire its trim speed equilibrium. 
The extent to which the airplane's flight path changes depends upon the severity of the 
windshear and the pilot's reaction with flight controls and engine thrust. The microburst 
might also create horizontal vortices which produces sudden changes of vertical wind 
speeds to  further upset the longitudinal stability and perhaps the lateral and vertical 
stability of the airplane, exacerbating the pilot's control task. 

At  the Safety Board's request, the Lockheed California Company and the 
National Aeronautics and Space Administration (NASA) analyzed the information from 
flight 191's DFDR to determine the horizontal and vertical wind velocities affecting the  
airplane's performance during the instrument approach t o  the DFW Airport. The 
computations performed during this analysis were based on the following general 
assumptions: 

o the weight and configuration of the airplane a t  the star t  of t h e  ILS 
approach; 

o the weather conditions a t  the DFW Airport a t  the time of the 
accident; and 

o engine and airplane performance parameters derived from Rolls 
Royce and Lockheed documentation. 

In determining the wind field penetrated by flight 191 during the approach t o  
DFW Airport, the airplane's inertial flightpath was reconstructed based .on data retrieved 
from the airplane's three accelerometers. The inertial flightpath was then compared with 
flightpaths constructed from radar data retrieved from the Fort Worth ARTCC's National 
Track Analysis Program (NTAP). The inertial flightpath overlay showed good correlation 
with the NTAP flightpath and the transponder altitude readout. 

The three-dimensional, along-track wind field transited by flight 191 was 
reconstructed by comparing an inertially reconstructed flightpath t o  the air data 
information provided by the DFDR. 

The ''along flightpath winds1' developed by NASA and Lockheed correlated 
reasonably well. Both analyses revealed that flight 191 penetrated a divergent wind field 
whose pattern resembled a microburst wind field pattern. Flight 191 encountered an 
initial increasing headwind, followed by a downdraft and a series of updrafts and 
downdrafts, in the presence of an increasing tailwind (decreasing headwind). 

The general pattern shown in the analyses indicates that flight 191 
encountered a strong downflow for a period of 20 seconds, followed by a series of rapid 
changes in vertical wind direction spaced about 5 seconds apart. In the period of the 
major downflow, the airplane experienced downdrafts from about 6 knots to  about 
24 knots. As the airplane entered the downflow, t h e  headwind increased from about 
10 knots to  a maximum of 27 knots. Then, during a period of 26 seconds, there was a 
change to  a 40-knot tailwind. Based on the rotation of the horizontal wind direction, the 
source of the downflow appeared to have been to the west of the flightpath. 
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A control column force analysis performed by Lockheed showed that a 
22-pound push force was applied to the control: column about 12 seconds before initial 
touchdown. Over the next 4 seconds, the forces were reversed, and by 8 seconds before 
impact, a 25pound pull force was being exerted. Over the next 7 seconds, t h e  forces 
again reversed and by 1 second before impact a lo-pound push force was being applied. 
During the last second the push force was  decreasing. 

A t  the Safety Baacdts pubhc hearing, er. N ASA Aerospace Engineer amplified 
the manner in which the wind analysis was performed. He testified that both Lockheed 
and NASA used a similar analysis approach and that the results of the two analyses were 
?'generally . . . the sarne.'l 

The aerospace engineer testified that NASA also used the DPDR data to 
deter~nine whether there had been any degradation of airplane performance due to heavy 
rain. When the lift generated by the airplane was compared with lift perfor mance based 
on good airplane test data, no significant differences were identified between the 
predicted lift and the measured lift. H e  testified, "In terms of lift, there does not seem 
to be any performance degradation.'? He also testified that, because their work on drag 
per for mance had not been completed, they could not talk about drag with the same degree 
of confidence. Iiowever, he said that "we do not see any drag values out of order relative 
to  what we'd expect. At the moment, we see no performance degradation." Later 
analysis of the airplane's drag per for rnance substantiated this conclusion. 

With regard to the rainfall rate encountered by flight 191, data showed that 
the maximum convective rate associated with a VIP level 4 echo (intensity = 49 dBZ) is 
about 3.7 incheslhour. A rain gauge located just west of the initial impact point had 
collected about 0.9 inch of rain in a 15-minute period, a rate of 3.6 incheshour. Just 
before 1810, the RVR (runway visibility range) on the touchdown end of runway 17L had 
decreased to 1,600 feet. Calclilations of rainfall rates based an RVR'values 231 indicate 
tha t  a 1,600-foot RVR corresponds to a rainfall rate of 12.6 irrcheshour* evidence 
indicates that the rainfall encountered by flkht 191 probably fell at  the rate of at least 
4 incheshour. 

NASA also evaluated how the use of different pitch attitude histories would 
have altered the airplane's flightpath through the windshear. The evaluation had two 
objectives: first, to determine if the decived wind field eexceded the airplane 
performance limits; and second, to test the windshear recovery technique requiring the 
pilot to rotate the airplane to a target pitch attitude; hold that attitude unless persistent 
activation of the  stall warning stickshaker occurs, then reduce the pitch attitude enough 
to end the stickshaker activation. 

The aerospace engineer testified that this was "in large part, an academic 
exercise, because . . . if the  newly generated flightpath was a significant distance from 
the path on which flight 191's flightpath winds were measured, then our assumption 
regarding the use of flight 191's winds, "becomes less and less valid.n He testified tha t  i f  
a flightpath quite close to that of flight 191's is assumed, then the assumption of the 
same winds to produce the new flightpath is ttreasonably valid.*' Therefore, a series of 
pitch attitudes ranging from 15' to Z0 nose-up were examined. 

231 - Dietenberger, M A ,  Haines, P+ A, and Luers, J. K,, "Reconstruction of Pan Am: New 
Orleans Accident.'! Journal of Aircraft, Vol. 22, No. 8, August 1985. 
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The lowest a l t e rna te  path examined during this exercise c leared t h e  ground by 
100 fee t .  This path  was generated by allowing t h e  airplane to pitch down as i t  did 
14 seconds before impact  but ar res t ing t h e  downward pitch at 2Onose-up, maintaining t h a t  
a t t i tude,  "and then pulling up at a very modest r a t e  toward t h e  end of t h e  period." T h e  
15O nose-up pitch a t t i t u d e  produced a flightpath well above t h a t  of flight 191; however, 
t h e  aerospace engineer test if ied t h a t  t h e  assumption of t h e  s a m e  winds fo r  t h a t  f l ightpath 
was "very sketchy." 

According t o  t h e  engineer, t h e  2' nose-up flightpath "did not  result  in any 
increase of any peak angles of a t t a c k  . . . . and i t  resulted in only a few knots change in 
t h e  airspeed.'! He tes t i f ied  that ,  based on  t h e  f a c t  t h a t  t h e  lowest  a l t e r n a t e  f l ightpath  
cleared t h e  ground, "we could deduce . . . t h e  airplane physically had t h e  performance 
capability t o  fly a path  t h a t  missed t h e  ground." The  f a c t s  show t h a t  t h e  airplane initially 
touched down "with a very modest descent  ra te .  I t  c a m e  very close t o  missing t h e  ground, 
and i t  takes  a . . . very small  pa th  differential  . . . t o  s t a r t  . . a slight climbing pa th  at  
t h a t  part icular point [ in i t ia l  touchdownl .'I Because of t h e  loss of DFDR d a t a  a f t e r  t h e  
initial touchdown, t h e  aerospace engineer test if ied that ,  "Beyond [ t h e  point of init ial  
touchdown] with no record and no information we can't deduce what would g o  on  a f t e r  
that .  There  might b e  a terr i f ic  tailwind at t h a t  point, or a ter r i f ic  headwind. You c a n  
only work with what you've got." 

The aerospace engineer also test if ied tha t  t h e  DFDR information indicated 
t h a t  t h e  flight was  experiencing uunusually heavy turbulence" during t h e  last portion of 
t h e  descent. At  one point, about 1 5  seconds before initial impact,  t h e  airplane rolled 20' 
right and t h e  control  wheel was def lected full l e f t  t o  recover,  which, "strongly suggests 
flight through (or) p re t ty  close t o  t h e  cen te r  of a vortex flow." 

The NASA computations showed t h r e e  angle-of-attack peaks during t h e  last 
1 5  seconds of t h e  flight. The f i rs t  peak occurred about 1 5  seconds before  init ial  impact  
and had a "brief spike" slightly above 21'. Since Lockheed d a t a  show t h a t  t h e  stall 
warning st ickshaker will a c t i v a t e  at a n  angle of a t t a c k  of . lgO plus o r  minus 1/2', t h e  
aerospace engineer test if ied t h a t  t h e  21°spike: 

would provide a one-second interval  of stickshaker. 

The second peak (9 seconds before i m p a c t ) .  . . gets t o  about a 15' ang le  
of a t t a c k  which is  . . . t h r e e  or four degrees below stickshaker, 1 wouldn't 
expect  a st ickshaker there.  

The  third peak during t h e  final pull-out (5 seconds before  impact), i s  
about 1 8  1/2. Giving allowance fo r  slight errors, tolerances in t h e  angle  
of a t t a c k  device, t h e r e  might have been a very brief exci ta t ion of ( the  
stickshaker) . . . less than half a second. 

1.16.3 ~irphne Performance 

Because t h e  recorded information from t h e  DFDR contained, in addition to 
airplane performance data, t h e  control  inputs made by t h e  pilot, t h e  Safe ty  Board was  
able t o  determine and analyze t h e  pilot's response t o  t h e  derived winds. 

The  performance data indicated t h a t  t h e  flight proceeded uneventfully unt i l  
t h e  f inal  47 seconds of t h e  flight. The  airplane was descending through about 800 f e e t  
AGL, on t h e  ILS glideslope, at 150 KIAS (Vref + 1 3  KIAS), and holding a nose-up 4.5' p i tch  
att i tude.  
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Between 1805:05 and B 805:19, t h e  airplane encountered an increasing headwind 
component. The  onset  of the  increase was gradual, but between about  B805:12 and 
1805:19, t h e  headwind component increased at a r a t e  of about 2.7 knots/second. During 
this 14-second period, t h e  airplane acce le ra ted  t o  about 173 KIAS, and t h e  f i rs t  off icer  
retarded the  thrott les.  By P8(45:15, despi te  t h e  instructions in t h e  Del ta  L-1011 Pilot 
Operating Manual (POM), which states, "do not  unspool t h e  engines," all th ree  engines 
were ei ther at, o r  very near, f l ight  idle EPR and  remained at t h a t  thrus t  level  unti l  
1805:22. During t h e  f i rs t  pa r t  of th is  period, t h e  f i rs t  off icer  also applied a gradual  
nose-down control  input. By 1805:14, t h e  pitch a t t i t u d e  reached 1.3' nose-up and then  
began t o  increase as t h e  f i rs t  off icer  began t o  apply nose-up control  inputs. At  o r  shortly 
before 1805:19, t h e  airplane encountered a s t rong downdraft. The ver t ica l  winds changed 
from a 10-fps updraf t  t o  a 20-fps downdraft. The  f i rs t  officer's response was t o  apply 
further nose-up control  input and t h e  pitch a t t i t u d e  increased t o  about 7' nose-up. A t  
1805:19, t h e  capta in  warned t h e  f i rs t  officer,  "watch your speed,'! and  1 second l a t e r  t h e  
airplane entered t h e  heavy rain. 

From 1805:19 t o  1805:29, t h e  headwind decreased by about 25 knots and t h e  
downdraft increased from about 1 8  fps  t o  more  than  30 fps. Thrust  was  near  flight id le  
during t h e  f i rs t  6 seconds of th is  period and, combined with t h e  loss in headwind 
component, resulted in a loss of about 30 knots of airspeed. During t h e  last 4 seconds of 
this period, thrus t  was increased t o  within 0.01 t o  0.02 of go-around power. (Delta's 
procedures require t h e  flightcrew t o  ascer ta in  t h e  go-around o r  missed approach EPR 
during the  approach check and t o  set t h e  indicator or  EPR bug on each  EPR indicator Po 
the computed sett ing.  The  CVR transcript  showed t h a t  this checklist  i t em was completed 
a t  1757:13. The  go-around EPR for  this approach was 1.48 EPR. Assuming t h a t  t h e  
thrott les were  pushed full forward t o  thei r  stops, t h e  maximum available EPR would have 
been about 1.53 EPR.) Even as thrust  was being applied, airspeed continued decreasing t o  
about 129 knots, for  a t o t a l  loss of 44 knots in 1 0  seconds. Also, pitch a t t i t u d e  was  
increased t o  about 15.7' nose-up t o  maintain glideslope and counter t h e  s t rong downdraft. 
At 18:05:29, t h e  decreasing trend of t h e  headwind again reversed i tself ,  and along with a 
high thrust  condition, resulted in a rapid increase in airspeed from about 129 t o  147 KIAS. 
At 18:05:31, thrust  was reduced from a n  engine pressure ra t io  of 1.47 t o  1.33 and by 
1805:35 t h e  airspeed decreased t o  140 KIAS. The DFDR d a t a  showed t h a t  between 
1805: 19 and 18:05:35, flight 191 had essentially maintained t h e  glideslope despi te  airspeed 
fluctuations of +20 knots t o  -44 knots and downdrafts from 1 5  t o  40 fps  during t h e  
preceding 32 seconds, 

At 1805:35, flight 191 encountered a n  at'mospheric disturbance which could 
best be described as severe  and localized. Within 1 second, large  variat ions in wind 
components along all t h r e e  axes  of t h e  a i rc ra f t  were  noted. Indicated airspeed decreased 
from 140 t o  120 knots, t h e  ver t ica l  wind reversed from a 40-fps downdraft  t o  a 20-fps 
updraft, and a severe  l a te ra l  gust  s t ruck t h e  airplane as well. This gust  resulted in a very 
rapid roll by the  airplane t o  t h e  right, requiring a lmost  full l a t e ra l  flight control  author i ty  
t o  level  t h e  wings. Of equal importance was t h a t  t h e  airplane's angle of a t t a c k  increased 
from 6' t o  approximately 23" degrees,  and most likely increased more  rapidly, and t o  a 
higher value, than  recorded by t h e  DFDR because of t h e  rate-limited angle of a t t a c k  
sensors. Although t h e  sound of t h e  st ickshaker was not  heard on t h e  CVR, t h e  st ickshaker 
probably activated,  albeit for  only about 1 second. This severe  environment t h a t  flight 
191 encountered most likely is  what prompted t h e  capta in  t o  say, "Hang onto  t h e  (non- 
pertinent word.)" I t  was also about this t ime  t h a t  engine thrust  was applied. 

The DFDR d a t a  showed t h a t  t h e  power began increasing on t h e  engines at 
about 1805:36. By 1805:44, all t h r e e  engines had reached about  1.53 EPR and they 
remained at t h a t  thrus t  level  unti l  t h e  airplane touched down t h e  f i rs t  time. 
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During the next 3 seconds, in response t o  the pitching moments induced by the  
much higher-than-trim angle of a t tack  and the  pilot's nose-down control column 
deflection, a rapid nose-down pitch r a t e  developed. By 1805:39, the  airplane's pitch 
att i tude was 3.6' nose-up, and continuing downward. Also at this time, the vertical wind 
reversed again from an  updraft t o  a strong downdraft. Between 1805:35 and 1805:48, the  
derived wind calculations showed six strong reversals in the vertical wind component. The 
strong downdraft, combined with the airplane's rapid nose-down pitch rate,  induced a 
sudden reduction in angle of a t tack  t o  near zero. In fact,  a ver; .?a1 acceleration of 
+0.3 g was recorded by the  DFDR. As a result, the airplane began a rapid departure from 
the glideslope. 

At 1805:40, the DFDR data  indicated a large forward-from-trim deflection of 
the control column. The resultant pitching moment was sufficient t o  overcome the  
nose-up moment resulting from the low angle of a t tack  prior t o  1805:42, and the nose- 
down pitching r a t e  began t o  increase. At 1805:42, the vertical wind reversed again, 
resulting in ari angle of a t tack  increase from 5'to lgOdegrees  in approximately 1 second. 
This combination of nose-down, pilot-induced control column force and the  above-trim 
angle of a t tack  resulted in a peak nose-down pitching acceleration at 1805:43. Both of 
these pitching moment contributionsreversed a f te r  1805:44, but not before inducing a 
nose-down pitch r a t e  of about 5' per second as the pitch at t i tude decreased through 5' 
nose-down. 

Beginning a t  about 1805:40, a large increase in the tailwind component was 
recorded. Due t o  the 30-knot tailwind, airspeed did not increase beyond about 135 knots 
despite maximum thrust and a steepening flightpath. By 1805:44, the  airplane was a t  
420 feet  AGL, i t s  descent r a t e  was about 3,000 f ee t  per minute, i t s  airspeed began Po 
increase, and i t  was in a strong downdraft. At 1805:44, the CVR recorded the first  GPWS 
alert, and 1 second later,  the  captain called "T0GA.l' The low angle of a t tack  resulting 
from the  low pitch at t i tude (7.4" nose-down), and the strong downdraft combined with a 
substantial nose-up control deflection, produced a large nose-up pitching moment. This 
reversed the pitch at t i tude trend, but not until pitch reached about 8.3'nose-down. 

At 1805:46, with the  airplane at about 280 f ee t  AGL, i t s  descent r a t e  was 
close t o  5,000 f ee t  per minute. By 1805:48, the  vertical wind changed from about 40-fps 
downdraft t o  about 10-fps updraft. This reversal in wind component, combined with a 
substantial nose-up pitch rate,  increased angle of a t tack  rapidly. At 1805:48, a i2.0 g 
vertical acceleration was recorded. I t  is  probable that,  for about 1 second, the  
stickshaker activated for the  second time, 'and pitch at t i tude peaked at 6' nose-up. At 
1805:50, another downward trend in pitch is noted, so that,  about 2 seconds before initial 
ground contact, a pitch at t i tude of about zero degrees was recorded. In the last  second 
before ground contact, pitch increased t o  approximately 3.1' nose-up. 

From 1805:45, until initial ground contact a t  180552, no further longitudinal 
wind changes were noted. Accordingly, the airplane's airspeed increased steadily t o  about 
170 KIAS a t  touchdown. 

Some DFDR data  were lost in the 4 seconds subsequent t o  initial touchdown. 
It is estimated tha t  the  vertical descent ra te  a t  touchdown was on the order of 10 fps, 
certainly not enough t o  compromise the airplane's structural integrity. A nose-down 
control deflection and a reduction in engine power were also observed during this 4-second 
period. 
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1.16.4 Flight Director System Studp 

The Safety Board requested the Lockheed and Collins Companies to analyze 
the pitch corn mands that would have been displayed by the flight director system's pitch 
command bar during the descent. The completed analysis depicts the last 52 seconds of 
the f1igh.t before initial ground contact. 

The simulation of the final seconds of the flight begins with the airplane on 
the glideslope, 1,Q45 feet AGL, and 52 seconds from initial impact time, The simulation 
was operated in a three-DOF (degree of freedom) mode. The horizontal and vertical 
winds and the DFDR-recorded EPRs averaged across the three engines were applied by a 
function generator. 

The flight director was in the Approach/Land mode until TOGA was selected. 
The reconstruction showed that the airplane did not descend below the glideslope until 
1805:42, 10 seconds before initial impact, While the flight director was in the 
Approachjtand mode, the system's glideslope-based logic was providing pitch commands 
to maintain the airplane on the glideslope and, until 1805:42, the airplanes pitch attitude 
,corresponded essentially t o  the at ti tude corn manded by the pitch corn mand bars. During 
the next 2 seconds, as the airplane descended below the glideslope, the pitch command 
bars moved upward to command a nose-up pitch correction. When TOGA was selected, 
7 seconds before initial impact, the airplane was over 3 dots below the glideslope and 
descending at a rate of about 3,000 feet per minute. The airplane's pitch attitude was 8.3' 
nose-down and the pitch command bars were commanding an 11.3' nose-up pitch 
correct ion. 

The Delta L-1011 PQM advises flightcrews to use the flight director's TOGA 
mode to initiate and complete a missed approach Prom a landing approach. In the TOGA 
mode, the flight director computers sense the airplane" ccanf igurat ion engine thrust and 
angle-of-attack, and will position the command bars to command an angle of attack that 
wiU maintsin the airspeed at or above 1.25 Vs. 241 Angle of attack is  controlled by pitch 
attitude, and the f i gh t  director logic l imi ts  thy nose-up and nose-down pitch attitudes 
between 17~5' and -1.2'~ respectively. In the TOGA mode, the flight director will, if 
necessary, sacrifice altitude to maintain the airplane's airspeed at or above 1-25 Vs. A t  
324,800 pounds, 3 3 O  flaps and slats extended, and gear down, 1,25 Vs was 131 KIAS. At 
1805:45, when TOGA was selected, the airspeed was about t 37 KZAS, During the 7-second 
interval, the airspeed increetsed to about 17 0 KIAS and the sate of increase was essentially 
linear. 

About 1 second before TOGA was selected, the first officer had begun a nose- 
up correction* At 1805:46, 1 second after TOGA was selected* the 'airplane's pitch 
attitude had increased from 8.3Oto 7' nose-down and the command bars commanded an 18' 
nose-up pitch correction. During the next 2 seconds, the first officer continued t o  raise 
the nose of the airplane; however, at 1805:48, 4 seconds before initial impact, the 
airplane's angle of attack increased suddenly from about 3" to  about 16'. The airplane's 
pitch attitude was 5' nose-up and the command bars were commanding a 10" nose-up 
correction. Over the last 4 seconds before initial impact, the airplane's pitch attitude 
decreased from 5' nose-up to 0' and then increased to 2" nose-up. The pitch command 
bars lowered and, although they were  within 0.13 inch of being centered, they were still 
commanding a 5' to 6' nose-up correction to an 8' nose-up pitch attitude when the 
airplane touched down. 

24/ The staling speed or the minimum steady flight speed at which the airplane is 
Gntrollab~e. 
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1.16.5 Weather Analysis 

NOAA provided the Safety  Board with an analysis of 'the weather conditions 
affecting the landing approach of flight 191. The NOAA analysis, conducted at the 
request of the Safety Board, was. based on its analysis of large-scale meteorological 
patterns, Geosynchronous Operational, Environmental Satellite (GOES) data, weather radar 
data, airplane weather radar data, flight 191's DFDR data, and an examination of 
eyewitness accounts of the weather. 

The analysis states that the data contained in the NASA wind,field analysis: 

shows that the aircraft penetrated the main downdraft of the m icroburst 
at 550-850 feet AGL. The aircraft survived the downdraft only to crash 
in the outburst, or low level outflow of strong winds which contained not 
only a strong tail wind but a series of three strong wind vortices which 
were parts of vortex rings which circled the main downdraft. 

The analysis states that, "The microburst was in the process of just reaching the surface 
when Delta 191 entered it," 

The analysis states that the thunderstorm involved in the crash was: 

one of a line of discrete cells which extended into the DFW area from 
the northwest where the line joined a more extensive and intense. . . 
complex of thunderstorms along the Red River [about 100 nmi north of 
DFW Airport,] 

The analysis also stated that the "thundershowerstt in the immediate DFW 
Airport area were produced by two storms--Cells lTtt and "Dl1--and that. the second storm 
(Cell "Dl1) was much more severe. The analysis stated, ltFurther, the first or weaker 
parent storm (Cell "Cw) was dissipating just as the second, more intense offspring, was 
about t o  become violent*@' 

1.16.6 Flight ~ t t  eidantts Jumpseat Restraint Systems 

Because of the difficulties encountered by the  flight attendant in trying to 
release the restraint system at the R-4 jumpseat, t h e  Safety Board examined the restraint 
systems st the R-3, R-4, and L-4 flight attendant jumpseais. The other jumpseats had 
been damaged too extensively to draw any valid conclusions concerning their precrash 
condition, 

The examination of the R-4 and L-4 systems showed that the seatbelt straps 
were badly worn and damaged, and the shoulder harnesses were stretched and worn, and 
had been abraded by chafing. In addition, the restraint systems had not been installed in 
accordance with engineering specifications. The restraint systems had been manufactured 
in early 1982, 

The restraint s y s t e m s h o r n  and abraded straps were taken to CAM1 and tested 
for tensile strength with t h e  following results: 

The R-4 seat's left seatbelt strap failed at 1,300 pounds tension for an 
undetermined reason in the area where it had been jammed inside t h e  
adjuster, The strap wns designed to a minimum breaking strength of 
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4,00 0 pounds; however, FAA Techhical Standard Order (TSO) specifies a 
minimurn seatbelt breaking strength 'of 2,2 50 pounds and that the entire 
seat belt assembly (all straps, hardware,, and attachments) must be able 
to  withstand a minimum 1,500-pound load without failure. 

The R-4 seat's right seatbelt strap faiied in the damaged area at 
1,850 pounds of tension and below the manufacturer's and the TSO's 
minimum breaking strength. However, despite this failure, the minimum 
1,500 pound load required to fail the entire assembly would not have 
been co mprom bed. 

Each of the L-4's seatbelt straps failed a t  2,200 pounds in their damaged 
areas, 

The R-4 jumpscat's right shouider strap failed in the damaged area at 
3,400 pounds or 600 pounds .below the manufacturer's mini mum 
standards. 

The investigation also disclosed that neither the  airline, the FAA, the 
manufacturer of the restraint system, or the supplier of the strap materials had published 
guidelines that could be used to determine when the amount of damage or wear would 
require the replacement of the restraint system's straps. 

* 1.3'1 0 t h ~  Wormation 

The airplane was certificated, equipped, and maintained in accordance with 
Federal regulations and approved procedures. There was no evidence of a malfunction or 
failure of the airpisme, its components, or powerplants that would have affected its 
performanee. 

The flightcrew was certif Scated properly and each crew member had received 
the training and off-duty time prescribed by FAA rwlations. There w a s  no evidence of 
any preexisting medical or physiological conditions that might have affected the flight- 
crew's performance. 

The ATC eontroUers on duty in the DF W Airport TRACON at the time of the 
accident were certificated properly and each controller had received the tsaining flnd off- 
duty time prescribed by FAA regulations. All of the controllers providing ATC services to 
flight 191 wwe full perfor manee level controllem. 

The N WS .meteoroiogists were qualified, and the contract weather observer at 
DF W Airpart was certificated by the N WS. 

Based on the evidence, the Safety Board directed its attention to the 
meteorological, airplane performance, air traf fie control, and operational factors that 
might have caused the airplane to descend and crash, and to occupant survival. The 

*KAO Note.- Section 1.1 7 was not wcoduoed. 



meteoroZogicaI evidence relevant to this accident included the weather conditions at DF W 
Airport at the time of flight 191's approach, the weather information provided by the NWS 
to ATC, the weather information provided by ATC to flight 192, and the flightcrew's use 
of the airplane's weather radar system. For continuity and clarity, slspects of the latter 
two weather-related areas--the weather information provided by the ATC to flight 191 
and the use af airplane weather radar systems--are discussed during the Safety Ooardts 
examination of ATC and operational factors. 

Weather at DFW Airport.--On final approach to  runway 17L at DPW Airport, 
flight 191 penetrated a weather cell containing a thunderstorm with a heavy rain shower. 
Because of the evidence that two weather cells (Cells TC" and *Dl1) were present north of 
runway 171, the Safety Board examined the possibility that Cell 'vC1l might have masked 
Cell ttD1' from flight 191's flightcrew. 

A t  1752, the Stephenville weather radar data indicated that a weak (VIP 
level 1) weather echo (Cell "Dl') developed about 2 nmi northeast of the approach end of 
runway 17L. The center of the echo was about 6 nrni northeast of the end of the runway. 
This was the closest echo to the approarh end of runway 17L and at 1152, it contained 
only light rain showers. 

At 1800, when the Stephenville radar specialist had returned to  his radarscope 
from other duty requirements, the weather echo had intensified to  a very strong echo (VIP 
level 4). At  1804, the radar specialist called to inform the NWS Fort Worth Forecast 
Office of the presence of the echo, its intensity, and that its top was 40,000 feet. At or 
very shortly after 1805, flight 191 penetrated .the rain shaft falling from this weather 
echo. 

During the Safety Boards public hearing, the radar specialist said that 
another, weaker weather echo was located north of Cell "Dtt and about 6 nrni northeast of 
the airport. H e  testified that, based on the 1800 radar photograph, Cell "C" looked "like 
maybe a VIP 1 level] two I echo] ," but could not state that the smaller echo would mask 
the larger cell from a southbound airplane. None of the ground witnesses who had viewed 
the north side of the storm described the presence of any clouds or any additional areas of 
precipitation in the vicinity of the north side of the storm. The captain of flight 539 
following flight 191 testified that he was 5 to 6 miles behind flight 191 when flight 539 
turned on final and that he kept flight 191 in sight until it entered the rain shower beneath 
the buildup. He also testified that he saw lightning in the area where he lost sight of 
flight 191. His first officer stated that when they turned on final, a cell containing 
'"abundant lightningtt was directEy off the approach end of runway 17L, and h e  saw 
flight 191 l'penetrste the cell," Based on the evidence the Safety Board concludes that 
the cell at the end of runway 17L was  not masked from flight 191 by an intervening 
weather cell. 

A t  1803:58, flight 191 reported to the tower and stated that they were 'in the 
rain," and at 1805:20, a sound similar to  rain was heard on the CVR, Since that sound was 
not heard at 1803:58, the Safety Board believes that the rain did not intensify until 
1805:20. At X804:18, the first officer reported seeing lightning "corning out of that one." 
When questioned by the captain he again used the term "that one13o describe the origin of 
the lightning and then informed the captain that the lightning was "right ahead of us.I1 
The Safety Board believes mat the language used bf the first offices indicated that he 
was able to see the cloud or cell that was emitting lightning and that the flightcrew still 
had forward visibility until the rain intensified at t 805:20. 
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Wind Field Analysis.--The analyses of the airplane's performance and inertial 
parameters recorded on the DFDR conducted by-both Lockheed and NASA were consistent 
and showed that  the horizontal winds affecting flight 191 veered from a n  easterly to  a 
northerly direction. During the descent, a maximum headwind component of about 
26 knots was encountered a t  754 f ee t  AGL. The headwind component then decreased, 
changed t o  a tailwind, and the maximum tailwind component of 46 knots occurred near 
the first impact point. Since the  airplane's ground speed was increasing at this time, i t  
was probably still within the outflow a t  impact. 

Based on the  rotation of the wind direction along the  airplane's flight path, the 
center  of the outflow was located about 1,000 fee t  west of the airplane's ground track and 
12,000 f ee t  north of the  approach end of runway 17L. Flight 191 encountered the  
northern edge of the outflow a t  1805:14 when i t s  headwind component began increasing 
rapidly. At 1805:14, t he  ATC radar plot showed flight 191 was about 9,900 f ee t  from the  
first  touchdown point and about 11,3b0 f ee t  from S ta t e  Highway 114. Since witness 
s ta tements  indicated the  precipitation did not reach the highway until a f t e r  flight 191 
went across i t ,  and since flight 191 was sti l l  within the  outflow at first impact, the  Safety 
Board concludes tha t  the southern edge of the outflow was between the first  impact point 
and the highway and about 11,000 f ee t  from the  northern edge of the outflow. 

The wind field showed tha t  flight 191 flew through the  outflow of a 
thunderstorm. The horizontal dimensions of the outflow were about 11,000 fee t  
(3.4 kilometers) and since the  airplane's track passed close t o  the center  of the outflow, 
the diameter of the outflow, assuming symmetry, was also about 3.4 kilometers. Based on 
i t s  size, this outflow can be classified as a microburst. The vertical winds affecting the 
flight included a maximum downdraft of 49 fps, which occurred a t  590 f ee t  AGL followed 
at 560 f ee t  AGL by the  maximum updraft of 25 fps. Within the  next 8 seconds, the  
airplane experienced a 22-fps downdraft, a 16-fps updraft, a 42-fps downdraft, and a 
18-fps updraft. 

The evidence indicates that  flight 191 entered the microburst at 1805:14 and 
crashed at 1805:52. During tha t  38 seconds, i t  encountered a horizontal windshear of 
about 72 knots. In addition, the six rapid reversals of vertical winds and the 20' right- 
wing-down roll during the  final portion of the descent showed tha t  the airplane penetrated 
a vortical wind flow. 

The LL W AS.--The Safety Board considered the possibility tha t  the LLW AS did 
not function properly and that ,  given the  location of the microburst, i ts  alarm should have 
sounded earlier. 

The LLWAS was recertified the morning af te r  the accident. In addition, 
beginning August 12, 1985, and over the  next 6 weeks, the  wind velocity-measuring 
components of all the LLWAS1s wind sensors were checked and recalibrated where 
required. All of the  boundary-located sensors were found t o  be accurate. The centerfield 
sensor's wind direction-measuring components were accurate,  but the sensor's speed- 
measuring components read 4 knots low; therefore, t he  LLWAS was more sensitive in 
computing any windshear alarm. Since the centerfield sensor was reading 4 knots low, a 
lesser magnitude of wind at the two northern sensors was required to  produce the  15-knot 
vector difference required t o  place the system into alarm. 

The LLWAS did go into alarm a f t e r  flight 191 crashed. One controller s ta ted 
that  the alarm began as the rain moved across the north end of the field and by the t ime 
he checked the display, all sensors were in alarm. Other controllers s ta ted tha t  it did not 
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sound until after the storm moved across the field, and that when they checked the 
display, all sensors were in alarm. Regardless, the LLWAS was operational and did alarm. 
Given the location of the microburst and the fact that the southern edge of the 
microburst's outflow was about 2,000 feet north of the northeast sensor when the airplane 
first impacted, the LLWAS could not have provided any timely windshear warning t o  the 
flightcrew of flight 191. 

The Delta Air Lines Meteorology and Dispatch Departments.--The Delta 
dispatcher on duty had tried unsuccessfully to  call up the Stephenville radar site on his 
Kavouras monitor a t  1745 and 1750. Between 1750 and the time of the accident, he did 
not try to  call Stephenville again. Since the dispatcher did not have any new or different 
weather information to  provide to  flight 191, he did not t ry t o  contact the flight as  it 
approached DFW Airport, nor was he required to. 

The Fort Worth Forecast Office.--The aviation forecaster on duty a t  the Fort 
Worth Forecast Office became aware of the storm cell northeast of DFW A i r ~ o r t  about 
1804, af ter  he overheard the radar specialist a t  Stephenville describe the Eel1 to  the 
public and State forecaster. He then observed the cell on his television monitor. 

The aviation forecaster testified that during the day he had watched numerous 
cells build t o  VIP level 4 and then dissipate without receiving any ground truth reports of 
thunder, hail, or winds that met the criteria for requiring an aviation weather warning. 
The cell northeast of DFW Airport did not, in his judgment, seem any different from those 
he had observed earlier, and therefore he decided not t o  issue an Aviation Weather 
Warning t o  DFW Airport. 

The aviation forecaster testified thgt he considered the intensity of a radar 
weather echo to be "merely an indicator" of the severity of a storm and that,  in the  
absence of ground truth reports attesting t o  the presence of thunder, hail, or both, he 
would not label a VIP level 4 radar weather echo a thunderstorm. Given the criteria for 
issuing an Aviation Weather Warning and the fact that,  in the forecaster's judgment, 

Cell "D" did not seem t o  be different from the VIP level 4 echoes he had observed earlier, 
the Safety Board can only conclude that the aviation forecaster's decision not to  issue an 
Aviation Weather Warning was reasonable. 

In addition, except for Carswell Air Force Base, the Fort Worth Forecast 
Office was responsible for issuing Aviation Weather Warnings to  all of the airports in the 
DallasIFort Worth metropolitan area, and none of these airports were depicted 
geographically on either the office's weather radar display or map overlays. Despite the 
fact that the aviation weather forecaster knew the  location of DFW Airport, the  Safety 
Board believes that all NWS offices that have an aviation weather warning responsibility 
should have the airports for which they are responsible clearly located on a map for each 
weather radar display in the office. 

The Center Weather Service Unit.--The Fort Worth ARTCC's C WSU was 
staffed in accordance with the levels agreed upon by the FAA and NWS. On the  afternoon 
of August 2, 1985, the CWSU was Gaffed by an NWS meteorologist and an assistant 
traffic manager serving as  the weather coordinator. Since the ATC personnel assigned to  
the weather coordinator position are  not trained or qualified t o  interpret the weather or 
to observe the CWSU's RRWDS, no one was available t o  monitor the RRWDS when the  
meteorologist went t o  the cafeteria for his meal break about 1725 until he returned about 
1810, 4 t o  5 minutes af ter  flight 191 crashed. 
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The meteorologist, even if he is the only one on duty in the CWSU, is allowed a 
meal break in addition to those required for other personal needs. In this case, before 
leaving the CWSU, the meteorologist had assured himself that there were no thunder- 
storms threatening any of the airports in the Dallas/Fort Worth area and that the line of 
thunderstorms well east of Dallas, with which he had been concerned, was relatively 
stable. The radar photographs confirm his evaluation of the situation. 

During the meteorologist's absence, Cell "Dn developed and began to grow and 
intensify. At 1752, it was a small VIP level 1 radar echo. At 1756, Cell "Dl1 was a VIP 
level 3 echo, and about 1800, the Stephenville radar specialist saw the echo and classified 
it VIP level 4. Given the 2-minute delay in receiving Stephenville data on the RRWDS, 
Cell "D" would not have been portrayed on the RRWDS as a VIP level 4 until about 1802. 
The CWSU meteorologist testified that, based on Cell llD'sn location and rapid growth 
rate, he would have issued a CWA when it had intensified to a VIP level 4 if he had been 
on duty at the RRWDS and had observed the cell's development. However, if routine 
notification procedures were used, the CWA would have reached the TRACON and tower 
cab between 1807 and 1812, which was after flight 191 crashed. The CWSU meteorologist 
further testified that in this case he would have issued the CWA by telephone to the DFW 
tower supervisors. Had he done this, the CWA might have reached the DFW Tower about 
1802 or 1803. ATC procedures require a CWA to be broadcast on all frequencies; 
therefore, assuming that the information was processed promptly, the TRACON and local 
controllers probably could have broadcast "an all airplanes on the frequency" weather 
alert between 1803 and 1805, possibly in time for the crew of flight 191 to receive it 
before they entered the rainshaft and microburst. 

The Safety Board believes that the meteorologist's decision to take a meal 
break was understandable and not imprudent, given his assessment of the weather 
condition at  the time. Further, the Board is not certain that, given his other 
responsibilities, the presence of the meteorologist at  his station would have assured his 
immediate observation of the cell buildup. Finally, the Board is hesitant to accept this 
NWS-to-ATC-to-pilot communication channel as a primary circuit for observation and 
transmittal of rapidly changing dynamic weather conditions. Use of this channel presumes 
that the information telephoned to a tower facility can be immediately conveyed to the 
appropriate local controller and further transmitted to the appropriate flightcrew within 
several minutes or less. We believe this to be a false presumption in view of the 
controller's workload and total responsibility, and that more effective weather 
observations and communication capabilities are needed. This is, and has been, the basis 
for Safety Board recommendations that address the need for weather information to be 
directly available at the local controller's stations and ultimately for providing a ground- 
to-air data link. 

Nonetheless, until the ATC towers are better equipped and staffed to define 
and disseminate to flightcrews the weather in the immediate vicinity of the airport, the 
NWS and CWSU systems remain the key elements in providing severe weather information 
to flights approaching and departing the airport. Therefore, the Safety Board believes 
that immediate steps can be taken to improve the efficiency of the system. The Board 
believes that both the CWSU and major tower facilities must be sufficiently staffed with 
meteorologically qualified personnel to continuously monitor weather radar and to 
facilitate the immediate communication of severe weather information to the controller 
who is in radio communication with flights close to or in the area of the weather. 

There are 20 CWSUs throughout the contiguous United States and one in 
Alaska. The Safety Board's investigation disclosed that some of these offices have 
obsolete, and in some instances inadequate equipment to display and interpret satellite 
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and radar information. Because of the importance of the CWSUs to' aircraft safety, the 
Safety Board urges the FAA to ensure that the CWSUs have the best possibIe data and 
disphy capability with which to ensure the safety of the National Airspace System. 

Air Traffic Contro1 

The major ATC issue requiring examination by the Safety Board was the 
weather dissemination procedures of the ATC controllers who had provided services to 
night 191. However, before proceeding with any analysis of that issue, the following 
additional issues required Safety Board examination. 

The equipment used by the ATC controllers was functioning properly at the 
time of the accident. AlI pasitions within the TRACON were staffed properly, and the 
tower cab" assigned supervisor was working the local control east position at the time of 
the accident, Examination of the facility showed that tower cab supervisors routinely 
work control positions in order ta maintain proficiency, to train developmental 
controllers, and to provide relief &ring dinner periods. fn this instance, there was 
another supervisor qualified to serve as a supervisor in the tower cab. Though he was not 
assigned officially to serve in this position, he did perform voluntarily some of the routine 
tasks that devolve on the tower team supervisor. The Safety Board found no evidence to 
indicate that any required duties had been omitted. 

Runway Selection.--The tower supervisor is primarily responsible for selecting 
the active runway and, according to Paragraph 3-60 of the Controllers Handbook, the 
controller will use "the runway most nearly aligned with the wind." During the 20 minutes 
before the accident, the winds were about TO knots or barely exceeding that value. The 
wind direction, with regard to the parallel 17/35 runways, was essentially a direct 90' 
crosswind which, from t ime  to time, varied about 2Q0 either side of the 90' crosswind. 
The tower cab's supervisor testified that before he was relieved at 1809 the winds had 
been variable from 60' to 90° and "with a 30Q variance like that, in my estimation we still 
were favoring landing south." Given the light wind speed, the winds provided a very smaU 
tailwind component, if any. The Safety Board believes that the 60' wind direction may 
have favored a north landing; however, given the low speed and the varying direction of 
the wind, and the other conditions involved in changing the direction of traffic, we find 
Iittle if any evidence to indicate that the supervisor% decision to continue south-landing 
operations was imprudent or improper. 

The Safety Board recognizes that the LLWAS centerfield sensor used by the 
controllers for runway surface wind information was providing speeds that were 4 knots 
below the actual wind velocity, However, this fact was not known to  the controllers; 
therefore, their reliance on the centerfield sensor to provide wind information to pilots 
and for runway selection criteria cannot be faulted. The contract weather observer% wind 
sensor, which recorded wind velocity but not direction, was bcated within 40 feet of the 
centerfield sensor. Until 1750, the weather observer's sensor ~ecording showed that the 
wind speeds were at or below 5 knots. Between 1750 and 1810, the wind speeds averaged 
about 10 knots, while the prevailing wind direction during that period, as reported by the 
Controllers, varied from 60' to 90: Consequently, the resulting average crosswind 
Component was about 9.5 knots, although the headwind and tailwind components varied 
from about 1 knot to 3.5 knots, respectively. These three wind components were within 
the demonstrated and allowable wind limitations far takeoff and landing of virtually all 
air carrier aircraft ope'rating a t  DFW Airport. lf they were not, or if  any pilot operating 
at the airport was uncomfortable , with the reported surface winds, it was the pilot's 
responsibility to inform the controllers of his abjections and intentions. One flightcrew 
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did question the direction of landing; however, after being informed of the varying surface 
winds, the captain elected to  continue and t o  land without any further objection or report 
of concern. 

Airspeed Adjustments.--The Controllers Handbook did not prohibit controllers 
from requesting a turbojet airplane to  slow t o  150 KIAS. All that is required is to  preface 
the request with the phrase "If practical." The controller did not do so and thus failed t o  
comply with the provisions of the Controllers Handbook. Nevertheless, with or without 
the use of the proper terminology, if the pilot cannot comply with the request, either 
because of airplane operational limitations or weather, i t  is his duty t o  inform the 
requesting controller that he cannot comply. Since the captain of flight 191 accepted the 
speed adjustments without complaint, the Safety Board must assume that he did not 
consider them a threat t o  the operation or safety of his airplane, and the Board concludes 
that  the speed adjustment requests were not causal to  the accident. 

Because the runway 17L ILS approach's outer marker is located 5.1 nmi from 
the end of the runway, the controllers were authorized t o  use speed restrictions for 
separation until flight 191 reached the marker. The evidence showed that .the last speed 
restriction requested was issued before flight 191 reached the outer marker. 

Radar Separation.--The applicable separation standard between flight 191 and 
the  Learjet was 3 nmi and the traffic controllers stated that the standard separation 
never compromised. Although the  LCE controller's BRITE display had 1 nmi markers 
along the approach course, i t  is difficult simply t o  look a t  the radarscope and determine 
separation t o  the nearest tenth of a mile. 

The recorded radar data from the Fort Worth ARTCC indicates that  a loss of 
separation between flight 191 and the Learjet occurred inside the ILS's outer marker. The 
minimum distance between the two airplanes was 2.5 nmi a t  1804:47, increasing t o  
2.63 nmi a t  1805:18. The maximum error tolerance in the recorded data was plus or minus 
0.125 nmi. Based on these data, a loss of separation may have occurred; however, the 
Safety Board concludes that i t  had no bearing on the accident. 

Automatic Terminal Information Service.--The weather contained in ATIS 
messages was taken from the contract weather observer's surface weather observations. 
The investigation confirmed that, pursuant t o  FAA policy, weather remarks contained in.  
the airport's surface weather observations were not included in the ATIS message. For 
example, the remarks section of the 1751 surface weather observation stated that  
cumulonimbus and towering cumulus were located to  the north and east of the airport. At 
1800, ATIS message Sierra was issued. Except for the description of the cumulonimbus 
and towering cumulus clouds, Sierra contained the entire 1751 surface weather 
observation. 

The FAA order describing the contents of ATIS messages states that weather 
data should or can include, where applicable, ''other pertinent information." The FAA 
representative testified that "other pertinent remarksn refers to weather conditions which 
are  not readily obvious and thus appropriate for an ATIS broadcast, such as  tornados, 
thunderstorms, large hail, moderate t o  extreme turbulence, and light t o  severe icing. 
Therefore, ATIS Sierra as issued was in compliance with applicable FAA policies. 

However, the Safety Board takes exception with the FAA position, noting that  
a thunderstorm would be a proper ATIS entry. Cumulonimbus and towering cumulus are  
convective clouds which can easily and very quickly become thunderstorms. Even without 
the presence of lightning and thunder, they should be avoided, and the Safety Board 
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believes that the FAA should reconsider its position on this issue. The Safety Board also 
notes that the Federal Meteorological Handbook, No. 1, Table A3-8A, states that remarks 
concerning 'lcumulonimbus clouds11 a re  significant t o  the air traffic controllers. 

Given the timing of ATIS Sierra, flight 191 never received Sierra; therefore, 
the Safety Board concludes that the omission of the cumulonimbus and towering cumulus 
from the message played no part in causing the accident. By the time Sierra was issued, 
flight 191 was on a downwind leg for runway 17L, and the cloud area described in the 1751 
surface weather observation should have been as  apparent t o  the flightcrew as  i t  was t o  
the weather observer. 

ATC Weather Dissemination.- -The ATC controller is responsible t o  
disseminate weather that he or she observed either visually or on radar pursuant t o  the  
limitations contained in the Controllers Handbook. The ATC controller also is responsible 
for ensuring that  all significant weather messages, i.e., SIGMETS, PIREPS, CWAs, and 
such, a re  relayed on all frequencies if any part of the area described in the messages is 
within 150 miles of the airspace under the controller's jurisdiction. At 1800, on August 2, 
1985, there were no such significant weather messages a t  the DFW Tower to  relay. 

The Terminal Area Approach Control.--Since the TRACON has no windows, 
the only sources of weather information available t o  personnel on duty would be weather 
information and messages from the N WS, the airportls surface weather observation, 
PIREPs, the observations of the tower cab controllers, and precipitation returns on the 
two radar systems. Since precipitation returns degrade the quality of the informat ion 
needed by controllers t o  perform their first priority duty of traffic separation, ATC radar 
systems a re  not designed t o  enhance them and, in fact, incorporate circuitry which 
suppresses the intensity and decreases the area 'of the precipitation return, i.e. circular 
polarization. Thus, when a precipitation return appeared on t h e  TRACON radarscope, 
other than knowing that  the precipitation in the area was of sufficient intensity t o  be 
painted by the radar, the controller had no way to  estimate the intensity of the 
precipitation creating the return. To classify the return area as a thunderstorm, he 
needed additional information from another source. At the time of the accident, the only 
information available t o  the FE and AR-1 controllers was the information on their 
radarscopes. 

With regard t o  other sources of information, about 1800, the TRACON 
supervisor was told by a controller returning from a scheduled break that he had seen 
lightning near the airport. The returning controller did not locate the source of the 
lightning nor did the supervisor question the controller for details. The supervisor merely 
viewed the evidence of the presence of lightning as a potential threat t o  the TRACON1s 
commercial electrical power and ordered the facility switched t o  back-up power, a 
routine precaution under these circumstances. The traffic control positions were not 
informed of the returning controller's observation. Given the fact  that  other and more 
authoritative sources of weather information such as  the tower controllers, pilots, and 
NWS observers had not reported the existence of severe weather in the immediate vicinity 
of the airport, the Safety Board does not consider the actions of the radar room supervisor 
unreasonable. 

The first description of the weather t o  t h e  north of the field was received by 
the TRACON from an outside source a t  180358 when the area supervisor in the tower cab 
called the TRACON and reported "heavy rain off the approach end of both runways, just 
for your information." There was no mention of either lightning or thunder. 
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Both the FE and the AR-1 controllers reported the presence of the rain shower 
off the north end of runway 17L. At 1756:28, the  FE controller issued an  "all aircraf t  
listening" transmission describing a "little rain shower just north of the airport . . . they're 
starting t o  make ILS approaches. . . ." This transmission was received by flight 191. At 
1759:44, the  FE controller told flight 539 "there's a l i t t le  bitty thunderstorm sitt ing right 
on the  final; i t  looks like a l i t t le  rain shower." Flight 191 did not receive this 
transmission. 

The Controllers Handbook contains recommended phraseology for  controllers 
t o  use t o  describe the appearance of weather echoes on their radars. The phraseology is 
designed t o  make the pilots aware of the areas  of precipitation depicted on their 
radarscopes, not t o  analyze what is causing the  return or i t s  intensity. If the controllers 
a r e  provided more specific information from either NWS, CWSU, o r  PIREPS concerning 
the  depicted areas, they may use tha t  information t o  describe the  radar depiction. Since 
the  FE controller had not received any reports of a thunderstorm, he testified tha t  his use 
of "little bitty thunderstorm" a t  1759:44 was improper. He also testified tha t  he normally 
used the  words light, moderate, or  heavy t o  describe precipitation intensity and he used 
"little" with "rainshower" t o  describe the size of the  precipitation area. 

The CVR transcript showed that  the  FE controller informed flight 191 of the 
weather lying off the north end of runway 17L. The Safety Board believes tha t  the use of 
the  adjective "little" might have, despite the  controller's s ta ted  intention, been 
interpreted by the  flightcrew as  a description of the severity of the rainfall rather than 
the  size of the precipitation area. However, t he  Safety Board also notes tha t  the 1756:28 
transmission should have indicated that  the shower's intensity had decreased the  visibility 
in the  a r ea  t o  the  point tha t  ILS approaches were now required t o  land at DFW Airport. 

The ATC transcript showed tha t  the AR-1 controller had, a t  1803:30, 
broadcast a message tha t  the airport was experiencing some variable winds due t o  a 
shower just beyond the "north end of DFW." This transmission was received by flight 191. 
The terminology used by the  AR-1 controller contained no quantitative modifiers and did 
describe with reasonable accuracy the radar portrayal on which the advisory was based. 

The Tower Cab.--At 1803:58, flight 191 established radio contact  with the  
LCE controller, stating, "Tower, Delta one ninety one heavy, out here in the rain, feels 
good.11 The LCE controller testified that  he did not report the  presence of the rainstorm 
t o  flight 191 because the  flight had rep0rte.d tha t  i t  was in the rain and was therefore as 
aware of the weather conditions as he was. 

Two of the  ATC personnel in the  tower cab  working the airport's east complex 
observed lightning before the accident. This type of information, when possessed by 
controllers, should be  passed on t o  the weather observer, the  TRACON, and t o  arriving 
and departing pilots. The air  t raff ic  control assistant saw lightning, but was unable t o  
state the  precise t ime she saw it. The control assistant said that  the lightning occurred 
sometime between 1800 and the accident. The control assistant did not bring the  sighting 
t o  the  attention of the LCE controller. 

The LCE controller also saw lightning between the t ime the Learjet landed and 
the t ime he saw flight 191 emerge from the  rain shower. At 1805:44, the local controller 
asked the pilot of the  Learjet t o  "expeditef1 his landing roll; therefore, the  Learjet 
probably landed about 1805:14. At 1805:56, the  local controller instructed flight 191 t o  
"go around," so he saw the lightning sometime during tha t  42-second interval. Since 
lightning is a significant meteorological event and also indicates that  the cell discharging 
the lightning has reached thunderstorm level, the  local controller should have reported i t s  
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occurrence. Had the LCE controller reported his sighting t o  flight 191, i t  probably would 
not have altered the outcome since the flight entered the microburst windfield about 
1805:14. 

Several air carrier flightcrews a t  DFW Airport saw lightning to  the north of 
the airport. While i t  is not possible to  fix the precise times of the sightings, the evidence 
indicates that these sightings preceded the accident by 2 to  5 minutes. One of these .. 
flightcrews also believed they saw a tornado; however, this sighting was just before the  
accident. None of the flightcrews reported these sightings t o  the tower. 

The flightcrew of an air carrier flight which landed about 4 minutes before the  
accident saw lightning on either side of their airplane after passing inbound over the outer 
marker on their landing approach t o  runway 17L. After landing, this flightcrew stated 
that they observed a phenomenon which they described as  a llwaterspout.ll However, the  
flightcrew did not report either the waterspout or lightning t o  the tower after  landing. 

Had any of these flightcrews delivered a PIREP t o  the DFW Tower concerning 
these meteorological events, t h e  TRACON and tower cab controllers would have been 
required by regulation t o  repeat the PIREP to  all airplanes on their respective frequencies 
immediately. Some of these flightcrews were on the local control frequency when they 
observed these events. Had they reported their observations a t  any time after 1804, 
flight 191's flightcrew would have overheard the PIREP, and depending on how quickly i t  
was reiterated, they would have also overheard the controller's required repetition of the 
PIREP. The Safety Board concludes that had the captain of flight 191 received PIREPs 
describing lightning near the airport and the sightings of a lltornadoll and a wwaterspout" 
north of the airport, he probably would have rejected the approach and maneuvered his 
airplane t o  avoid the rain shaft below the thunderstorm. Therefore, the  Safety Board 
concludes that the failures t o  provide the captain with these PIREPS was causal to  the 
accident. 

The Safety Board also notes that comments from pilots, as well a s  the lack of 
adverse comments, affects the  way controllers handle weather information. Not once 
before the accident did any pilot request t o  discontinue his approach, elect  t o  hold 
elsewhere awaiting improvement of the weather, or provide any adverse comments t o  
ATC personnel after landing. If pilots continue to  accept instructions or routes which 
require weather penetrations, the controllers can only assume the route is acceptable. 
When flight 191 reported on initial contact with the LCE controller that i t  was in rain and 
that i t  "feels good," it  was, in essence, a PIREP, but one without adverse comment. The 
transmission showed that the pilot was aware of the rain and that the rain was not 
creating any problems. 

Operational Factors 

The Safety Board's examinat ion of the Delta windshear training program 
showed that while the curriculum discussed the necessity s f  avoiding windshears, i t  also 
recognized that  in some instances a pilot might inadvertently encounter one. As a result, 
its simulator curriculum taught the procedure of using maximum thrust, increasing the 
airplane nose-up pitch attitude, and allowing airspeed to  decrease t o  near stickshaker 
speed if necessary to  avoid ground contact, and lowering the nose slightly if the  
stickshaker was actuated. Windshear training, as  it  existed a t  Delta before the accident, 
was in agreement with accepted industry standards. Although the captain's and first 
officer's training records did not show that they received this training, they probably 
received it  during their LOFT and recurrent training periods. The captain's instpuctions t o  
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the first  officer concerning the impending loss of indicated airspeed af te r  they penetrated 
the microburst's windfield and his subsequent commands t o  apply full power tend t o  
corroborate tha t  he, at least, had received this training. 

Windshear Avoidance.--The precise location and moment tha t  a microburst 
will occur cannot be  forecast. As of this  date,  a forecast technique has been developed 
that  allows meteorologists t o  predict the  type of day on which a microburst is likely; 
however, the technique does not permit the meteorologist t o  state what t ime and where 
the microburst will impact. Furthermore, this forecast technique only applies t o  the high 
plains dry microburst and may not apply t o  the moist, humid areas  of the United States. 
Since t h e  most violent windshear activity is associated with convective weather, and since 
microbursts a r e  a product of convective activity, the best way t o  avoid the microburst 
type of shear is t o  avoid flying under or  in close proximity t o  the convective type of 
clouds, i.e. cumulonimbus, towering cumulus, and in particular, thunderstorm. 

The Delta Flight Operations Procedures Manual states tha t  below 10,000 feet,  
thunderstorms a r e  t o  be avoided by 5 miles. Furthermore, the Delta company publication 
Up Front published an article on microbursts which s ta ted  in part, "Microbursts occur 
from cell activity. Do not take off or land directly beneath a cell, whether i t  is 
contouring or not." Although the article contained a disclaimer, Delta's Systems Manager 
for Training s tated tha t  the ar t ic le  was not contrary t o  company policy and, in addition, 
Delta would not permit material  contrary t o  the company's flight procedures and policies 
t o  be presented t o  i ts  flightcrews in Up Front. 

Airborne Weather Radar.--?he evidence concerning the  use of the airborne 
weather radar at close range was contradictory. At the public hearing and during a later  
deposition, testimony was offered tha t  the airborne weaiher radar was not useful at low 
altitudes and in close proximity t o  a weather cell, whereas, with regard t o  t he  RDR-1F 
system which was on flight 191, the manufacturer's maintenance manual did not contain 
any cautionary language regarding the use of the  set at close range with the minimum 
range setting. 

At least three airplanes scanned the  storm at very close range near the  t ime 
of the accident. The radars used were the  Bendix RDR-4A color radar, which unlike the  
RDR-1F contains a 20-nmi range setting. However, the  RDR-1F will contour and the  
RDR-4A will display red at about t he  same level of reflectivity. All three of t he  
airplane's radars painted the  storm as an a rea  of solid red with few or no transitional color 
areas. The captain of t he  flight behind flight I91  was able t o  view the storm on his radar 
when his airplane was at o r  approaching the  outer marker. 

At  1759:37, flight 191 was about 7 nmi northeast of the cell and was requested 
t o  turn right t o  340'. Between 1751 and 1800, the  cell had intensified from a VIP level 1 
t o  VIP level 4, and flight 191's nose was pointed at the cell until 1759:37. Except for a 
period between 1755:53 and 1757:19 during which a portion of the checklist was being 
completed, the flightcrew was relatively f ree  of in-cockpit duties. During this period the  
flightcrew would have been f ree  to use the  weather radar t o  scan the cell and to 
manipulate the  antenna t i l t  t o  acquire the  best possible radar picture. Since the  storm 
cell had reached a VIP level 4 by 1800, the  cell would have reached contouring levels of 

I intensity for their radar sometime during this period. However, the CVR contains no 
conversation referring either t o  what was or was not displayed, difficulties involved with 
manipulating the radar antenna tilt, or  the  inadequacies of the  radar in this area of flight. 
Since i t  is also possible tha t  the flightcrew did t ry t o  use the radar but did not engage in 
any discussion over the  results of the  at tempt ,  the Safety Board is unable t o  determine if 
the radar had been turned off, or whether the  flightcrew tried t o  use i t  during the  final 
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moments of the descent and as the flight approached the  outer marker. Furthermore 
because of the conflicting evidence, the  Safety Board cannot determine the capability of 
the weather radar in a low-altitude, close-range weather situation. 

Operational Decisions.--The Safety Board's investigation has documented the  
weather information which was either not transmitted t o  the  flightcrew or, because of t he  
t ime constraints involved in making the observation and transmitting the  da ta  was 
unavailable t o  the  flightcrew. Regardless of the information which was not disseminated 
to  the flightcrew, the primary issue facing the  Safety Board was whether the information 
that was available t o  the flightcrew and the  captain, either through their own 
observations or  from ATC during the  descent and approach t o  the DFW Airport, sufficient 
for them t o  assess the developing weather situation along the  final approach t o  runway 
17L and then make a proper decision either t o  continue the landing approach or t o  take  
alternate action. The Safety Board believes they did have sufficient information t o  make 
this assessment. 

The forecasts provided on departure advised the  flightcrew tha t  the  
atmosphere around the DFW Airport was unstable and capable of producing an a i r  mass 
thunderstorm. By 1756:28, a f t e r  receiving an  ATC "all aircraftv broadcast, the  flightcrew 
knew tha t  localized shower type of precipitation, precipitation tha t  results from 
convective activity, was in progress north of the DFW Airport and tha t  i t  was of 
sufficient intensity t o  impair in-flight visibility and t o  require tha t  ILS approaches be  
made t o  runway 17L. The facts  showed tha t  within the next 4 minutes, the  crew became 
aware that  they would have t o  fly through the precipitation area t o  land, tha t  the shower 
was still in place, and tha t  i ts  intensity had not decreased since ILS approach procedures 
were still required. 

During the descent, the  buildup causing the  shower was visible t o  the  
flightcrew. Since the flight approached from the east  and, when i t  was about 5 nmi 
northeast of the buildup, was vectored by ATC t o  an upwind leg, a downwind leg, and a 
base leg before being vectored t o  the final approach course,, the flightcrew should have 
been able t o  ge t  a good view of the storm cell  and i t s  dimension. 

When flight 191 turned final the flightcrew heard the  AR-1 controller's 
broadcast t o  al l  aircraft  tha t  the shower was just north of the  airport and was affecting 
the surface winds, and 3 seconds la ter  one of the flightcrew members said that  the  !'stuff 
was moving in." Forty-nine seconds la ter  the first  officer reported tha t  he saw lightning 
coming from a cloud or clouds "right aheadu of the airplane, and 42 seconds a f t e r  tha t  the  
rainfall intensified enough tha t  i t  could be heard on the  CVR. By this t ime the  captain 
should have known tha t  the rain was coming from a buildup or  buildups over and directly 
in front of the airplane, tha t  these were the buildups which produced the  lightning tha t  
prompted the  first  officer's PIREP, and tha t  the  buildup or  buildups contained a 
thunderstorm. The captain also had t o  know that  the thunderstorm was between his 
airplane and the  airport and, according t o  company policy, should be avoided. 

Since the approach was continued, i t  would seem tha t  the  captain did not 
consider the  observed lightning, when placed within the context of all the  other available 
information, of sufficient importance t o  execute a missed approach. In a n  a t t empt  t o  
understand why the captain made the decision, which in retrospect was improper, t he  
Safety Board examined the factors which affect  how pilots make decisions. A NASA 
technical memorandum described this decisionmaking process as follows: 

. . . in order t o  accomplish any task, a pilot must first seek and acquire 
information from whatever sources a r e  available. He must then make 
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some determination regarding the quantity, and the quality, of the  
information he has gathered. Previously gathered knowledge, contained 
in his memory, will' influence the  determination of whether ' h e  had 
enough information, of high enough quality, t o  allow him t o  proceed. 
Psychological or environmental stress can also influence his evaluation 
of the information. 

Having determined that  he has enough information, and that  i t  is 
reasonably reliable, the pilot must then process these data in pre- 
determined ways (again based on memory) in order t o  reach a wise 
decision from a limited number of alternatives. Before he finally 
accepts the decision he has made, however, he will make some judgment 
a s  t o  the  acceptability of the candidate decision in terms of i ts  potential 
impact upon the likelihood of successful mission completion. If the 
decision is finally accepted, the pilot selects the ways in which he will 
implement it, and then takes appropriate actions. 

A large part of this process involves the pilot's judgment of probabilities; 
he is attempting t o  make wise decisions, often in the face of 
uncertainty. In addition, he must consider cost and safety tradeoffs, and 
there is good evidence that all of these factors do influence decision- 
making in the aviation system. - 261 

In this case, conflicting information was available to  the captain. The weather 
information, a s  provided by the controller and observed by him, showed a rapidly 
developing thunderstorm. The discussion in the cockpit showed that the crewmembers 
were aware that the rain was of sufficient intensity t o  "wash the airplane" and i t  was 
moving toward the airport. Finally, based on just what was visible, they knew they were 
going t o  penetrate an "opaque rain shaftf1 which had lightning associated with it. 

The captain had t o  be aware of the company policy concerning thunderstorm 
avoidance. Indeed, given the prudent conduct he had exhibited earlier in the flight, the  
Safety Board believes that had this cell been positioned farther from the airport, 
providing him with more space t o  maneuver and still land, i t  was a cell he would have 
avoided. However the position of the storm did not allow him that luxury. Thus, given 
the company's stated thunderstorm avoidance policy, he would have had t o  reject the  
approach and hold till the storm moved off. Since he had adequate fuel t o  hold for about 
20 minutes before leaving for his alternate, the airplane's fuel supply did not require him 
t o  fly the approach a t  this precise moment. 

Upon landing a t  Dallas, the flightcrew. was scheduled t o  fly t o  Orlando, 
Florida. Because the Orlando trip was scheduled to  depart DFW Airport a t  1957, a 
20-minute hold would not have imperiled their availability for the flight. However, a 
diversion t o  their alternate would have, and this could have influenced the captain's 
appraisal of the weather between him and the airport. 

Other factors could have influenced the captain's appraisal of the weather. 
There had been no report of LLWAS-detected windshears during the flight's decent. 
However, the 'controllers had begun reporting wind gusts and although the speed of the 
gusts was not excessive, the fact  that they had just begun marked a change in the 
weather. 

261 - A Method for the Study of Human Factors in Aircraft Operation, TM X-62, 472, 
National Aeronautics and Space Administration, September, 1975. 
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Flight 191 was one of a stream of airplanes landing a t  the airport, and all  of 
these airplanes had landed without reporting difficulties or unusdal conditions on the  
approach. The two airplanes just ahead of flight 191 had landed without reported 
difficulty. This fact could have led the captain to  believe that, despite its appearance, 
the storm did not contain any dangerous weather or that the dangerous portion of the cell 
was still moving toward the approach course but had not, a s  yet, reached it. 

When the lightning was reported and the heavy rain encountered, flight 191 
was within 4 nmi of t h e  end of runway 17L. Since there had been no reports that  the  
weather had reached the airport, and, in fact, i t  had not, the airport was clear. Given his 
airspeed, he was within 2 minutes of landing and he might have decided that his exposure 
to  the observed weather would be minimal. 

All of these factors may have led the captain to misappraise the weather and 
to  ignore one other factor, which he should have known intimately, especially given his 
experience and the fact that most of. Delta's route structure lies in areas where severe 
convective storms occur often. Convective-type storm cells are volatile; therefore, a 
preceding airplane may encounter little if any weather but the following airplane can 
encounter a fully developed storm. ' The captain should have been well aware of the  
volatility of these storms and of the riskof basing a decision on the actions of a preceding 
captain. 

The Safety Board believes that the captain had sufficient information t o  
appraise the weather along the  ILS localizer course to  runway 17L. The Safety Board 
believes that the captain's misappraisal of the severity of the weather could have resulted 
from any, or a combination of, the factors cited above. 

Although the Safety Board believes the accident could have been avoided had 
the procedures contained in the  Delta thunderstorm avoidance policy been followed, the 
absence of more specific operational guidelines for avoiding thunderstorms in the 
terminal areas provided less than optimum guidance t o  the captain and flightcrew. The 
circumstances of this accident indicate that there is an apparent lack of appreciation on 
the part of some, and perhaps many, flightcrews of the need to  avoid thunderstorms and 
to appraise the position and severity of the storms pessimistically and cautiously. The 
captain of flight 1 9 1  apparently was no exception. Consequently, the Safety Board 
believes that thunderstorm avoidance procedures should address each phase of an air 
carrier's operation and, in particular, the carriers should provide specific avoidance 
procedures for terminal area operations. 

While i t  is the captain's responsibility t o  decide either to  continue or  
discontinue a landing approach, the Safety Board believes that in this case, i t  was a 
flightcrew decision. Both the first and second officers were aware of the weather astride 
the final approach course and 1 minute elapsed between the time the first officer 
reported sighting lightning and the entry into the microburst windfield. Either the first or  
second officer had ample time to  inform the captain that they believed that the approach 
should be discontinued. Given the fact  that the captain was described as  one who 
willingly accepted suggestions from flightcrew members, the Safety Board has no reason 
to believe that his demeanor would have influenced either man to  delay or withhold 
Suggestions to  him relative to  the safety of the airplane. Since these suggestions were not 
forthcoming, the Safety Board believes that neither officer saw any reason to  suggest that 
the approach be discontinued and that  they concurred with the captain's intent t o  
continue. Therefore, the flightcrew was responsible for the decision. 
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The Safety Board has long advocated providing cockpit resource management 
training to captains and assertiveness training t o  first officers. Since Delta does not 
provide this type of training, formally, to  its flightcrews, the Safety Board carefully 
examined the CVR transcript and the prescribed L-1011 operational procedures. While 
the Board's examination has shown that the suggestions cited above were not forthcoming, 
it  also disclosed that there was a f ree  and unrestricted transfer of information among the 
flightcrew members, that observations relating t o  the weather were made without 
apparent reservation, that  t h e  checklists were called for and completed promptly, and 
that there was no breakdown in flightcrew coordination procedures. Although in this 
instance the lack of formal cockpit resource management and assertiveness training was 
not causal to  the accident, t h e  Safety Board believes that this training is necessary t o  
ensure the proper exchange of information among flightcrew members and should be 
provided by the air carrier companies. 

Decisions During the Approach.--The analysis of the flight recorder data 
shows that, a t  1805:05, about 45 seconds after  the first officer's observation of lightning, 
the airplane began t o  encounter an increasing headwind component. The airplane was 
descending through about 875 feet  AGL on the ILS glideslope a t  150 KIAS (Vref 
+ 13 knots). The onset of the increase was gradual, but between approximately 1805:12 
and 1805:19 the headwind component increased more rapidly a t  a ra te  of about 2.7 
knotslsecond. During this 7-second period, the airplane accelerated to  about 173 KIAS, 
and the first officer retarded the throttles. By 1805:15, all three engines were either a t ,  
or very near, flight idle EPR. During the first part of this period, the first officer also 
had applied a gradual nose-down control correction. The pitch attitude decreased from 
about 4' nose-up t o  1.3' nose-up and then began t o  increase as  the first officer began t o  
apply nose-up control corrections. At or shortly before 1805:19, the airplane encountered 
a strong downdraft. The vertical winds changed from a 10-fps updraft t o  a 20-fps 
downdraft. The first officer's response was to  apply further nose-up control correction, 
and the pitch attitude increased to about 7°nose-up. At 1805:19, a s  the airplane entered 
heavy rain, the captain warned the first officer, "watch your speed," which was followed 
almost immediately by the more definitive comment, "you're gonna lose it  all of a sudden, 
there it  is." The airplane performance analysis shows this comment referred t o  a 
significant loss (44 knots) of indicated airspeed in 10 seconds as  the airplane traversed the 
increasing headwind, followed by downdraft, and then by decreasing headwind windshear. 
Since the captain was familiar with this type of windshear from recurrent ground and 
simulator training and based on information provided in Delta's L-1011 POM, the Safety 
Board concludes that, although he may not have anticipated an encounter with a 
microburst, the captain was quick to  recognize its manifestations. The Safety Board 
concludes also from the captain's commands to push the power up--"way up, way up, way 
UP"-- following the predicted loss of airspeed, that he was familiar with the actions 
needed to restabilize the airplane on the glideslope. 

At 18:05:29, a s  the airplane was descending through about 650 feet AGL, the 
decreasing trend of the headwind reversed itself which, along with a high thrust condition, 
resulted in a rapid increase in airspeed from about 129 t o  140 KIAS. As a result, a t  
18:05:31, thrust was reduced (from an engine pressure ratio of 1.47 to  1.33) to  counter the 
rapidly increasing airspeed. The airplane momentarily stabilized on the glideslope despite 
airspeed fluctuations of +20 knots t o  -44 knots and downdrafts from 15 to  40 fps a s  i t  
descended thn'dugh the heavy rain. Consequently, the Safety h a r d  concludes that the 
flightcrew probably believed that the airplane had penetrated the  worst of the windshear, 
that the airplane would emerge shortly from the heavy rain, and that continuation of the 
approach w a s  warranted. Also, it eonelludes that  these beliefs may have been prompted by 
the flighterewss windshear training and simulator experience in which they had 



ICAO Circular 232-AN11 39 255 

successfully flown through microburst demonstrations that had incorporated the classic 
downburst outflow with its increasing headwind, downdraft, and decr'easing headwind, and 
subsequent restabilization of the aircraft. 

Based on his windshear training and L-1011 simulator experience with 
windshear encounters, the captain's decision to continue the approach was understandable 
following momentary stabilization of the airplane above 500 feet AGL a t  1805:31. 
However, within the next several seconds, the flight encountered a second severe 
disturbance subsequently identified as  the vortex ring consisting of large variations in 
wind components along all  three axes of the airplane. Indicated airspeed decreased from 
140 to  120 knots, the vertical wind reversed from a 40-fps downdraft to  a 20-fps updraft, 
and a severe lateral gust struck the airplane. This gust resulted in a very rapid roll to  the 
right, which required almost full lateral flight control authority to  counter and t o  level 
the wings. Consequently, the airplane's angle of attack increased from 6O t o  
approximately 23Odegrees, and most likely increased more rapidly, and to  a higher value, 
than recorded by the DFDR because of the rate-limited angle of attack sensors. The 
severe environment that flight 191 encountered during the 5 seconds after  1805:31 most 
likely prompted the captain to  say, "Hang onto the (nonpertinent word)" a t  1805:36. Also, 
a t  this time, the flightcrew probably first considered the execution of a missed approach, 
but they were likely too occupied with the immediate task of maintaining control of t h e  
airplane in the turbulence to  audibly express these thoughts. However, engine thrust had 
been applied and the airplane momentarily rose slightly above the ILS glideslope. Six 
seconds after the captain's above comment, with engine thrust a t  or near maximum, the 
airplane began a rapid descent which was not arrested until ground contact 10 seconds 
later, a t  1805:52. ?he Safety Board believes that the audible command TOGA issued by 
the captain 3 seconds after  the glideslope departure, and 9 seconds after  maximum thrust 
had been applied, may have been confirmation of the missed approach and an indication 
that he had switched the flight director from the approachlland mode to  the TOGA mode. 

The Safety h a r d  is concerned that the present training within the industry for 
windshear encounters on the final approach seems to  advocate the philosophy that the  
retrieval of the approach profile is the desired end result and not escape from the 
environment. For example, the landing windshear procedures in the  Delta E-18131 POM 
advised the pilot "to be prepared t o  apply thrust immediately t o  maintain a minimum of 
Vref when encountering the shear and t o  be prepared for a prompt reduction of thrust 
once normal target speed and glide path is reestablished." The Safety Board believes that 
training should emphasize that  in an environment wherein extreme pitch attitude changes 
and large applications of engine thrust are required to maintain altitude and minimum 
airspeeds, flightcrews should be taught that the only objective s f  the procedure is t o  
escape and thereafter place the maximum distance between the ground and the airplane 
as soon as  possible. In this regard, the Safety Board notes that  the revision t o  the Delta 
windshear procedures issued after the accident provides Delta flightcrews with additional 
criteria to determine when the airplane's flight path control has become destabilized. The 
revised procedures advise the flightcrews to  be prepared to execute a missed approach 
below 1,000 feet  AGL if they encounter either 'bevere turbulence or indications of 
Unstabilized flight path control." 

Airplane Control During Microburst Penetration.--Delta and most major air 
carriers taught their flightcrews to  trade airspeed for altitvde if they inadvertently 
encountered low-altitude windshear. 'Ihis technique was practiced in the simulators, 
including the L-1011 simulators, and flightcrews were taught t o  increase the airplane's 
pitch attitude and t o  add maximum thrust if necessary t o  control the airplane's flightpath. 

~ecessa ry  to  &void ground contact, the pitch attitude could be increased until the 
stickshakes activated and then decreased slightly t o  an attitude which would silence the 
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stickshaker. Thereafter, the airplane's pitch attitude should be kept at attitude just 
below that which would reactivate the stickshaker until the end of the windshear area was 
traversed. 

The first officer was apparently able to apply the above techniques to keep the 
airplane on the ILS glideslope as it passed through and beyond the initial portion of the 
microburst. When the airplane descended into the vortex, the combination of an airspeed 
lass of 20 KIAS and a strong updraft most likely caused a momentary (1-second) 
activation of the stickshaker. The Safety Board believes that the first officer acted 
reflexively when the sticksbker activated to exert a 20- to 25-pound forward push on the 
control column. This control column force and the longitudinal sttlbility of the airplane 
resulted in the airplane nosing over to a -8.5' pitch attitude, a rapid departure from the 
ILS glideslope, and ~t descent rate which approached 5,000 fpm for an instant. 

' h e  NASA analysis of alternate f l i  paths showed that ground impact might 
have been avoided had the pushover force not been applied. However, the Safety Board 
recognizes that the airplane was in an extremely turbulent environment, and because of 
the ~ a g i d  reversals of the vertical winds, the airplane was subjected to  rapid changes In 
angle of attack, longitudinal pitch forces, and fluctuations of indicated airspeeds. 
Consequently, under these circumstances, the ability of the first officer to apply an 
optimum or recommended pitch control technique would have been subjected to a severe 
test. 

The flightcrew had applied maximum thrust shortly before the airplane 
departed rapidly from the gl ide~l~pe,  and the captain called for TOGA within 3 seconds of 
glideslope departure. When TOGA was engaged, the command bars presented a "fly-upw 
command, and the airplane pitched upward in response to the first officer% application of 
a substantial nose-up control correction* ]During this period, the vertical wind changed 
from a 40-fps downdraft to a 10-fps updraft. The reversal in wind component combined 
with a substantial nose-up pitch rate increased the angle of attack rapidly. A t  1805:48, 
3 seconds after TOGA was engaged, a +2.0 g vertical acceleration was recorded and the 
stickshaker probably again activated for about 1 second, A t  1805:50, the airplane began 
t o  pitch down. During this time, the magnitude of the "fly-up" command presented by the 
command bars had decreased; however, they were still presenting a *qfly-upw command 
when the airplane began to pitch down. The data contained in the performance analysis 
and the flight director study do not permit the Safety Board to conclude that the first 
officer wtts "flying the command bacs" during the short t ime that the TOGA Made was 
engaged, The data suggest that, in response to the stickshaker, the first officer ignored 
the command bars and applied nose-down control to silence the stickshaker. The data a M  
show that when the sticicshaker activated, the airplane's pitch attitude was 6' nose-p, the 
airspeed was about 150 KZAS, and the airplane was-acmlerating. Consequently, had the 
first officer been able to match the airplane's pitch attitude with the command bar 
position, the airplane might have cleared the ground. The shallow tire marks in the soft 
ground about 1 mile before the runway 17L threshold indicates a rather mild touchdown 
and additional evidence that the airplane's descent had almost been arrested, However, 
because of the uncertainties in the dynamic wind analysis, and in further recognition of 
the tu~buient environment affectix the flightcrew, the Safety b a r d  cannot conclude 
that other pilots would have been able to avoid ground conta'ct. The Safety Board 
believes, however, t ha t  avoidance of ground contact could only have been assured 
positively if the missed approach had been executed when the captain perceived the first 
indications of a microburst windshear, when the airplane was between 700 and 800 feet 
AGL, 
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Regardless of the first officer's response t o  the command bars, the flight 
director's TOGA mode did not provide optimum pitch command gujdance for penetrating 
windshears. In this instance, 1.25 Vs  was about 131 KIAS and stickshaker activation speed 
was about 111 t o  113 KIAS. ' The TOGA logic was designed to  maintain 1.25 Vs and, 
therefore, wou-ld present pitch command guidance that would sacrifice altitude t o  
maintain 131 KIAS, even though that airspeed was well above stickshaker activation 
airspeeds. The sacrifice of altitude to  maintain airspeed is contrary to  present windshear 
penetration doctrines and, in this instance, i t  sacrificed the climb performance which was 
available down t o  and a t  stickshaker speed. The Safety Board notes that other air carriers 
have cautioned against the use of the TOGA mode during takeoff and go-arounds during 
windshear encounters; however, the Delta L-1011 POM provided no guidance regarding the 
limitations of the flight director system TOGA mode under such circumstances. 

In conclusion, a t  1748, Cell "D" did not exist. Within the next 12 minutes, the 
cell was born, grew t o  a VIP level 4 weather echo, and its growth t o  a VIP level 4 weather 
echo occurred beyond the geographical confines of the DF W Airport's LL WAS. The Safety 
Board believes that the storm cell's rapid development made i t  virtually impossible for 
routine weather observation and reporting procedures to transmit an accurate and timely 
description of the cell t o  the air traffic controllers and, in turn, to  flight 191. 

The facts and circumstances of the accident also showed that the controllers 
in the DFW ATCT were not aware of the severity of the weather contained in Cell 'ID." 
The microburst touched the ground about 9,000 feet beyond the closest LLWAS sensor and 
its divergent winds did not place the LLWAS into alarm until af ter  the accident. In 
addition, the DFW ATCT did not have available the type of radars which could depict 
either the intensity of the precipitation or the speed of movement of the air within Cell 
"D." Therefore, while the controllers were able to  locate the cell on their ASR-7 radar, 
they were not able to  describe t o  flight 191 the severity of the weather associated with 
the cell. The Safety Board will not speculate as  to  what effect this corroborative 
information would have had on the course of events, but with the additional information 
on which t o  base his decision, the captain may have decided to make alternate action. 
Therefore, the Safety Board concludes that the limitations in the airport weather 
surveillance that precluded the controllers from detecting the severity of the weather on 
the final approach contributed to the accident. 

Although the Safety Board concluded that the airplane's powerplants had 
neither failed nor malfunctioned, the positions of the components of the engine reverser 
systems on the airplane's engines showed that the captain or first officer had selected 
reverse thrust a t  or immediately after  the airplane first touched down. However, given 
the fact  that the positions of the engine reverser components also indicated that forward 
thrust had been commanded on the No. 2 and No. 3 engines while reverse thrust was still 
commanded on the  No. 1 engine, the Safety Board concludes that  forward thrust was 
selected on all three engines either simultaneous with, or immediately after,  the No. 1 
engine separated from the airplane. The Safety Board cannot determine whether the  
selection of forward thrust was a deliberate flightcrew action or whether one of the  pilots 
had his hand on the reverse thrust levers and his hand was driven forward by the impact 
forces. Regardless of how it occurred, given the time of the occurrence and the facts  and 
circumstances of the impact and postimpac t sequence, the Safety Board concludes that 
the selection and withdrawal of reverse thrust on the engines did not contribute either t o  
the accident or to  the severity of the impact. 



Fire entered t h e  left side of the mid-cabin between the time the No* 1 engine 
struck the automobile on State Highway 114 and the time that it struck the south water 
tank, The airplane's ground speed was over 200 knots when i t  struck the south water tank, 
The impact destroyed the forward and mid-cabin sections and simultaneously ignited a 
large fire which enveloped the airplane. The impact caused the rear cebin and empennage 
to separate from the remainder of the fuselege between seat rows 33 and 34 and this 
section came ta rest on its left side over 1,000 feet beyond the water tank. The 
separation caused massive disruption of the rear cabin from row 33 aft  to raw 40. 

The mid-cabin forward of the separation was destroyed by impact forces and 
fire. Only eight passengers who were seated between raws 21 and 33 survived. AH 
survivors suffered blunt force trauma; seven of the eight sustained burns in addition to 
blunt force trauma. 

Another four persons, including a flight attendant, seated between the 
separation and row 40 survived. These persons occupied seats in the area of the rear 
cabin which had been damaged heavily in addition to the massive disruption of surrounding 
cabin structure. The Safety Board considers the survival of the 12 persons seated forward 
of row 40 most fortuitous inasmuch as 7 of them were burned and all were seated in 
portions of the cabin that had been subjected to the high-impact forces which destroyed 
seats and surrounding structure. Based on these facts, the Safety Board concludes that 
the impact sequence was not survivable for pemons seated forward of row 40. 

Except for the destroyed missing left cabin wall, the sear cabin between rows 
4 0  and 46 was reletively intact. The six persons in this section who were killed had been 
seated along the missing left cabin wall* The surviving 14 passengers and 2 flight 
attendants had occupied seats located predominately in the center and right side of the 
cabin. The Safety Board concludes that the impact sequence was survivable for persons 
seated aft of row 40 and who occupied the center and right row of seats. 

Except for one flight attendant and three passengers, all of the survivors 
escaped unaided from the rear cabin. Although the survivorsr escape was greatly 
hampered because the cabin was lying on its left side and because they were covered with 
fuel and had fuel in their eyes, their ability to escape was facilitated because there was 
little disruption of the seats and furnishings in the center and right side of the cabin, 
there was adequate illumination inside and outside the'cabin, and there was no fire. Had 
fire occurred within the aft cabin area, either in-flight, before the separation occurred, or 
on the ground with the cabin section lying an its left side, there surely would have been 
few if any survivors. 

The Safety Board also tried to determine whether the survival, possibilities of 
flight 191's occupants would have been enhanced had the airplane not struck the water 
tanks. At  the time of the accident, two large fully fueled cargo airplanes--a McDonnell 
Douglas DC-8 and DC-10--and a Boeing 747 tail maintenance stand were located on a 
service ramp south-southeast of the water tanks. Had flight 191 missed the water tanks, 
it could have either struck these two airpIanes and the maintenance stand or continued 
along the ground. Had flight 191 struck the two airplanes and the maintenance stand, the 
impact sequence and ensuing fire would have been equally OP even more catastrophic than 
it was. Had flight 191 avoided the water tanks and the service ramp, the survival 
possibilities for its passengers probably would have been equally as bad or worse than 
those which existed in t he  actual impact sequence. Flight 191 was traversing unpaved 
ground at a ground speed in excess of 200 knots, its nose landing gear had separated, it 
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was on fire and the fire had penetrated into the passenger cabin, and it was already 
breaking up as a result of impacting the automobile and several highway light standards. 
There is little doubt that the airplane would have continued to break apart and exacerbate 
the existing fire as it continued across the airport surface. Given these two scenarios, the 
Safety Board believes that a catastrophic and probably unsurvivable environment would 
have ensued regardless of whether flight 191 struck the airplanes and maintenance stand 
on the service ramp or avoided the service ramp and continued along the airport surface. 

With regard to the flight attendant jumpseats' damaged seatbelts and shoulder 
harnesses, the testing showed that, although they had been manufactured in 1982, the 
damage had decreased their tensile strength significantly. Despite the fact that there are 
no procedures or guidelines to aid airline maintenance and inspector personnel in 
determining at  what point the condition of the belts and harnesses require replacement, 
the severe and obviously long-standing damage clearly indicated that they should have 
been replaced in accordance with accepted airline maintenance practices. The incorrect 
installation of the restraint systems on the R-4 and L-4 flight attendant jumpseats would 
not have affected their performance; however, the fact that these defects were not 
discovered during the airplane's various maintenance inspections leads the Safety Board to 
believe that the airline's inspection procedures were less than adequate. 

Emergency Response.--The DFW Airport's DPS personnel responded quickly 
and efficiently and contributed significantly to saving the lives of a number of seriously 
injured victims. The Safety Board believes that much of the effectiveness of the 
emergency response was due to the immediate availability of the airport's paramedic and 
EMT personnel. 

However, the Safety Board's investigation disclosed several problem areas 
which, under other accident circumstances, could affect adversely the medical treatment 
and survival of accident victims at  the airport. Forty-five minutes was required to 
complete the notification of off-airport agencies whose assistance might have been 
needed for lifesaving activities. The Safety Board believes that this was an excessive 
amount of time and that the DFW Airport Emergency Plan's communications procedures 
should be improved to provide for more efficient and timely notification of the mutual aid 
agencies. 

The Safety Board' also believes that had more persons with serious injuries 
survived, the lack of coordination with area hospitals could have decreased the ability of 
these hospitals to treat properly the number of types of casualties involved. Therefore, 
the improvements to the emergency plan should include procedures to provide timely 
information to those hospitals selected to receive casualties. The National Fire 
Protection Association (NFPA) recently issued guidance material on this subject. Chapter 
3, Section 6.5 of NFPA 424M, Manual for Airport/Community Planning states: 

The plan should designate a medical transportation officer whose 
responsibilities include: 

(a) Alerting hospitals and medical personnel of the emergency. 

(b) Directing transportation of casualties to hospitals. 

(c) Accounting for casualties by recording route of transportation, 
hospitals transported to, and casualty's name and extent of injuries. 

(d) Advising hospitals when casualties are en route. 
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(el Maintaining contact with hospitals, medical transportation, the 
senior medical officer, on-scene command post and the  command 
post* 

The Safety Board believes that the guidance material cited abwe should serve as ,a 
guideline for plans and procedures to coordinate t h e  transportation of casualties from the 
accident scene to selected hospitals. 

Disaster Preparedness.--The Safety Board recognizes t ha t  communidations 
and coordination problems are likely to occur during any large emergency response effort 
involving multiple jurisdictions; however, thorough planning, training, and periodic full- 
scale drills can reduce such problems appreciably. The Safety Board believes tha t  
periodic tests of the DF W Airport Emergency Plan's corn munications procedures would 
have disclosed that the required notifications of off-airport agencies could not be 
completed within a reasonable timeframe, and that the system for derting off-airport 
ambulances and hospitals was incomplete. These discrepancies, once identified, could 
have been corrected. Therefore, the  Safety Board has forwarded recommendations to the  
FAA urging that these exercises be developed and conducted. 

A t  the time of this accident, 6 years had elapsed since the last full-scale 
exercise of the DFW Airport Emergency Plan. This interval was excessive and most 
probably contributed to the difficulties experienced by the DPS personnel with of f-airport 
notification procedures and wit  R procedures in the assembly area far off-airport units. 

The Safety Board has long believed tha t  full-scale tests of emergency plans 
and procedures should be conducted periodically at certificated airports. As  a result of 
its study of airport certification and operations, - 27/ the  Safety Board recommended on 
April 16, 1984, that the FAA: 

Amend 1 4  CFR 139.55 to require a full-scale demonstration of 
certificated airport emergency plans and procedures at Ieast once every 
2 years, and to require annual validation of notification arrangements 
and coordination agreements with participating parties. (A-84-34) 

On August 6, 1984, the FAA replied that it  intended to revise 14 CFR Part 139 
to require fullscale demonstration of emergency plans and procedures where practicable 
and that the required timing will be "variable from 2 to 4 years based on the  air carrier 
activity level at each airport." On October 23, 1985, the FAA issued Notice of Proposed 
Rule Making (NPRMI No. 85-22 containing proposed amendments to 14 CFR Part 139; 
however, t h e  NPRM did not contain requirements for periodic demonstrations of 
certificated airport emergency plans and procedures. The Safety Board now deems the 
FAA's response to the recommendation unsatisfactory and reiterates Safety 
Recornmendat ion A-84 -34, which has been classified as ?'Open-'Unacceptable Action." 

3. CONCLUSIONS 

1. Between 1752 and 1800, the Cell 'lDtt radar weather echo positioned off 
the north end of the VFW Airport intensified from a VIP level 1 to a VIP 
level 4. 

2?/ - Safety Study- -ItAirport Certification and Operations" (NTSBISS-84/02), 
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13. The ATC controller's speed adjustment procedures were not causal to  the 
accident. 

14. The 3 nmi separation standard was not maintained between flight 191 
and the preceding Learjet. The loss of separation did not contribute t o  
the accident. 

15. The Feeder East and Arrival Radar-1 controllers provided flight 191 with 
all weather information that  was available t o  them. 

16. Several flightcrews saw lightning in the rain shower just north of the 
airport; however, they did not report what they saw t o  the ATC 
controllers. 

17. The LCE controller observed lightning about or shortly after the time 
flight 191 entered the microburst windfield. Therefore, the  failure of 
the LCE controller t o  report i t  to  flight 191 was not a causal factor. 

18. The flightcrew and the captain had sufficient information t o  assess the 
weather north of the approach end of runway 17L. The lightning 
observed and reported by the first officer was adequate, combined with 
the other data known to  the flightcrew and captain, to  determine that  
there was a thunderstorm between the airplane and the airport. 

19. The north side of the cell formation containing the thunderstorm was not 
masked from flight 191 by any intervening clouds. 

20. The captain's decision t o  continue beneath the thunderstorm did not 
comply with Delta's weather avoidance procedures; however, the  
avoidance procedures did not address specifically thunderstorm 
avoidance in the airport terminal area. 

21. After penetrating the first part of the microburst, the engine thrust 
which had been increased was then reduced and at 550 feet  AGL the  
airplane had restabilized momentarily on the glide slope. ?he captain 
evidently believed that  they had successfully flown through the worst of 
the microburst windshear, and the approach- was continued. 

22. The company had not provided guidance t o  its flightcrews concerning 
specific limits on the excursions of airplane performance and control 
parameters during low-altitude windshear encounters that would dictate 
the execution of a missed approach. 

23. Although the captain did not audibly express his decision t o  execute a 
missed approach until he called for the selection of the "TOGA1' mode on 
the flight director 7 seconds be fore initial impact, maximum engine 
thrust had been applied before the airplane's rapid departure below the  
glideslope. 

24. The accident was not survivable for persons seated forward of row 40 
although 8 persons seated forward of the row survived. The accident was 
survivable for persons located a f t  of row 40 and seated in the center and 
right row of seats. 



ICAO Circular 232-AN11 39 263 

25. Despite not if ication and coordination difficulties, the emergency 
response of the DPS personnel and equipment to the accident scene was 
timely and effective and contributed significantly t o  saving the lives of a 
number of the survivors. 

3.2 Probable Cause 

The National Transportation Safety Board determines that the probable causes 
of the accident were the flightcrew's decision t o  initiate and continue the approach into a 
cumulonimbus cloud. which they observed t o  contain visible lightning; the Lack of specific 
guidelines, procedures, and training for avoiding and escaping from low-altitude 
windshear; and the lack of definitive, real-time windshear hazard information. This 
resulted in the aircraft's encounter a t  low altitude with a microburst-induced, severe 
windshear from a rapidly developing thunderstorm located on the final approach course. 

4. RBCOMMENDATIONS 

4.1 Recommendations Addressing Low-Altitude W indshear and Weather 

This section will discuss previous Safety Board activities and recommendations 
relevant t o  the low-altitude windshear hazard. 

Since 1970, the Safety Board has identified low -altitude windshear a s  a cause 
or contributing factor in 18  accidents involving transport category airplanes. Eleven of 
these accidents were nonfatal, but the other 7 resulted in the loss of 575 lives. Six of the 
fatal accidents and a t  least eight of the nonfatal accidents occurred af ter  the airplanes 
encountered the convective downburst or microburst winds associated with thunderstorms 
or heavy rainshowers. 

The accidents attributed t o  convective windshear have occurred during landing 
approach, attempted go-around, and takeoff phases of flight. One fatal accident occurred 
during a landing when the airplane encountered a windshear caused by a feature of the 
surrounding terrain-the windshear was cited as a contributing factor. The other two 
accidents, both nonfatal, occurred after the airplanes passed through frontal system 
boundaries during the landing approach. 

One of the frontal system windshear encounters involved an Iberian Airlines 
DC-10 with 167 persons aboard which struck the approach light piers and seawall 
embankment during an ILS approach a t  Boston Logan International Airport on 
December 17, 1973. %/ The airplane was damaged substantially when the landing gear 
sheared off, and there were serious injuries during crew and passenger evacuation. It 
could have been a catastrophic accident. 

The findings about windshear in this accident investigation first prompted the 
Safety Board t o  recommend that  the FAA require that  windshear be included in pilot 
training programs and that  the development of windshear detection systems be expedited. 

- 
281 Aircraft Accident Report-"Iberia Lineas Aereas de Espana (Iberian ~ i r l i n e s )  - 
McDonnell Douglas DC-10-30, EC CBN, Logan International Airport, Boston, 
Massachusetts, December 17, 1973" (NTSBIAAR-74/14). 
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The mash of an Eastern Air Lines B-727 at John F. Kennedy hternational 
Airport* Jamaica, New York, on June 24, 1475, killed 113 persons. 29J mat accident 
occurred when the airplane encountered on final approach the outflowing winds and 
downdraft associated with thunderstorms. The airplane experienced e rapid loss of 
airspeed and developed a high descent rate from which it did not recover. Fallowing the 
investigation of the accident, the Safety b a r d  issued 14 safety recommendations which 
addressed the development of both ground-based and airborne equipment for detecting 
windshear, the detecmimtion of operational limitations for various types of aircraft, the 
enhancement of airborne vertical guidance equipment, and reiterated the need for 
enhanced pilot training programs. 

Acknowledging the serious hazard presented by windshear encounters, the FA A 
and other government and industry organizations began extensive research and 
development programs which were in general consonance with act ions reco rn mended by 
the Safety Board. The occurrence of three more air carrier accidents between 1975 and 
3977 321 which were attributed to encounters with windshear placed more emphasis on the 
research and development efforts. Several positive actions resulted: pilot training 
programs were enhanced to increase flightcrew awareness of the hazard; operational. 
techniques were evaluated in simulation; and various technologies for both ground-based 
and airborne w indshear detection and monitoring equipment were evaluated. 

Unfortunately, tangible benefits from the research and development of the 
past 10 years have yet to be realized. 'he only operational windshear detection system 
thus far is the LLW AS, an anemometer array around the airport which will alert the tower 
controller to shifting ground-level winds. The limitations of the system were 
acknowledged from the beginning and it never has k e n  regarded as other than an interim 
measure until more sophisticated equipment is developed. 

The limitations of LLWAS as an operational decisionmaking aid to fligbtcrews 
were illustrated by the crash of a Pan American B-727 during takeoff horn New Orleans 
Airport on July 9, 1982, 31J Although the LLWAS indicated windshear in the vicinity of 
the airport, there were nrmeans to relate the information to the hazard presented to a 
particub takeoff. Consequently, the flightcrew of the accident aircraft failed to 
perceive the danger; 153 persons died when the flight encountered a classic microburst at 
or immediately after the point of takeoff. 

The Safety Baard again recommended actions to be taken by the FAA, several 
of which addressed the need to improve the current fechnology for systems SQ they could 
be used effectively for flightcrew operational decisions. Other recommendations 
addressed the use of the wealth of information gained from the JAWS program at the 
Denver Stapletan Airport to improve the LLWAS system and procedures for i t s  use, to 
evaluate the potential of other technologies such as the microwave doppler radar for 

29/ Aircraft Accident Report-%astern Air Lines, Ine., Boeing 727-225, John F. Kennedy 
International Airport, Jamaica, New York, June 24, 1975' ( N T S B / A A R - ? ~ / ~ ~ ) .  
3111 Aircraft Accident ~po~ts-~1Continenta1ntinen Air Lines, he*, being 727-224, N88777, - 
Stapletan International Airport, Denver, Colorado, August 7, 1975" (NTSBJAAR-76/14); 
ltAllegheny Airlines, Irre., Douglas DC-9, N994V3, Phihdelphia, Pennsylvanja, June 2 3, 
1916" (NTSB/AAR-78/02); and "Continental Air Lines, hc., Boeing 127-224, N32725, 
Tlmon,  Arizona, June 3, 1 97Ytr (NTSB/AA R-78/09). 
31 / Akcraft Accident RepartdtVPan American Wwld Airways, h., Clipper 759, k i n g  - 
727-235, N4737, New Orleans International Airport, Kenner, Lauisiana, July 9, 1 9821' 
I rJ'FSB/AAR-83 /02). 
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detecting windshear, t o  develop better methods to communicate usable information t o  
controllers and pilots for timely and accurate decisionmaking, and t o  prov'ide bet ter  
information for pilot training. 

Primarily in response t o  congressional pressure, the FAA contracted with the 
National Academy of Sciences for a study of the windshear hazard and measures for 
accident prevention. The Safety Board's staff supported the study by providing details of 
accident data and the rationale for the Boardb safety recommendations. The committee's 
findings and recommendations issued in September 1983 were consistent with the Safety 
Board's views. 

The Safety Board has issued a total  of 36 Safety Recommendations to  the FAA 
related t o  the aviation windshear hazard. The recommendations are cited verbatim along 
with a summary of the FAA responses and the Safety Board-assigned status in appendix H. 

The most significant recommendations .were issued following the accidents a t  
Boston Logan on December 17, 1973,'at John F. Kennedy on June 24, 1975, a t  Philadelphia 
on June 23, 1976, and at New Orleans on July 9, 1982. Specifically, these 
recommendations addressed the needs for: 

Windshear forecasting t o  define better the conditions conducive t o  
microburst development and to  inform dispatchers and pilots when these 
conditions are present a s  well as  when there is a windshear potential 
involving nonfrontal systems. 

Improved communications between the weather service, air traffic 
controllers, and pilots to  ensure that*pilots are provided the most current 
forecasts and existing conditions for planning flights, landing approaches, 
and departures. 

Improved real-time detection of windshear conditions by (1) use of the 
LLWAS to  its maximum potential by ensuring optimum placement of the 
anemometer array and optimum software alarm logic, and (2) expeditious 
development and installation of microwave Doppler radar equipment a t  
airports located in areas of high microburst risk. 

Pilot training which stresses avoidance of windshear and discusses the 
meteorological conditions conducive t o  the development of windshears, 
particularly convective windshears. 

Pilot training programs which (1) discuss the aerodynamic performance 
problems associated with windshear penetrations as well as  simulations 
of windshear encounters during all low-altitude phases of flight, 
(2) stress the need for rapid recognition and response by using all of the 
airplane's performance capability, and (3) address the effect  of an 
out-of-trim speed condition on the control forces needed to use the  
airplane's per for mance. 

Development, certification, and installation of airborne equipment which 
can provide the pilot early warning of windshear encounters and optimize 
the logic of command guidance instruments to  enhance the pilot's 
response to  the encounter. 
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Cooperative efforts with the FAA and industry personnel in accident 
investigations and in followup of the Safety Board's recommendations spurred the 
initiation of several windshear research and development projects in the late 1970s+ 
These have included: 

Development and implementation of the LLWAS* 

Development of windshear models which were distributed for use in 
engineering aircraft performance simulation as well as in pilot training 
applications. 

Development of airborne instruments designed to enhance pilot response 
to inadvertent windshear encounter and the adoption of : standards for 
such instrumentation. 

Distribution of an AC describing the windshear hazard and preferable 
piloting procedures in the event of inadvertent encounters. 

Evaluation of several technologies for the detection of a windshear 
including acoustical bppler , light detection and ranging, infrared 
radiometry, and microwave Doppler radar. Of these, microwave Doppler 
radar appears to offer the highest potential for consistent detectton 
within the existing state -of-the -art. 

Comprehensive study of the microburst phenomena and the use of 
microwave Doppler radar in the JAWS* 

A s  a result of these FAA activities, 24 of the Safety Board's recommendations 
have been classified as nClosed--Aceeptable or Acceptable Alternate Action." These 
include those recommendations for additional research of the hazard and those for the 
development and issuance of windshear guidance material. The other 12 recommendations 
have been clwsified as "Open-Acceptable Action," pending further action by the FAA. 
These recommendations address the need for a more definitive and standardized 
flightcrew training progra rn, the modification or enhancement of present ter rninal 
weather detection equipment, and the hardware implementation of new technology. 

On April 14, 1986, the FAA circulated the draft of an Integrated Wind Shea~ 
Program Plan to interested government agencies and the aviation industry for review, 
This plan describes the FAA's ongoing efforts to: 

o Develop an authoritative flightcrew training program' for airline 
training departments, including operational procedures, classroom 
curricula, written manuals, video presentations, and simulator 
exercises. 

o Develop improved sensors for the surface detection of low-altitude 
windshears, including an enhanced LLWAS, NEXRAD, and airport' 
'Terminal Doppler Weather Radar ETDWR]. 

o .  Develop sensors for airborne detection of windshear, using 
microwave Doppler, laser, or infrared radiometer technology. 

All of these programs are currently under contract for development, and working goups 
have been estabuhed to develop warning threshold criteria and standardized 
communication terminology. 
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The FAA program addresses nearly all of the actions proposed in the Safety 
Recommendations issued by the Safety Board since 1973 and includes the milestone 
schedules for the implementation of actions that have been proven to be technically 
feasible. However, the Safety Board is concerned that one important--and 
difficult--problem is not being adequately addressed far the present and is not 
specifically addressed in the FAA's current programs: the communication of hazardous 
weather information available from ground sensors to the flightcrew in time for the 
information to be useful in go/no-go decisionmaking, Current procedures to relay NWS 
information through the ATC system are not and will never be adequate for dynamic 
weather conditions. However, actions can be taken to improve these procedures. 

Specifically, the Safety Board believes. that additional N WS informat ion should 
be transmitted on ATIS broadcasts. Other critical meteorological infor mation must also 
be made immediately available to the local controller. Therefore, the Safety Board 
advocates that the FAA assign a qualified person to each major terminal facility t o  
per form this function, The person should be a meteorologist and should function as do 
meteorologists in the CWSUs of the ARTCCs. 

Although the Safety Beard supports the FAA's program plan to implement the 
much needed TDWR, it believes that a concurrent effort is needed to evaluate the 
existing radars with lesser, but certainly useful, capabilities for expedited use at busy 
ter rninals. With TD W R installation, these '?essern radars would eventually be. transferred 
to airports not receiving the TDWRs. Existing weather radars which provide reflectivity 
levels and turbulence-but not definitive wind-information could be used by a terminal 
weather cmrdinatot to augment LLWAS for detection of heavy rain and possible 
windshear in the airport vicinity. Further, the FAA's new ATC radars (ASB-93 have 
weather channel capability. 

Thus, as a result of this accident investigation and a review of the FAA's 
ongoing activities, the Safety Board issued the following additional recommendations to  
the FAA: 

h u e  an Air Carrie~ Operations 3ulletin to direct Principal Operations 
Inspectors ts require air carriers operating under 14  CFR Part 121 to 
record in pilot training records the specific windshear simulator training 
administered to pilots during initial and recurrent training sessions. 
(Class !I, Priority Action) CA-86-65) 

Wue an Air Carrier Operations Bulletin to direct Principal Operations 
Inspectors to review those sections of company operations manuals and 
training curricula pertaining to thunderstorm avoidance procedures to 
verify that flightcrews clearly understand the policy that no aircraft 
should attempt to land or take off if its flight path Is through, under, or 
near (within a minimum specified distance) a thunderstorm. (Class II, 
Priority ~ction) ( A-86 -66) 

hue an Air Carrier Operations 3ulletin to direct Principal Operations 
Inspectors to require that company operations manuals and training 
curricula caution pilots not ' to use flight director systems during an 
inadvertent windshear encounter unless 'such systems incorporate 
windshear logic. (Claw n, Priority Action) (A-86-61) 

Include a message on the Automatic Terminal Information Service 
broadcast whenever weather conditions conducive to thunderstorm or 



microburst development exist in the terminal area or when such actual 
conditions have been observed or reported, (Class ll, Priority Action) 
(A-86-63) 

Amend Federal Aviation Administration Handbook 7210.3G, Facility 
Operation and Administration, to require the observation of lightning or 
existence of cumulonimbus and towering cumulus clouds as items to be 
included an Automatic Terminal Information Service broadcasts when 
that information has been included in the remarks section of official 
weather reports. (Class II, Priority Action) (A-86 -69) 

Require tower controllers to issue thunderstorm, microbumt, and 
windshear reports when conditions differ fcam Automatic Terminal 
Information Service broadcast information and when actual pilot reports 
(PIREPS) have been received, and to  solicit further PIREPS until such 
time that confirmation is received that the condition no longer exists. 
(Class Il, Priority Action) (A-86-70) 

Develop a position in major tkrminal facilities, to be staffed with 
National Weather Service meteorologists or Federal Aviation 
Administration personnel trained for meteorological observations, to be 
the focal point f o ~  weather information coordination during periods of 
convective weather activity that adversely affects aircraft and air 
traffic control system operations. (Class 15 Priority Action) (A-86-71] 

Require that aU personnel engaged in weather coordinator duties attend 
the formal Weather Coordinator Training Course offered by the Federal 
Aviation Administration Academy, and expand that course to include 
training in the interpretation of weather echo intensity levels as 
depicted on remote weather radar displays. (Class Il, Priority Action) 
{A-86-72) 

Develop a thurwgh convective weather refresher coume as part of 
recurring training for all personnel actively engaged in the control of air 
traffic. (Class n, Priority Action) (A-86-73) 

Issue a General Notice to all en.route and terminal facilities emphasizing 
the phraseology requirements fot describing weather areas as stated in 
Federal Aviation Administration Handbook 711 0.65B (Class II, Priority 
Action) (A-86 -74) 

Conduct, during the current convective 'season, an operational test of 
currently available weather radar systems at selected airports and, based 
on the results of the evaluation, consider deployment of a system w 
systems to supplement data derived from the Zow Level Wind Shear 
Alert System as an interim measure until deployment of advanced 
Doppler radar in terminal weas* (Class IZ, Priority Acfon) (A-86-75] 

The Safety Board also issued the foUowing recommendations jointly to the 
Federal Aviation Ad ministration and the National Weather Service: 

Develop procedures to require that center Weather Service Units are 
attended constantly during; operation so that Information vncecning 
hazardous weather conditions, such as thunderstorms, windshear, icing, 



and turbulence, either occurring OF expected to occur, receives prompt, 
appropciate dissemination. f Class II, Priority ~ction) (A-86 -16) 

Develop procedur'es to require the Center Weathef Service Unit 
meteorologist to d i m  m inate in for mat ion on rapidly developing 
hazardous weather condifions, such as thunderstorms and low-altitude 
windshem, to Pderal Aviation Ad rn inistration Ter rninal Radar Approach 
Control and/or tower facilities immediately upon detection of the 
conditions. (Class II, Rimity Action) I A-86 -771 

Expedite the Implementation of equipment to upgrade all Cente~  
Weather Service Units to the state of the technology in data acquisition 
rrnd display capability. (Class I& Priority Action) ( A-86-7 8) 

, 'ItheSafetyBoardabIssuedtbf~llowi~recommendationsto theNationa1 
Oceanic and Atmospheric Administration: 

Require that pertinent infmrnation and format training programs derived 
from microburst and convective storm research be provided in a timely 
manner to operational meteorologists. IClassII, Priority Action) 
(A-86-79) 

Require that all offices that have a weather radar disphy or displays and 
an aviation weather warning responsibility to airports have those ahports 
clearly h a t e d  on a useable map on each weather radar display. 
(Class IE, Priority ~ction) (A-86-80) 

Develop definitive aviation weather warning criteria based on radar 
weather echo intensities and the proximities of radar weather echos to 
airport approach and departure corridors, and implement a means to 
corn municate this information immediately to Federsl Aviation 
Administration Ter rninal Radar A proaeh Control and tower facilities. 
(Class I& Priority Action) (A-86-81 7 

4.2 Other ~acomnendations 

Two safety problems not related to the low-altitude windshear hazard were 
evident in the investigation of this accident. Both of these problems are serious in that 
they can directly affect the survival of persons involved in an aircraft accident. 

The first problem involved the restraint systems at the airplane's flight 
attendant jumpseats. The shoulder harnesses and seatbelts were badly worn and were, in 
some cases, improperly installed. To correct the deficiencies, the Safety Board 
recommended that the Federal Aviation Administration: 

h u e  an Advisory Circular with guidance on the 'limits of wear and 
' 

damage to restraint system webbing material that would necessitate the 
replacement of worn or damaged webbing. (class II, hiority Action) 
(A-86-82] 

Review, and require improvements as necessary in, Delta Air Lines. 
quality control program regarding inspection and peplacement of 
restraint systems. (Class D, Priority Action) (11-86-83) 
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h u e  a maintenance alert bulletin that cites the problems of the flight 
attendant restraint system discovered following the Delta L-1011 
accident at Dallas/Fort Worth International Airport, Texas, on August 2, 
1985, and require Principal Maintenance Inspectors to emphasize to air 
carriers the requirements and guidance for periodic inspections of flight 
at tendant restraint systems for worn and damaged webbing, trnproper 
installation, and worn shoulder harness guides. (Class IT, Priority Action) 
(A-86 -84) 

h u e  .. , an Airworthiness Directive to correct the design deficiency of 
Heath Techna jumpseats <pact No: MPD 241100) that permit the seatbelt 
webbing to chafe against the seatpan retraction spring. ( C h s  11, 
Priority ~c t ion)  (A-86 -85) 

Perform a Directed Safety hpection of flight attendant restraint 
systems on air carriei. aircraft to determine design deficiencies that 
cause damage to webbing materials, and establish a program as needed 
to replace worn or damaged webbing and correct design deficiencies. 
(Class II, Priority Action) (A-86-06) 

The second problem involved the corn munications and coordination with off- 
airport medical units during the implementation of the DaUas/Eort Worth Airport 
Emergency Plan after the accident. To correct the problem, the Safety Board sent a 
letter to the executive director of the airport which recommended that the airport boa~d: 

Revise its disaster response notification procedures to provide for timely 
and effective notification of mutual-aid agencies whose assistance is 
needed. (Class II, Priority Action) (A-86-87) 

Revise its procedures fa r  coordinating with area hospitals during mass 
casualty disasters to provide the hospitals with timely information 
regarding estimated numbers of victims, injury categories, destinations, 
and arrival times. (Class I!, Priority Action (A-86-88) 

, Conduct full-scale demonstrations of the DalhsJFort Worth Airport 
Emergency Plan and Procedures every 2 years. (Class II, Priority Action) 
(A-ss-ssl 

In addition, the Safety Board believes that full-scale tests of emergency plans 
and procedures should be conducted periodically at certificated airports. As a result of 
its study of airport certification and operations, the Safety Board recommended that the 
Federal Aviation Administration: 

Amend I4 CFR 139.55 to require a full-scale demonstration of 
certificated airport emergency plans and procedures at least once every 
2 years, and to  require annual validation of notif ieation arrangements 
and coordination agreements with participating parties. (A-84-34) 

On August 6, 1984, the FAA replied that it intended to revise 14 CFR Part 139 
to  require full-scale demonstration of emergency plans and procedures where practicable 
and that the required timing wiU be "variable from 2 to 4 years based on the air carrier 
activity level m t  each aispo~t.~'  On October 23, 1985, the FAA issued NPRM No. 85-22 
containing prOp0sed amendments to  14 CFR Part 139; however, the NPRM did not contain 
requirements for periodic demonstrations of certificated airport emergency plans and 



ICAO Circular 232-AN11 39 271 

procedures. The Safety Board now deems the FAA% response to the recommendation 
unsatisfactory and reiterates Safety Recommendation A-84-34, which has been classified 
as wOpen-Unacceptable Action.lT 

The Safety Board also recam mended that the Federal Aviation Administration: 

Develop guidelines for use by Airport Certification Inspectors to 
determine the timeliness and effectiveness of emergency notification 
procedures at certificated airports. (Class II, Priority Action) (A-86-90) 

Require Airport Certification Inspectors to conduct communications 
tests in accordance with Federal Aviation Administration guidelines for 
emergency plan notification procedures of mutual-aid agencies as part of 
the annual airport certification inspection and to evaluate the timeliness 
and effectiveness of those notification procedures, (Class ll, Priority 
Action) (A-86-91) 

The Safety Board also recommended that the American Association of Airport 
Executives and the Airport Operators, Council International: 

Advise its members of the circumstances of the emergency response t o  
the accident at Dallas/Port Worth International Airport, Texas, on 
August 2, 1985, and urge them to reevaluate their own plans and 
procedures to identify any similar strengths and weaknesses. (Class Il, 
Priority Action) (A-86-92) 

Urge its members who operate 14 CFR Part 139 certificated airports to 
conduct full-scale demonstrations of airport emergency plans and 
procedures every 2 years. (Class 11, Priority Action) (A-86-93) 

The Safety Board also recommended that the. National Eire Protection 
Association: 

Advise i t s  Technical Committee on Aircraft Rescue and Pirefighting of 
the circumstances of the emergency response to the accident at 

- Dallas/Fort Worth International Airport, Texas, on August 2, 1985. 
(Class n, Priority Action) (A-86-94) 

ICAO Note.- Section 1.17;Fgures 1 to 4 and Appendices A to H were not reprducd. 

ICA-0 Ref.: 1491s 
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Wing 747 SR-100, JA8119, acciulent at Gunm Pwfmure, Japan, 
on 12 August 115. Report released by the 

Aircraf! Accident Investigation Commission, Japan 

1 . Synopsis 

JA8119, a loeins 747 SR-100 of Japan Air Lines Ca., Ltd, (.!At) during a 
f l i g h t  from Tokyo to Osaka scheduled as f 1 i g h t  123 on August 12,1985, experienced 
an emergency a t  about 1825 'when approaching east coast of Southern 1211 Peninsula, 
and a f t e r  a eont i nued f l isht of about 30 minutes the aircraft  crashed among 
noun ta i ns in Ueno V i 1 1 age, Tano Gun, Cunma Prefecture at about 1856. 

, On board the aircraft Mere 509 passengers ( i n c l u d i n g  12 infants) and a crew 
of 15; 524 persons i n ' t o t a l ,  o f  rhich 520 persons (505 passengers and 15 crew- 
members) mere k i l t ed, and 4 passengers serious l y injured, 

The aircraft was destroyed and f i r e  occurred. 

2 .  Factual Information 
2 .  1 History of the Flight 

On August 12,1985, the day of the a c c i d e n t ,  JA8119, a Boeing 747SR-100 of JAL 
was operated prior t o  t h i s  flight as scheduled flights 503, 504, 383, a n d  336 by 

cre i  other than the crew of the accident flight* except for the flight engineer 
(on duty on'board flishts 363 and 386). 

The aircraft, as f l i g h t  386 (Fukuoka-Tokyo), landed a't Tokyo International 
Airport (TIA) at 1712, parked at Spot 18 at 1717, and thereafter uas inspected i n  
preparat ion for operat ion as f l ight 1.23 (Tokyo- Osaka), 

The f l i g h t  plan which  was submitted to TIA Off ice  of Tokyo Reeional C i v i l  
A v i a t i o n  Bureau9 reads; IFR, cruising speed 467 knots ( T h S ) g  Flight Level (FI) 240, 
destination Osaka Intsrnat,ional Ai~port(0IA)~ via Mihara Sagara, Seaperch, W27, 
Kushimoto VORTAC, V55, Shinoda VOR/OHEI and Osaka NDB,  estiaated f l i g h t  hours 54 
minutes up to  Osaka NDB with fuel  on board 3 hours and 15 minutes  expressed i n  
f l i gh t dura t ion hour. 

Tbe a i r c r a f t ,  w i t h  the captain seated at the right-hand seat and the copilot 
on the l e f t  for the purpose of training the c o p i l o t  for p o s i t i o n  as capta inn 
started t a x i  ins from Spot 18 a t  1804¶ and took off from Runway 151 at 1812. 
(hereafter,  refer to Attached Figure) 
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The a i rcraf t requested Tokyo Area Control Center (Tokyo ACC) , about 1816:55 
whi le el inbins to FL240, for a d irec t  route to SeaperchIA non-iompulsory reporting 
point at 253' , 74 NM from Oshima) from present position, and the request was 
approved at 1818:33. 

At 1824:35 just before the aircraf t  reached FL240, headi na towards Seaperch 
and approaching east c o a s t  of South Tzu Peninsula, the aircraft was brought into 
an abnormal s i t u a t i o n  which greatly affected continuation of the flight. A t  the 
same time, a loud noise like a "boom" was heard, immediately folloued by an 

utterance of *squawk 77" (meaning emergency code number 7700 of ATC transpondsr)by 
both the c a p t a i n  and the c o p i l o t .  Then, at 1825:21 the c a p t a i n  requested Tokyo ACC 
clearance to descend to and maintain FL220g and t o  return to T I A  on account of 
occurrence of such an abnormal si tuat ion. At 1825:40 the aircraft requested radar 

vector to Oshira. To this request,. Tokyo ACC inquired which uas desired, right or 
left turn for change in-heading for T I R ,  and rece ived  the response from the pilot 
that he intended to make a r i g h t  turn. Tokyo ACC, accordingly, issued instruct ions 

to f l y  on a magnetic heading of 090' after roaking a risht turn for radar vector to 
Oshima, which was acknowledged by the aireraf t a t  1825:52, 
Thereafter, the aircraft deviated from the course sorewhat to the right near the 
middle of Southern Izu Peninsula, crossed the Peninsula heading UNW to cross over 
Suruga Bay. At about this t imet unusual phugoid and dutch roll motions began, and 

these phenomena w i t h large or sma f l aup 1 i tude eon t i nued un t i t the crash, At 
1827:02 Tokyo ACC confirmed the deel erat ion 'of an emergency and then asked "What 

is the nature of the emergency ? ", but  received no response from t h e  aircraft, A t  
1828:31 Tokyo ACC instructed again the aireraf t to "take a magnet i e  heading of 
090' for radar v e c t o r  to OshimaUl but the response uncontrol lable" ras  

received from the a i r c r a f t  at 1828:35. 

The aircraft traversed Suruga Bay, passed o v e r  north of  Yaizu Ci t y t  Shizuoka 
Prefecture a t  about T83Ot,and then changed course to the right for a' northbound 
flight at about 1831, about which time Tokyo ACC asked the aircraf t  "Can you 
descend?", to which the eilot responded *Nou descending" a t  1831:07, and then 
reported b is a l  t i tude as FLZ4O in response to the subsequent i nqu iry on current 
altitude. To a quest ion wade by Tokyo ACC a t  1831:14 "Your present position i s  72 
NM from Nagoya hi rport. Can you land at Nagoya ? ", the a ireraf t answered *Request 
return to T IAw.  A t  1831:26 Tokyo ACC suggested the use of Japanese to communicate 
thereafter, urIlieh was ack.no~ledged by the airoraf t .  

A t  about 1835, the  aircraft turned to the right at a p o i n t  about 35 KH W of' 
Mt.Fuji for. an eastward flight, and about 1838 turned the headins to the left at a 
point about 7 KH NNU of Ht.Fuji into a north-eastward f l i sht l  and at ahout 1841 
the aircraft started a descent from about F L Z l O  over the vicinity of Otsuki City* 
Yamanashi Prefecture to about FL170 changing the headins about 360' to the right 
in about 3 minutes. Thereafter the aircraft continued f l i g h t  descending rapidly 
eastuard, transmi ttine *aircraft uncantrol lab1 e" a t  1845:46, then turned left 



towards HE, At 1847:07 the aircraft requested radar v e c t o r  to T I A ,  to which Tokyo 
ACC instructed the aircraft to "maintain heading of 90' . TIA's a c t i v e  runway 2ZWr 
~ h i e b  was acknowledged by the aircraft. Then, in response to an inquiry *Is the 
aircraft control lable ? " made by Tokyo ACC at 1847317, *uncontrol lable' was 
answered, A t  about 1848 the aircraft turned to the left at an altitude of about 
7,000 feet over the vicinity of Oku-Tama Town, Nishi-Taea Gun, Tokyo and flew MNW 
gradual l y  c l  iobins, and after reaching about 13,000 feet at about 1853 i t  started 
again a descent, and transmitted "uncontrol lable" at 1853331. At 1854:19, the 
aircraft switched over comminieations to Tokyo Approach Control (Tokyo APC) at an 
a l t i t u d e  of 11~000 feet by an instruction of Tokyo ACC. At 1854:25 the aircraft 
requested its position* to which .Tokyo APC gave 3 5  NH NW of T I A  and 25 NM U of 
KumagayaUt which was acknowledged by the aircraft at 1854:55, Then, at 1855105 
Tokyo APC. transmitted *Both T I A  and Yokota are avai lable",  to which 
aeknorledgement was made by the aircraft ,  After this, there was no response f row 
the aircraft to cal Is of Tokyo APC as re1 l as Yokota Approach Control. 

- According to statements af  eye-wi  tnesses (4 persons) at points 3 to 4 KH SSW of 
the crash point, "The aircraft f leu in buzzins from Oku-Tara area located to the 
ESE at q u i t e  a low sltitude and slow speed, slightly nose-up. The aircraft passed 
overhead, and made an abrupt right turn short of Mt.Sanpei (elevation 1,700 r )  
situated to the NW and flew toward H t .  Mikuni (elevation 1,828 m )  located to ENE. 
Then, about the time the aircraft would have passed Mt,t4ikunit the aircraft 
suddenly plunged into a dive banking to the left to NM direction, and rent out of 
s igh t  behind the mountain. Thereafter, smoke and flashing 1 i g h t s  were seen 
emana t i ng f roo beh i nd t h e  mountain. ld 

The aircraft struck several trees on the ridwe (elevation about 1,530 o )  
located'about 1,4 k m  NNW of Mt,Mikunit then c o n t a c t e d  the r idge (elevation 1,610 r )  
I ocated 520 m WNW of the previous r i dse ,  and f i na l l y crashed on a ridge located 
further a b o ~ t  570 m NW of the second ridge. The crash p o i n t  was on the ridge 
(elevation 1,565 m, 35* 59' 54" N, 138' 41' 49" EE about 2,5 km NNW of Mt.Mikuni 
l ocated on boundaries of Cunua, Naaano and Sai tama Prefectures. 

The estimated time of the crash i s - a t  approxi.mately 1856. 

2.2 Injuries to Persons 
Injuries Crew Passengers Others 
Fatal 15 505 0 
Serious 0 4 0 
Hi nor/Mone 0 0 

2 . 4 Damaue to A i reraf t 
' 2.4.1 Extent of Damage 

The a i rcfaf t was destroyed. 

4. Conclusions 
4.1 Sumaary of Analysis 
4.1.1 Genera 1 Hatters  
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4.1.1.1 The flight crew were properly qualified and had passed the established 

medical examination. 

4.1.1.2 It is acknowledged that the then existent meteorological conditions were 
not directly relevant to the occurrence of the abnormal situation. 

4.1.1.3 Functions and operational conditions of aids to navigation and ATC unit 
are acknowledged to have been normal. 

4.1.1.4 The aircraft was certificated and maintained according to approved 
procedures. 

4.1.2 Flight of the Aircraft up to the Occurrence of the Abnormal Situation 
4.1.2.1 On August 12, 1985, the aircraft took off from TIA 1812 as flight 123, 
subsequent to preceding four scheduled f l ights on the day. There were neither 
reports of abnormalities nor flight discrepancies regarded as relevant to this 
accident in the preceding four flights as well as in the inspection and 
maintenance conducted between them (including the pre-f 1 ight check as f l ight 123). 

4.1.2.2 At 1824:35, about 12 minutes after take-off, an abnormal situation 
occurred so as to exert serious influence on continuation of the f 1 ight, up to 
which time the f l ight is considered to have been normal. 

* 4.1.3 Repairs for Damage caused by the Accident at Osaka International Airport 
[On June 2, 1978, JA8119, during a landing roll at OIA struck its aft fuselage on 
the runway and the airframe was substantial ly damaged. The aircraft was ferried to 
TIA after provisional repairs made by JAL at OIA from June 7 to 14, 1978. The 
regular repairs were carried out by an AOG (Aircraft on Ground) repair team of the 
Boeing Company (TBC) at TIA between June 17 and July 11, 1978. ] 

4.1.3.1 I t  is acknowledged to have been proper that the repair work related to 
structures of the aircraft was accompl ished by the Boeing Company for JAL by the 
contract, because the aircraft was manufactured by the company, etc. 

4.1.3.2 The repair plan of the aircraft agreed on between JAL and the Boeing 
Company is considered to have been proper in general. 

4.1.3.3 When the lower half of the aft pressure bulkhead deformed by the accident 
was removed and was being replaced by the new one in accordance with the repair 
plan, it was found that there were locations where the edge margin around the 
rivet holes at the spl  ice (L18 spl ice) of the upper and the lower webs of the aft 
pressure bulkhead was less than the value specified in the structure repair manual. 
This is considered to have been caused by somewhat insufficient concern against 
deformation of the aft fuselage in the repair work of the aft pressure bulkhead. 

4.1.3.4 For the above,the corrective measure to make a splice joint by inserting 
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a splice plate between webs of the upper 'half and the lower half of the aft 
pressure bulkhead, which is considered as proper, was planned. But, during the 
repair, improper work was conducted in which different from the intended 
corrective measure, one spl ice plate narrower than. drawing requirements, and one 
filler were applied instead of one splice plate. 

4.1.3.5 In inspect ions during and after the repair work, the afore-ment ioned 
improper part of the work could not be found. 

4.1.3.6 It is considered that the method of management for the work including 
the inspect ion of work i ng process was in part i nsuf f i c i en t . 

4.1.3.7 It is estimated that during this rework, part of L18 splice which should 
have,been spliced by two-row rivets became spliced by one-row rivets, with the 
result that the strength of this part decreased to about 70% of the strength. to 
be obtained by the original splice method. From this, it is estimated that these 
portions were brought under a condition susceptible to occurrence of fatigue cracks. 

From the above, i t  is considered that the aft pressure bulkhead of the 
aircraft had been lacking in fail-safe capability since this time. 

4.1.4 Fai l -safe Capabi l i ty of Boeing 747 Aircraft 
The fai 1 -safe design of Boeing 747 is in accordance with standards on 

airworthiness of transport category airplanes of the FAA, which was in effect at 
that time. 

Provisions on airworthiness set forth minimum requirements for capability 
which aircraft should provide, but they would not guarantee the airworthiness 
under conditions caused in a very rare case, nor caused by improper repair 
work. 

I t  is conceivable that the reason why ruptures propagated as a chain reaction 
in this accident is that prior concern had not reached as far as to the prevention 
of such situation from occurring, although the fail-safe design of the aircraft in 
the development stage, and inspection and maintenance methods which incorporated 
service experience were proper to meet the provisions concerned. 

4.1.5 Operation and Maintenance of the Aircraft after the Osaka Accident 
4.1.5.1 The f l ight hours and the number .of f l ights (number of landings) of the 
aircraft after the repairs for the accident at Osaka International Airport in June, 
1978 up to this accident were 16,196 hours and 12,3191 respectively. 

4.1.5.2 During this period, in 118 spl ice of the aft pressure bulkhead, a number 
of fatigue cracks were caused and propagating mainly at one-row rivet connect i om 
port ions. 

4.1.5.3 It is considered that there were neither abnormalities nor flight 
discrepancies deemed to be related to this accident in flights during this period. 
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4.1.5.4 During this period C maintenance (a maintenance every 3,000 hours) was 
conducted 6 times, at which time visual inspect ion was made, but fatigue cracks 
which had been existent at the rivet connected portions of L18 splice were not 
found. 

The inspection method of the aft pressure bulkhead in the time of C 
maintenance might have been a proper method, because it was unconceivable at the 
time the said C maintenance was conducted that a number of fatigue cracks came 
into existence in this portion, provided the bulkhead was manufactured normally 
and repai r work was done proper 1 y. 

It is considered that the inspection method was not proper in part, in view 
of the fact that such fatigue cracks as to cause the aft pressure bulkhead to 
rupture were not found, a1 though they resulted from the improper repair work. 

4.1.6 Outlines of the Abnormal Situation 
The conditions of the abnormal situation in which the accident aircraft was 

brought are considered as f o 1 1 ows-: 

4.1.6.1 At about 1824:35, when the aircraft cl imbed to about FL240, the pressure 
di f ferent ial between the pressurized cabin and outside atmosphere becam.e about 
8.66 psi, it is estimated that bay 2 whose residue strength had reduced remarkably 
by propagating fatigue cracks was fractured, being unable to bear the pressure 
differential, and with this as a trigger L18 splice went into a total fracture 
at a stroke. 

It is considered that the fracture propagated thereafter upward in the 
central portion of the bulkhead along the col lector ring, and furthermore 
progressed upward along R6 and L2 stiffeners, and meanwhile in the outer edge 
port ion of the bulkhead, the fracture propagated upward along Y chord. 

4.1.6.2 As a result of such progress of the fracture, part of the web of the 
upper half of the aft pressure bulkhead was blown up aft by the air pressure of 
the passenger cabin to make an opening. The area of the opening is estimated 
as of an order of 2-3 square meters. 

4.1.6.3 It is estimated that the inner pressure of the tail section increased by 
the pressurized air of the cabin flowed in through the opening of the aft 
pressure bulkhead, thereby the APU f irewall was broken, and part of the tai 1 
section structure including the APU located aft of the wall was destroyed and 
separated. 

4.1.6.4 It is considered that the destruction of the vertical fin was initiated 
immediately after, or almost simultaneously with the destruction of APU fire wall. 
It is estimated that part of the pressurized air of the cabin which flowed into 
the tail section rushed into the vertical fin through the opening in the lower 
portion of the aft torque box of the vertical fin, thereby increasing the inner 

pressure of the vertical fin, and the fixture between the stringer and the rib 
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chord in the upper portion of the aft torque box was destroyed at first. I t  is 
estimated that thereafter destruction of the internal structures of the aft torque 
box and peel -off of the skin were caused, fol lowed by separation of the upper half 
of the forward torque box, most of the aft torque box, the fin tip cover, etc. 

4.1.6.5 It is estimated that the damage to the aft torque box of the vertical fin 
caused separation of the rudder, and four systems of hydraul ic pressure l ine for 
the rudder control system were a1 l fractured. 

4.1.6.6 It is estimated that such destruction of the aircraft progressed within a 
period of as short as a few seconds. 

4.1.6.7 It is estimated that the pressure in the cabin including the cockpit 
reduced to the atomospheric pressure within a few seconds due to the opening 
of the aft pressure bulkhead. 

4.1.6.8 It is estimated that by the afore-mentioned destruction of the airframe, 
control functions of the rudder and elevator and the trim function of the 
horizontal stabilizer were lost immediately after the abnormal situation occurred. 
It is also estimated that control functions of the aileron and the spoiler, and 
operational functions of the flaps and the gear by hydraul ic pressure were lost 
within 1.0-1.5 minutes after the abnormal situation occurred. 

4.1.6.9 It is estimated that due to loss of most of control functions and extreme 
deterioration of the lateral and directional stability, the maintenance of 
attitude and heading, and control of cl imb, descent, turn, and so forth became 
extremly difficult. 

4.1.6.10 I t  is estimated that severe phugoid motion and dutch roll motion, of 
which .control were difficult, were caused to the aircraft. *. 

4.1.6.11 It is considered that the aircraft was not able to continue a stable 
flight and any flight as intended by the captain was difficult, and that a safe 
landing or landing on the water was next to impossible. 

4.1.7 Flight of the Aircraft after the Occurrence of the Abnormal Situation and 

Responsive Actions Taken by the Fl i gh t Crew 
4.1.7.1 It is estimated that the flight crew immediately became aware of 
occurrence of some kind of abnormal i ty, but they remained ever since unaware of 
detai Is of the damage such as rupture of the vertical fin and separation of the 

rudder. 

4.1.7.2 I t  is estimated that soon after the occurrence of the abnormal situation, 
the f l ight crew became cognizant of depressurization of the airframe, and 
nonetheless the flight crew did. not put the oxygen mask up to the last. The reason, 
however, could not be clarified. 
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4.1.7.3 After the occurrence of the abnormal situation, the aircraft, without 
making an emergency descent, continued flight for about 18 mindtes at an altitude 
of more than 20,000 feet, making phugoid motion and dutch roll motion. It is 
conceivable that the reason the emgergency descent was not made during this period 
regardless of the intention expressed by the flight crew to make an emergency 

descent was that they were devoted to the control action to stabilize the flight 
attitude. However, the def in i te reason could not be determined. 

It is conceivable also that the flight crew suffered from hypoxic hypoxia 
during this period, whereby their capabi l i ty of dealing with intelligent work as 
we1 l as their behavior were deteriorated to some extent. 

4.1.7.4 Thereafter, a gear-down operation was conducted, the aircraft entered into 
a descent and the phugoid mot ion subsided. When the aircraft descended to an 
altitude of about 7,000 feet, the flight crew noticed the aircraft was approaching 
mountains. As soon as they raised engine power immediately, the ai'rcraf t would 
have been brought into an unstable f l i'ght condi t ion again, being accompanied by 
phugoid motion and dutch roll motion. 

4.1.7.5 After the occurrence of the abnormal situation, the flight crew not only 
fell into an abnormal situation which was out of the scope of the education and 
training they received or the knowledge and experience they had, but also was 
unable to comprehend ful ly the substance of the abnormal situation, and 
furthermore they were brought into a severe environment of being subjected to 
severe mot ion and depressurization of the aircraft. For these reasons, it is 
conceivable that they were concentrated on the operation to stabilize the flight 
while being not able to make a pertinent judgement on how to cope with the 
situation. 

4.1.8 Crash of the Ai-rcra.ft 

4.1.8.1 It is estimated that the aircraft which was in the unstable flight 
condition hit "the single larch tree" and "the U-shaped di tchn both short of the 
crash point, with the result that the remaining portion of the vertical fin and 
the horizontal fin as well as the engines, etc., were separated from the airframe 
at this time. 

4.1.8.2 It is estimated that thereafter the aircraft collided against the crash 
point with an attitude of the nose and the right wing both down. The time of crash 
is estimated as approximately 1856:30 hours based on records of the DFDR and 
seismometer, etc. 

4.1.8.3 By the severe shock at the time of crash the fore fuselage and the right 

wing were broken into smal I fragments and dispersed. The aft fuselage is estimated 
to have been separated by the shock at the time of crash, and fallen into the 3rd 
branch of Sugeno Dale pass i ng over the ridge 1 i ne. The other parts were dispersed 
in a wide area involving the crash point. 
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4.1.8.4 Fuel supposed to have been dispersed from the fuel tank flamed up, and 
the wreckage dispersed in the vicinity of the he1 iport which had been constructed 
after the accident for rescu,e purpose was burnt down. 

4.1.9 In juries to Passengers and Crew 
4.1.9.1 It is considered that passengers and crewmembers in the fore and mid 
fusel.age were a1 l instantaneously ki I led by the shock estimated as much as 
hundreds of C as well as the total destruction of structures of the fore and mid 
fuselage at the time of crash. 

4.1.9.2 Out of passengers and cabin attendants who were in the aft fuselage, 
those seated on forward seating are considered to have been killed almost 
instantaneously due to a possible strong shock in excess of 100 C's at the time of 
crash. 

The shock persons on the aft seating were subjected to was also of an order 
of tens of C, and by this shock most of them are considered to have undergone 
fatal injuries. Moreover, the possibility would be considered high that since the 
flooring, seating, galley, etc were all destroyed and dispersed by the shock at 
the time of crash, they were killed enlarging the extent of injuries by bruise and 
oppression resu I t ing from col I is ion with such broken pieces. 

4.1.9.3 Four persons survived this accident, but they were all seriously 
injured. A1 I of them were seated at the rear portion of the aft fuselage and are 
considered to have been subjected to tens of G ,  but they were able to escape death 
miraculously. The conceivable reason would be that their seating attitude, way to 
fasten the belt, status of damage to the seat, status of substances sorrounding 
their body, etc., at the time of collision chanced to help buffer the impact, and 
that they were less subjected to collision with dispersed internal substances of 
the fu.selage'. 

4. 2 Cause 
It is estimated that this accident was caused by deterioration of flying 

quality and loss of primary flight control functions due to rupture of the aft 
pressure bulkhead of the aircraft, and the subsequent ruptures of a' part of the 
fuselage tail, vertical fin and hydraulical flight control systems. 

The reason why the aft pressure bulkhead was ruptured in flight is estimated 
to be that the strength of the said bulkhead was reduced due to fatigue cracks 
propagating at the spliced portion of the bulkhead's webs to the extent that it 

became unable to endure the cabin pressure in f l ight at that time. 

The initiation and propagation of the fatigue cracks are attributable to the 
improper repairs of the said bulkhead conducted in 1978, and it is estimated that 
the fatigue cracks having not be found in the later maintenance inspection is 
contributive to their propagation leading to the rupture of the said bulkhead. 
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5 .  R e f e r e n t i a l  Hatters 
5 .  1 Actions and counter-measures taken up to May 311 1987 b y  governmental 

organizations, aircraft manuf ae turers, and aircraft operators concerned, 
in reference to this accident are as f o l  lows: 

5.1.1 Nat ional Transportat ion Safety Board (NTSB)# USA mads the fo! lowing safety  
recommends t ions t o  Federa 1 Aviation Adhi n is tra t i o n  (FAA)  9 USA: 

a )  Design change on the empennage (Safety Recommendation A-85-133, Dec.5,1985) 

Measures should be taken so that the empennage sect ion of Baeiag 747 and 787 
w i  l l be protected against catastrophic f a i l u r e  i n  the event  that a significant 
pressure bui ldup occurs in the normally unpressurized empennage. 

b)  hodification of the design of the hydrau l i c  systems (Safety Recommendation 
A-05-134, Dec.5, 1985) 

Desisn rofification should be msde so t h a t  the i n t e g r i t y  o f  all four 

hydraulic systems will not be impaired in the event that a sienificant pressure 
bu i l d u p  occurs En the normal 1 y unpressurized empennage. 

c) Reevaluation af the fail-safe validity of the domed eft pressure bulkhead 
(Safety Recommendation A - 8 5 - 1 3 5 g  Dec.5, 1985) 

Reevaluation shou Id be made of the design of the a f t  pressure bulkhead of 
Boeing 747 and 767$ and tes t  be made to' confirm their f a i l - s a f e  v a l i d i t y .  

d )  Evaluation of procedures t o  repair the aft pressure bulkhead (Safety 
Recommendation A-85-136, Dec.5, 1985) 

The current repair procedures of Boeing 747 and 787 ~f t pressure bul kbeads 
should be evaluated to ensure that the repairs do not effect the fai l -safe concept. 

e )  Revision of the  inspection program for the aft pressure bulkhead 
( S a f e t y  Recommendation A-85-137, Deemss 1985) 

In reference to the aft pressure bulkhead* an inspect  ion program beyond the 
usual visual inspection should be established to de tec t  the  extent of possible 
mu1 tiple site fa t  isue cracking, 

f )  Evaluation of the f a i l - s a f e  cr i t er ia  of the domed a f t  pressure bulkhead 
(Safety Recommendation A-85-138, Dee.13, 1985) 

Conf irmat ion shou Id be made on whet her the f a i  l -safe cr i ter i a  have been , 

s a t  i s fee  tor i l y  eve l ua ted far a l l domed a f t  pressure bu l kheads of transport 
category airplanes. 
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g) Evaluation of repair procedures of the domed aft pressure bulkhead 
(Safety Recommendat ion A- 85- 139, Dec. 13, 1985) 

Procedures to repair the domed aft pressure bulkhead of a1 l airplanes which 
incorporate the domed aft pressure bulkhead should be evaluated to assure that the 
affected repairs do not derogate the fai l -safe concept of the bulkhead. 

h) Issuance of a maintenance alert bul let in to persons responsible for the 
engineering approval of repairs (Safety Recommendat ion A- 85 - 140, Dec. 13, 
1985) 

A maintenance alert bul let in should be issued to persons responsible for the 
engineering approval of repairs to emphasize that the approval adequately consider 
the possibility of influence on ultimate failure modes or other fail-safe design 
criteria. 

5.1.2 FAA directed US operators of the Boeing 747 and TBC to make the fol lowing 
modifications, inspections, etc.: 

a) Vertical fin access cover installation (Airworthiness Directive AD86-08-02, 
April 4, 1986) 

To install, within 6 months, a structural cover for the opening within the 
empennage which provides access to the vertical f in, to prevent destruct ion of the 
empennage strugture due to a significant pressure bui ldup in the empennage. 
(A-85-133 related) 

b) Reevaluation of the fail-safe validity of the domed aft pressure bulkhead 

To request TBC to conduct a reevaluation of the design and tests concerning 
the fail-safe validity of the aft pressure bulkheads of Boeing 747 and 767. (A-85 
- 135 related) 

C) Evaluation of the repair procedures for the domed aft pressure bulkhead 
(Airworthiness Directive AD-85-22-12, Oct.25, 1985) 

To request the operators to check on whether repairs of the aft pressure 
bulkhead of Boei ng 747 have been carried out and to report the resu l ts to TBC. 

No problems were found from the FAA's review on the results of reevaluation 
of the repair manuals of the aft pressure bulkhead of Boeing 707, 737, 747 and 767 
issued by TBC. (A-85- 136 related) 

d) Review of the fai 1 -safe criteria of the domed aft pressure bulkhead 

FAA's TACD (Transport Airplane Cert i f icat ion Directorate) formed a team wi th 
the major aircraft manufacturers to study on NTSB's safety recommenda t ions, and 
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they are making a review of large aircraft exceeding 75,000 pounds taxi weight. 
Through the review, modi f icat ions of and addi t ions to inspect.ion procedures were 
brought into SID(AC91-51). 

. . 

Reevaluation of the damage tolerance design is also under way. (A-85- 138 
related) 

e) Evaluation of the repair procedures of the domed aft pressure bulkhead 

FAA requested the large transport airplane manufacturers to review the repair 
criteria for the domed aft pressure bulkhead by a letter dated Dec. 12, 1985. 
(A-85- 139 related) 

f) Issuance of a memorandum to .the engineering staff 

A memorandum concerning repairs of important major structures of the aircraft 
was issued to the engineering staff belonging to each ACO (Aircraft Certification 
Office) (A-85-140 related) 

g) Modification of the hydraulic systems 

FAA initiated, with TBC in September 1985, a study on modifications necessary 
to prevent loss of functions of the hydraulic systems fol lowing major structural 
failure of Boeing 747. This work is still under progress, but indications are that 
functions of the elevator, ailerons, and spoilers could be secured by installing a 
fuse before No.4 hydraulic system where the hydraulic lines enter the vertical 
stabilizer. TBC has issued a service bulletin which provides for instal lation of 
the fuse on No.4 hydraulic system, and the SB is planned to become an FAA 
directive. (A-85-134 related) 

5.1.3 TBC issued the following SB's and at the same time conducted design 
modifications, tests, etc. on new production airplanes: 

a) Vertical fin access cover instal lat ion (SB747- 53A-2264, Nov. 25, 1985) 

TBC requested installation on airplanes in current use of the cover for the 
opening which provides access to the vertical fin. The installation on new 
airplanes was made from l ine number 626 (del ivered Dec. 11, 1985). 
(A-85- 133 related) 

b) Modification of the hydraulic systems (SB747-29-2063, Dec.23, 1986) 

TBC requested instal lation on airplanes in current use of the fuse in No.4 
hydraulic systems upstream of the vertical stabilizer. The installation of the 
fuse on No.4 hydraulic system of new production airplanes was initiated at line 
number 663 (de l i vered Dec. 23,1986). 
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The rerout ins of the hydraul i c  1 i ne between BS1480 and 2480 w i l l be 
incorporated in production s t a r t i n g  w i t h  l ine  number g96, rhieh will roll out of 
hhe factory  ia January, 198fii A SB which provides for rerout ing of the hydraulic 
l i ne w i l l not be issued due to technical compl exi ty unless requested by an 

operator through the Master Change process, 1h-85- 134 related) 

C )  Reevaluation of fail-sale validity of khe aft pressure bulkhead of Baeinp 747 
and 767 

The fa t igue  test and damase tolerance t e s t  of the aft pressure bulkhead on 
the current des i gn model as we 1 l as on the improved model were completed in March 
1986 and i a  July 1986, respectively. (6-85-135 and -138 related) 

d)  Evaluation of repair procedures of the aft pressure bulkhead 

Boeing sent a telegram to the operators requesting them to check whether 
repairs have been carried out, and to report detai 1s o f  the repairs conducted. 
,{A-85-136 and hD85-22- 12 related) 

e)  Development of the reinforced a f t  pressure bulkhead 

The re i n f  oreed aft pressure bu l khead was ins ta l led from l i ne number 672 
del ivered i n  February, 1987. The r o d i f  icat ion added two tear straps, a cover  p l a t e  

to the center of the bulkheads and doublers to the both sides of the bulkhead 
around the APU cutout .  ( A -  85- 135 related) 

f )  Rev i si on on the i nspee t ion program of the aft pressure bu 1 khead 
(3747-53-2275,  March 28, 19873 

TBC requested the visual inspect ion  from the aft side a t  1*000 flight-cycle 
intervals (freighters) or at 2,000 f l ight-cycle intervals (passenger a i rp lanes) ;  
and after 201Q00 f l ight-cycles, the detai led i n s p ~ e c t i o n  by high-precision eddy 

current, ultrasonic wave and X rays a t  2,000 f l ight-cycle intervals (freighters) 
or at 4r000 I I i # h t  -cyc le  interva I s  (passenger airplanes).  

As to 747SRy TBC requested the v i s u a l  inspect ion  at 2,400 f l i g h t - c y c l e  
iaterva1s;and after 24,000 f l ight-cyc lest  the deta i  led inspect ion by eddy current, 
etc. at 4,800 f 1 i g h t - c y c l e  intervals. (A-85- 137 related) 

5.1.4 C i v i l  hviriion Bureau (JCAB)r Hiaistry of Transport, Japan took the 
lo1 lowing a c t  ions for the safety operat ion of Boeing 747 a i d  f o r  
the improvement of the search and rescue system for sircraf t: 

a )  Instrwctions f o  conduct averall inspection of the verticnl stabilizer and 
the rudder (Airworthiness Direct i vs TCD - 2483 - 85, August 15% 1985) 

b) lnstruetions to conduct overall inspection of the a f t  p a ~ t  structure of the 
pressurized cabin  (Airworthiness Directive TCD-2483- 1-85, August 17, 1985) 
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e )  Request was made to the air 1 ines opera t  ing Boeing 747 in Japan to report 
r e s u l t s  of repair of the aft pressure bulkhead t o  both TBC and SCAB t o  reevaluate 
the repair procedure. (JChB Document Ku- Ken 747, Septemper 4, '1985) 

d)  Enforcehent of an entry for inspect ion into JAL's Maintenance Department,, 
and recommendat i b n  of servi ce improvements based thereon for safety oparat ion 
(September 5, 1985) 

1) ta conduct overa 1 I i nspec t ion on Boei og 747s whose number of  pressurized- 
flight times has reached the order of 18,000. 

2 )  to review the inspect ion i ters of E maintenance and others, and at the 
sage tire to improve work cards used in the inspect ion of airframe 
structures, for the reinforcement of airframe structure inspect i o i  of 
Boeing 747. - 

3) to set up a long-range ron i  tor program of airframe structures damaged by 
an accident or others. 

4) t o  review the sampl in8 inspect i o n  procedures of airframe structures of 
Boeing 747# and a t  the same time to improve the technical eva lua t  ion 
procedures of the sempl i ng inspect ion resu l ts, 

Furthermore to graeote the deve lopme'n t of preventive measures against 
the reoccurrence of major f a i  lures. 

5) to ensure the thorough implementation of ifistructions from tbe maintenance 
department to the ens i neer  i ng p 1 a ~ l n  i ng department, 

6 )  t o  reinforce the inspection and oaintenanke system of airframe strucfuras 
as we1 l as the al'l - round  s a f e t y  promot ion system. 

e )  Notification t o  F A A  of  the inspection results of the cabin 

structures of JAL's Boeing 747SR's conducted pursuant to the  aervice improveaent 

recornrendat ion, for FAA's further improvement act ions to ensure the operation 
safety of the aircraft. (November 5/0ecerber l a j  1985) 

f) Instructions to install a structural cover for the a e ~ n i n g  ~ i t h i n  the 
empennage which provides access t o  the vert ioa l  f i n  fdr the purpose of preventing 

the rupture of the f i n  structures due to flow-in of the pressurized air to the 
erepennsge B E  t of the pressure bu I khead. (Airworthiness Directive TCD- 2611 -86, 
May 7, 1986, 8 -85 -133  related) 

g) Instructions to incorporate S lD  i terns into the maintenance regulations as a 
measure t o  cope w i t h  the aging change of Boeing 747SR tAirrorthiness Directive 
TCD-2636- 86, October 13, 1986) 



h )  U p  to Summer of 1986t the iaprovement of faci 1 i ties of the TEA Off ice *here 
the Search and Rescue Center i s  located and the comrnunicat ions netuork among 
organ i z e t  i ons concerned was eompl e ted* and the necessary staff was increased. 

Furthermore, on August 7, 1986, 8 joint t ra in ing  was carried out by JCAB and 
organ i z a t  ions concerned. 

5.1.5 JAL has effected or i s  planning the fol touing improvement setioas, 
counter-measures, etc, : 

a)  Design modification of the vertical' f i n  (Air~orthiness Direc t ive  TCD2611-86t 
AD88-08-02 and A-85-133 related) 

On a l l  Boeing 747's in current use the cover was ' in s ta l  I ed to the opening 
rb ich provides access to the vertical f i n  up t o  December 31" 1985. On JA8189 and 
the aircraft thereafter the cover is instal led in their production, 

b )  Modification of the Hydraulic Systems 

The installation of the fuse to the hydraulic systems on 4 aircraft in 
current use r a s  completed by the end of Hayt 1987. and on the other aireraf t in 

current use w i  1 1  be completed by the  end of #archt 1988. On JA8178 and the  
aircraft thereafter i t s  installation is made at the production time. 
(A-85-134 related) 

C )  Eva luat ion of repair procedures of the dored aft pressure bulkhead 
Inspection on a1 l a i r c r a f t  i n  current use was made as to whether rdpairs were 

conducted and to what extent the work mas c a r r i e d  out, and their resul t s  were 
reported t o  both TBC and JCAB. ( A -  85- 138 and 139, h085-22- 1Z3  the TBC's 
Tele@rams and JCAB Document Ku- Ken 747 related) 

d) Revision of the inspect ion program of the aft pressure bulkhead 
The eddy current inspections were ieplemented on six aircraft in the overal l 

inspection of Boeing 747% (Ha cracks.have been.found) (A-85-137 Rescue related) 

RECOWMENDATI ONS 
1. In ease where larse-scale repairs such as modifications of p r i n c i p a l  structural 
elements of an aircraft are carried o u t  at a place other than the factory where 
the said aircraft was manufactured, for r e c o v e r y  from or repair of damage caused 

by a i  reraf t accident, as mu o h  guidance as possible should be provided to the 
repair agency engaged in the repair uork so that  the planning and manaaement of 
the repairs are conducted w i t h  spec i a l care as i ndi  v i dua l cond i t ion requires. 

2. In case where large-scale repairs such as modifications of principal structural 
elements of an aircraft are carried out for recovery from or repair of damage 
caused b y  aireraf t accident, as much suidance as possible should be provided to  
aircraft operatar so that special instruction items, if necessary, are establ ished 
for the port ion concerned and continuous ron i tor is main t a  ined. 
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3. In  this accident, ruptures of the fuselage tail, verticaf f i n ,  and hydreul ical  
flight control systems were caused as a chain react ion by f lowout of the 
pressurized air due to rupture of a f t  pressu're bulkhead. T o  prevent the recurrence 
of such situation,a study should be initiated on the addi t ion to the  airworthiness 
standards of the provisions concerning the fai  l -safe eapabi I i tr of peripheral 
structures, funca iona l systems ete, against rup Lure of pressurized structural 
components such as the aft pressure bulkhead on a laree aircref t, 

PROPOSALS 
1.  A study be r ~ d e  on measures to improve the abi  l i ty of crews t o  respond to 

emeraene ies or abnorma l cond i t i oas. 

I t  i s  considered that the crew may not be a b l e  t o  grasp the si t u s t  ion 
sufficiently or they cannot rake a judgement on how they should cope u i t h  the 
sikuation under the condition of apecif i c  emergency or abnormality, 'or under the 
eondi t ion of s imu l taneous occurrence of mu l t iple emergenc ies or abnormal i t ies, as 
i n  the case of this JA8113 accident, 

I t  i s  necessary to study measures to improve the abi l i ty of the crew to cope 
ui t h  such cases. 

2. A study should be made with respect to cracks detectability of v i s u a l  
inspect  ion for  the improvement of aircraft maintenance engineering, 

In most cases, cracks caused on aircraft structures have been detected by 

visual inspect ion, Houever, no sufficient reference i s  presently avai  lable on the 
problem to determine to what extent the visual inspection is e f fect ive  in 
detecting cracks. 

I t  is necessary to study measures to iaprove aircraf t  ra intenance engineering 
by eol lection and analysis of data on crack detectabi l ity by visual inspection on 
transport category airplanes in current use in our country. 

ICAO Bole.- This report was excerpted and abridged frwn me Final Report by the Aircrah Accident Investigation Cwnmission, Japan. 

1CAO Ref.: 147185 



NlcDonnell Ooughs DG9.14, H I  WME, accent  st 
Milwaukee, United States, on 6 September 1985. Report No. NfSNABR4'IIOl 

released by the National Transportation Safety Board, United States 

. SYNOPSIS 

At 1521 c.d.t. on September 6, 1985, Midwest Express Airlines, hc., Flight 
105, a McDonneU-Douglas DC-9-14 alrpbne, crashed into an open field at the edge of a 
wooded area about 1,680 feet southwest bE the departure end of runway 19R shortly after 
taking off from General Billy Mitchell Field, Milwaukee, Wisconsin. 73e weather was 
clear with visibility 10 miles. During the initial climb, about 450 feet above ground level 
(a.g.l.), there was a loud noise and a loss of power associated with an uncontained failure 
of the 9th to 10th stage high pressure compressor spacer of the right engine. Flight 105 
continued to climb to about 700 feet a.g.1- and then rolled to the right until the wings 
were observed in a near vertical, approximately right 90° banked turn. During the roll, 
the airplane entered an accelerated stall, control was lost, and the airplane crashed. The 
aircraft was destroyed by impact forces and postcrash fire. The pilot, the first officer, 
both flight at tendants, and all 27 passengers were fatally injured. 

The National Transportation Safety Baard determines that the probable cause 
of the accident was the flightcrew's improper use of flight controls in response to the 
catastrophic failure bf the right engine during a critical phase of flight, which led to an 
accelerated stall and loss of control of the airplane. Contributing to the loss of control 
was a hck of crew coordination in response to the emergency. The right engine failed 
from the rupture of the 9th to 10th stage removable sleeve spacer in the high pressure 
co mpresrror because of the spacer's vulnerability to cracks. 



1. FACTUAL INFORMATKIN 

Elistory of the mt 

Midwest Express Airlines  idwe west Express) Flight 206, a McDonnell r>ouglas 
DC-9-14 airplane with United States registry N100 ME, arrived at General Billy Mitchell 
Field, Milwaukee, Wisconsin, at 1315 c.d,E. l/ on September 6, 1985. 'Ihe flightcrew that 
was later to take flight 105 began their duty day as the crew on the continuation of flight 
206 to Madison, Wisconsin. me oncoming crew was advised that no discrepancies had 
been noted during the initial preflight inspection of the aircraft that morning, and that no 
discrepancies were noted following a subsequent walkaround inspection at an intermediate 
stop* The airplane reportedly was "running fine" with only minor discrepancies that were 
not related to powerplant or flight control systems. The oncoming flightcrew reported no 
additional discrepancies during the continuation of flight 206, which departed Milwaukee 
at I336 md arrived in Madison at 1355. 

At Madison, NlOOME was designated as flight 105; the crew did not change. 
flight was scheduled to proceed t o  Atlanta, Georgia, with an intermediate stop in 

Milwaukee. Flight 105 departed Madison at 1425 and arrived at Milwaukee, on time and 
without incident, at 1441. 

About 1449, the fimt officer of f l iot  105 contacted Milwaukee Tower to 
request an instrument flight rule (IFR) clearance to Atlanta. The clearance was received 
and read back by the first officer at 1450. At 1453, the captain contacted the Midwest 
Express dispatch facility in Appleton, Wisconsin, and received a briefing regarding his 
mute of flight to  Atlanta. The weather package applicable to the route of flight was 
forwarded to the captain via teleprinter. The Atlanta forecast included a 1,000-foot 
ceiling, visibility-2 miles, thunderstorms and rain showers. An alternate destination was 
planned in the event the flight could not land in Atbnta* Contingency fuel was  added for 
possible en route diversions around the thundersto~ms. The total dispatch fuel was 
19,500 pounds. A loading schedule was forwarded to the flightcrew for verification and 
campletion. 'Ihe completed loading schedule indicated that the flight would be conducted 
within the applicable weight and balance limitations. The takeoff weight was 
approximately 77,122 pounds, the recommended stabilizer trim setting was 2.2 units nose- 
up, and the center of gravity was 29 percent mean aerodynamic chord. No hazardous 
material was manifested aboard the airplane. 

The a p t a i n  signed the dispatch release, which listed the previously noted 
minor discrepancies. He did not report .any other mechanical .irregularities or 
discrepancies. A t  1512, the Before Engine Start Checklist was read and accomplished in 
accordance with Midwest Express operating procedures. En ine start was commenced at  5 1514. The After Start Checklist was accomplished about 1 15, although the first officer 
did not report that the checklist w a s  completed, as directed by the Midwest Express Crew 
Operating Manual ICOM). Tfie first officer requested clearance to taxi to runway 19R for 
departure; his request was approved at 1516:31. A Midwest Express service agent, who 
walked around the airplane t o  ensure all doors and panels were closed, reported that 
everything looked normal before the airplane departed the gate. Another agent reported 
that there were no fluid leaks after engine start. 

I/ - All times herein are central daylight, basd upon the 24-hour clock. 
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About 151750, the Taxi Checklist was completed in accordance with the 
CGM, and the engine pressure ratio (EPR) and airspeed reference 2_/. bugs were set to 1.91 
and 133 knots, respectively. (The referenced indications were correct for the  departure 
conditions applicable tto flight 105.) The Safety Board determined tha t  the correct 
takeoff speeds' for a 211' flap takeoff were: takeoff decision speed (V1)-123 knots 
indicated airspeed (KIAS), ratation sp@ed IVR)-127 KI AS, and takeoff safety speed 
(V2)-133 RIAS. A t  the conclusion of t h e  Taxi Checklist, the captain advised the first 
officer "Standard briefing . . . I 1  3/ - 

At 1519:15, the first officer reported to the tower local controller, 
"Fv",ilweukee, Midex 4 /  - 105, r e ~ d y  on 19Ratt Flight 105  was cleared to 'position and holdu 
an r u n w y  19R, The captain called for t h e  &fore Tnkeoff Checklist, which was 
completed in accordance with the COM at 1519:39. The crew did not mzntion any 
~ i rcraf t  discrepancies during the preparation for departure. Plight I05 was cIeared for 
takeoff a t  1520:28; the first officer ~cknowledged the clearance. The captain operated 
the flight controls, and the first officer handled radio cornlnunications and other copilot 
responsibilities during the takea f f. 

The Midwest Express DC-9 Flight Operations Manual required the use of 
standard noise abatement takeoff procedures during all line operations, unless precluded 
by safety considerat ions or special noise abatement procedures. (See appendix C.) At the 
time flight I05 departed, noise abatement procedures were  in effect. Midwest Express 
81% utilized "reduced thrust " takeoff procedures (at the captain's discretion) 50 extend 
engine life. The applicable EPR reduction associated with th is  procedure was from 1.91 
to 1.90. Review of the recorded cockpit cornrnzlnications confirmed that the flightcrew 
was complying with the reduced thrust and standard noise abatement takeoff procedures. 

A t  1521:26,4, when the airplane was about 450 feet above the runway, there 
was a loud noise 51 and a noticeable decrease in engine sound. The captain then remarked 
"What She # was thmt?'' 61 The first officer did not respond. A t  1521:29, the  local 
controller transmitted, "Midex 105, turn left heading 175." The local controller later 
testified that at the time of his transmission he observed smoke and flame emanating 
from the right airplane engine, At 1525:29.5, the captain asked the first officer, "What do 
we got here, Bill?" The first officer did not respond to the eagtain but advised the local 
controller, "Midex 105, roger, we've gat an emergency hem. Two seconds later, the 
captain said, lTHeren; again there was no response. There were no fur the^ communications 
from the flight. Neither pilot made the call outs for "Max Power" or 'Tgnitiition Override- 
Check Fuel System," which were part of the Midwest Express "Engine Failure after VI" 
e rnergency procedure, 

About 100 witnesses saw flight 1Q5 depart runway 19R Most of the witnesses 
reported that the takeoff  appeared normal until the airplane reached an altitude of about 

2 J  Set to takeoff safety speed (V2) per Midwest Express procedures. 
31 Standard briefing, as defined by the Midwest Express chief pilot, is a phrase which 
indicates it is a standard day and normal procedures are to be utilized. The chief pilot 
said that discussion of the eventualities and responsibilities of takeoff emergencies were 
not required to  be discussed before each takeoff. Standard briefings are routinely used 
when pilots are familiar with one another and departure conditions are routine. 
$/ Midwest Express callsign. 
5J The loud noise was described in the CVR transcript as a "clunk" sound. 
61 The # symbol was used in the  CYR transcript to describe e nonpertinent word which , - 
was not transcribed. 
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30Q feet above ground level la.g.l.8, Liftoff ~eportedly oo@currsd between the midfield 
taxiway and the intersection of runways S9R and 25L. Many witnesses reported that they 
saw smoke and/or flames corning f ~ u m  the right engine when the ~isplatae wlas about 300 
feet &.g.l. and that they heard one or mare loud "angs, similar %Q a shotgun repesrt,st 
which attracted theb attentiom to the Midwest Express lairplane. None of the witnesses 
described smoke or flames coming from any part of the airphne other than the right 
engine. None of the witnesses seported seeing pacts falling from the aircraft in flig5t. 
They said flight 105 continued to climb briefly, apparently maintaining runway heading far 
a few seconds. Twenty witnesses said the airplane yawed and porpaised and/or that the 
wings rocked briefly, following the right engine failure. Several witnesses said that the 
nose then came downward to a near-level attitude; some of the witnesses said the airplane 
also appeared to have decelerated near the apex of its climb. The witnesses indicated 
that the airplane then rolled abruptly to a steep right bank, which increased to at least 
90'- Witness accounts of the airplane maneuvers during its descent to the ground varied 
greatly. M o s t  wl tnesses said that the airplane lnade 1 to I 112 rotations in a nose-low spin 
in a right-hand direction. The @ticplane ccashed into rolling terrain about 1680 feet 
southwest of the departure end of runway 19% 

The crash occumed at 1521:41, during daylight hours, in visual meteorological 
conditions, at 42' 55' 38" North lntitude and 087' 54' 06a West longitude. All 31 occupants 
of the airplane were fatally injured. 

Injuries 
Fatal 

Crew - 71 Others Tptal 
4 27 Q 5 1  

Serious 0 0 0 0 
Minor /None 0 0 0 Q 

4 2T . Tj 31 Totals 

Damage to Airctaft- 

The airplane was destroyed by impact fo~ces, explosion, and postccash firec 

1.4 . Other ]Damwe 

Tfie impact and postcrash fire mused damage to low lying vegetation, trees, 
and a fence within a wildlife preserve. 

1.5 Personnel In fas rnat ion 

Both pilots met. all' Federal Aviation Administration (FAA) requirements 
appticahie to their res ectjve crew positions. ('See appendix 3.) Both pilots had received 
upgrade training, whic i? led to Midwest Express DC-9 captain qualifications, 

The captain, 31, was employed by Midwest Express as a DC-9-14 first  officer 
on February 3, 1984, He upgraded to c ~ p t a i n  on February 7, 1985. A t  the t ime  of his 
upgrade, h e  had accumulated 4,600 flight-hours, including 600 hours as first officer in the 
DC-9-14. He. held an airline transport pilot certificate, which was issued on 
April 18, 1984, and a, DC-9 type rating, which was issued on Februsry 7, 1985. Campany 

I/ One nonrevenue psssenger, who was authorized to use the cockpit jumpseat and was 
seated in the cabin, is included in the figures repraenting passenger injuries. 
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records indicated that, at the t i m e  of the accident, he had 5,100 hours total flight 
experience, including 1,100 hours in the DC-9-14 and 500 hours as captain. All  of his 
turbojet experience was in the .DC-9. Before his employment with Midwest Express, the 
captain was employed as a corporate pilot flying the Beech 90 turboprop Kingair. He had 
logged 2,900 hours in the Kingair, including 800 hours as  pilot-in-command. According t o  
Midwest Express, he had 104 hours total instrument pilot experience when hired. 

. . 
The first officer, 37, was employed by Midwest Express on February 3, 1984, 

and received a DC-9 type-rating on February 15, 1984. ,4t that t ime,  he had accumulated 
4,100 flight-hours, including about 500 hours as first officer in the DC-9-14. He had 
obtained t h e  DC-4-14 pilot experience as an- employee of K-C Aviation, Midwest Expressq 
parent cocporation. Company records indicated that, a t  the t i m e  of the accident, the 
first officer had 5,197 hours total flight experience, including 1,640 hours in the DC-9-14, 
and ].,I40 hours as a DC-9-14 captain. The first officet had previous turbojet experience 
as an F-4 pilct in the U.S. Air Force. 

The pilots of flight 105 reported for duty on September 6, 1985, by telephoning 
their dispatch office in Appleton, Wisconsin, from the  Midwest Express flight office at 
Mitchell Field in Milwaukee. It was the second day of a scheduled 2-day trip. The pilots 
shared captain responsibilities by alternating days as captain. The pilot who occupied the 
captainfs (left) seat and assumed the responsibilities of captain on September 6, 1985, 
served as first officer on the preceding day* Similarly, the pilot who was the first officer 
on the accident flight had assumed the responsibilities of captain on September 5, 1985. 
Midwest Express reported that it was very unusual for two of their line captains to fly 
together, although check airmen flew with other captains fairly frequently (7-8 times per 
month). The captain and first officer of flight 105 had flown together before their 
current 2 d a y  trip. 

A review of both pilots1 recent past activities revealed no evidence of medical 
problems or life situational stress problems which were present at the time of the 
accident. Their eating. and resting habits were not remarkable. 

me captain's most recent simulator proficiency check was on 
February 6, 1985, at  Republic Airlines, and his most recent DC-9 tine check was 
performed by a Midwest Express check airman an March 6, 1985. He completed recurrent 
DC-9 ground training on May 11, 1985. The captain's simulator training records reflected 
tha t  "Takeoff with Simulated Powerplant Failure',' was practiced in 12  sessions, ttApproach 
to Stallsti was practiced in 12 sessions, and "Powerpbnt Failure/FireU was practiced in I0 
sessions. His flight instructor at Republic Airlines said the captain practiced one 
simulated engine failure on takeoff on a training flight, but FAA records indicated that he 
was not checked on that maneuver in the airplane during his type-rating checkride. 

The first officer received his captain upgrade training at Republic Airlines. 
He also received check airman training at  Republic Airlines in June 1984. However, his 
training records did not show that he had received all of the required check airman ground 
training. The P AA Principal Operations Inspector, who was assigned oversight 
responsibilities at Midwest Express, accepted the verbal assurahce of the  carrier that the 
required training was completed, without checking the training records of the pilot. After 
the pilot's ability to  conduct &heck airman responsibilities was evaluated on May 14, 1985, 
he was authorized to perform proficiency and Line checks in the DC-9 airplane and flight 
simulator. The Safety b a r d  established that the check airman training records were 
incomplete. Whether the required training was conducted, but not documented in the  
training records, could not be established. 



294 - ICAO Circular 232-AN11 39 

The first officer's most recent proficiency and line checks were completed on 
August 26, 1985, and March 21, 1985, respectively. 30th cheeks were conducted by 
Midwest Express check airmen. The first officer's most recent DC-9 ground training was 
completed on November 10, 1984. Paining records indicated that the first officer 
prae ticed #'Takeoff with Simulated Powerplant Failure tq in 15 sirnubtor sessions, 
"Approaches to Stallst' in 12 simulator sessions, and "Powerplant Failure/Pireu in 14 
simulator sessions. His flight instructor at Republic Airlines said he gave the first officer 
a simulated engine failure during climbout at least once in the airplane. He did not recall 
the details of the flight, but he said that he normally simulated an engine failure after 
takeoff in the airplane at 300 to 500 feet a.g.1. by retarding the throttle to a point 
(above 67 percent N2) where the engine would not unspool. a/ 

Neither pilot had experienced an engine failure in his DC-9 line flying 
experience* Both pilots were '?trained to proficiencyu during captain upgrade training at 
Republic Airlines and were considered by their peers and instructors to be excellent 
pilots. 

Midwest Express did not provide its pilots with a specific course on cockpit 
resource management (crew coordination), but training and management personnel stated ' 
that the applicable principles were stressed in the training of each pilot. 

1.6 Aircraft hfsmation 

-ft d Historical Information 

NlOUME, a McDonneU Douglas DC-9-14, serial No. 47309 (fuselage No. 393), 
was owned and aperated by Midwest E q r e s s  Airlines, Znc. Midwest Express Airlines is 
owned by K-C Aviation Inc., a wholly owned subsidiary of the Kimberly Clark 
Corparmtion. Midwest Express acquired NlOOME from K-C Aviation on June 8, 1984, and 
operated the airplane until the date of the accident. According to Midwest E q r e s s  
records, the total airplane operating hours and cycles were 31,892 hours and 48,903 
cycles, respectively, at the time of the accident, 

NlOOME was manufactured in 1968 and was delivered to the Linea Aeropostal 
Venezolana (LV) on October 23, 1968. I t  was sold to Aerovias Venezalanas, S A. [Avensa, 
YE) on October 15, 1916, and then to K-C Aviation on January 20, 1983: 

A review of the maintenance records for NlOOME indicated that the airplane 
had been maintained in accordance with Midwest Express Airlines procedures and FAA 
regulations. On the  day of the accident, the airplane was being operated with two 
deferred maintenance items in accordance with the minimum equipment- list ZMEL): left  
auto temperature control inoperative (MEL No. 99, dated August 28, 1985) and right 
cockpit fiourescent light switch inoperative (MEL No. 100, dated August 28, 1985). There 
were no deferred items related to the powerplants or to the flight control systems. 'Ihe 
maintenance records indicated that the requirements of all applicable Air worthiness 
Directives had been met. Midwest Express maintenance records indicated that 
inspections and checks required to assure continuous airworthiness of NlOOME had been 
acco rnplished according to schedule. 

8/ - ttUnspoolingg' refers to the rpm of the high pressure compressor IN21 dropping to idle 
rpm* 



ICAO Circular 232-AN11 33 295 

NlOOME was equipped with two Pratt & Whitney model JT8D-7B turbofan 
engines. Neither engine was part of the equipment on the  airplane when it was delivered 
in 1368. The left and right engines had accumulated 8,391 hours and 5,935 hours, 
respectively, since their last engine heavy maintenance (EHM). f i e  left engine, SIN 
P657718, was installed on NlQOME on. August 19, 1984. The right engine, S/N P654106, 
was installed on NIOO;VXE an Januwy 13,  1983. 

The last recorded EHM of the right engine was at Air Carrier 
Engine Service (A.C.E.~,) ,  now AeroThrust Corporation, in Miami, Florida, in  September 
1979. Engine records showed that the high pressure (H.P.) compressor 9-10 stage 
removable sleeve-type spacer (PJN 557340, SIN DAL 81374) from another en ine 
(SJN P657255) was installed in engine S/N P654106 (later the right engine on NlOOME 7 at  
that time. (See figure 1.) Engine records for the period before 1979 were not available to 
document the service history of the spacer; thus, the total operating t i m e  of the failed 
spacer was not known. The 9-10 stage H.P. compressor removable sleeve-type spacer is 
not a life-limited part. 

Engine maintenance records showed tha t  the owner of engine S/N P654106 
returned the H.P. compressor to A.C.E.S. for refurbishment in October 1981. The R.P. 
compressor 9-10 spacer was repaired, inspected, and reinstalled following that rework. 
The A.C.E.S. Part Routing Tag for the 9-10 spacer, dated October 12, 1985, revealed the 
following operat ions, according to ~erdThrust  management : 

A t'Rejecttl stamp dated October 9, referred to  a damaged knife edge 
airseal. The sirseal was reworked by blending ?/ the damaged area. The 
tubes were removed and the spacer nickel cadmium (NiCd) coating was 
stripped. The inside diameter was grit-blasted. The spacer was then 
examined using flourescent magnetic particle inspection (F MPI) 
equipment and passed inspection. 

The spacer was then replated (although not signed off) and the tubes 
were reinstalled. The spacer was machined and inspected one more time 
before installation in the engine. 

There was no record of the nature of the previous damage which had 
necessitated the rework. The specifications ~egarding airseal blending of the 9-1 0 spacer 
allowed machining down to the insick radius, above the pedestal, to a maximum width of 2 
inches in one area, or a maximum width of 4 inches for all areas. There is no record of 
the amount of blending that was performed. 

On the day of the accident, the right engine had been in service 20,297 hours. 
It had operated 3,792 hours and 2,584 cycles since the 1981 H.P. compressor 
refurbishment. No major repairs had been performed on the right engine since its 
installation in January 1983, and no discrepancies had been noted for the right engine in 
the 30 days before the accident. 

The left engine, SJN P651718, was purchased by Midwest Express from Ansett 
Airlines (Australia) in May 1984. The engine was inspected, test run, and determined to 
be serviceable by AVIALL af Dallas, Texas, before it was installed in the left position of 
NlOOME on August 19, 1984. The left engine had been operated 23,939 hours and 25,394 
cycles before the accident flight. No major repairs were noted in the engine log since the 
August 1984 Installation, and no discrepancies were recorded far the left engine in the 30 
clays before the accident. 

g/ - Blending is a ter rn used to describe machining'to remove or smooth a damaged area. 
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Midwest Express used an in-flight monitoring program to  track the 
performance of its JT8D engines. Review of the engine monitoring records from July 8, 
1985, through September 3, 1985, revealed no adverse trends that would indicate a 
performance problem in either engine installed on N100 ME. 

1.6.2 Certification of the. DC-9-14 

The DC-9-14 - was certificated a s  a transport category aircraft on 
~ o v e m b e r  23, 1965. Part 4b, Airplane Airworthiness Transport Categories, of the' Civil 
Air Regulations required that  the manufacturer: 

o Demonstrate that the airplane was '?safely controllable and 
maneuverable during takeoff, climb, level flight, descent and 
landingn (4b.l30(a)). 

o Demonstrate that i t  was possible to  make a smooth transition from 
one flight condition to  another, including turns and slips "without 
requiring an exceptional degree of skill, alertness or strength on 
the part of the pilot . . . under all  conditions of operations 
normally encountered in the event of sudden failure of any engine" 
(4b.l30(b)). 

o Demonstrate that,  while holding the wings approximately level, i t  
was possible to  execute reasonably sudden changes in heading, in 
either direction, without encountering dangerous characteristics, 
even with an engine inoperative. Also, the manufacturer was 
required to  demonstrate that i t  was possible to  execute 20' banked 
turns with and against the inoperative engine. (4b.132); and 

o Determine a minimum control speed (Vmc) 101 so that when the 
critical engine was suddenly made inoperative, a t  that  speed, it  
was possible to  recover control of the airplane, with the engine 
still inoperative, and maintain straight and level flight a t  that  
speed, either with zero yaw or, a t  the option of the applicant, with 
an angle of bank not in excess of 5'. Vmc speed was not to  exceed 
1.2 times the stalling speed of the aircraft (4b.133). During that  
maneuver, take-off, or maximum available power, was to  be 
maintained on the remaining engine. ' 

Aiilane Flight Control Systems 

m e  DC-9-10 series airplanes (including the -14 model) have conventional 
aileron, rudder, and elevator control systems. The horizontal stabilizer is adjustable for 
longitudinal trim. Lateral control is aided by hydraulically operated flight spoilers. The 
rudder normally is powered hydraulically with automatic reversion to  cable operated 
aerodynamic tab control when hydraulic power is not available. A yaw damper aids 
directional stability, but a yaw damper operation is not required for flight by the 
minimum equipment list. 

Additionally, a mechanism limits rudder travel a t  speeds above approximately 
176 knots. Cable and hydraulic system redundancy is provided t o  minimize the  risk of loss 
of aircraft control in the event that individual component parts of the control system are 

101 The minimum control speed with the critical engine inoperative. 
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disabled in flight. The main control cables, the trim cables, and the hydraulic lines, which 
pass through the a f t  fuselage adjacent to  the engines, are located below the cabin floor, 
well below the top of the right engine. (See appendix G for a detailed discussion of 
relevant flight controls and aircraft systems operation.) 

l.7 Meteorological Information 

At the time of the accident, the sky over ~ e n e r a l  Billy Mitchell Field was 
clear. Weather conditions in the Milwaukee area were characterized by scattered clouds 
and moderate southwesterly winds. The surface weather observations a t  General Billy 
Mitchell Field were: 

1451, Surface Aviation: Clear, visibility-10 miles; weather-none; 
temperature-89' F, dew point-76' F; wind-230' a t  15 knots, gusting t o  
20 knots; altimeter-29.83 inHg; re marks-few cumulus and cirrus east. 

1540, Local: Clear, visibility--10 miles; weather-none, 
temperature--90' I?, dew point-76' F; wind-220' a t  15 knots, gusting t o  
20 knots; altimeter--29.83 inHg; remarks-few cumulus, aircraft mishap. 

Based on the 1451 observation, the density altitude was determined to  be 3,200 feet. 

A wind gust recorder, 111 operated by the National Weather Service st 
Mitchell Field and located a t  the intGsection of runways 19R and 25L, showed a range of 
wind speeds from 9 t o  22 knots from 1500 to  1600. The wind decreased from 1 8  knots a t  
1515 to 10 knots a t  1520 and then i t  rapidly increased to  17 knots a t  1521:30 and dropped 
rapidly t o  12 knots a t  1522:30. At 1516, the 'Milwaukee tower local controller advised 
Midex 105 that the wind was from 210' a t  16 knots. 

1.8 Aids to Navigation 

Not applicable. 

1.9 Com munications 

There was no evidence of radio communication difficulties between flight 105 
and Milwaukee Tower controllers on the day of the accident. The Daily Record of 
Facility Operations indicated that all air traffic control tower equipment was operating 
satisfactorily a t  the time of the accident. 

1.10 Aerodrome Information 

General Billy Mitchell Field is 723 feet above mean sea level (m.s.1.) snd is 
located 6 miles south of downtown Milwaukee. It is served by five runways. Runway 19R 
was 9,690 feet long by 200 feet wide, and it  was oriented to 187.1' magnetic. It had a 
concrete and asphalt surface which was wire combed and grooved. Runway 25L was 8,010 
feet long by 150 feet  wide, was surfaced with asphalt and concrete, and was grooved. The 
airport is certificated for air carrier operations under 14 CFR 139. 

111' A gust recorder (anemometer) records wind velocity' only, and not the direction from 
which the wind is blowing. 



ICAO Circular 232-ANH 39 

Milwaukee Tower is equipped with an ARTS 111 121 terminal radar computer 
systenl which utilizes radar data obtained f rom an ASR-8 131 radar located on the airport. 
Recorded radar data associated with the Midwest ~xpresyssigned transponder code 5631 
were retrieved and utilized to reconstruct a track of the ground and flight progress of 
flight 105. The ARTS III radar data could not be used to reconstruct the tracks associated . 
with nontransponder [primary) targets, such as engine debris. 

NlOOME was equipped with a Fairchild 5424 foil type analog flight data 
recorder (FDR}, S/N 1379, and a Fairchild model A-100 cockpit voice recorder (CVR), S/N 
875. The FDR sustained mechanical damage but revealed no ' evidence of internal. 
exposure to fire or smoke. The magazine containing the foil recording medium was 
undamaged. All pararneter.and binary traces were present and active; however, the 
auxiliary binary traces; which' are normally used to record indications of radio 
transmissions, were not functioning during the accident flight. 'Ihe CVR casing suffered 
mechanical and fire damage but the recording medium was undamaged. The quality of the  
recording was good. All of the CVR channels were working. 

Lll.1 Flimt Data Recorder 

The FDR was recovered from the wreckage and was forwarded to  the Safety 
bard's Flight Recorder Laboratory in Washington, D.C. it contained indicated airspeed, 
indicated altitude, heading and nor ma1 acceleration 14/ data. (See appendix F.) Inspection 
of the FDR foil recording medium indicated that thFe  was a gap in the data starting at 
FDR time 00:53.5 (1521 :26.4), The gap was equivalent to about a 4-second t i m e  interval. 
At the end of the gap, several data points, normally recorded at 0.55second intervals, 
were recorded as if they had occurred simultaneously. 

me gaps in the FDR data during the accident flight were attributed to a jump 
in the foil position which probably resulted from airframe vibration and crccurred about 
the time the right engine failed. The time correlation of the measured parameters was 
achieved by aligning the gaps in the recording. Subsequent correlation of the FDR and 
CVR data revealed that the "clunkn sound on the CVR occurred at the same time as the 
beginning- of the gap. 

L11.2 Cockpit Vaioe Rewder 

The CVR revealed that the takeoff appeared normal to  the flightcrew. There 
was no record4 conversation to indicate that the captain relinquished control of the 
aircraft to the first officer, or that the first officer communicated any intention to 
assume control of the aircraft during the flight. ' ke  CVR did not record any -conversatian 
or other indications which would confirm the extent to which the crew recognized the 
nature of the emergency, nor did it reveal what actions were taken by the crew to respond 
to the emergency. (See appendix E.) 

The No. 1 channel of the CVR was connected to the passenger intercom 
system. The recording was 32 minutes long but only the last 7 minutes were transcribed, 
---- 
12/ Automated Radar Terminal System. The suffix, Ill, denotes a specific system 
capability. 
131 Airport Surveillance Radsr. - 
141 That component of inert id acceleration which is perpendicular to  the airplane's + 

Eera~ and longitudinal axes. 



ICAO Circular 232-AN11 39 299 

encornpasing the time f rom engine start until the end of the recording. The transcript 
begins at 1514:33 c.d.t. with the start of the No. 2 engine. The engine power increase, 
associated with the commencement of the takeoff, occurred at 1520:43. The engine 
volume and frequencies, which were measured on a sound spectrum analyzer, seemed 
normal until 1521:26.4, when a loud 'tc2unkw sound was heard. Almost immediately 
following the "clunk," the rpm of one of the engines decreased noticeably. At 1.2 seconds 
after the the captain exclaimed, "What the # was that?" At 1.5 seconds after the 
Wunk," the rprn of the second engine began to decrease, but at a slower rate than the 
first. The captain asked, "What do w e  got here Bill?" There was no response from the 
first of f icer .  Analysis of sounds recorded by the CVR revealed that the stall wa~ning 
stickshaker activated at 1521:36.0 and continued until the end of the recording* Two 
seconds after the stickshaker activated the captain exclaimed, 'IOh . ," Shortly 
after ward, the airplane's altitude began decreasing rapidly. One flight attendant, 
exclaimed "Heads down" three times. The electrical power to the CVR was interrupted at 
1521:38.8 for about 0,1 second* At 1521:41.T (2/10 of a second k f o r e  the recorder 
stopped) a single "whoopv' could be heard from the ground proximity warning system. 

Lll-3 CVR SwrPd Spectrum Bsaminat3an 

The CVR recording was examined using the NTSB Audio hboratory's Spectral 
Dynamics SD-350 sound spectrum analyzer to document the sounds which were in 
frequency ranges nor rnally associated with engine operation. Some of the sounds heard 
were in the 10-200 Hertz (Hz) range* Sounds produced by the rotation of the high pressure 
compressor (N2) of a 3T8D engine are in this frequency range. Those sounds were 
measured starting at engine spool-up before takeoff  and continued until 1521 :41. 

Sounds similar to those produced by the fan section (N1) of the ST8D engine (in 
a higher frequency range) were identified but were not heard until about 3 seconds before 
the loud "clunk" at 1521 :26.4. 'She N1-type sounds, which were very faint and could not 
be heard after the stickshaker activated at 1521:36.0, were determined to have emanated 
from the left engine. Fan section speed was calculated by dividing the number of first 
stage fan section blades (30) into the blade passing frequency 151 documented by the 
sound spectrum analyzer printout. Similar calculations were conducted for the N2 fan 
section. These calculations were used to evaluate the N1 and N2 values during the period 
in which the loud "clunkt1 was recorded on the CVR and beyond. "Ihe N1 and N2 values 
revealed that: 

(1) The right engine rgm, as measured by N2, fell off rapidly 
immediately following the loud ttclunkn; and 

(2) The left engine rprn, as measured by N1 and N2, fell  off a t  a slower 
rate starting about 1.5 seconds after the tlclunkrq sound. 

1.11.4 Time melatian of WR, F D ~  Radar, and Air Raffic Cantrul bforrnation 

The data available from the CVR, the FDR, the air traffic control IATc) 
transcri t, and the recorded ( ASR-8) radar data incorporated different reference times. 
The C V ~ :  timing (elapsed t ime)  was correlated to the ATC transcript timing and the radar 
data timing, which were based upon universal coordinated time (UTC}. The timing of the 
FDR was correlated with the radar data by comparing plots of radar and FDR-indicated 
altitudes which preceded the engine ttclunk.tl The correlation between CVR and FDR data 

15/ Characteristic blade passing frequency is assumed to result from the fan blades 
causing pressure pulses in the air during rotation. 
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was performed by overlaying the CVR time line, over the plotted FDR data. Several 
points were time correlated such as the gaplengine clunk point, the 100-knot callout, the 
V1 callout, and the ends of the recorded CVR ~ n d  usable flight data. (See appendix F.) 

1.11.5 Static P m  &mr 

At 00:57 FDR chpsed time 11521:30), the FDR data indicated an excessive 
increase in the climb-rate, while the vertical acceleration data indicated a reduction of 
normal acceleration forces from about 1 G to about 0.3 G, me reduced G 10.oad suggested 
forwad control ydce input and a reduced climb rate, contrary to the recorded altitude 
data, but consistent with w i t n e s  observations. 

'Ihe rapid increase in FDR-indicated altitude , revealed that the indicated 
aircraft climb performance was in error and contrary to the known performance 
characteristics of the airplane. it had been expected that a reduction in G load below 1.0, 
would have decreased the rate of climb, yet the FDR indicated a rapid increase in 
altitude. By integrating the accelerometer data, the maximum altitude which the 
airplane actually reached was determined to be about 1,400 feet rn.s.l., not the indicated 
1,570 feet rn.s.1. Douglas Aircraft Company flight test data showed that the difference, 
170 feet, could have resulted f corn static pressure error. Information, interpolated from 
Douglas flight test data, revealed that the 170-foot indicated altitude error (higher than 
actual) was consistent with a sideslip 161angle of about 15'. ~ u c h  a sideslip, according to 
the Douglas data, would produce astatic pressure error and false indications in the 
instruments which are dependent upon pitotstatic information. The static pressure 
source for the FDR is the airplanets alternate static pressure source. The captain's and 
first officer5 altitude and airspeed instruments land vertical speed) used the normal pitot 
static system, which is less sensitive to sideslip-induced errors. Thus, while a 15"sideslip 
would cause the PDR to record airspeed about 14 knots too high, the same sideslip would 
cause the cockpit instruments to reflect only about 2/3 of the FDR airspeed (9 knots) and 
altitude error (113 feet). 

Aimraft Flight Pm€rl.e Infarmation Based On M e d  Data 

The FDR foil revealed tha t  the takeoff roll and liftoff were normal, with 
liftoff occurring near the intersection of the midfield taxiway and runwsy 19R, about 
4,200 feet from the start of the takeoff roll. Rotation to the takeof E attitude occurred at 
140 knots. NlOOME accelerated to 168. knots with a rate of climb of about 3,000 
feethinute, indicating a normal t wo-engine initial takeoff flightpath. Nl 00 ME was about 
7,600 feet down the runway when it reached a height of 450 feet above the ground and 
when the right engine failed. Radar data indicated that the airplane was near the left 
edge of runway 19R at engine failure. This displacement left of the runway centerline 
was considered in evaluating the distribution of engine parts, which were found near the 
runway, in analysis of the trajectory of engine parts, The heading trace showed that 
Ed100 ME continued essentially straight ahead for the first 4 seconds after the right engine 
failure. Radar data confirmed the tracking of the airplane essentially straight ahead, 

Four seconds after the right engine failure, the FDR heading trace began to 
deviate substantially to the right (from about 194' to a heading of 2149 over a 5-second 

- ------ 
16/ Yeiw is the rotational movement about the airplane vertical axis from a fixed 
reference point. Sideslip is the sideward movement of the airplane, where the relative 
wirPdjS~ffsettotheleftorrightafthelmgitudinalaxisoftFRairpl~me. - 
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Tbe wreckage was fragmented and was largely consumed by fire. Airphne 
pieces, gmund, and trees in this area were blackened and scorched by fire. Pieces of a11 
flight control surfaces and the extremities of the. airplane, such as nose, wingtips, tail 
surfaces, and engines, were found in the impact mea. 

Engine-related parts from the right engine were found up to 200 feet to the 
left side and between 1,400 and 8,200 feet south of the north end of runway 19R. The 
parts included compressor blades from the 9th and 10th stages of a Pratt & Whitney JTSD 
engine and parts, which totaled 90 percent, by weight, of a 9th to 10th stage (9-10) high 
pressure compressor spacer. With the exception of the engine-related parts found on and 
adjacent to runway 19R, the wreckage of NlOOME was recovered from thp airplane 
impact area. (See appendix D.) 

The attitude and flightpath angle of the airplane at impact were estimated by 
pictorially aligning the ground scars with the corresponding airplane parts. Using a scale 
drawing of the airplane, the right wingtip was placed a t  the north end of the long ground 
scar and the flightpath of the  right horizontal stabilizer was aligned with the shorter 
ground scar. The a i r p h e  drawing was then rotated to bring its flightpath into alignment 
with the end of the long ground scar. Thus, the Safety Board deter mined that flight 105 
had impacted in about a 90 * right roll with the nose about 29' below the horizon in a 31' 
right yaw. The flightpath immediately before impact was determined to have been about 
60edownward. - 

Fuselage.--The fuselage was fragmented and burned. Most of the identifiable 
nose section components were found near the south end of the  wreckage path. A f t  
fuselage pieces were found from the north end of the wreckage path to a point 156 feet 
from the initial impact point. Pieces of the aft fuselage were examined for potential 
punctures which might b v e  occurred if parts ejected from the right engine had contacted 
the fuselage before ground impact. Several pieces were submitted to the Safety Board's 
Materials Laboratory for further examination. For example, punctures were found in the 
fuselage at about fuselage station (F.S.) 834, 6 inches below the right engine pylon fairing. 
In the vicinity of the punctures the fuselage skin was extensively torn. However, none of 
the fuselage skin sections which contained suspicious-looking punctures were adjacent t o  
hydraulic lines or major control cables. 

Wiws.--The wing structure was destroyed with pieces strewn about the crash 
site. The largest pieces recovered were from the left wing and included a 34-Eoot-long 
outboard section with the aileron and trim tab attached, although they were battered and 
partially consumed by Eire. Both angle of attack- vanes Istau warning system lift 
transducecs) were recovered but the right vane had separated from the wing and was 
damaged. A 9-fmt piece of the left wing leading edge, from approximately the 
vortilon 131 position to the outboard end, was intact. 

'ZAe vortilon was partly attached to the wing with portions burned away. The 
wing leading edge surfaces available for examination were smooth and revealed no 
evidence of surface corrosion. Several pieces of right wing leading edge were found to be 
smooth and free of corrosion. 

----- - - ------ 
181 Vortilon -(vortex generating pylons) are installed on the wing lower surfaces to provide 
Z ~ f l o w  control. 
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Three battered and firedamaged right aileron pieces were found near the 
initial impact area. Portions of both right aileron control tabs were found within the 
aileron structure. The left aileron, with portions of the control tabs attached, was 
battered, but intact and attached to the largest piece of the left wing: 

All four flight spoilers were attached to their respective actuators and were 
found in stowed positions. All four spoiler actuators were retracted and locked. .me left- 
hand spoiler bypass valve operating handle was found in the ON position with the lock-pin 
in place. The right-hand valve operating handle was missing, but the indicator was 
pointing to ON. 

Right flap pieces were found in the initial impact area. All flap hinges and the 
flap hydraulic actuators were separated from the flaps. The left flap was recovered in 
two pieces. Each piece was relatively intact except for some fire damage at the trailing 
edge of t h e  outboard piece; It was not possible to confirm the preirnpact flap position 
from the remaining flap fragments. Both left flap actuators were recovered. Internal 
examination of the cylinders at the Safety Board's Materials Laboratory did not reveal 
marks made by the pistons at the moment of impact. Examination of the piston r d s  
revealed bends in three rods 2 3/4 inches from the piston rod end. Comparison of 
McDonnell Douglas data and measurements from an airplane similar to the accident 
airplane revealed that the piston rods were in a position corresponding with 28' to 29' 
extension when they were bent. 

Crew conversation, recorded by the CVR, indicated that the flaps were set at 
20" for takeoff and did not reveal m y  indication that the flap position was changed after 
takeo ff , 

Empennage.--The pitch and directional (yaw) control system pieces were 
battered and fire damaged. There was, however, no evidence of foreign object damage 
(FOD) to the actuators, push-rods, or hinge brackets. All fractures appeared typical of 
overload separations. The captain's and first of Eicerts fractured left rudder pedal support 
arms were removed and sent to the Safety Board's Materials Laboratory for detailed 
examination. 

The vertical stabilizer was found resting on its right side, separated from the 
fuselage, ,largely intaet from its lower at tachment points to the horizontal stabilizer 
jackscrew. Much of the left side was severely .fire damaged. No punctures were found in 
the cernaining left side skin. The right side skin of the vertical stabilizer was sooted and 
discolored but largely was intact. Punctures and gouges were examined carefully for 
evidence of contact or damage caused by ejected engine parts. All of the observed 
punctures were in areas which did not contain control system components. Some of the 
punctures and gouged areas were re moved for detailed laboratory examination. 

About 12 feet of verticrrl stabilizer rear spar structure (from 2 feet below the 
fuselage/stabilizer junction to 10 feet above that junction) was intact. 'Ihe spar was heat 
damaged and had partially melted away. This port ion' of the rear spar revealed' no 
evidence of penetration or y g i n g  damage. The two  hydraulic lines for the elevafor 
power boost system were sti 1 routed along the rear spar; the  lines were' intact except at 
the top and bottom of the stabilizer where they were broken and distorted. Broken 
portions of the upper md mid-hinge bracket balk for the rudder were still mounted to the: 
vertical stabilizer. The Eract ure surfaces were typical of overload damage. 

me rudder was nearly detached from the vertical stabilizer and had suffered 
extensive fire damage. A 2-foot piece of rudder leading edge remained attached to the 
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vertical stabilizer at the lower rudder support post. It was heavily fire damaged. The 
rudder sector linkage mechanisms at the base bf the rudder were still attached to the 
rudder control tab, although heavily heeat da rnaged. The control tab input arm at the base 
of the tab torque tube was broken. The bracket arm mount at the bottom of the torque 
tube also was broken about 4 inches from the centerline. 'Ihe bracket and arms for the 
hydraulic actuator linkages to the rudder were intact; there was no evidence of 
preirnpact FOD h this area. The rudder hydraulic actuator was still attached to the, 
rudder drive arm. 

A rudder section, approximately 6 feet long, which consisted of leading edge 
material back to the front spar and center and upper hinge areas, w a s  recovered. The 
hinge brackets wefe broken; however, pieces of bracket structure were still attached by 
the pivot bolts of both the center and upper hinges. The fracture surfaces were typical of 
overload. me rudder damper was still attached and was movable with nor ma1 resistance. 
The damper control arm which attached to the vertical fin was broken. A 3 114- by 118- 
inch horizontal cut was found in the rudder leading edge skin approximately 2 1/2 inches 
above the center hinge area. The cut was at the crown of the leading edge and had 
penetrated the skin; however, a plate beneath the surface was not penetrated. No other 

- penetration damage wm noted. 

A 1 ?-inch piece of rudder control tab leading edge (from the base pivot point 
, to the lower hinge) was recovered. It w s  heavily fire damaged; however, it exhibited no 

gouge damage. 
I 

n-ie yaw damper was removed from the wreckage and disassembkd* No 
evidence of preirnpact failure or malfunction of the yaw damper was found. 

The left horizontal stabilizer was severely burned. ?he, largest re rnaining 
intect portion WE, a 20- by 36-inch rear center section with a piece of vertical stabilizer 
pivot structure attached. The right horizontal stabilizer was disintegrated, The majority 
of the identifiable pieces were recovered from the initial impact ground scar. P3o 
evidence of foreign object penetration or corrosion was observed in the pieces that were 
available for examination. 

The primary and alternate electric trim actuators and planetary gearbox had 
broken off the jackscrew that is used to adjust the position of the horieontal stabilizer in 
flight. The direction of  the fracture was consistent with the attitude at which the 
aircraft struck the ground. The length of the jackscrew extension corresponded to 2.0S0 
airplane nose-up t r im,  close t o  2.2 units nose-up trim set by the crew before takeoff. 

Seven fragments of the right elevator, accounting for all but the aft area at 
the inboard end (which was burned away), were recovered from the wreckage path. There 
were no punctures through the recovered elevator pieces. An area of the lower trailing 
edge surface, which contained scrape marks, was removed for laboratory ex8 mination. 
There was no evidence of FOD in a 47-inch section of tight elevator control tab which had 
separated from the elevator. 

A 12-foot piece of left elevator leading edge was attached to the horizontal 
stabilizer. The leading edge contained no gunct~ires. The remainder of the left elevator 
was consumed by fire. Similarly, the left elevatos control tabs were completely burned 
away except for portions of their leading edges. 

The elevator control tab bellcranks were still attached to the torque tubes 
within the horizontal stabilizer, although they were heavily fire damaged. 7he bellcrank 
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ends of the elevator control cables were still attached although the other ends of the 
cables were broken. The broken ends had parted in a manner cpnsistent with tension 
over load- On the remaining elevator and horizontal stabilizer pieces, which were not 
consumed by fire, no puncture inarks were evident. 

Flight Control Linkages and Cables.--The extensive breakup of N100 ME 
following ground i rnpact resulted in broken and distorted bellcranks, sectors, pulleys, and 
cables which had been asrraciated with the cable control system* Four cables, which were 
for primary control of the elevator and rudder, were recovered from the left side of the 
fuselage in the area of the lavatories and outflow valve and aft of the aft pressure 
bulkhead. The broken ends of the cables were typical of tension overload failures. Two 
rudder trim cables and a stabilizer feedback cable, which had been routed along the right 
side of the aft fuselage, were examined. None of these cable fractures disclosed evidence 
of preexisting failure or material defect. 

A 40-foot piece of elevator control cable, routed from within the vertical 
stabilizer, revealed a fracture consistent with tensile overload. ' Two stabilizer position 
cables, which had been routed through the vertical stabilizer, also had broken ends which 
were typical of tension overload failures. 

About 200 feet of primary elevator and rudder control cable were identified 
and examined with regard to fracture mode and for mechanical damage. Another three 
sections of primary control cable, each a b u t  22 feet long, were recovered from the 
vicinity of the outflow valve and were similarly examined; however, the cables could not 
be precisely identified. All primary elevator and rudder cable breaks were typical of 
tensile overload or were brittle fracturw due to overheating. The sections of cable which 
had broken strands or which were otherwise suspect were submitted for Safety Board 
hboratory examination. No evidence of preexisting damage was noted. 

About 115 feet of rudder trim and stabilizer position cable were examined, 
disclosing tensile overload and brittle fractures associated with overheating. One pic;.. A -  r 
right rudder trim cable similarly revealed tensile fractures and a brittle f r %  - p  

associated with overheating. 

The elevator sectors at the top of the vertical stabilizer were each in one 
piece but were fire damaged. I"he right elevator torque tube was intact with a broken end 
of the elevator control tab rod attached. The rod end fracture was typical of overload 
failure. The left elevator torque tube, including the entire elevator control rod, was still 
attached to the top section of the vertical stabilizer, The rod was straight with the 
attachment bolt to the tab still in place. The tab end of the rod was heat damaged and 
the tab structure had melted from around the rod end. The control rcds for the left 
elevator geared tab were still attached to the left elevator leading edge structure. Both 
rods were straight with the aft attachment balts intact. The elevator gear tab 
attachment brackets had melted from around the geared tab rods. 

The right elevator geared tab mds were still attached to the elevator 
structure. Both ends of the inboard rod were still attached, one to the elevator and the 
'other to a piece of tab structure. The outboard rud was attached at the forward end to 
the elevator structure but was broken at the aft end of the rod end fitting. 'IRe fracture 
was typical of bending overload. The right elevator control tab rod &s not recovered 
except for the forward attachment fitting which was still attached to the torque tube 
structure. 
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Hydraulic Systems.--The hydraulic syste rns were fragmented and burned as R 

result of impact forces and the effects of the pastcrash fire. The hydraulic systems were 
examined determine whether there had been any interruptioni t o  hydraulic power 
before impact. The hydraulic reservoirs exhibited fire and i rnpact damage. Si rnibrly, 
numerous hydraulic lines, the right auxiliary hydraulic pump, and the right hydraulic 
syste rn pu mp/motor aU exhibited extensive impact and fire damage. Eight hydraulic 
accumulators were recovered but were fire and irnpac t damaged. One accu mulator 
indicated r ~ ,  pressure of 500 psi. Both hydraulic system filters contained burned hydraulic 
fluid; the magnetic plugs were clean. 

Both elevator augmentor cylindars and the right elevator control valve were 
tested and found to operate normally. The left elevator control valve was fire damaged 
to the extent that it could not be tested. The postimpact condition of the elevator 
augmentors did not allow the identification of  the preimpact positions. 

The rudder power shutoff valve, valve sector, and crank were recovered near 
the airplane impact point. Examination of the rudder power shutoff valve revealed a bent 
control rod and discoloration which were consistent with rudder hydraulic power on. 
Hydraulic fluid was within the actuator resevoir. A measurement of the rudder power 
actuator lac tu to r  eyebolt to rudder crank) was equivalent to 1.5' to 1.75' rudder trailing 
edge left of center. The rudder trim and load feel mechanism measurement was 
equivalent to the rudder trailing edge being 2.5' left  of center. The position of the ''Q" 
bellows hook to ,the rudder power cylinder actuator pushrod indicated neutral rudder. The 
gribper arms of the rudder tab 1o.ockout mechanism were found essentially ag~inst the 
'roller, indicating that the mechanism was in the manual rudder position. Loss of hydraulic 
pressure would account for the rudder tab lockout going to the manual rudder position* 
me rudder hydraulic actuator exhibited no evidence of preimpact damage. The 
laboratory examination of the hydraulic pressure and return lines (from the rudder power 
actuator to about 40 inches forward of cant station 989.4) did not reveal evidence that the 
fractured areas had been damaged because of another object impacting the Lines. 

Landing Gear.--All three landing gear had separated from the aircraft 
structure but re rnained in the wreckage area. All three landing gear actuators were 
attached to their respective gear struts and were in the gear 'bp" positions. All six tires 
were intact. Recorded cockpit conversation disclosed that the landing gear were 
retracted after takeoff and did not reveal any indication that the landing gear were 
subsequently extended by the crew- 

Right Engine.--The right engine was found resting on i ts  right side, still 
attached to a portion of the pylon structure, about 40 feet south of the .initial impact 
point of the airplane. The engine revealed evidence of a frontal impact with the ground 
which left dirt deposits within them right side of the inlet case. The engine exhibited 
impact damage but was i n t ~ c t  from the inlet case through the thrust reverser. The engine 
thrust reverser was found in the stowed position. 

Escarnination of the right engine revealed that the 9-10 stage compressor 
spacer had ruptured and separated from the engine, liberating all of the 9th and 10th 
stage compressor blades. The blade outer shrouds showed evidence of severe abrasion, 
ty ical of airfoil .release at hi@ rotational speed. There was an opening in the rear skirt P 0 the inter mediate ease from the 11 to I o'clwk position (viewed looking forward), which 
was 4 inches wide axial@ and 7 inches long circurnferentiatry in the plane of rotation of 
the missing 9-10 spacer. A piece of vane shroud was protruding through the rear skirt into 
the fan airflow duct. There were no othe~! holes through the compressor case. The 
internal damage was consistent with a sudden failure initiated by the rupture of the 9-10 
spacer. 
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Metalization of fuel nozzles and burner can domes, thermal cracking of first 
stage turbine blades, and metallographic laboratory tests showed that the first and second 
stage turbine blades had been subjected to temperatures well in excess of normal 
operating temperatures; all were consistent with turbine ovecte rnperature operation, 
secondary to the effects of the spacer rupture. 

Examination of the 12th stage compressor blades revealed that the majority of 
the airfoil fractures exhibited tensile or shear characteristics. Nine blades, however, 
showed evidence of relatively shallow fatigue progressions with multiple origins along 
convex airfoil surfaces. 'She fatigue was typical of low cycle, high stress cracking. None 
of the fractures appeared to be primary in nature. 

Most fan blades which were in areas of case deformation were buckled. The 
third and fourth stage turbine blades similarly were buckled in a manner Z ypical of little 
or no rotation of the rotors at impact. me EPR transmitter linkage indicated 0.95 (sub- 
idle) $t impact. Examination of the engine revealed no evidence of bird ingestion or 
other significant FOD. 

Both the upper and lower Fight engine cowlings were extensively damaged and 
had broken apart; Some pieces of the upper cowling, however, remained attached to parts 
remaining from the lower cowling, including: 

(1) Three of the four inboard upper cowling hinges were latched, with 
portions of the apron and upper cowling attached, The fourth hinge 
was not latched but was intact; and 

(2) All four outboard upper cowling latches were latched, with portions 
of the upper and lower cowling attached. 

A 3-foot section of the forward upper cowling was recovered and contained a 
hole, 2 square inches in size, which appeared to have progressed from inside to outside the 
cowling. The location of the hole was determined to  have been 16 inches forward of the 
plane of rotation of the 9-10 stage compressor spacer. None of the cowling pieces which 
had been adjacent to,  the hole in the engine were identifiable because of extreme 
distortion and tearing of the cowling. There was no evidence that the right cowling had 
opened before ground impact. 

Left Ewine.--The left engine was found in a wooded area in heavy vegetation, 
about 180 feet south of the right engine and near the south end of the wreckage path. The 
engine had sustained severe impact chrnage in the inlet area between the 3 and 9 o'clock 
positions (viewed looking forward); the full length of the engine case had been damaged or 
distorted by impact. The front fan case was ovalized over a wide area centered about the 
4 o'clock position. Markings, such as blue paint smears, rivet witness marks, and red paint 
transfer on the right side of the engine nose cowl, were consistent with impact forces 
occurring at the 4 o'clock engine position. The inlet case was found about 30 feet north of 
the left engine and the nose cowl was 20 feet farther north. The rear fan case was split 
at  the 12:30 to 2 blclock position; the front flange was crushed rearward at  the 4 olcIock 
position. The upper and lower cowlings were attached to the engme. 

The left engine main gearbox had sustained a frontal impact .with a right to 
left direction of the impact force which had partially dislodged the gearbox from' the 
engine, The fuel control unit was separated from the fuel pump and ,gearbox. l?-ie 
gearbox right mount was shattered, and the right side of the gearbox was badly damaged. 
me cross shaft was partially dislodged. ' h e  llnkages associated with the power lever and 



fuel control shutoff valve were bent and broken precluding an accurate determination of 
the preirnpac t positions of those controls. 

Most of the first stage fan blades Mere: fractured at the airfoil root. The 
fracture surfaces revealed no evidence of fatigue* First stage blade tips were rolled ovec, 
consistent with the effects of rehtively high rotor speed at impact. ' h e  second stage 
blades which remained in the disk were bent opposite the direction of rotation of the disk. 
Likewise, the fifth stage blades were extensively bent oppasite the direction of rotation 
of the fifth disk. The amount of compressor rotation, which corresponded with blade 
damage at the t ime of airplane impact or during engine impact(s1, could not be 
determined from the fan blade damage, 

Only five third stage blades remained in the dislc. Many 'of the liberated fan 
blades were found near the airplane impact point, and others were found near . the point 
where the engine came to rest, Tne sixth stage blades all revealed evidence, of tensile or 
shear fracture* There were no missing seventh stage blades. 

Fragments of aircraft insulating matepial were observed an the leading edge of 
some seventh stage blades. Pieces of seat upholstery (seat leather and foam) were found 
jammed inside a fractured fan inlet guide vane. Three adjacent fan inlet guide vanes had 
blue paint smears. and one vane had white paint smears. These paint smears were 
consistent with the airplme lusehge color sche me. 

In the eighth disk, 29 blade roots re mained in their slots; all other blades were 
liberated. Many out ward perforations were observed in the intermediate case rear inner 
duct in the plane of rotation of the eight11 and ninth stage rotors. Eighth and ninth stage 
stators were found impacted into the shroud. 

Some of the eighth and ninth stage blades exhibited evidence of high stress, 
low cycle, reverse bending fatigue adjacent to  their platforms wi th  multiple leigins on the 
convex and concave airfoil surfaces. These fracture surfaces were typical of the 
fractures referenced in the Pratt dc Whitney JT8D Engine Repair Manual. (See 
appendix H.) A Pratt and Whitney Product Support Engineer testified that the fractures 
described in the maintenance manual were a result of improper engine reversing on the 
ground, which in turn had caused compressor stalls. However, he testified to  one 
exception where such damage was found after a blade root failure. He said that Pratt & 
Whitney was not aware of any incident .where it had. otcumed secondary to  compressor 
stalk which had occurred in flight. The Pratt and Whitney engineer stated that any 
engine which was s a j e c  ted to repeated stalls over an extended period of time, could 
produce such damage. He testified t h ~ t  in accident investigations, such damage had not 
previously Seen found to have occurred secondary to ground impact when an engine had 
previously been operating at high rpm. 

A balled-up, marble-sized piece of titanium alloy, which was identified as an 
eight:? stage blade root, Nas jammed between two adjacent stator vanes in the 11th stags 
stator asse rnbly. No other compressor blades exhibited similar deformation. Arl 
unidentified ai~Foi1 section, whic'l resembled part of a blade from the high pressure 
compressor, ~ v a s  tapped between the eighth stage stator support rail and a slightly 
buckled section of the rear skirt. Sharp rotor blade imprints were observed on the trailing 
edge of the fifth, seventh, and eighth stator assemblies. 

The left engine burner can domes, fuel nozzles and transition ducts, and first 
stage turbine vanes and blades contained t itanium-based allay splatter deposits. me vane 
airfoils and blades did not exhibit evidence of overte rnperature operation. 
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The left engine examination revealed no evidence of bird ingestion. Neither 
was there any ingestion of dirt or leaves within the engine. The main fuel shutoff valve 
for this engine was 80 percent.open. The thrust reverser was found in the stowed position. 

cockpit Indications.--The. majority of the cockpit instruments, indicators, 
ligh tbulbs, and control levers were too badly da mag& to reveal meaningful information. 
A flight director indicator indicated a 60°right bank and a 10' nose-low attitude. The left 
and right ZPR indicators indicated 0.8 m d  0.88, respectively. More reliable EPR 
indications were obtained by examination of the EPR transmitters, revealing gear train 
positi~ns consistent with 1.35 and 0.95 EPR for the left and right engines, respectively. 

The rudder trim knob was intact on a section of the control pedestal and was 
found in the 1 unit left position. A scratch mark was noted on the indicator scale at a 
position between 1 unit left and the neutral position. The aileron trim wheel on the same 
pedestal was in a position of about 1 unit left wing down. 

1.13 Medim1 and Pathol@cal Lfw mation 

Post morte tn examinations of the airplane occupants were conducted by the 
'Medical Examink of Milwaukee County, Wisconsin. No evidence of disease processes 
which would have affected the ability of the cockpit crew members to operate the airplane 
were identified. The cause of death of all victims of the  crash was reported as "multiple 
massive injuries to the Read, torso and extremities." Tissue samples from the two pilots, 
one flight attendant, and two passengers were submitted for toxicological testing. 
However, the tissue samples were contaminated with fuel and other substances, which 
rendered the results of the toxicological testing meaningless* 

1.14 Postcrash Fire and Emerpency Repme 

The wreckage revealed no evidence of in-flight fire. Evidence indicated that 
any fire associated with the right engine was contained within the engine. NlQOME 
explded following impact and was largely consumed by the effects of a poskrash fire. 

Crash/fire/rescue (CFR) response was effected by the Airport Fire 
Department, the 440th Air Force Reserve Fire Department, the 128th Air National Guard 
Fire Department, the Milwaukee County Sheriff's Department, the Oak City Fire and 
Police Depact ments, and the Milwaukee County Fire Department . Firefighters witnessing 
the events immediately preceding the crash began to launch the 440th Air Force Reserve 
Tactical Airlift Wing Fire Department at 1521 before their official notification. Air 
traffic control tower personnel notified the Airport Fire Department at 1522, triggering 
the airport's emergency plan. Response to the crash site was prompt and orderly with the 
first units onsite and discharging fire extinguishing agent at 1524. There was no difficulty 
reaching the crash site and sufficient equipment was available to extinguish the postcrash 
fire. The principal fire area and wreckage had been cooled dawn by firefighters by 1528. 

1-15 .Survival Aspects 

Impact forces and the postcrash fire destroyed the aircraft, fragmenting the 
cockpit and cabin and resulting in a nonsurvivable environment. Likewise, the seats were 
f cagmented and showed widespread evidence of omnidirectional loading. Primary loading 
on the seat legs was to the  right. I 



Tests #d Reemdl 

f .L6.1 Ergine Parts Tmjectory Mfwrnatian 

The parts which had been ejected in flight from the right engine and which 
were found on the airport were identified and their locations were  plotted on an airport 
diagram. The identified parts included about 90 percent {by weight) of the failed rigat 
engine 9-10 h@ pressure compressor spacer, thirteen 9th stage and twelve 10th stage 
compressor mtor blades, part of the compressor stator assembly, compressor Ganes, 
compressor vane shroud, and a small (2- by 2-inch) piece which appeared to be engine 
c~wXng.  The yeight of the nine spacer pieces found adjacent to runway 19R was Z16 
pounds with the largest single spacer piece weighing 1-03 pounds. The weight of the 
unrecoveced 9-10 spacer pieces, was about 0.3 pound (the. difference between the total 
weight of an intact P/N 482178 spacer and the weight of the recovered spacer pieces). 
This would include any meterial ground away during the rupture ~ n d  ejection of spacer 
parts from the  engine. 

The exit velocity and initial exit angle of ejected engine parts were assumed, 
based on the tangential velocity, as a resolt of rotational speed, spacer diameter, position 
of the hole in the engine, and on Pratt Sr Whitney experience with other ejected engine 
pasts. Research on types of rotor fsilure and characteristics of fragments 121 revealed 
that when a fragment is ejected from a high speed turbojet engine and passes through an 
engine easing, it may be deflected from its initial path. However, the research revealed 
that tbe deflection causes a loss of enecgy vdhich is absorbed by the material which 
deflects the art. The deflection is equally likely to be in an axial or circumferential 
direction. P See figure 2.1 The author reported that observations of damage to 
surroundings, which were subjected to uncontained turbine engine parts, show heavy 
fragments to remain within 5" of the plane of the rotor. (See figure 3.1 Greater 
deflections have been recorded with lighter fragments, but deflections at greater angles 
than 33' result in the fragments losing virtually all of their energy* The repmt assumes 
that in striking the case of PITI engine, a fragment loses the component of velocity 
perpendicular to its final line of flight, a decelerating impulse induced by friction between 
the fragment and the casing* 

, Pratt bc Whitney representatives testified at the public hearing that their 
experience had shown that the initial trajectory of uncontained rotating turbojet engine 
parts may be estimated by assuming that the parts (or fragments thereof) were initially 
ejected tmgentialy from their previous plane of rotation, through holes in the case and 
cow~ng.  This is consistent with the afore flent ioned research findings. The initial 
trajectory path may be estimated by aligning a straight object, such as a braoastick, 
through the hole in the engine caw from which the parts were ejected, to the outer 
diameter of the spacer or totat that failed (the 'brwrnstick" m e t h d .  Pratt dr Whitney 
cepos ted that its previous service history of ~lncantained compressor spacer failures in 
JT8D-7 end JTBD-1 engines revealed that in incidents where the fuselage was penetrated 
by ejected spacer pieces, the holes in the f u ~ l a g e  were nearly directly in line with the 
penetrations of the engine case and tangeht to the outer edge of the failed rotating part. 

Using the broomstick method and relying on the Pratt & Whitney service 
experience, the initial trajectmy of the ejected right engine spacer pieces was deter mined 

19/ McCarthy, D., "Types of Rotor Failure and Characteristics of Fragments," An 
Gsessment of Technology for Turbojet Engine Rotor Failures ( ~assachusetts hstitute of 
Technology, Mwch 29-33, 1977). 
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OF MSH FRAGMENT 

/<DEFLECTED PATH Of FRAGMENT 
PASSING THROUGH CASING 

. Figure 2.-Deflection path of uncontained engine parts. 

to be at an angle of about 204to the right of vertical, away from the fuselage. Based on 
the calculated climb performance of NlOOME (50 feet per second) before the right engine 
failed, the pitch attitude of the aircraft was determined t o  be 12"nose-up at the'rnoment 
of the failure. The engines of the DC-9-14 were mounted to the engine pylons at another 
3 O  nose up. Thus, the ejected engine parts were assumed to have a rear'ward component, 
based on the rearward alignment of the engine, 15' nose-up horizontalc A wind factor, 
based on a wind f r o m  22Q0at 17 knots, was assumed. 

The rwvered  spacer and compressor blade parts were measured to determine 
drag reference areas, using a factor of 0.835 201 to  allow for tumbling of parts. Thus, the 
drag reference areas for the largest spacer part, weighing 1.03 pounds; a smaller spacer 
part, weighiny; 0.07 pound; and a compressor baade piece, weighing 0.035 pound were 
determined to be 0.138, 0.03, and Q.019 square foot, respectively. A flnt plate drag 
coefficient of 1.0 was assumed. For the purpose of determining potential tangential 
velocities, initial ejection speeds between O and 800 feet per second Cfps) were considered. 
(Pratt 3c Whitney determined that the rim tangential velocity of the operatin2 high 
pressure eornpressor spacer had been 800 fp.1 

Tne heaviest pact would hkve been most sensitive t o  the exit velocity and 
angle. Tke Iiglltec parts would have Seen more sensitive to wind factors. It was found 
that the predicted central point of ground impact would have been about 400 feet 
rearwad arid 200 feet left of the aircraft at the time the parts were ejected from the 
right engine, assrlrning that the parts were ejected while the airplane was about 450 feet 
above the ground, left of the runway centerline and at 168 knots. The calculated ejwtion 
point was consistent with the point at which parts were determined to have k e n  ejected, 
based upon the timing of the vclunk'v on the CVR tape; the correlation of FDR, CVR, and 
recorded radar data; and the locations of the recovered engine parts. 

The Safety bard explo~ed the possibility that engine psrts which were not 
recovered might have either struck the airplane and been deflected or struck' and 

20J A tumbling rectanwh~ object presents an average frontal area of 0.635 times (the 
s"iae 1 plus side 2 area). 
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penetrated the airplane. It was found that exit velocities would have had to be 
substantially reduced to 60 to 130 fps for fragments to assume trajectories which would 
allow them to strike the horizontal stabilizer a grazing blow at a 13'to 16O impact angle. 
Exit velocities required for parts to strike the vertical stabilister near the rudder hinge 
line were deter mined to be in the order of 35 to  70 fps, resulting in an impact angle of 4' 
to 63 A Pratt Jt Whithey engineer testified at  the public hearing that his calculIations 
revealed that if parts were deflected enough to allow them to strike the fuselage, the 
resultant impact would have had e perpendicular component (into the fuselage skin) of 
about 10 mph. A consultant for Midwest Express Airlines calculated that, for eithe~ .the 
I-pound spacer part or for a 0.035-pound compressor blade part to have struck the 
fuselage at 90 fps, it would have been necessary for the parts to have been ejected from 
the engine with an exit angle 65'1eft of vertical (85' left of the initial ejection angle). 

me research also addresses a dilemma related to engine design. Ttmt is, to 
contain fragmenting engine parts, engine casings strong enough to contain the highest 
energy fragments would be required. This, however, would mquire a generally 
unacceptable weight penalty, would create problems of thermal lag in the casings, and 
would smstantiallgr increase the lmds on engine mounts. 

The research indicates that the energy of a failed engine past, that bulges but 
does not rupture an engine casing, IS transferred to the casing. The addition of the energy 
from a second part also would be transferred to the case. If the second part struck the 
same point, additional energy would be absorbed at that part of the case, possibly 
rupturing the casing. The release of multiple blades (for example) may be assumed to be 
released si~~.@y QF in groups and the resultant impacts of those parts wainst the engine 
casing may occur almost simultaneously within a small target area. TTIuq? the 
containment or noncontainrnent of engine parts is dependent upon the number, size? end 
weight of the parts; the relative dimensions of the engine casing; and the rotational 
velocity of the parts. 

JT8D Removable Sleeve Spamm 

Removable sleeve high pressure compressor spacers have been used in hatt & 
Whitney ' J T ~ D  engines for more thlen 20 years. Spacers are installed at six locations 
within the high pressure cornpresup of every ST8D engine. lihe removable sleeve spacer 
consists of a spacer (similar in shape to a barrel h w p  and designed to separate and align 
compressoP disks) and 12 press-fit tubes through which tie-rods pass to align and maintain 
the integrity of the entire compressor. The 9-10 spacer includes two knife edges, 
extendins from pedestals on the outer eircurnferenq of the birrel tor hwp) and which 
provide a rotating air seal between the spaces and the stationary seal land. (See figwe 1.) 

Pratt & Whitney service history has shown that rupture of the removable 
sleeve spacer usually results from cracks which may initiate from stress corrosion, stress 
alloying, and corrosion pitting of the spacer barrel adjacent to removable sleeves, and 
from contact between the knife edge and the stator stationary Seal land. The mast 
common crack source b s  been knife edge cracks that propagated tqrough the pedestal 
and led to failure in the spacer barrel. Pratt dc Whitney reports thaT friction associated 
with  knife edge rubbing produces heat that initiates fstigue cracks in the knife edge. 
Many of the knife edge erack-initiated ruptures have been attributed to inadequate 
inspection or repair during compressor module overhaul. All of the uncontained spacer 
failures to date have reportedly involved the removable sleeve design. 
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Pratt & Whitney records revealed that 45 removable sleeve spacers had failed 
in JT8D engines before the September 6, 1985, Midwest Express ,accident. Twentysix of 
the incidents resulted in the in-flight shutdown of the affected engjne, and 7 incidents 
resulted in penetration of, the cowling by ejected spacer parts. Five of the incidents 
which involved cowl penetration 'also. resulted in spacer parts penetrating the fuselage. 
Only one case where spacer parts penetrated the fusebge involved a DC-9 airplane. Two 
additional failures occurred in a Pratt dr Whitney test cell. None of the, previous 
incidents resulted in loss 6f an. aircraft or caused m y  injury. 

ln early 1980, Pratt dc Whitney conducted cyclic spin testing of a 7-8 stage 
spacer from a JT8D engine to generate data on knife edge crack propagation rates in high 
pressure compressor spacers. The test was conducted at a temperature of 540" F, 
approximately the nor ma1 operating te rnperature of the spacer. The spacer was subjected 
to stress by repeatedly cycling from 1,000 to 12,600 rpm to simulate engine stress 
cycles. 2LJ Four saw cuts with depths of 0.011, 0.071, 0.135, and 0.297 inch were made in 
the knife edge and pedestal so tha t  propagation rates for different crack lengths could be 
generated simultaneously. The spacer was subjected to a total of 5,000 test cycles. Data 
collected f rom the test allowed Prat t & Whitney to study the nature of crack propagation 
from knife edge initiation and to predict cycles from crack to rupture in other spacers. 

The cyclic spin test disclosed that a 0.010 -inch long (10-mil) crack in the knife 
edge would typically propagate through the knife edge to the top!,of the pedestal (which 
supports the knife edger in about 13,000 cycles. The data showed that the crack typically 
would progress through the cylinder wall  in an additional 7,000 cycles, and then would 
progress axially unt I l  rupture of the spacer bacrel in about 1,000 additional cycles. Thus, 
such a crack would progress from a 10-mil length in the knife edge to  rupture of the 
spacer in about 21,000 cycles. According to Pratt dc Whitney, before rupture, the spacer 
barrel may deflect into the stator seal land and frequently results in abrading away the 
knife edge and removing the original crack. The ruptured spacer then separates into 
segments, which may exit the engine. 

The cyclic spin test indicated that a 10-mil crack originating in the cylinder 
wall typically required 2 5,000 cycles to  become a cylinder -through-crack, and then 
another 1,000 cycles to rupture. (Pratt & Whitney cyclic spin test results are shown in 
figure 4.) In each example, a 10-mil crack was assumed as the initiating crack length. 

Pratt 8 Whitney reported that the growth of spacer knife-edge cracks is 
retarded when the 'cracks begin t i  propagate into larger cross sections. The spin test 
showed that about 3,000 cycles are needed to progagate a knife-edge crack from the thin 
knife cage to the thicker pedestal section of e compressor spacer. 

Based upon an analytical model developed from the 1980 cyclic spin pit data, 
Pratt & Whitney concluded that, at approximately 3,006 test cycles before (im rninent) 
rupture of a 7-8 stage spacer, a fatigue crack initiating in a knife edge would have 
extended to a length af at least 0.20 inch. A crack of this size would extend thmugh the 
knife edge and into the pedestal in either the 7-8 or 9-10 stage spacer. Pratt & WhWhitney 
calculated a crack growth pate equation for a 9-10 stage spacer based on the 7-8 stage 
data and the known differences in opeeating temperatures and 'stress. The calcuht ion 
indicated that a knife edge crack would be 0.33 inch in length about 3,0011 (test) cycles 
before rupture of the 9-10 stage spacer. 

. .= 

211 - Cycles were defined as' a flight, including one takeoff and landing. . . 
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Minimum crack length detection limits me dependent on operator technique 
and experience, the condition of the inspection equipment and other variables. During the 
cyclic spin test, crack extensions of 0.040 to 0.045 inch were detected using flourescent 
magnetic particle inspec tion IF M P ~ .  PratE dt Whitney recently gathered unrelated field 
data [from airlines and repair stations) on FMPI of bolt hole cracks in 10th stage disks 
which were composed of the same material as the spacer. These data also indicated that 
cracks 0.045 inch in length within the bolt holes could be detected using FMPI techniques. 

Nine pieces of the right engine 9-10 spacer, pieces of the aft .fuselage and 
empennage skin, broken left engine eighth and ninth stage compressor blades, control 
cables, and the rudder pedals were examined at the Safety Board's Materials Zaboratory. 

Right Engine - 9-10 Hih Pressure Compressor Spacer .-- All of the spacer 
pieces were heavily deformed and contained areas of rust-colored oxidation products as a 
result of exposure to the environment after release from the engine. The .corrosion was 
heaviest on the inside diameter of the barrel of the spacer. 

Many of the spacer piece fracture surfaces were obliterated by secondary 
damage. Those fracture areas not damaged were, with one exception, typical of 
overstress separations. 'Clae one fcac tuce area which did not appear to be an overstress 
separation was found on one end of the largest spacer piece. It was on a flat axial plane 
through the rear knife-edge pedestal and a portion of the adjacent barrel. Near the 
fracture, heavy rotational wear had completely eroded the forward knife edge and 
pedestal, had progressed eornpbtely through the barrel between the pedestals, and had 
eroded a portion of the rear pedestal. Heavy corrosion deposits, which extensive cleaning 
could not totally remove, were found on the flat axial fracture area. However, there was 
a gently arcing boundary between the, flat axial fracture area and a shear 'lip region 
adjacent to the inside diameter of the barrel. The flat plane of cracking in the flat axial 
zone and the gently arcing baundar y were consistent with progressive cracking which 
initiated in the rear knife edge or pedestal and progressed inboard. A metallographic 
section through the flat axial zone revealed no evidence of branching crackq, such as 
those associated with liquid metal e rnbrittle ment . 

Numerous small. circu rnf ecentially aligned cracks were noted in va~ious spacec 
pieces in the barrel, between bleed air holes. A metallographic section through one area 
with a signficant number of these cracks revealed that some cracks were filled with 
nickel. Nickel and cadmium are used to plate the parts during rework to prevent 
corrosion. 

In many areas on the spacer, the snap surface nickel cadmium layers had 
debonded the underlying steel. The debonded areas could easily be extended by pulling on 
the already free portion of the nickel cadmium layers. A very small amount of cadmium 
was detected in the freshly debonded areas. No defects were found on metallographic 
sections through the snap surface areas which were not debonded. 

Aft Fuselage and Tail Damage.--Darnaged areas of skin were examined to 
determine whether the damage was produced by ejected right engine components. One 
damaged area in the vertical stabilizec had been penetrated from the inside, toward €he 
outside of the stabilizer, indicating post-impact damage; thus, no further work was 
warranted on this sanple. Of the remaining samples, each contained a scrape mark and 
some contained skin penetrations, although there was no evidence that p a ~ t s  had passed 
through the skin and entered the sirphne. AU of the scrape marks were consistent with 
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an object striking at a very shallow angle to the surface of the skin and were 
approximately aligned horizontally in the direction of airplane motion or air flaw. Trace 
amounts of cadmium were detected in several scrape areas; however, no evidence of 
nickel was found. 

Tests wece conducted to determine the type of metal transfer which might 
occur when a spacer part contacted the aluminum alloy airframe structure. Skin sections 
were struck against sharp 90' exterior corners of a 8-9 stage spacer section. Analysis of 
the contact areas revealed the presence of a significant amount of cadmium (from the 
nickelJcadmium surface layer on the spacer). Only a very small amount of nickel was 
transferred to the skin surface. The tests did not conclusively determine whether a 
spacer part impacting a skin area at a shallow angle, would leave behind traces of 
cadmium without leaving behind traces of nickel. 

Therefore, the Safety Board could not determine from the metallurgical 
examination whether spacer parts had produced any of the observed airframe damage. 

Left Engine - Eighth and Ninth Stage Compressor Blades.--Examination of 
broken eighth and ninth stage compressor blades revealed that many blades contained high 
stress fatigue cracking features over much of the fracture area. In all cases, there was 
evidence that fatigue cracks initiated near the blade root, from multiple origins on both 
the concave and convex sides of the blade airfoil seetion. No evidence of w preexisting 
defect was found in the initiation areas. 

Control Cables+--m mntrol cables f r o m  the rear of the aircraft were 
examined for evidence of ground impact damage or metal transfer associated with nickel 
cadmium-plated parts. Many of the fracture'surfaces had been damaged but only one 
damage area contained traces of cadmium. However, the amount of cadmium was 
insufficient to allow the Safety Board to conclurle tha t  the cable had been struck by a 
cadmium-plated component because exposure of the cables to ground fire could have 
deposited residue with cadiurn concentrations comparable to that fwnd. 

Rudder Pedals. --Because of a previous history 22/ of rudder pedal support arm 
failures, the Safety b a r d  examined the cudder pedaf  assemblies in its Materials 
hboratory. The examination revealed that all portions of the rudder pedal assemblies 
had been subjected to heavy fire damage. Even after cleaning, the fracture areas an the 
captain's and the first officer9 left rudder pedal support arms were partially obscured by 
heavy corrosion deposits and fire residue. The fractures were rough in texture, similar in 
appearance and had occurred at virtually the same location on the assemblies, Although 
no evidence of fatigue cracking was discernable, the fracture mode of the pedal support 
arms could not be positively determined. 
1.16.5 Aircraft Pecfbrrnancs Ca1cuktions 

At the request of the Safety Board, Douglas Aircraft Company calcubted the 
takeoff and climb performance of NIOOME. The calculations wece based on t w o  engine 

2 - 2 $ g l a s  DC-9 Service Bulletin 27-209, issued May 29, 1981, and 
Airworthiness Directive (AD) 82-04-02, effective March 21, 1982, were issued to require 
eriodic inspections of the magnesium alloy ruddder pedal support arms to detect possible 

fatigue cracking that had resulted in past failures of rudder pedd support arms during 
ground operations. Maintenance records for NlOO ME revealed that the inspection 
specified by the AD had been accomplished in August 1985 and that no cracks were 
detected. 
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climb performance to 1,130 feet m.s.l., followed by t h e  loss of one engine and continued 
climb with varying degrees of thrust 10s on the remaining engine. ~RF' thrust loss from 
the second engine was indicated in the CVR sound spectrum examination.) The 
calculations revealed that if takeoff thrust had been 11,000 pounds (per engine), s. loss of 
about 4,QQQ pounds thrust from the remaining [left) engine eventually would result in the 
pilot being unable to maintain level flight, although control of the aircraft could still be 
maintained. 'Ihese calculations did not assume any sideslip as a result of the initiating 
engine failure. 

The calculated initial pcrfor mance of NlOO ME was consistent with a nor ma1 
two-engine operation of a DC-9-14 airplane. The actual liftoff was determined to have 
occurred about 1.6 seconds beyond the optimum perfor rnance liftoff point. The calculated 
gear-up, stabilized t wo-engine climb rate was consistent with a 128 pitch attitude. Climb 
rate 4 seconds after the right engine failed was compatible with s. nor ma1 trsnsition to a 
single engine operation. 

Several representative ground tracks were developed from a DC-9 
aerodynamic model using equations of force, moment, and motion similar to those used in 
sirnulator models. The tracks' were not representative of the result of a13 possible control 
inputs but were useful in arriving at a rough flight profile of the accident airplane. 
Comparison of the tracks with the radar and PDR profile of the flight provided an 
indication that right rudder may have been required to produce the rate of heading change 
which was documented by the FDR. 

"Ihe Safety Board used FDR airspeed data to calculate the distance traveled. 
The FDR-indicated airspeed was corrected for sideslip by subtracting the airspeed error, 
which was determined to be zero at FDR time 0054  (1/2 second after the engine failure) 
and 14 knots surttng at QQ:59. Corrected airspeed was then converted to true airspeed t o  
which a wind component of 13 knots (at the runway) to 16 knots (at altitude) was applied 
to deter mine groundspeed. Groundspeed was integrated to yield distance traveled. (See 
appendix P.) ?he 14-knot ercar was applicable until L:Q9 FDK time, which was the end of 
the CVR tape and the time of Impact. 

Flight Binonstration 
' 

Safety W r d  investigators interviewed D G 9  pilots regarding the single engine 
flight characteristics of the DC-9-14 airplane. McDonneIl-Douglas pilots stated that the 
airplane had no unusual handling characteristics and 'that it did not require ''exceptional 
pilot skill" during single engine even with the yaw damper disengaged. They 
testified that the airplane was easily controllable (with control wheel input) after a 
sudden loss of thrust from one engine, even without the use of rudder to compensate for 
yawimg of the aircraft. Other pilots, however, advised the Safety h a r d  that the DC-9 
was a '%udder airplanev and that prompt and correct rudder deflection was necessary for 
recovery from the loss of thrust, following an engine failure, particularly just after 
takeoff. Some pilots also advised the Safety b a r d  that the D G 9  had unstable 
(undamped) yawing rnotion with the yaw damper off, contrary to the Mclhnnell-Douglas 
testimony. 

The- Safety Board learned that the available wind tunnel and flight test data 
were not sufficient to define the lateral dynamic response of the airplane following the 
sudden loss of thrust from one engine ~t takeoff speeds. To resolve the questions, the 
Safety Board conducted 8 flight demonstration using an FAA DC-9-14 airplane on June 
11, 1986, me airplane was operated by F A A  and McDonneU-Douglas test pilots who were 



qualified in the DC-9. Three separate procedures were used to duplicate a loss of thrust 
from the right engine: 

(1) Slowly reducing thrust by retarding throttle and compensating for 
yaw with appropriate rudder deflection. ( ~ t  steady flight, the 
rudder was quickly retWked to neutral.); 

(2) A rapid throttle chop beginwing at takeoff power (with no rudder 
input to correct for yaw); and 

(3) Reduction of thrust by shutting off the fuel  flow at takeoff power 
(with no rudder correction). 

In each test, takeoff power was maintained on the left engine. The maneuvers 
were performed with the landing gear up, with 20" flaps, and at speeds consistent with t h e  
Midwest Express flight profile. The plan was to demonstrate a sequence of flight 
conditions which were considered progressively more severe. The initial dernonstrattians 
were per formed at about 10,000 feet rn.s.1. to allow an appropriate safety margin* Later 
demonstrations were conducted at about 5,000 feet to allow a greater thrust differential, 
more closely duplicating portions of the accident flight after it had been demonstrated (at 
10,000 feet) that the airplane handling was docile. The pilots used preplanned flight test 
cards which outlined procedures which were practiced in the same Republic Airlines 
DC-9-10 visual flight simulator that was used to train the Midwest Express pilots. The 
flight was documented with the CVR, FDR, and a high quality audio recorder (for engine 
sounds) and a videotape (cockpit instruments). Rudder and control wheel deflection also 
were measured. Because of the docile nature of ,the airplane during the initial tests, only 
7 of the 11 planned demonstratiow were necessary to obtain meaningful data. 

In the first set of demonstrations, during yawing motion (which resulted from 
engine-out operation), indicated altitude rose about 50 feet and the indicated airspeed 
rose about 3 knots. A corresponding 8' to left rudder deflection was required to offset 
the asymmetrical thrust condition which caused the sideslip. A 25" to 30' left wheel 
deflection (aileron input) was required to maintain a near-wings-level attitude with the 
rudder neutral, although slightly greater deflections were used as the roll rate was 
initially arrested. (FUU control wheel deflection is in excess of 90'. Full rudder 
deflection is about 31' at speeds below 116 knots.) 

The throttle lfchopl1 demonstrations resulted in a final yaw angle of 7' to 9' 
attained in about 4 seconds with the yaw damper off, With !he yaw damper on, the yaw 
angle was reduced slightly. The engine pressure ratio had decreased to its lowest level in 
about 1 to 1 1/2 seconds. About 30' of control wheel deflection was required to maintain 
neutral roll attitude (with rudder neutral) after the throttle chop. There were no 
significant differences between the throttle chop demonstrations and fuel cut 
demonstrations. 

In one series of demonstrations, t he  airplane's response to  the  absence of both 
aileron and rudder control input (following a simulated engine failure) was documented. 
With the rudder damper on or off, a 30" roU angle was reached in 7 to 8 seconds. When 
t he  pilot pushed forward slightly on the control yoke, the  pitch angle dropped from 15' 
nose up t o  10" nose down. With no control yoke movement by the pilot, the pitch attitude 
changed from 10°up to about SOdownward. Recovery required 90 of control wheel input 
far 1 second in the first case and for 3 seconds in the latter. 



The results of the flight demonstration showed that at 170 knots and with the 
loss of thrust from the right engine: 

(1) The airplane was easily eootroL2aSle without the use of rudder 
deflection ; 

(2) The yaw damper had little effect on-the airplane motion and was 
not essential for recovery; 

(3) At greater thrust kvels, the. airplane 'incurred a heading change of 
B0 to 10' in 3 to 4 secmds; and 

(4) Static pressure error due to sideslip was demonstrated and was 
consistent with the static pressure error data provided by the 
Doug 1s Aircraft Company. 

The flizht demonstration pilots reported that the airplane performance in all 
of the demonstrations was docile and easily controllable after a sudden loss of right 
engine thrust at 170 knots, even without rudder input or yaw darnper action. The airplane 
performance, which was documented by the flight demonstration, was consistent in all 
respects with the applicable certification standards. 

* 1.17 Additional Infmmation 

The examination of the events that led to the accident began with a review of 
witness observations in conjxlnction with the ATC radar and CVR and FDR data. 
Witnesses were consistent in their descriptions of the performance of the aircraft during 
the takeoff roll, rotation, liftoff, and initial climb. The observation by one DC-9 qualified 
pilot that the rotation to a takeoff attitude seemed abnormally abrupt was inconsistent 
with aU other witness observations and was not corroborated by the FDR data. The 
aircraft pecformmca data, s-ent to  the liftoff, was consistent with normal 
two4engine operation and discIased evidence that .tall fight controls were functioning 
through the period of takeoff roU, rotation, and initial climb before the right engine 
failure. Thus, tbe Safety Board concludes that there were no operational irregularities of 
any consequence in those phases of the flight. 

Witnesses were consistent in reporting that their attention was attracted to 
the airplane because of one or more laud noises, 'described as 'bangs,' and similar to 
'Ishotgun which occurred about the same time they saw flames and/or smoke 
from the right engine. 'he audible "bang," associated with an engSne failure was 
confirmed by the CVR. Witnesses did not describe flame emitting from anJr F r t  of the 
aircraft other than the right engine, barnination of the airplane confirmed that there 
was na in-flight fire 0 t h ~  than that contained within the right engine. The witnesses 
estimated that these events occurred about 300 feet agJ* It was determined that the 
right engine, actually failed about 450 feet a.g.1. 

'ICAO Note.- M i  1 .I7 was not reproduced. 
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Sixteen witnesses reported that the aircraft seemed to decelerate following 
the right engine failure, consistent with FDR data. The deceleratiop of the airplane was 
mused primarily by the loss of thrust from the right engine. The deceleration also was 
influenced by sideslip-induced drag and a reduction of left engine thrust* Reduced 
airspeed and increased G load made the airplane susceptible to accelerated stall. The 
presence of sideslip made the airplane susceptible to rolling motions. 

Correlation of the FDR, CVR, and air traffic control data allowed the Safety 
Board to make several determinations regarding the flight. The airplane was climbing 
about 168 knots with a 50-foot per second rate of climb when the right engine suddenly 
failed. For 3 to 4 seconds, control was maintained with little change in heading, 
indicating that there was an initial correct (left) rudder pedal application. Accelerometer 
data showed a reduction of normal G loads, indicating that the airplane's pitch attitude 
was lowered, apparently to reduce the rate of climb and to prevent a deterioration in 
speed. The left rudder pedal application and reduction of the airplanek pitch attitude 
were consistent with the normal flight control responses following loss of thrust from the 
right engine of a DC-9 airplane. About 4 seconds after the right engine failed, the 
airplane began to  yaw rapidly to the right, as indicated on the FDR data by the 20' 
heading change from the third to the seventh second (after the right engine failure), while 
the radar data indicated that the airplane was continuing in a relatively straight track. 
The yaw rate was greater than that which would have occurred due to a sudden lass of 
right engine thrust, or a sudden release of the rudder pedal force used to compensate for 
the asymmetrical thrust. 

The Safety Board determined that the sideslip angle reached about 15' and 
that the total yaw reached 2Q0 during this interval, The airplane heading deviated even 
farther to the right and at 8 more rapid rate from the eighth to the ninth second, 
indicating that a large roll angle was developing. As the airplane started to descend, the 
nor rnal acceleration forces increased rapidly. About 1 second later, 9.6 seconds after the 
right engine failure, the stall warning stickshaker activated when the normal acceleration 
indication was 1.5 G. Nor ma1 acceleration increased to about 1.8 G while the descending 
right turn continued, indicating that the airplane entered an accelerated stall at about 148 
knots. The airplane crashed about 5 seconds later. (See figure 5.) 

The large heading changes which occurred later than the ninth second after 
the engine failed could not have occurred without the development of-a large roll angle, in 
addition to right rudder deflection. A h , ,  the ground track was not consistent with 
heading change due to  roll angles, and the low normal accelerations (less than I GI, which 
were recorded in this interval, would diminish the effects of roll angle on the heading 
change rate. Therefore, the Safety b a r d  concluded that the sudden heading change 
which occurred before the eighth second after the right engine failure was caused by a 
yawing moment, rather than a rolling moment. 

The safety 'Board believes that the configuration of flight 105 did not change 
after gear retraction- The flaps probably remained at  20° deployment until impact when 
they were driven farther downward to about 28: Irr other DC-9 accidents, the Safety 
bard  has found similar flap movement during the impact, sequence. There was no 
evidence that the nightcrew initiated efforts t o  land the airplane. 

'Ihe investigation revealed that the flightcrew was medically and operationally 
qualified for the flight. They had received sufficient rest, and no evidence of adverse 
stress-related factors was found. Weather! and air traffic control were not considered to 
be factors in  the accident. 



320 ICAO Circular m-A?V t 39 

N100 ME was certified, maintained, and equipped in accordance with appIicable 
FAA regolations and approved procedures. The original airplane certification process had 
sequired demonstration of relevant' handling qualities of the airplane, including conditions 
normally encountered in the event of sudden loss of thrust of eithw engine. The resulh of 
this investigation did not reveal any handling characteristics of the DC-9-14 which were 
inconsistent with the original standards for certification of the eirplane. For e m  mple, 
the pilots who participated in the Safety h r d ' s  DC-9-14 flight demonstration described 
the airplane's handling characteristics as docile, even after the sudden and complete loss 
of thrust from the right engine in a simulated takeofflclimb phase of flight. 
Consequently, the Safety Board concludes tha t  the loss of control of the airplane was not 
directly attributable to the loss of thrust from the r i o t  engine. 

The ana1ysis of thb accident thus examined those factors which, in conjunction 
witf. the failure of the airplane's right engine, might have caused the pilots to lose 
control. Those factors included: 

o The possibility that fragments of the right engine separated with 
sufficient energy and trajectory to cause critical damage to  the 
airplane% mght control. system; 

o The possibility of control system malfunction($) which, in 
combination with a single or dual powey Loss, could have rendered 
the airplane uncontrollable; 

o The possibility of a mechanical failure of the left engine, either 
related or un~elated to the failure of the right engine, which left 
the sirplane with insufficient thrust to maintain flight; and 

o The possibility of inappropriate flightcrew response to the 
emergmy presented by the failure of the rigbt engine. 

To resolve the factors which precipitated the loss of control, it was first 
necesssry to examine the circumstances of the failure of the rigbt engine. 

The physical damage to  the engine and the condition of the inlet fan blades 
and low pressure compressor blades indicated that .the right engine had little or no 
rotation at impact with the ground, The sound spectrum examination of the CVR- 
recorded engine sounds a h  indicated that this engine lost rpm very rapidly after the 
engine failure, 

The hole in the high pressure compressor in the plane of rotation of the 9-10 
stage removable sleeve spacer and the damage to the compressor and spacer revealed 
conclusivsly that the spRcer had ruptured in flight and that the spaceP paTts wme not 
contained by the engine C L P S ~ R ~ .  The ejected spacer parts had ruptuwd the r e a p  skirt 
intermediate case at the 11 to  1 o'clock position, leaving a 4+y 7-inch opening in the top 
of the case. The loss of the spacer and consequential damage within the right engine 
caused a rapid deceleration and a complete loss of thrust from t b t  engine. 

The Safety Ward based i t s  analysis of the trajectory of ejected engine parts 
from the right engine on the following: (1) Pratt & Whitneyfs experience in othec 
incidents which involved rotor and spacer uncontained failures? ( 2) the researeh described 
in the D.McCarthy report, (3) the physical evidence obtained in examination of the right 





engine and locations of debris at the accident site, (4) the analysis and data contahed 
within the submissions of the parties to the Safety Boacd's investigation of this accident, 
and ( 5 )  the Safety Board's engineering analysis of the trajectory of engine pacts. 

Calculations showed that, from the point at which spacer parts were actually 
ejected from the right engine, the distribution of the parts found near runway 19R was as 
predicted for undeflected parts exiting the right engine. (See figtlre 6.) The ejection 
paths of a few spacer pieces and compcessor blades pieces could not be resolved because 
those psrts were not found. However, based on the paths of t;he recovered debris, the 
Safety Board concludes that part of the spacer was probably ground into tiny, harmless 
pieces during the rupture md t k t  part of the unaccounted for spacer pieces and blades 
might have been missed, despite a thorough search for engine debris in the g r a s  adjacent 
to the cunway. 

Calculations showed that the deflection of engine parts by the engine caslng 
or cawling would have resulted in the absorption of energy of the deflected parts, 
thereby reducing the velocity substantially and limiting the potential to produce any 
damage of consequence to the fuselage or to the control systems. For example, engine 
containment tests have shown that ejected engine debris which is denected more than 
33' loses virtually all of its energv. 

Figure 7 shows that undeflected parts are initially ejected in a direction 
approximated hy the broomstick method; in this case, 20' ~utboard of vertical (away from 
the airplane fusela$& with high energy and speed* To have sfruck the Midwest Express 
fusela e9 the parts would have had to have been deflected in excess of 65" and thus B v i r t u  ly all energy would have been lost. 

Study of the DC-9-14 control system revealed t b t  all of its components which 
pass through the aft fuselage p a s  the engines below the cabin Floor level. All were 
protected by multiple layers of aircraft structure. %refore, for ejected engine parts to 
have struck and damaged any of these control system components9 t h e  ejected parts fipst 
would have to have been deflected more than 12Q0 from their initial tangential ejection 
path and then would have to have penetrated and continued through engine cowling, 
engine pylon, fuselage, possibly fuselage supporting structure, the cabin floor, and possibly 
several intercostal floor beams. Having reached the control syste rn component(s), 
sufficient energy would have to  have remained to disable the system components. The 
Safety b a r d  believes that the possibility of ejected engine parts reaching internal control 
sysda rn components was extre rnely re mote, if not impossible. 

me possibility of parts penetrating the fuselage at a point farther aft and 
damaging control  components in the vertical fin would have been even more remote. 
Relatively low velocities would have been required- f o ~  parts to have progressed in that 
direction and to have struck the airplane, while high energy would have been required to 
penetrate the fuselage structure. Moreover, examination of the control system revealed 
redundancies which would have allowed the flightccew to maintain full control of the 
airpIane even if some control systems had been disabled, Also, it was found that the 
rudder hydraulic sc tua tar, which controls rudder movement by hydraulic pressure or by 
transferring control input to the aerodynamic tab, showed no evidence of preimpact 
da rnage. Additionally, the rudder power shutoff valve was found with a bent control rod 
and discoloration, cansi~ted kith rudder hydraulic power on at ground impact. 

The Safety Board also examined the possibility that the right engive cowl was 
blown open in flight or became distorted to such an extent that excessive drag was 
produced, af Eec ting controllability of the aircraft * Although the righ h engine upper 
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cowling was extensively damaged by impact forces, all four outboard latches remained 
btched. There was no evidence to indicate that the right cowl had, opened in flight. All 
recovered right cowl pieces which could be positively identified were found within the 
impact area. Although a small (2- by 2-inch) piece of metal whtch resembled cowl 
material was found near runway I9R, it was determined that each square foot of 
deformed cowling would produce drag equivalent to a reduction of engine thrust by 100 
pounds-a minor factor. Based upon the small hole (4- by 7-inch) found in the right engine 
case, the absence of other case deformation (other than impact damages), and h k  
characteristics of typical uncontained engine pieces ejected at high velocity, the Safety 
Board concludes that the cowling deformation probably was small and therefore caused 
very little additional drag following the right engine failure. 

The Safety Board considered the possibility of a flight control system failure 
or malfunction, unrelated to the right engine failure, that might have occurred 
simultaneously or nearly sirnultaneQusly with the right engine failure, and that 
subsequently led to the loss of control. The Safety h c d  does not believe that such a 
failure or malfunction occurred for several reasons, including those reasons cited , 

previously regarding w i b 2 e  damage caused by the sight engine failure. Zn addition, an 
analysis of the control movements, which would have been required (commanded or 
otherwise) for the airplane to  have maneuvered as indicated by the FDR, revealed that: 

(1) Rudder deflection to the left was required for the airplane to 
maintain heading for 4 seconds immediately after the right engine 
failure; 

(2) Rudder deflection to the right was required to cause the heading 
change which occurred from the 4th to the 10th second after the 
right engine failure; 

(3) Elevator cuntrol was required to cause the pitch-over and pull-up 
maneuvers which were documented by the PDR acceleration traces 
after the right engine failure; and 

(4) Aileronltpofier deflection was r e q u i ~ d  for the airplane td maintain 
the roll attitude in the presence of large sideslip angles which were 
docu rnented. 

The Safety B a r d  also considered the possibility that the captaints left rudder 
pedal suppor4 arm fractured after he deflected the left rudder pedal. Even though the 
fracture mode of the pilot's pedals could not be determined conclusively from 
metallurgical examination, there was m evidence that a pedal failed during a critical 
phase of flight. Review of GVR sounds revealed no noise: or flightcrew response that 
could be associated with such an event. The similarity of the fractures on both the 
captain" sand copilot's pedals suggests that they were subjected to sirnila~ forces at 
failure, most probably overstress at impact, Furthermore, failures of rudder pedals in 
past incidents occurred during braking actions while on the ground, rather than during in- 
flight operation because rudder control force applied in flight produce less stress on the 
pedals. Finally, failure of the left rudder pedal would result in return of the rudder to a 
near-neutral position, and would not account for the deflection of the rudder to the right. 
Therefore, the Safety Baard concludes that the rudder pedal support arm fractures were 
caused by overstress forces at impact and were not related to the cause of the accident. 
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Ln conclusion, tbe Safety Board determined, after examination of the 
wreckage, trajectory study calculations, and research into the DC-9-14 control system, 
that engine parts probably did not strike the aircraft after being ejected from the right 
engine. T%e Board believes that if any of the small engine parts actually struck the 
aircraft, no damage! of any consequence would have occurred as a result of that contact. 
The BoaFd found that there was no basis upon which to conclude that flight control 
systems malfunctioned or were damaged in flight, secondary t o  the right engine failure, 
and that all of the onboard flight control systems on N10QME were available to the 
flightcrew following the abrupt loss of right engine power. 

fur the^, elwtrical power was available. to the crew of 105 until 'Impact 
based upon the continuous operation of the PDR and the CVR and the elongation of the 
right wingtip navigation light bulb filament, which indicated that the filament was hot 
and, therefore, on when subjected to impact forces. 

Left Ihgim? Power Loas 

The Safety Board does not believe t h t  the left engine power loss was 
significant with respect to the eventual loss of control of the ai~plane. Any reduction in 
left engine thrust that oocurred before stickshaker would have reduced the yawing of the 
airplane which occurred after the right engine failupe. While possibly necessitating a 
forced landing, a left engine power loss should not h v e  precipitated, or even contributed 
to, a loss of control of tbe airplane. However, the reduction in iett engine power could 
have confused the crew. A detailed discussion of the Safety Board% analysis of the left 
engine mechanical condition and operation is contained in appendix 1. 

2 5  Evaluation of P l i s f i t c ~ w  

'The flight: demonstration of a DC-9-14 airplane showed that with a sudden loss 
of right engine thrust at 170 knots, lateral and directional control could be maintained 
even if the pilot took no immediate action to  deflect the rudder. Under these conditions, 
the airplane experienced about an 8' heading change and developed about 5O of sideslip 
within 4 seconds. About 30' of control wheel deflection, or aQ left deflection of the 
rudder, was required to maintain a wings-level attitude of the airplane. '!he flight 
demonstration was conducted with about 9,500 pounds of continuous thrust on the left 

. . engine "(in-flight takeoff power). 

The sound spectrum examimtion disclosed that, on the accident airplane, the 
left engine thrust dropped from 10,750 pound (initially) to about 9,500 pounds after 2 to  3 
seconds and t o  5,500 pounds at the time of the loss of control. Because of the reduced 
asymmetr ic  thrust, the pawing moment would have been reduced considerably, on the 
accident airplane, similar. to the de rnonstratian airprane. Since there was no difficulty in 
compensating for the thrust asymmetry on the demonstration flight, the Safety Board 
concIudes that the yawing moment should have been controllable in the accident airpbne. 

Since the airplane maintained its heading for the first 3 to  4 seconds after the 
right engine failed, it was concluded that the rudder was deflected properly t o  the left 
during that interval. However, based upon calculations of the airplane% yawing response 
and resultant ground track for various rudder deflections and roll angles, the %fety h a r d  
determined that the large heading change and sideslip angle that developed aftef the first 
4 seconds could not have been accomplished without a deflection of the rudder to the 
right, followed by a roll to the right 4 to  5 seconds later. 
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Based upon the known performance of a DC-9-14, the closest dupZication of 
the heading change which occurred on the accident flight (indicated by the FDR) would 
require the rudder to be de fleeted 6' to the left  for about 3 seconds, followed by a rapid 
return of the rudder t o  neutral, then deflection of the rudder 12' to' the right about 5 
seconds after the right engine failure. Returning the rudder to neutral and holding neutral 
rudder, after initially &applying rudder to correct for differential engine thrust, would not 
have created the heading change rates which were indicated by the FDR data. Likewise, 
a system malfunction which would cause the rudder to trail in a nearneutral position 
would be inconsistent with the FDR-indicated heading change data. 

'She demonstration flight in a DC-9-14 airplane showed that the airplane had 
no control characteristics which were inconsistent with the applicable certification 
standards; the airplane was found to be fully controllable in an engine-ut flight 
environment, even without using rudder Ithe primary control for correcting yaw and 
maintaining heading) to correct for yaw. Having found no evidence or airplane 
per for rnance basis for concluding that -there was a control system failure or malfunction, 
the Safety bard concludes that the rudder deflection, which occurred beginning 4 to 5 
seconds after the right engine failure, was the result of the flightcrew" improper 
response. Based on the analysis of the airplane performance, the yaw generated by the 
incorrect rudder deflection, combined with G loading, caused the airplane to enter an 
accelerated stall at an altitude too low for recovery. 

In the seconds which preceded the accelerated stall and loss of. control, the 
airplane was in a very dyna mic situation. The increasing rate of roll, the sideslip, and the 
increase in acceleration load all affected adversely the stall speed. Because of the 
rapidly changing attitude of the airplane, the pilots would not have been expected to know 
the speed at which the airplane would stall in accelerated fli ht. Compared to the t increase in stall speed, the a-knot error in indicated aicspeed (due o static source error in 
a sideslip) would not have been significant. Further, the stickshaker stall warning system 
would not and did not provide the customary 4 to  5 seconds warning which is typical, of 
that system because of the rapid entry into the stall. The Safety Board concludes that the 
stall occurred because the flightcrew did not diagnose the nature of the emergency 
correctly, applied incorrect rudder control about 4 to 5 seconds after the right engine 
failure, and applied nose-up elevator control which increased the G loads* me nose-up 
elevator control input would have been a nor ma1 response to correct for the pitch-over 
maneuver and the reduction in pitch attitude which was precipitated by the rudder pedal 
induced roll and was consistent with the rapid deceleration of the airplane. The rapid 
deceleration would have resulted in a vestibular perception of downward pitching of the 
nose of the airplane. 

Tne Safety Board believes that more effective scanning of the flight and 
engine instruments by the pilots of flight 105 would have enabled them to maintain 
control of the airplane and to properly evaluate the powerplant anomalies. The failure of 
the first officer to respond to the captain's questions and the failure of ttme captain to 
maintain control of the airplane suggests that there was a breakdown in instrument scan 
by both pilots in the critical seconds which followed the right en@ne failure. 

. - 
In view of the finding that the loss of control of the airplane probably was 

caused by the flightcrew's improper response to the engine out emergency, the Safety 
Board examined several factors which could have contributed to the flightcrew s improper 
actions. 
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25.1 Flightcrew Thin@ and JIG9 Qualification 

Airlines larger than Midwest Express, with many more years of operating 
expwience and larger pilot populations, upgrade pilots to  captain based on demonstrated 
ability to accept the responsibilities of the position, sufficient seniority to successfully 
bid on the position, and completion of the required training. Midwest Express uses the 
same criteria; however, with a smaller pilot population, advancement to captain can occur 
much sooner, as indicated by the advancement of the flight 105 pilots. Pilots at the more 
established airlines must have a great deal more seniority and thus have more pilot 
experience in turbojet airplanes before captain upgrade because of the relatively slow 
growth of those airlines. Because of the DC-9s relatively small size in their fleets, it is 
typically the first turbojet airplane in which many airline pilots upgrade to mptain. Based 
on 8 sampling of recent upgrades to captain at two airlines, which the Safety b a r d  
believes are representative of carriers providing most of the scheduled passenger service 
in the United States, the Board determined that, by comparison, both pilots of flight 105 
were relatively inexperienced in turbo jet operations. For example, the experience level 
of recent DC-9 captain upgrades at the two airlines was: in excess of 10 years' seniority 
with the company, in excess of 10,000 hours total pilot experience Including more than 

. 7,500 turbojet hours as first officer, and generally served as a flight engineer for more 
t h n  3 gears before upgrading to first officer. The Safety Board does not believe that 
much experience is essential for initial upgrade to captain of a DC-9; however, extra 
experience does provides a greater m q i n  of safety to the traveling publie. 

By contrast, the captain of flight 105 had been employed by Midwest Express 
for 12 months and had 600 hours of turbojet experience as a DC-9 first officer (no flight 
engineer experience) at the t ime of his captain upgrade.. He had no turbojet or sweptwing 
air lane experience before being hired by Midwest Express. The first officer of fli&t 105 
ha{ previous turbojet experience in the U.S. Air Fwce before his Midwest Express 
employment. He was upgraded to DC-9 captain with only 500 hours experience in the 
a i r p h .  

BoZh flightcrew members received training that was in accordance with F A A  
regulations. me first officer, who had rece jved DC-9 instruction f r o m  USAir as wel l  as 
Republic Airlines, was described by instructors of both carriers, independently of each 
other, as an exeellent pilot. Republic Airlinest officials were pleased with the attitude of 
Midwest Express in that it willingly encouraged Republic' to provide all the training 
Republic believed necessary, withi?, reason, to train its pilots to proficiency. 
, ,  

The Safety Board concludes that the training-that the  crew received met all 
applicable standards. Training to proficiency, a practice used by Midwest Express, is a 
sound educational practice used in many professions. . However, the Board is concerned 
about Midwest &press utilizing a "silent cockpitn philosophy which was not outlined in its 
appcoved training and operations manuals and which is contrary to  other procedures which 
are published in approved manus+. The W e t y  Board believes this conflict may have 

.resulted In less crew corn municatjon and coordination than other w ke ..might have been 
demonstated. 

The Safety -Board is+ aware thst pilots ' with substantial experience' in 
multiengine airphnes usually have' received considerable training in engine-out 
emergencies and have had opportunities to practice appropriate emergency responses 
during initial and recurrent training. Several pilots confirmed these facts in their 
testimony at the public hearing on this accident and stated that a pilot's reaction, in 
applyig proper rudder pedal forces in response to an engine-out emergency, can become 
reflexive becaus of that training and previous pilot experience. 
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Alw, the Safety Board 3s aware that pilots have occasionally misidentified a 
failed engine in p~evious accident$. and incidents and have erroneously shut down still 
operative engines. Zn the course of this investigation, the Safety Board learned of several 
simulated engine failure incidents in which pilots responded initially with deflection of the 
Incorrect rudder pedal in the DC-9 ,airplane. A Douglas test pilot, who had flight 
instructor experience in the DC-9, testified to a pecsonal experience where a pilot who 
was receiving DC-9 instruction commanded rudder deflection in the wrong direction in 
response to a simulated engine failure. An FAA DC-9 instructor, with extensive training 
experience, testified that about 1 of every SO of his students, each of whom held an 
air line transport pilot certificate, had attempted to deflect the wmng rudder pedal during 
simulated engine failures on takeoff. 'Phe Safety Board attempted to identify other DC-9 
engine failure incidents which occurred after takeoff, while at low altitude, and found 
that such incidents have been infrequent in this critical flight regime. 

The Safety Boacd also found that the majority of engine+ut training provided 
to Midwest mress pilots in the takeoff regime occurred near V1 when the simulated 
airplane's pitch attitude was low, which provided outside visual references, including a 
run1 ay centerhe: which were not available to the pilots of flight 105. There was very 
little expcllsure in training to the potential errors which might occur in response to an 
engine failure after gear retraction in the climb phase when the airplane's pitch attitude 
is near 12" nose up- In this accident, with only a clear blue sky visible through the 
windshield, the fightcrew would not have had the outside visual references that were 
available during most of their emergency training. Consequently, a clear, blue sky would 
not have provided lateral motion cues related to sudden yaw or the roll reference that 
were available during V1 engine out training in the simulator. 

Recognition and response to engine failures are stressed in pilot training and 
certificatim programs. Airline pilots are required to demonstrate their proficiency in 
these skills during initial and recurrent flight checks. The Safety bard closely examined 
aspects of the training in recognition and response to engine failure to determine if some 
aspect of the training could account for the crew's failure to respond appropriately to  the 
emergency. 

k 5.2 -Wne Pailurn m i t i o n  and m~l~e 

Several facts ekerge when considering the influence of pilot training in 
response to engine failure* First, engine failures have become highly i rnprobable events 
since the advent o f  modern, reliable turbojet engines in air transport operations. When 
reciprocating engines were widely used, it was not unusual for experienced pilots to 
encounter an engine failure in flight. Today, the opposite is true. Second, the criticality 
of response to engine failure is directly related to the particular phase of flight in which 
it occurs. When the airplane is closest to the ground, it is obvlous that propeF response to  
the failure must be immediate because time avaibble to make decisions and to execute  
procedures is limited. At the same time, an airplane's airspeed is 'low (and closer to stall) 
when it is close to  the ground. Thus, in takeoff w landing phases of flight, response to an 
engine failure must be immediate and appropriate. In other phases of flight, where 
delayed recognition or an improper response to an engine failure could result only in the 
loss of altitude andlor airspeed, a mnrgin for error is avaihble that is not avaibble on 
takeoff or landing. Third, a failure in a turbojet engine does not always result in an 
abrupt (occurring in less than 0.5 second) loss of power, 

Abrupt failures, such as that experienced by flight 105, ace rare occurrences 
within a category of events that is itself unusual. While pilots are trained to recognize 



and respond to engine failures, the training is not generally in response to an abrupt loss 
of power* When pilots practice recognition and response to englne failure in an airplane, 
particularly at low altitude, to do other than retard the thsot tJe to fight idle to simulate 
an engine failure (where residual thrust is still generated) can seriously compromise flight 
safety. Thus, it is necessary to conduct such training in flight simulators which do not 
respond exactly as the airplane, following an ab~upt loss of power. However, ~ i l o t  
response to the engine fatlure should be the same regardless of the cause of the fmlure 
even though the cue which the pilot perceives may vary depending on the characteristics 
of the failure. 

Consequently, although a p i l ~ t ' s  response ta engine failure in a twin engine 
airplane should be invaciant, that is, the pilot must fly the airplane safely maintaining 
directional control through the use of rudder prima~ily ~ n d  aile~on to  a lesser extent, the 
recognition and resultant speed of the response may be affected by the interaction of the 
type of failure expe~ienced and the phase of night in which it is encountered. 

The M i d ~ e s t  Express chief pilot testified that the philosophy of engine failure 
pracedures md crew response to those procedures is based upon the criticality of the 
situation. He stated that Midwest Express pilots ape allowed more latitude, in terms of 

- thek reaction, in responding to ertgine failures tkat occur in less critical. phases of flight. 
He categwized an engine failure on takeoff before gear retraction, for example, as being 
more critical than an engine failure bter in the takeoff climb. Thb viewpoint is 
consistent with the pilot certification requirements stated in the Federal Aviation 
Regulations, and it is consistent with the general practice of tb airline industry. 
fiwever, underlying this apprwch may be an implication that failures that occur beyond 
V1, where immediacy of response may not be as critical, might actually encourage ci 
beByed mew response to the failure. Thus, the Board studied the possibility that a 
pecceiv~d hck of criticality in the s eed of the response to an engine failure after gear 

the engine failure. 
B retraction may have led the crew to elay coordination of corrective action in response to 

Humm f&ctors research involving operators of automobile simulators 28/ has . 

shown that reaction time was related to the nature of the stimulus: the more simp% and 
intr;nse the stimulus, the faster the reaction time. Regardless of the factors involved, 
resctim time w a s  generally measured in Srac tions of a second. Reec tion time to complex 
stimuli generally required l e s  than 1 second. 

'he captain's initial resiltion 'to the right engine failure sound was about 
I second, as indicated by his first question to the first officer. 'Ihe response t ime to apply 
correct rudder was about 1 to 2 seconds, based upm the PDR dam, 

The Safety Board believes that. the captain9 prompt rudder application was a 
spontaneous reaction to his kinesthetic cues and was merely an attempt to  restore a 
balanced flight condition, As such, it probably was .initiated before he had time to 
mslyze the nature of the emergency. . However, foUowfng this initial, compensatory 
reaction, the captain, possibly as a result of other kinesthetic and/or visual cues, initiated 
actions that subsequently resulted in loss of control of the airplane. &cause a£ these 
improper actions following an in-flight engine failure, and the apparent incorrect 

22( Wierwille, Vf. W,, Casali, .J.G., m d  Repa, %.S, Driver steering reaction time to 
abrupt-omst crosswinds, as measured jrl a moving base driving simulator. Human Factors, 
1983. 
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interpretation of available cues that prompted them, the Safety &ard examined the Right 
simulator which was used to train the flightcrew of flight 105 to evaluate what effect, if 
any, that it may have had on pilot ability to recognize the engine failuye. 

25.3 Fiight Simulator Mining Effec tivenesa 

Much of the Midwest Express required flight training was performed in an 
approved, 3 do1 visual flight simulator. The differences between the sirnubtor and the 
airplane cockpit layout were minor and were addressed, in training* The Safety Board 
found that visual flight simulators have limitations in reproducing the engine failure 
emergency as it would be experienced in an airplane since peripheral visual cues, certain 
onset motion cues, and aural cues were absent in the simulator. Ris characteristic was 
not unique to  the Republic Airlines simulator but was common to  aU visual flight 
simulators. 

A human performance expert testified at  the Safety Board's public hearing 
that motion cues were important in training because, without them, the training was not 
sufficiently realistic and might not prepare the pilot for an actual failure in the airphne. 
He described the (onset) motion cues which the  airpbne provided that were unlike those 
to which the pilots were exposed in simulator training. He said that the absence of those 
cues in training might cause confusion for a pilot when the cues were experienced in the  
airplane and that, thus, the pilot(s) might be prompted to make an improper: response. 
However, DC-9 pilots who had experienced dynamic engine thrust reductions in bath the 
simulator and the airplane stated that they did not believe the differences t a  be 
significant. Their views were generally supported by the DC-9-14 flight demonstration 
which showed that the lateral accelerations and.yawing motions produced in flight were 
neither violent nor dramatic. 

Because high fidelity flight simulators are a celat ively recent development in 
the training of air transport pilots, applicable behavioral seience literature 5 not 
consistent on the effects of lower, fidelity simulators in pildt recognition of various in- 
flight phenomena. More important, the large variance in the experience of pilots used as 
subjects in the research limits the generalizability of the research findings in flight 
simulator effectiveness in pilot training- For example, the %fety Board cannot conclude 
that findings based on research involving low time pilots may be generalized to  high time 
pilots. When variables, such as airplane craft complexity and number of engines, are 
introduced, the generalizability of the research results is reduced still further. Moreover, 
in air transport pilot training, there is little empirical data that researchers can use to 
develop conclusions about the importance of specific simulator features on pilot 
performance. Often, the data that are presented are of limited applicability due to f laws 
in the experimental design. 

Because of the lack of consistency in the behavioral science research on 
simulator motion, the Safety Board cannot attribute the failures in the performance of 
the pilots of flight 105 to the lack of high fidelity yaw motion cues in the DC-9-10 visual 
simulator. While the simulator lacks the immediate kinesthetic yaw motion cues from 
thrust asymmetry in the airplane, it does replicate the long term lateral acceleration 
motion cues resulting from an engine failure so that the cues which are presented are 
similar to the airpbne response. Although the pilots of flight 105 may not have 
experienced the exact kinesthetic and visual cues in their simulator training, the Safety 
Board believes that they should have been able to recognize and analyze the emergency 
based on the cues which were present. 



However, the Safety b a r d  annot  disregard the possibility that the type of 
training given in the simul@tor, rather than the limitations of cues provided in the 
sirnubtor, could have been @I factor in the flightcrew's performance* In particular, the 
Safety Board is concerned that the takeoff engine failure training involving a loss of 
thrust as tk airplane approaches m passes V1 speed inay have been a factor. 

h a yawing condition, visual stimuli, which typically produce relatively slower 
reaction times than aural or kinesthetic stimuli, may enhance the perception of yaw since 
the pilot nor maUy could see the nose of the aircraft moving sideways relative to objects 
in his field of view. 

In the V1 engine failure, external visual information alone' is generally 
sufficient to  inform the pilot of the occurrence, since the airplane is either on, or only 
sIightly above, the runway and the movement of the nose bf the airplane, relative to the 
runway center Urn, provides adequate information that an engine has hiled. As a result, 
training in recovery from engine failure at or just after V1 might lead pilots to  rely 
extensively on forward external visual cues, even if peripheral visual cues are present. If 
the perjpheral information is absent, as it is in the simulator, then repeated training in V1. 
failures in the simulator can result in exclusive use by the p'mlots of visual information that 
is presented straight ahead, outside the cockpit. 

Zn this accident, there were no forward external visual references since the 
sky was clear* At the time the engine failed, the airplane would have been in a nose up 
attitude of about 12' and the pilots would have been looking at the sky, if they were 
looking outside the cockpit. h the absence of clouds, khere would have been no visual 
cues straight ahead that could hsve provided the pilots with the information needed to 
perceive the ai~pletne's immediate yaw to the right follswlng failure of the right eng.ine. 
Consequently, the only external visual cues indicating a yaw that would have been 
available to the pilots would have been ground-based information that was.presented 
peripherally, or the flight instruments. However, peripheral visual cues are of relatively 
little use for the detection of airplane aw because the angular rates of stimuli in the J* periphery are generaUy too low to be rea iEy apparent. 

The Safety Board does not consider the Urnitstions of the visual 3 dof 
simulator to have been a factor affecting the flightcrew's recognition af the engine 
failure since pilot training, in general, stresses to pilots the importance of confirming 
engine and £light control status through the interpretation of cockpit instruments. The 
simulator is fully adequate in the presentation of these' instruments. The training records 
of the flightcrew of flight 105, as wen as the statements and testimony of their 
instructor, indicated that they were so instructed. Thus, the engine instruments should 
have confirmed the &gine failure, and the night instruments should have confirmed the 
airplanes attitude, airspeed, altitude, and heading. . 

Nevertheless, the questions asked by the captain and his failure to maintain 
control of the airplane confirm that he did not correctly interpret the sounds, motion, and 
other available infor mation. Therefore, the Safety Board believes that the captain 
reacted primarily to other thm visual and flight instrument references, such as 
kinesthetic cues. He 'apparently misinterpreted those cues and applied the flight controls 
incorrectly. nis confusion is corn monly referred to as nspatial disorientation," and it 
occurs most frequently a t  night or in instrument meteorological conditions when few, i f  
any, exernal visual references exist. Spatial disorientation causes confusion, such as t ha t  
experienced by the pilots of flight 105, and would account for their incorrect control 
responses. The only mearts to prevent such confusion, or t o  overcome its effects, is for 
the pilot to rely on the flight instruments. 



Therefore, the Safety Board concludes that infrequent training for an engine 
failure at low altitude in the initial climb phase of flight could have left the flightcrew 
ill-prepared to cope with the.emergency. Although analyzing abnormal or emergency 
situatiom and maintaining control of the airplane by reference to flight instruments are 
basic elements of airmanship, the Safety Board believes that the FAA and the airline 
industry should consider the circumstances of this accident with a view toward including 
scenarios of engine failures after establishment of the takeoff c,limb in training programs 
to better prepare pilots for such emergencies. Consideration also should be given t o  
reducing pilot reliance on external visual cues during "VI cut" training by making greater 
use of simulated low visibility situations during such training. 

The CVR comments suggest that the captain was uncertain and perhaps 
confused by the events which immediately followed the failure of t h e  right engine. He 
had never experienced an in-flight engine failure on a DC-9, and he had not heard the 
wunds associated with such a failure in his flight simulator training* The yaw and 
deceleration motion cues he felt in the airplane a h  would have been slightly different 
from the ones to  which he had been exposed in his simulator training. His first question to  
the first officer ("What the # was that?"), may have been rhetorical; however, the Board 
believes that the captain was ~equesting assistance. His second question ("What do we got 
here, Billtt?), occurred 3 seconds after the right engine failure and affirms the concern and 
uncertainty expressed in his first question. The quality of the CVR recording, both in 
volume and clarity, leaves Little doubt that the first officer heard the captain. 

FAA-pproved Midwest Express procedures indicate that the f i s t  officer 
should have responded, if able, to the captain's questions because an emergency condition 
existed and a11 crewmembers were required to bring to the attention of the 
pilot-in-command any occurrence which might affect the safety of flight. If the first 
officer recognized the nature of the emergency, he should have responded to the captain's 
request for information. Failing to respond may have further confused the captam and 
that confusion apparently precipitated an improper control response when the airplane 
was in a critical phase of flight. 

The less explicit and unwritten "silent cockpit1' philosophy (not making 
unnecessary callouts or even verbalizing the nature of an emergency after 100 knots and 
before reaching 800 feet on takeoff) may have influenced the first officer not to respond* 
However, the Safety bard believes it is more probable that the first officer also was 
confused by the indications he observed and heard following the engine failure. 
Nevertheless, the bard is concerned about the contradiction in written and verbal policy 
at Midwest Express which may have resulted in poor coordination between the two pilots 
aboard flight 105. 

Analysis of the flight track and FDR information reveals that a left deflection 
of the rudder was commanded properly, and, perhaps reflexively in response to at 
perceived headin change or yaw. However, the captain still asked his first officer what PI was the nature o the occurrence after correct rudder pedal pressure had been applied. 
Therefore, the captain reflected uncertainty and perhaps confusion after the correct 
rudder pedal pressure had been applied, Consequently, there was a delay in making a 
coordinated response to the engine failure, and the captain was uncertain that he had 
responded correctly* The captain's uncertainty, combined with the failure of the first 
officer to respond to potentially confusing engine instrument indications, and the absence 
of outside visual reference may have prompted the captain to remove the force from the 
left rudder pedal and to introduce forces to tk right rudder pedal a f e w  seconds later. 



The captain may have asked the first officer for assistance, in part, because of 
the seniority of the first officer to the captein and because of the first officer% check 
airman status- The captain would have been justified in expecting that a check airman 
might be more knowledgeable or more capable than himself in identifying the nature of 
the problem. The first officer's response to Milwaukee Tower 8 seconds after the right 
engine failure, which was In conflict with the "silent cockpittt philosophy, was provided in 
lieu of responding to the captain9 questions and mcurred when the airplane was yawing to 
the right, was in a sideslip, and was on the verge of a loss of control. Callouts of memory 
items from the emergency check list would have been appropriate in response to the 
engine failure, and also would have been important if a dual engine failure was perceived. 
If eithe~ pilot had initiated the ernwgency chsckUst, the nature of the emergency might 
have been made immediately clear to the other pilot and coordinated crew response might 
have followed. Also, if a dual engine failure was perceived, a callout to that effect was 
required by Midwest Express procedures. 

A possible explanat ion for a delay in recognizing the problem is that, instead 
of coordinating their actions, the captain and the first officer both had shifted to an 
outside scan to look for other traffic after gear retraction and neither was monitoring 
.flight instruments at the moment of right engine failure. Another possible explanation 
related to instrument scanning is that the nigh tcrew shifted their attention collectively 
to the engine instruments and were not monitoring flight instruments for several crucial 
seconds between the t ime correct rudder was initially applied and the time of stickshaker 
activation. About 6 seconds after the engine failed, the captain said Here . . ." but was 
interrupted by the first officer's response to Milwaukee Tower. The captain may have 
been pointing out instrument indications associated with the right engine failure, or 
instrument indications relevant to  the left engine power loss, and he may not have been 
monitoring night instruments during the brief but critical period. 

It is possible that the captain (or the first officer) reacted to the left engine 
instrument movement* When the right engine failed, the right engine instruments 
probably reached a steady state condition in a very short time compared to the left engine 
instruments which decelerated more slowly. The Safety Board considered it plausible that 
the pilot's attention may have been directed to the movement of the left engine 
instrumenm after the right engine instruments became static. If he perceived that t he  
left engine was the problem, he may have redcted to that perception by applying the 
rudder correction for a left engine failure rather than continuing with the rudder 
deflection appropriate for a right engine failure. 

'Ihe attentiveness- of the crew to flight instruments during the emergency and 
a coordinated response to the indications were critical to maintaining control because a 
swept wing airphe, such as the DC-9, when in a .sideslip, will tend to roll unless 
corrective action fs taken. Either the sideslip must be reduced by appropriate rudder 
deflection or the lateral controls must be deflected to counter the rolling tendencies. The 
rolling tendency due to sideslip will increase as the lift on the wings increases. For a 
given G load (lift) and sideslip angle, a certain amount of lateral control deflection will be 
required to counter the roll, As the G load increases, additional lateral corholi deflection 
will be required to counter the roll. h this care, elevator control input caused the G Iosd 
to increase from about 0.3 Gs to about 1.8. Gs from the 5th to  the 13th second. 

. . 

In the presence of the sideslip angle and increasing acceleration load, the 
lateral control deflection would have t o  be approximately doubled to  maintain a constant 
bank angle. If the pilot established a lateral control deflection at the fourth to fifth 
second to cornpewate fcr the sideslip angle and then w a s  not monitoring the roU attitude 
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as the G load increased, the airplane would roll further to the right. The data indicate 
that by the time the stickshaker came on, the airplane was in a significant roll attitude to 
the right and the positive G load was increasing. All of the above conditions should have 
been evident to the flightcrew by reference to the flight instruments. ' 

The captain had the individual ability and the responsibility to scan the 
instruments and to  take corrective action. However, an appropriate coordinated 
rightcrew response also would involve actions by the first officer to assist the captain in 
diagnosing and responding to the problem* 'Ihe redundancy provided by the first officer is 
one of the basic tenets of cockpit resource management. 

Cockpit Resoul.~e m e m e n t  

The investigation revealed that Midwest Express did not have a for ma1 trsining 
program in cockpit resource management, which is also known as crew coordination. 
However, the Safety Board believes that with a low pilot to supervisor ratio, the airline 
could, and probably did, monitor closely the performance of its crewmembers, both as 
pilots and as individuals participating in the joint operation of flights. Thus, the airline 
would have been able to assess, to some degree, the extent to which its flightcrew 
members were effective in working together with other pilots to manage and operate the 
aircraft effectively. 

The Safety B a r d  believes that cockpit resource management is of critical 
importance to air safety and has urged the FAA to implement formal programs to improve 
flightcrew coordination. As a result of its investigation of an accident involving a charter 
flight in Reno, Nevada, 291 the Board recommended that the FAA: 

Pmvide, to all operators, guidance on topics and training in cockpit 
resource management so that operators can provide such training to 
their flightcrew members, until such time as the FAA's formal study of 
the topic is completed. 

In its August 25; 1986, response, the FAA indicated concurrence with the 
recommendation. The FAA reported that they are disseminating information to air 
carriers that addresses coordination and procedural interaction among pilot crew members. 
Several air carrier operations bulletins and FAA Order 8430.6C, the Air Carrier 
Operations bpec  tors Handbook, contain guidance to PA A personnel in i mple ment ing; crew 
coolldination. The FAA acknowledged that cockpit resource management included not 
only procedural interaction ktween crewmembers, but also subtle and intsngible 
interaction as well. The FAA has contcacted with the Aviation Psychology Laboratory of 
Ohio SEate University to provide a formal study, of the subtle and intangible interaction 
aspects of cockpit resource management. The study is scheduled for completion in 
November 1981. 'The FAA reported that the anticipated study would serve as a foundation 
for a future advisory circular and would be a model for industry use. Pending the results 
of the FAA study, the Safety has classified the recommendation as 
nOpen--Acceptable Actiomn 

- f9 /  Aircraft Accident Repo~t--~~Galaxy Airlines, Tnc., lockheed Electra L-188C, N5532, 
Reno, Nevada, January 21, 1985" (NTSBIAAR-86/01). 
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Tfie Safety Board is a strong ,advocate of formalized cockpit resource 
management training. However, the Safety Board is aware that few operators at this 
time are conducting formal, indepth training in cockpit reresource management techniques 
and that the FAA has not, as yet, made this a requirement for operators* Midwest 
Express did not violate FAA rules or practices by not conducting formal training on the 
subject. 

Rte Safety Board believes that training in e mecgency procedures should be so 
thoroughly indoctrinated in training that crew reaction should be prompt and reflexive 
after an engine failure erlsergency has been accurately identified. The actions of the 
flying pilot, in response to the emergency, should be closely monitored by the nonflying 
pilot, and the mnflying pilot should be monitoring instruments in support of the flying 
pilot to ensure prompt and correct response, in accordance with published emergency 
procedures. Takeoff emergencies typically are witicaE aperations because of low altitude 
and low speed at their outset. Even though the initial response of the flying pilot may be 
reflexive, involvement by the mfly ing  pilot is essential to  a pcopr cww response to the 
emergency, 

h this accident, the cockpit vo ie   leeo order revealed the absence of emergency 
ballouts from either pilot and no response from the fi~irst officer when the ceptain 
requested assistance. Because the first officer responded to Milwaukee Tower, it is clear 
that he was not incapacitated. However, his failure to communicate with the captain rtnd 
his possible misjudgment of the seriousness of the situation may have led to an 
uncoordinated crew response to the emergency. The Safety Board believes that a 
breakdown in mew coordination was a significant factor in the accident. 

FAA Surveillance and Oversight 

2.6.1 Midwesl wms Airlines-. 

The Safety Board believes that the FAA oversight of Midwest Express 
procedures and training during certification and ongoing day -to-day activity in the 
carrier's first 2 years of operation was less than optimum and probably suffered as a 
direct result of the inexperience of the POL The PO3 testified that she devoted only 20  
percent of her 'worktime to Midwest &press, her only PAR 121 scheduled passenger 
airfine, and that she was stiU obligated to perform routine general aviation duties. The 
Board noted that the POI had no previous. FAR 121 air carrier experience, that she was 
not rated in a turbojet of the category and class used 'by the airline, and that she had not 
received any formal, training in the D G 9  airplane used by the certificate holder for which 
she *WBS responsible: In fact ,+she ha8 no turbojet pilot experience. Neither did the. POI 
have a b l e  for consulta tioh' or 'assistance air carrier inspec tors or DC-9 rated pilots in 
her own office. 'Although the POI us& the' services of air carrier inspectors- assigned to 
other offices to fulfill her responsibilities, it is awarent that th is  practice reduced her 
exposure to the operation of the' airline. Apparently, she had become so dependent on 
other inspectors in qurveillirig Midwest %re= that her own role was reduced primarily to 
administrative matters. The absence of first-hand knowledge of the carrier and her lack 
of experience in, turbojet air carrier operations severely handicapped her ability to 
perform the quality of susveillence reqGired to detect shortcomings of a FAR 121 airline 
opePation. The Safety Board believes that the experience level of the POI was 
inappropriate for her sssignment as the POT of a new air carrier operating turbojet 
equipment. She even testified that she was not totally comfortable with the arrangement. 

h e  Safety Board aka is concerned that the POR lack oi proper experience 
may have been a factor which allowed a W e n t  cockpit" concept to be taught in training 
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even though it was contrary to the approved practice that required any crewmember 
noting a potential or actual emergency situation to call it  to the captain's attention. 'Ihe 
Safety Board believes that the latter concept is sound and assures that all flight 
crew members are provided the opportunity to coordinate their activities, to assure the 
proper resolution of an emergency condition consistent with the practices of mast 
operators of turbojet equipment Midwest Express employees had discussed the silent 
cockpit concept with the POI but had not put it in writing or requested her approval of the 
concept. The Safety Board believes that if the POT had been moce experienced she might 
have recognized the flaws in such R concept, and perhaps she might have recognized that 
the airline was already teaching the concept in their pilot training program. 

The Safety ~oard'supports the latest efforts of the FAA through Project SAFE 
b f e t  y Activity Functional Evaluation) to alleviate substandard surveillance of the airline 
industry. SAFE will revise the position description and qualification criteria for 
prospective air carrier inspector personnel to insure that the ability of the inspector 
personnel who would be assigned to. a FAR 121 certificate holder matches the job 
requirements. The FAA targets its implementation of this plan for fiscal year 1988. The 
Safety Board believes that ,the FAA should, as an interim measure, discontinue the 
practice of assigning FAR 121: air carrier -rating certificates to POIS without the 
training and experience commensurate with the POI role and without a type rating in a 
comparable li.e., turbojet pbwered transport category) aircraft in the category and class 
used by the certificate holder. The Safety Board noted that the Midwest Express 
certificate was reassigned to the Air Carrier District Off ice in Chicago, Rlinois, following 
the Safety Board's public hearing. The Safety Board trusts that if the F A A  has not 
already done so, a review-will  be undertaken to require that all FAR 121 certificates are 
overseen by FA A personnel thoroughly know ledgeable in FAR 121 operations. 

2.6.2. AeraTlmtst Corporation 

The Safety Board found that Pratt bt Whitneyvs visits to AeroThrust revealed a 
number of deficiencies, many of which were not necessarily safety-related, but were 
related to plant efficiency. Many of the deficiencies, including safety-related items, such 
as improper test equipment calibration, reportedly were promptly corrected. Also, the 
training records for the inspector who had bst inspected the right engine 9-10 spacer did 
not reveal the manner in which the inspector was qualified to operate the inspection 
equipment. Neither did they reflect the results of the inspector's required annual eye 
examinations. FAA surveillance had not detected the test equipment calibration 
de fkiencies, training record deficiencies, or the apparent lack of required vision testing 
of Ae~oThrust inspectors. 

The right engine fractured spacer pieces, which were examined in the Safety 
Board Materials Laboratory, revealed cracks between bleed air holes which contained 
nickel deposits. This finding indicates that these cracks existed at  the time the spacer 
was last inspected since nickel deposits are introduced during NiCd replating of the 
spacer. lie AeroThrust Corporation {A.C.E.S. in 1981) work order for the spacer showed 
that the NiCd plating had been stripped from the part during its rework and that the part 
was free of cracks. ?he Safety Board believes that cracks were present at the time of the 
inspection and should have been detectable using FMPI methods, However, the Board does 
not believe that these cracks precipitated the rupture of the spacer. 

Testimony by Pratt dr Whitney representatives revealed that the most corAman 
failure m d e  of high pressure compressor spacers involved cracks which were initiated by 
the knife edge rubbing against the stationary seal land* Fatigue cracks would propagate 
through the knife edge and pedestal (which supported the knife edge) and then into the 
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spacer barrel until the spacer ruptured. Barnination of the failed 9-10 spacer disclosed 
evidence that cracks had probably initiated in the knife edge and propagated to failure 
after entering the spacer barrel. The exact origination point could not be identified 
because the knife edge and part of the pedestal were abraded away, probably during the 
rupture and ejection of the spacer from the engine. Crack growth data showed that the 
number of cycles required for a 10-mil crack to propagate to  failure (almost 21,000 
cycles) were mu& more than the number of cycles recorded on the engine subsequent to 
the overhaul (2,584 cycles). Therefore, the originating crack which existed at  the time of 
the weer overhaul should have been much longer than a 10-mil leneh and should have 
been detectable duriq the 1981 spacer overhaul. 

Tne Safety b a r d  believes that a thorough inspection of the spacer at the time 
of the 1981 spacer overhaul should have revealed the crack($) and prevented the 
subsequent failure af the spacer. Since AeroTfirust did not maintain records showing how 
the Magnaflux inspector was tcained or recurrently qualified and it did not have records of 
the inspector" required annual vision checks, the Safety Board was unable to ~esolve 
whether the inspector3 training, proficiency, or vision was responsible fur his failure to 
discover cracks during the 1981 inspection of the 9-10 spacer. The Safety Board believes 
-that engine overhaul facilities should document accurately the training of i t s  key 
inspector personnel and that FAA PMls should not allow deficiencies in inspector 
qualification and training records to exist, as they did at A.C.ES. and Aerolbrust 
Corporation* 

T?I@ Safety Board found that the PMI assigned to Aera'lhrust at the t i m e  of the 
accident had been responsive to deficiencies noted at AeroRrust and that FAA 
surveillance had increased significantly since his assignment to that certificate in 1985. 
7he Board is concerned, however, that earlier documented FAA surveiUance did not 
identify calibration equipment deficiencies and training record deficiencies which 
apparently had existed for years at AeroThrust. The Board believes that jet engine repair 
facilities require more surveillance and guidance from the FAA than was provided to 
Aeronrust IA.C.E.S.) in 1 980-1 981 and, therefore, that FAA srtrweillance of AeroThrust 
was deficient during that per id. 'Ihe h a r d  concludes that increased FAA surveilknce 
should yield stric tec adherence to establish proceduces, impraved training and 
recordkeeping, and would, in the future, produce a more capable repair station inspector 
workforce. 

t 7  Rernavable Sleeve aacer Fmctums 

As a result of the Midwest Express accident and a series of incidents which 
involved the failure of removable sleeve spacers in high pressure compressors of JT8D 

. . .  
engines, on November 8, 1985, the Safety Board recommended that the FAA: 

h u e  an Airworthiness. Directive {AD) to require the installation of the 
one~iece, integral st&vs spacer at all six locations in the high-pressure 
compressor rotor of Pratt dt Whitney d T 8 W c i e s  engines not. so 
equipped. The installation should be made as soon as practical but not 
later than the next opportunity wherein the engine is available in the 
maintenance facility where a partial or complete disassembly of the 
co rnpressor can be accomplished. 

On January 2, 1986, the FAA published a Notice of Proposed Wemaking 
(NPRM) in which it proposed to issue an AD that would require: 
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(1) A one-time, on-wing, eddy current inspection of stages 7-8, 8-9, 
and 9-10 HP compressor removable sleeve spacers in accordetnce 
with Pratt & Whitney Alert Service Bulletin (ASB) No. 5649; 

f 2) ' Replacement of stages 7-8 and 9-10 stage removable sleeve 
spacers at next HP compressor rotor disassembly within the next 2 
years or 4,000 cycles, whichever is later; and 

(3) ' Replacement of the 8-9, 10-11, 11-12, and 12-13 stage removable 
sleeve spacers with integral sleeve spacers, whenever the BP 
compressor is disasse mbld.  

On February 18, 1986, the Safety Board commented on the NPRM, 
recommending that the 7-8 and 9-10 stage removable sleeve spacers be replaced as 
soon as practical--that is, the next time the engine was in a maintenance facility in 
which the compressor could be partially or completely disassembled, but not later 
than 4,000 cycles time-in-service frorri the effective date of the AD. 

The Safety Board's comments were based on its understanding that the 
on-wing eddy current inspection could detect a crack in the pedestal of the spacer 
just below the knife edge seal and that an existing crack, undetected by the' 
inspection, would therefore take at least 8,000 cycles to propagate through the 
pedestal and into and across the baprel of the spacer. However, the Safety bard 
was subsequently informed by Pratt & Whitney that the on-wing inspection would 
not necessarily detect a crack until it had propagated almost into the spacer barrel, 
at which time fracture of the spacer could occur in about 1,000 cycles. 

The Safety Board was concerned that the 4,000 cycles, or 2 years, 
whichever was longer, provided by the proposed AD would not. adequately protect 
against additional spacer ruptures and possible damage to vital components of 
airplanes. As a result of these concerns and other considerations, the Safety Board 
concluded that the on-wing eddy current inspection required by the proposed A D  and 
set forth in Pratt dr Whitney Alert Service Bullet in (ASB) No. 5649 must be repeated 
at 1,000-cycle intervals until. stage 7-8, 8-9, and 9-10 removable sleeve spacers 
within the engine h v e  been replaced with one-piece integral sleeve spacers. 
Consequently, on April 7, 1986, the Safety Board recommended that the FAA: 

Issue a Telegraphic Airworthiness Directive and a mend the airworthiness 
directive proposed in the Notice of Proposed Rulemaking published at 
51 QR 37, Docket No. 85-ANA-46, to  require that the one-time, on-wing 
eddy current inspection specified in the proposed airworthiness directive 
be repeated at 1,00O+ycle intervals until stage 7-8, 8-9, and 9-10 
removable sleeve spacers between the high-pressure compressor are 
replaced with integral sleeve spacer. 

As a result of its isuance of  Safety Recommendation A-86-28 Which updated the Safety 
Board% concerns about JT8D removable sleeve compressor spacers, Safety 
Recommendation A-86-120 was classified as ttClosed--Superseded.tt 

On May 13, 1986, the FAA issued Airworthiness Directive (AD) 88-08-04 which 
requires eddy current inspec tion and subsequent replacement of high pressure compressor 
(HPc) removable sleeve spacers m certain JT8D engines. Although the AD was 



responsive to the intent of Safety Recommendation A-85-120, it was not fully responsive 
to the concerns expressed to the FAA in Safety Recommendation A-86-28. The Safety 
Board has learned that the FAA declined to  modify AD-86-08-04 as recommended by the 
Board. TTte Safety Board takes exception to the FAA% position that repetitive eddy 
current inspections are nut Reeesswy. In the baPd'S opinion, eddy current inspections 
should be repeated at I, OOQ -cycle intervals until the subject re movable sleeve co rnpressor 
spaeers are removed from service. The Safety b a r d  has classified Safety 
Recommendation A-86-28 as nC30sed-Unacceptable Action," but will continue to voice 
its concerns should additional failures of removable sleeve spacers continue. The Snf ety 
b a r d  remains convinced that prompt replacement of removable sleeve compressor 
spacers in JmD engines, with integral sleeve spacers, is the best solution to tkre spacer 
rupture problem, 

IXhe Safety Board has repeatedly expressed views that the flight data recorders 
of the U.S. airline fleet are not totany adequate for accident investigation purposes. 
NIOOME was equipped only with a five parameter metal foil -1% FDR, as are most 
other turbojet transports for which type certificates were issued before 
September 30,1959, even though they may have been manufactured and introduced into 
the fleet more recently. Consequently, the S f e t y  h a r d  was deprived of data regarding . 
the a i r p b e b  engine performance, flight control positions, inertial attitudes, and 
accelerations, all of which would have provided information essential t o  support the 
theoretical maIysis of the factors leading to the airplane's departure into en 
uncontroUble descent. The Safety Boacd was able to determine engine thrust level, a key 
element in tb accident analysis, from the engine sounds recorded an the airplane's CV R 
  ow ever, this was fortuitous in th& investigation since engine sounds are seldom 
discernible on the CVR in those airpEanes with a f t  fuselage mounted engines. Engine 
thrust data, as wel l  as the flight control and Inertial data required for a more 
comprehensive analysis of this accident are required to be recorded on the digital FDRs 
installed on airplanes certificated after S p t e  pber 30, 1969. 

In recognition of the shortcomings of the . FDRs required on the earlier 
type-certificated airplanes, the Safety Board on July 13, 1982, issued a f e t y  
Reommendations A-82-64 through -66 to the FAA: 

Amend - 1 4  CFR 121.343 so that, after a specified date, all turbojet 
aircraft- manufactured before tha t  date and type-certif icated before 
September 30, 1969, be required to' have -installed a suitable digital 
recorder system capable of recording data from which the minimum 
following information may be determined asL& function of time within 
the ranges, accuracies, and recording intervak specified in Table 
1 - 4  t i t  ude, airspeed, heading, radio transmitter keying, pitch attitude, 

attitude, vertical acceleration, longitudinal acceleration, stabilizer 
trim position, engine thrust, and pitch control position. 

At an eafly date and pending the effective date of the recommended 
amendment of 14 CPR 121,343 to require installation of digital flight 
data recorder systems capable of recording more extensive parameters, 
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require that operations of aU aircraft equipped with foiI flight data 
recorders be required to replace the fail recorder with a compatible 
digital recorder. 

Amend 14 CFR 121.343 so that, after a specified date, all aircraft 
manufactured after that date, regardless of the date of original type 
certificate, be equipped with one or more approved flight recorders that 
record data from which information listed in Table Z can be determined 
as a function of t ime.  For newly type-certificated aircraft, any 
dedicated parameter which may be necessary because of unique features 
of the specific aircraft configuration and the type design should also be 
required. 

On h u a r y  8, 1985; the FAA issued a Notice of Proposed Rulemaking, the 
substance of which proposes retrofit of digital type recordem with added parameter_s on 
all transport airplanes,, not - so equipped. Although the Safety h a r d  believes that 
requirements even more stringent than those proposed are needed, the Board supported 
the proposed rulemaking and acknowledged that it would be a significant step toward . 
improving fight recorder standards. The Board is very concerned that 2 years have 
passed s im the initiation aP the rulemaking action and a final rule i s  yet to be adopted. 

The Safety Board further notes that the aviation regulatory authorities of 
other countries progressive in the aviation field have adopted FDR requirements more 
stringent than those reguiwd ar even proposed by the FAA. In fact, the International 
Civil Aviation Organization (ICAO) has adopted standards whi& are consistent with 
Safety Board recommendations. The Safety &ard wfU continue to urge the FAA to 
expedite the rulemaking actions to upgrade flight recorders on the U.S. alpline fleet and 
to ultimately require that new airphnes be equipped with recorders which met ICAO 
standards. 

Pending f u d k r  FAA action, Safety Recommendations A-82-64 through -86 
have been classified as "Open-Acceptable Action." 

1. The fl@tcww was medically and 0peratimaUy qualified and well rested 
before the flight. There was no indication of chronic or life event 
stress+elated factors which would Aave affected the pe~for mance of 
either pilot, 

2. NlOOME was certified, equipped, and maintained in accordance with 
FAA rules. There were no uncorrected disccepancy reports which 
involved powerplants oc control systems. 

3. NlOOME was dispatched within the applicable weight and center of 
gravity lirnitatiorrs. 

4, The airccaft perfmrnance was normal during the takeoff and initial climb 
phases of flight until the right engine failed at 450 feet a.g.1. at a speed 
well in  excess of the takeoff safety speed (V2). 
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The right engine failed abruptly and completely due to the uncontained 
failure of the 9th to 10th stage high pressure compressor spacer. 

Wncontained pieces of the ruptured spacer did not cause any significant 
damage to the airplane fuselage, cant~ol systems, or the left engine. 

The right engine failure was precipitated by a fatigue ccack in a knife 
edge of the 9th to 10th stage spacer. The crack had propagated to  a 
length which should have allowed detection on the occasion of the last 
high pressure compressor overhaul and spacer rework in 1 985. 

None of the airplane flight m t r o l  systems were disabled. 

The cause of the left engine power loss, which occurred beginning about 
1.5 seconds after the right engine failed, was not determined. 

The left engine experienced a compressor stall in the last seconds of the 
f l iht  after control had been lost and the airplane was descending toward 
the ground in an unusual attitude. 

The loss of left engine power was rpot significant with Pespect to t k  loss 
of control of the airplane. 

The captain initially responded correctly with deflection of the rudder 
pedal to the left to compensate for the lass of right engine thrust and by 
lowering the nose of the aircraft; however, he appeared to be unaware of 
the exact nature of the ern ergency . 
2he crew response to the right engine failure was not coordinated. 

Neither pilot verbally identified the emergency condition or made the 
emergency callouts required by F A  A-approved Midwest Express 
procedures. 

Ihe ndder was incorrectly deflected to the right 4 to 5 seconds after 
the right engine failure. 

An accelerated stall and loss of control occurred 10 seconds after the 
failure of the right engine. 

Forward visual cues (outside the cockpit) were not available ta the crew 
at the time that the right engine failed. Peripheral visual cues were 
available. 

The visual flight simulator, which wets used by the crewmembers in 
training, did not provide onset yaw and longitudinal acceleration cues, 
peripheral visual cues, w aural cues which were available to the crew in 
the  airplane. 

The captain and first officer misinterpreted the inside visual cues which 
were presented in the airplane- 
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20. The diffecences in visual motion and aural cues presented in the visual 
flight simulator and in the airplane may have limited the ability of the 
flightwe w to recognize and react appropriately to the emergency. 

21. Failure to recognize the'nature of the emergency and improper operation 
of flight controls precipitated the loss of control. 

22. The DC-9-14 does not require unusual pilot skill or strength to maintain 
continued flight following an engine failure on takeoff. 

23. Both crew members were refatively inexperienced in DC-9 flight 
operations. 

24. The FAA Principal Operations Inspector who was responsible for 
oversight of Midwest Express was inexperienced in FAR 121 turbojet air 
carrier operations. . 

25. A "silent cockpittt philosophy was suggested by Midwest Express in 
response to certain emergency situations, although the concept was not 
approved by the FAA and was in conflict with approved emergency 
procedures. 

26. FAA surveillance of Air Carrier Engine Service (Aero'lhrust) was 
deficient in the 2-year period which preceded the overhaul of the 9-10 
spacer. 

27. The accident was nonsurvivable because the impact forces exceeded the 
limitations of human tolerance. 

" 32 Prabable Cause 

The National Transportation Safety b a r d  determines that the probable cause 
of the accident w a s  the flightcrewts improper use of flight controls in response to the 
catastrophic failure of the right engine during a critical phase of £light, which led to an 
accelerated stall and loss of control of the airplane. Contributing to  the loss of control 
was a lack of crew coordination in response to the emergency. 'Ihe right engine failed 
from the rupture of the 9th to lQth stage removable sleeve spacer in the high pressure 
compressor because of the spacers vulnerability to cracks. 

On November 8, 1985, the Safety Board recommended that the Federal 
Aviation Administration: 

h u e  an Airworthiness ~irective (AD) to require the installation of the 
one-piece, integral sleeve spacer at all six locations in the high-pressure 

-- 
"ICAO Note.- The term probable cause is not envisaged in Annex 13, nor in the Manual of Aimmff Accident Investigation (Doc 6920). 
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compressor rotor of Pratt & Whitney JTBD-series engines not so 
equipped. The installation should be made as soon as practical but no 
later than the next opportunity wherein the engine is available in the 
maintenance facility where a partial or complete disassembly of the 
compressor can be accomplished. 

Notify appropriate f okeign civil aviation authorities and foreign 
operators of airplanes equipped with Pratt ik Whitney JTSDseries 
engines of the failures associated with the removable sleeve spacers 
installed in the highpressure compressor rotor and of the actions which 
should be taken to minimize or eliminate the failures. 

On April 7, 1986, the Safety Board recommended that the Federal 
Aviation Administration: 

Issue a Telegraphic Airworthiness Directive and amend the airworthiness 
directive proposed in the Notice of Proposed Rulemaking published at 
51 FR 37, Docket No. 85-ANA-46, to require that the one-time, on-wing 
eddy current inspection specified in the proposed airworthiness directive 
be repeated at 1,00Q+ycZe intervals until stage 7-8, 8-9, and 9-10 
removable sleeve spacers between the high-ressure compressor are 
replaced with integral sleeve spacers- 

As a result of its investigation, the Safety k r d  recommended that the 
Federal Aviation Ad ministration: 

Issue an air carrier operations bulletin directing Principal Operations 
Inspectors to review their respective air carrier's flightcrew training 
programs to ensure the existence of new caordination procedures that, 
notwithstanding a policy endorsing nonesent ial conversation during an 
emergency cortdition, require any crew member who observes a potential 
or actual emergency situation to verbally call i t  to the captain's 
attention. [Cbss TI, Priority Action) (A-87-81 

an air cam ier operations bulletin directing Principal Operations 
fnspec tors to review their respective air carrier's simulator training 
programs to verify that engine failures in the posttakeoff climb are 
frequently given with particular emphasis on the use of engine and flight 
instru rnents as the primary source of information for airplane control 
and on the need for deliberate actions based upon flight and engine 
instrument analysis rather than hasty action based upon kinssthet ic cues. 
(Cbss Q Priority Action) (A-87-91 

Require Principal Operations Inspec tors of 14 CFR 121 certificate 
holders to have training and experience commensurate, with the air 
carrier involved, including a comparable type rating le-g., 
turbojet powered transport category) in the category and class of 
aircraft to be used by the certificate holder. (Class TX, Priority Action) 
(A-87-50) 
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DISSENTING STATEMENT 

The Cha irmm fi led the following dissenting state rnent regarding probable 
cause and contributing factors: 

The probable cause of the accident was the catastrophic failure. of a high 
pressure compressor spwer in the right engine during a critical phase of flight, together 
with the flightcrew% imprdper use of the flight controls that resulted in an accelerated 
staU and loss of control of the airplane. 

Contributing to the cause of the accident was a training program which 
inadequately prepared the flightcrew to  diagnose and respond to an engine~ut situation in 
the climb-out phase of flight, a lack of crew coordination in response to the emergency, 
and the inadequate inspection of the compressor spacer at  the engine repair facility. 

-- 
ICAO N O ~ . -  Section 1.17, Fgures 1,3,4,6 and 7, and Appendicss A to I were not reproduced. 

ICAO Ref.: 215185 



344 ICAO Circular 232-AN1139 

No. 8 

IN 1124 Westwind, VH-IWJ, asidwrt near Sydney, Australia, 
QF 10 O c t W  1485. NO. 852-1056 ~ F X !  the 

Bureau of Air Safety Investiga!ion, Australia 

SYNOPSIS 

A t  approximately 0059 hours Eastern Standard Tlme (EST) an 10 October 1985 
- Israel Aircraft Industries ( 1 ~ 1 )  1124 Westwjnd aircraft, registered 

YH-IUJ, crashed i n t o  the sea o f f  the South Head of  Botany Bay, Hew South 
Ual es ( NSW 1 . The wreckage came t o  rest  i n  92 metres o f  water, 

VH-IWJ was engaged i n  operating a cargo f1 i g h t  w i t h  a crew o f  two p i  1 o t s  
and carryJng no passengers. Bath members o f  the f l f  ght crew received 
fataq fnjuries and' the  a i r c r a f t  was destroyed, 

1. FACTUAL INFORMTI ON 

1 HISTORY OF THE FLIGHT 

IAI  1124 Westwf nd afrcraft, registered VH-IWJ, was operating under a 
current CertI f 1 cate of  Reg{ stratf on, the hol der o f  whl ch was Pel -A1 r 
Avf  a t l o n  Pty L t d  {Pel -Air) . The aircraft was operatqd by Pel -AJr  and, a t  
the time of the accident, f t was engaged sn a regul r'rly schedul led cargo 
servlce. This service was operated under the terns o f  a current Charter 
and AerIal  Work Clcence, and was flown on behalf o f  Ansett A1 r Frel  ght ,  a 
subsidiary o f  Ansett Transport Industries Pty Ltd,  The particular f 1 f ght  , 
designated F l  lght 474, was operated on 4 ni ghts each week from Sydney t o  
Brlsbane and Ca i rns ,  Queensland. 

The a f  rcraft had departed Cairns earl  l er  i n  the evenf ng and had flown v l a  
Brl sbane t o  Sydney, nrr lvlng a t  2336 hours. The a r r l v l n g  crew reported 
that  the aircraft was perfomi  ng normal ly. A total o f  1350 I f trer o f  fuel 
was added t o  the a l re ra f t  tanks and leading o f  general cargo was carrted 
out  by Ansett Alr Freight personnel. 

The f l tgkt  p l a n  submitted t o  Air Trafffc Control (ATC) indicated t h a t  the 
flight would follow the normal Instrument Fllght Rules t lFR'l  procedures. 

Note : A l l  times shown are Australian Eastern Standard Trm 
(Greenwich b a n  Tfme plus 10 hours), and are based 
on the 24-hour clock. 
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The maximum penni ssjbl e gross weight f o r  take-off for the af rcraf t, having 
regard t o  structural I f m i  tat ions,  was 10660 kilograms (kg). Runway 15 a t  
Sydney Airport-was suffjciently long for the aircraft  t o  be able  t o  
aperate a t  t h i s  wetght. The actual weSght o f  the aircraft a t  take-off  was 
calculated t o  have been 8234 kg, inc l  udSng 1047 kg o f  cargo. Much o f  the 
cargo,was o f  a bulky nature, and the f re ight  carrying capacity o f  the 
aircraft was Ifmited by volumetric, rather than weight, consideratjons. 
The centre of gravity of  the aircraft was w i t h i n  the speciff ed l i m f  t s  and 
there was adequate fuel on board for the proposed f l l  ght. . 

T.6,3 Fuel Considerations 

The total fuel capacf ty  of  the aircraft was 3959 kg. A t  the time the 
aircraft landed a t  Sydney A i r p o r t  there was approximately 509 ,kg o f  fuel 
remaining in the tanks. Under f nstructions from Hr -, 1100 litres 
(870 kg) o f  a v i a t i o n  turbf ne {Avtur)  fuel was added by the BP company 
refuel 1 er. The crew then became aware from the Briefing O f f  fce t h a t  the 
weather a t  Brisbana was expected to deteriorate shortly af ter  the planned 
arrival time. A1 though there was no requf rement for extra fuel to be 
carried, the pllot i n  camnand elected to upllft a .further 250 litres (198) 
kg, making the total fuel load 1577 kg. 

The tanker used t o  dispense the fuel into PH-lUJ had been checked f o r  
water contaminatton earlfer i n  the day. ffone had been found, and four 
other a i r c r a f t  had been refuelled p r l o r  to  the i n i t i a l  1100 l i  tres 
supplied t o  YH-IMJ. The tanker had subsequently been replenSshed from 
depot stocks and again found free of water contamination. Another 
aircraft had then been refuelled from the tanker prior t o  the f fnal  250 
1 i tres added t o  YH-IWJ . 
lmediately fallowing noMfication o f  the accident, the fuel batch was 
quarantined. Prel f minary , and subsequently extensive, qua? i ty contro l  - 
checks confirmed t h a t  the fuel as supplfed was uncontaminated and met the 
appropriate product spec1 f S cat l ons . 
1.6.4 Maintenance and Serviceabi l i  ty , 

There was a current Certif icate o f  Af rworthlness far the aircraft, and 
requf red mi ntenance had been carried out i n  accordance with a system 
wh<ch had been approved by the then DepartAlent o f  1 ransport t n 1979. 
The system called up rarTous items for maintenance and servlcf ng each 150 
hours o f  f l i g h t  time, plus additional checks which were requ5red every 75 
hours. 

A number of  docments were used t o  record and control maintenance 
act iv i ty .  These were as follows: 

[a) Scheduled Maintenance and Rectif  icatjon Sheets ISMRS) . These forms 
are used to call  up the maintenance required a t  a check inspection and t a  
record and certify the actf  on taken. They are a1 so used t o  record defects 
found during the maintenance, and corrective act ion taken, 
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( b )  Component History (CHI ,  and Overhaul and Special Inspection Period 
(OSIP)  cards. The CH cards record the movement and time i n  service of 
i nterchangeabl e components, whi 1 e the OSIP cards specify the ,maintenance 
required on interchnngeabl e components and record maf ntenance carrfed o u t  
on these items. 

( 1  Afrcraf t  Maintenance Log. This i s  n booklet containing numbered 
coupons, whf ch are used t o  record defects occurrf ng between scheduled 
inspections and any recti f i ca t f  on action taken. . 

( d l  Deferred Log. This 4 s a booklet,  carrf ed i n  the aircraft, which 
contains details o f  any entries in the Af rcraft Maintenance Log on which 
action has been deferred. 

(el Permi s s i  ble Unserwiceabil i t y  Schedule. This document forms part of 
the company operatjons manual foe  the a i rc ra f t  type. It contains a 
Ifsting of the various components whfch are not considered t o  be crltical 
for noma1 f 1 i ght operations , and may be temporari ly unservi cea bl e. The 
schedul e f s approved by the Department of Avi at fon,  and may be varied on 
application by the operator. 

The a1 r c r a f t  had flown a total of 59.5 hours i n  service sf nce the last 
scheduled mafntenance inspection, which had been completed on 26 September 
1985. Two reported defects had not been rec t i f ied  during t h i s  fnspection, 
and entries f n the A i r c r a f t  Maintenance Log 7ndJcated t h a t  the deta i ls  had 
been transferred t o  a SMRS. One conderned spurious warnings bejng given 
by the a1 t i t u d e  alerting system, and a note on the SMRS indicated t h a t  
spare parts were awaited for this equl went. This particular defect was 
not  considered t o  be relevant t o  the circumstances of the accident. The 
other defect  concerned the r a t e  o f  turn Sndicator fJtted t o  the F l i g h t  
At t i tude  Di rec tar Indf cator on the l e f t  instrument panel, The rate o f  
turn ind icator  was known t o  be operat ing .fn the reverse sense i .e. ,- w i t h  
the aircraft turning t o  the le f t  the indicator showed that  a right turn 
was tak ing  place, and v i c e  versa. This defect i s  discussed a t  paragraph 
1.6.4.2. 

1.6.4.1 Att i tude Instruments Required for F l i g h t  

The cockpit conf igurat ion  of VH-IWJ provided 3 separate fl i g h t  attitude 
4 ndicators , These were: 

a)  the p i l o t ' s  Flight Att i tude Director Indicator, which fncorporates a 
Fl i g h t  director facility and provides f l i gh t  attiTtude, as we1 1 as other 
informat ion t o  the p i l o t .  The at t i tude  s igna ls  are provided by the f l i g h t  
guidance computer which i s  powered by the No.1 AC 8ws a t  115 volts 
a1 ternati ng current { l 15Y  ac) . A f u l l  -seal e diagrammatic i 11 ustrati on of 
this Instrument i s  shown a t  Figure I. 

b) the co-pilot's f l i g h t  a t t i tude  indicator which i s  a self contained 
f nstrment and is powered by the No.2 Instrument Bur a t  26Vae. 

c)  the emergency a t t i tude  indicator whf ch i s  a1 so sel f contained and is 
powered from the No.2 ComunicatSons and Accessories Bus a t  28 vof t s  
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direct current (28Ydc). This instrument i s  located on the left  instrument 
panel.  It i s  also f i t t e d  with an emergency battery which wi l l  power i t  
for 30 m i n u t e s  a f te r  any t nterruption t o  i t s  princSpal power supply.  

To arof d confusf on, these three att i tude instruments w i 3  1 be referred tl 
throughout t h i s  report as FF i ght  Att i tude Indf cators ( FA1 1 . 
1.6.4.2, Instrument Unserviceabil i ty ,  

Under the terms o f  the relevant A i r  Navigation Orders, as the' aircraft was 
f i t t e d  ni t h  three independently powered at tS  tude indicators, there was no 
requirement for 1% to be equipped with a r a t e  of turn f ndicator.  However, 
as the indicator was f i t t e d ,  and was not fncluded i n  the aircraft 
Permissible Unservjceab.TJ i ty Schedul e, it was required ' t o  be operatjng 
correctly pr ior  t o  take-of f , 

The rate of turn indicator, which formed part af the pi lo t"  FAZ, had 
f irst  been reported as  operating Sn the reverse sense on 23 October 1984. 
Thfs report had been entered I n  the a l r c r a f t  mafntenance 209 by Mr 
Haskett. A t  t h a t  time the aircraft was being operated by Wings 
Australia Pty Ltd and had accmulated 1487 hours time i n  
service sSnce new. Haintenance personnel had been unable t o  f solate and 
rect i fy  the f a u l t ,  which was reported i n  the log on three further 
occ.asions. 

The r a t e  of  turn system has three main cmpon~nts. These are: 

( a )  a sensor, whlch i s  a gyro that  senses the direction and rate of turn 
o f  the a f  rcraft and converts th f  s infomation i n t o  electric current for 
transml ssjon t o  the ra te  of turn tndlcator. T h i s  sensor i s  mounted 
beneath the cabin f l o o r .  

Ib) a ra te  of turn Indicator,  which i s  a sfmple anmeter calibrated t o  
f ndicate  the degree and directfon o f  turn of the. aircraft .  It achf eves 
this by responding to the electric cdrrent originating from the sensor 
referred t o  above, It f s mounted on the 1 ower casf ng o f  the p i  1 e t a  s 
FA1 . 
cl the 1 ntercannecti ng wi  rl ng between the sensor and the t ndicator. 

After the f i r s t  report o f  the unservlceability of the system the relevant 
engf neerf ng s t a f f  carried out a number of checks and component changes t o  
rectify the f a u l t ,  Three different Indicators and two dfffarent sensors 
were f i t t e d  to the a i r c r a f t  a t  different tfmes durf ng the perjod of the 
reports. A l l  o f  these u n i t s  when f4 tted t o  other a i r c r a f t  operated 
correctly, but  when f j t t e d  t o  Yft-IWJ the rate of turn indicator operated 
i n  the reverse sense. The engjneerf ng s t a f f  reported that they had 
carried out consjnuity checks on the wirlng between the t w o  components and 
those checks had conf i m d  t h a t  the  aircraft was wired i n  accordance w-i t h  
the  a i r c r a f t  n i r j n g  diagrams. Nevertheless, It was considered 1 fkefy tha t  
a fau? t had existed i n  the aircraft wiring, but the invest igat ion was 
unable t o  determine the precjse circumstances under which such a faul t  
might have occurred, 



1.7 METEOROLOG 1 CAL I NFORMATfON 

A t  0100 hours a meteorological observation was taken a t  Sydn+y Airport. 
T h f s  recorded the surface wind as 158 degrees magnetfc a t  2 knots, 
visibll3ty 30 km, cloud one octa (eighth) of strato-cumulus a2 5000 feet, 
temperature 17 degrees Celsius ( C )  and QMM Ialtirreeter sub-scale setting) 
6020 millibars Imb], The Pflot Balloon f l l g h t s  from Sydney' Ai rport  
conducted 4 hours prior to,  and 2 hours after the accident recorded 
nothing that was considered o f  causal stgotficance, On that morning, the 
moon dfd not rise until 0315 hours. 

Recorded weather i nfomatf on was avai 1 able vfa the Automatic Terminal 
In fomat iou  Service (AT1 53,  The informatfon current as the aircraft was 
prepared for departure was coded klpha, and advjsed that the wlnd was 
I l ght and vari abl e , wt  t h  a downwind component of  2 knots on runway 34. 
The QNH was 10L9 mb , temperature was 16 degrees C , and there was one octa 
of cloud a t  2500 feet, 

1.8 AIDS TO 'NAVLGAT~ON 

A1 1 o f  the departure aerodrome and relevant eo-route navigation aids were 
serviceable a t  the time of the accident, 

1 .9 COMMUNICATIONS 

A l l  the required transmissionr to and f m the aircraft  were made on the 
correct frequencies, Nefiher the f 1 ight crew nor ATc reported any 
df f f t cul ty wf th cormtunicatf ons until the a1 rcraf t  f a i l  ed t o  reply to tbe 
ATC Instructf~n to track d4,rect to Brisbane. 

Sydney ( K i  ngsfovd-Sm4 th)  A4 rport i s 1 ocated an the Worthern shore of 
Botany Bay and has two fntersectfng runways, Runway 16 was i n  use for 
departing aircraft a t  the time. This Js the preferred runway far njght 
operatlans, f n order t o  minfmisc the effects  of alrcraft notse on suburbs 
adjacent t o  the alrport. The runway has dfmensions o f  3962 x 45 metres 
and extends Jnto the Bay for some 2000 metres. It 1 s at igned i n  a 
di rectf an o f  156 degreles magnetf c . 
The Sydney Control Tower 3s  'located t o  the suuth-test af the runway 
4 ntersection and affords an unobstructed v 4 a t  of tk the runways and 
taxhays t o  the torrer controllers. The Surface Movement Controller and 
Aerodrome Controller am located i n  the Tower. The OcparWms C~ntt.01 Fer 
who morri tors the path o f  aircraft, primarily by radar, I s  lacabd f n the 
Area Approach Control Centre IAACC) a t  the base of  the Tower* The returns 
received by the radar antennae heads are processed and tranrmitted t o  Ule 
screens i n  the AACC. Rese mdar antenn~e, far  the Tenni nal Area and 
Route Survel 1 1 ance Radars, are 1 ocated East o f  the runway intersection. 
The Senior Area Approach Controller confinned the serviceability of the 
radar equfpment wSth the technicians on duty a t  the time of the accident* 
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1.11 FLIGHT RECORDERS 

1.11.1 Cockpit Voice Recorder 

The a i r c r a f t  was equipped w i t h  a F a i r c h i l d  A100 Cockpit Voice Recorder 
(CVR) o f  conventional conf igurat ion appl i cab l  e when the a i r c r a f t  was f i  r s t  
reg is te red  i n  Aust ra l ia .  The CVR system i s  an audio recording system 
which uses magnetic tape t o  r e t a i n  the l a s t  t h i r t y  minutes o f  information. 
The tape i s  a continuous loop whereby previous informat ion i s  
progressively erased as new recording takes place. Recording i s  commenced 
when power i s  selected on t o  the No.2 AC Bus and the Avionics Master 
Switch i s  on. The CVR system f i t t e d  t o  VH-IWJ allowed f o r  the recording 
o f  r ad io  and cockp i t  intercom transmissions. A separate t rack on the tape 
was used t o  record the sounds detected by a remote cockp i t  area microphone 
(CAM). The CAM was s i t ua ted  on the CVR con t ro l  panel, which was i n  the 
cent re  console between the two crew seats. This CAM t rack was the source 
o f  a l l  recorded conversation between the p i l o t s  and the various background 
noises heard dur ing the f l i g h t .  

The CVR was recovered r e l a t i v e l y  i n t ac t .  Although mounted i n  the ta i lcone 
area i t  had suf fered substant ia l  damage t o  the f r o n t  o f  i t s  case a t  the 
t ime of impact. Water had penetrated the tape mechanism pro tec t i ve  case 
and corrosion products had attacked the tape where i t  was i n  contact  w i th  
the recording heads. The tape i t s e l f  had been broken by impact forces a t  
the p o i n t  where i t  crossed from the i ns i de  o f  the ree l  t o  the recording 
heads. The tape covered 30 minutes o f  a i r c r a f t  operation, 12 minutes o f  
which re la ted  t o  the accident f l i g h t ,  beginning a t  the time o f  the f i r s t  
engine s t a r t .  The l a s t  ha1 f second o f  the accident f l i g h t  recording was 
degraded due t o  the tape being a f fec ted  by cor ros ion products. 

A1 1 a i  r/ground transmi ss i  ons were recorded s a t i  s f a c t o r i  l y  and the CAM 
provided a good recording o f  the t o t a l  audio environment i n  the cockpit .  
Crew conversation recorded by the CAM was read i l y  i n t e l l i g i b l e  during 
the ground operation o f  the a i r c ra f t .  However, a f t e r  take-of f  power was 
appl ied a h igh leve l  o f  background noise tended t o  mask the comments 
made by the p i l o t s .  Considerable e f f o r t  was required, inc lud ing  
spect ra l  analysi  s, signal enhancement and t e s t  recordings made i n  other 
Westwinds, i n  order t o  complete a t r a n s c r i p t  o f  recorded information. 
Ext rac ts  from t h i s  t r ansc r i p t  are reproduced a t  Appendix C. 

The CVR was no t  f i t t e d ,  and was no t  required t o  be f i t t e d ,  w i t h  an 
underwater loca to r  beacon (ULB).  

1.11.2 F l  i g h t  Data Recorder 

The a i r c r a f t  was f i t t e d  w i t h  a F a i r c h i l d  5424-501 F l i g h t  Data Recorder 
(FDR) i n  accordance w i th  requirements appl icable a t  the t ime the a i r c r a f t  
was entered on the Austral ian Register. This FOR i s  an analogue type t h a t  
records pressure a l t i t ude ,  ind icated airspeed, magnetic heading, v e r t i c a l  
accelerat ion and VHF rad io  keying, against a t ime base. This informat ion 
i s  recorded by i n s c r i p t i o n  on a s ta in less s tee l  tape. Power i s  suppl ied 
t o  the FDR from the No.2 Inver te r  v i a  the Avionics Master Switch No.2. 
The operator normally selected the Avionics Master Switches "ON" a f t e r  
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s t a r t i n g  the f i r s t  engine. The FDR was fnstalled i n  the tailcone section 
o f  the a j rcsaf t ,  however i t  also suffered substantial damage a t  impact. 

After recovery o f  the FDR the tape was withdrawn from the un'it and 
at  though i t  had been torn during. impact, which precl udcd an exact mati fig 
o f  the torn ends, the recorded data was extracted. A detailed read-out o f  
a1 I recorded i nfomatfon was conducted f o r  a period o f  10 minutes up to, 
and i ncl udi ng t he  f mpact sequence. This per1 od covered approximately 
seven m f  nutes o f  ground operation and about three minutes from the  start 
of take-off to the end o f  rel iable  data .  

The pressure a l t i t u d e  trace ind icated  t ha t  after becoming airborne t h e  
a i r c r a f t  cllmbed initially a t  1700 feet/minute (fprn). The rate  then 
iacreased and s t a b i t i s e d  a t  3300 fpm which wps maintained t o  the maximum 
recorded pressure a l t i t u d e  of  4700 fee t ,  which corresponded t o  a height o f  
approximately 5000 feet above sea level. This was reached j u s t  over two 
minutes after take-of f, after which the a i rc ra f t  entered a rapid descent 
untfl impact occurred. The average rate o f  descent over the last 9 
seconds of recorded data was i n  excess o f  20,000 f p m , .  

The airspeed trace f ndicates that the aircraft accelerated nomal  ly and 
stabilised a t  a cl imb speed o f  240 knots. A t  2 minutes 8 seconds a f t e r  
take-of  f the a i  rspeed increased rapidly and there was some i ndi  cat1  on t h a t  
i t  may have been stabilising I n  the region of  420 knots a t  the t ime of 
impact. The recorder i s  calibrated t o  register indicated airspeed up t o  
450 knots. 

Magnetic heading d a t a  was consfstent with  the afrcraft t a x i  path and 
take-off on runway 16 and the subsequent interception o f  the 126 radial o f  
the Sydney YOR* A left  turn was cemnenced about two minutes after 
take-o f f ,  which corresponds t o  the aircraft  passing the 6 DHE Sydney 
position.  However, a f t e r  turning about e i g h t  degrees t o  the l e f t ,  the 
heading change stopped. A f te r  remaining steady for about 4 seconds the 
aircraf t  heading comnenced to change rapidly to the rf  ght,  Heading 
informat ion was lost  as the t u r n  contfnued, wi th  the last  reljable 
recordf ng bef ng obta l  ned 15 seconds before, the 1 oss o f  re1 i abl e data from 
the other parameters. 

EstCmates o f  the angles of bank achjeved durl ng the turn were computed. 
During the i n f t i a l  turn to the left the bank angle reached 20 degrees. 
The a i rcraf t  then rolled t o  a wings level a t t t  tude before the angle o f  
bank rapidly fncreased t o  the right, reachtng i n  excess o f  90 degrees. 

The vertical acceleration force was nomal unt i l  the point  a t  whf ch the 
a i rcraf t  cmenced the turn t o  the r i g h t .  A t  this time f t  commenced t o  
f ncrease progressfrely, u n t i l  shortly before impact when the recorded 
value exceeded the cal i brated 1 f m i  t of 6g, The recorded dncrease had been 
i n  the pasi t f  ve sense, f .e, fo13owfng take-off the aircraft did not 
encounter a vertSca1 acceleration o f  less than the nomal lg. 

The recorder was subject t o  annual and 1000 hour calibrat;lon checks. As 
it was last ca'f ibrated on 20 February 1985 it was within the annual 1 i m S t .  
However, the a i rc ra f t  had flown a total o f  1146 hours since that date. It 
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could  no t  be establ ished from the operator 's  records f o r  how many o f  these 
hours the p a r t i c u l a r  recorder had been f i t t e d  t o  VH-IWJ, therefore  i t s  
c a l  i b r a t i o n  compl iance status coul d no t  be determined. A1 1 recorded 
in format ion was found t o  be w i t h i n  requ i red tolerances and the data 
recovered was considered va l id .  Graphical presentat ion o f  the data i s  
shown a t  Appendix B. 

The FDR was equipped w i t h  a ULB, which was mounted on the f r o n t  of the FDR 
casing . No signal  s had been received from t h i s  device dur ing the search 
operation. When the FDR was recovered, i t  was found t h a t  the ULB had been 
disabled as a r e s u l t  o f  a l oca l i sed  heavy impact, which d i s t o r t e d  the case 
o f  the u n i t  and damaged the e lec t ron ics  module. 

1.12 WRECKAGE AND IMPACT INFORMATION 

The f i r s t  pieces o f  wreckage were recovered less  than 3 hours a f t e r  the 
accident a t  a pos i t i on  116 degrees magnetic and 7 naut ica l  m i les  by DME 
from the Sydney navigat ion aids. The l a r g e s t  p a r t  o f  the a i r c r a f t  t o  be 
recovered was the outer two-th i rds o f  the r i g h t  wing inc lud ing  the 
t i p -  tank. From the appearance o f  the i tems recovered on t h a t  morning i t  
was evident t h a t  the a i r c r a f t  had contacted the surface o f  the sea a t  very 
h igh speed and had been v i o l e n t l y  destroyed. On 20 January 1986 the 
remainder of the wreckage was located on the seabed about 1.5 km from the 
p o s i t i o n  where the f l o a t i n g  debr is had been recovered. Informat ion 
obtained v i a  a video camera confirmed the degree o f  dest ruc t ion suf fered 
by the a i r c r a f t  a t  the t ime o f  i n i t i a l  impact. Despite the recovery o f  
var ious components from the seabed, i t  was no t  possib le t o  es tab l i sh  the 
prec ise a t t i t u d e  of the a i r c r a f t  a t  the  t ime i t  struck the water. 

1.12.1 Search and Recovery 

The Dis t ress Phase o f  Search and Rescue (SAR) procedures had been declared 
a t  0100 hours. With in 9 minutes o f  the disappearance o f  VH-IWJ, another 
Pel -Ai r Westwi nd, which had been preparing t o  depart f o r  Me1 bourne, was 
despatched t o  the l a s t  observed pos i t i on  o f  VH-IWJ. This a i r c r a f t  was i n  
the area a shor t  t ime l a t e r  bu t  was unable t o  detect  any t race  o f  the 
missing a i  r c r a f t .  Meanwhile, the Senior Operati-ons Cont ro l le r  (SOC) a t  
Sydney A i rpo r t  had arranged f o r  three SAR equipped he l icopters  t o  a s s i s t  
i n  the search f o r  the a i r c r a f t .  The NSW Water Pol i c e  suppl ied two 
launches and the Department o f  Av ia t lon  crash launch- was-also requested t o  
ass is t .  An o f f e r  o f  help was dl  so received from the Royal Austral ian 
Navy, w i t h  advice t ha t  a he l i cop te r  had been launched from a vessel which 
was i n  the v i c i n i t y .  

The f i r s t  he l icopter  was i n  the designated search area w i t h i n  43 minutes 
o f  the a i r c r a f t ' s  disappearance and was jo ined  a shor t  t ime l a t e r  by the 
o ther  elements o f  the search e f f o r t .  Debris was f i r s t  located a t  0245 
hours and the launches were d i rec ted t o  t h a t  locat ion.  The f lotsam 
consisted o f  the outer section o f  the r i g h t  wing; items o f  f re igh t ;  seat 
cushions; l i f e  jackets; oxygen masks and tank; por t ions o f  both elevators 
and other small pieces o f  the a i r c r a f t  s t ructure.  A small quant i ty  o f  
human remains was a1 so recovered. 
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princf pal recovery vessel dragged i t s  moorings durlng a period o f  adverse 
weather, and the cost and e f f o r t  required t o  re-moor #,e vessel was 
consf dered to be dneconomJc. All recovery activity teased on 23 February 
2986. 

1 .I3 MEDICAL AND PATHOLOGICAL INFORMATION 

1.13.1 ~ e d i  cal ~epdrts 

Records mafntained by the Department of Aviatlon $bowed t h a t  both crew 
members had compl eted regut ar si x-mont h l  y medical exmS natt ons without 
problems. The only Stem o f  significance Jn Mr ' s records re1 ated 
t o  a long standlng mild electrical conduction defect o f  the heart, which 
coul d cause an i rregul arf ty o f  the heart beat. This conducM on defect 
coul d possibly have been assocf ated w i  t h  f schaemf c heart dl  sease, wh f ch 
resul tr from a restrfction of blood vessels supplying the heart. Such a 
condition places the person a t  a slightly greater risk o f  heart attack 
than the average. No abnormality or Irregularity was noted durfng Mr 

's last medical check, which was compf eted seven weeks prior t o  the 
accident. 

M r  had suffered a fractured sku1 1 i n  1966, but there were no 
associated problems arislng from that part1 cular in ju ry  and he had no 
s ignf f icant  medical history. 

1.13.2 Pathology 

There were lnsuf .fi c i  ent mi ns movered for  detai 1 ed path01 ogi cal 
exam1 nation. The autopsy was necessari ly 1 l m i  ted to the identi f icat ion of 
the crew members. 

There was no fire associated with the development o f  the accf dent. 

1.15 SURVIVAL ASPECTS 

The accident was not survfvable. 

1.16 TESTS AN0 RESEARCH 

1.16.1 THE CREW 

1.16.1 .l The Pi lot  i n  Comand 

Comprehensive interviews were conducted w i  t h  a1 7 the company Westwi nd 
p i 1  ots  and va r I  ws management personnel . Hr was evaluated by 
other  company p i  1 o ts  as having average manipulat ive and instrument f ly f  ng 
skills fo r  his level o f  experience. However, they considered t h a t  he 
excel led as an instructor by virtue o f  hi  s personal f ty, IecturJ ng 
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technique and thorough know1 edge o f  the aircraft and i t s  systems. He was 
a loyal and hard working employee who disliked inefficiency and laziness, 
and expected nathi ng 1 ess than 100% effor t  from other company personnel . 
Several company pilots  reported . that on check fl i g h t s  , Mr i n  his 
role o f  check and t r a i n i n g  p i l o t ,  would introduce simulated systems 
failures a t  any stage of the f l i g h t .  Mhich systems were invo lved  and the 
e x t e n t  of  the failure was mostly graded t o  take I n t o  account the 
experience o f  the p i l o t  undergoing check. A p o i n t  made by almost a7 1 of 
the company pl la ts  was t h a t  M r  could be r e l i e d  upon t o  introduce a 
unique o r  obscure f a i l u r e  t h a t  had not been covered previously wi th  the 
candidate. It was a7 so his habf t t o  require the candi date t o  hand1 e 
sirnul tanesus systems f a i  I ures but  this was al so graded t o  the experience 
o f  the particular p i l o t .  An example o f  the types o f  simultaneous and 
complex failures given related t o  the loss of various navigat ion and 
a t t i t u d e  instruments, coupled w i t h  an engine fajlure, whlle the pi lot  was 
carrying o u t  an instrument approach a t  night.  

Mr expected the company co-pilots t o  demonstrate the i r  ability t o  
safely control the aircraft by reference t o  the  emergency FAI, following 
simuf ated f af 1 ure o f  the FA1 on the r i g h t  ns trurnent panel . Some comand 
pilots were expected t o  make use of the rate of turn indicator, fallowing 
simulated fallures o f  both FAIs on the l e f t  pane?, To prevent the p i l o t  
obta in ing  a t t i t u d e  f n fomat ion  from the co-pilot's FAI, this jnstrurnent 
was covered, or the cockpft lighting on t h a t  side was extinguished. \ 

Same of the company pi1 o t s  had been expected t o  cope with  t h i s  emergency 
exercise imed i  ately after a take-of f a t  'night.  

1.16.1.2 The Co-Pilot 

Mr had previously been based in Darwin wi th  Pel-Afr, where he 
acted as pilot i n  command on Shorts 3-20 type aircraft. He had appl ied to 
be transferred t o  Sydney when a vacancy became avai  3 able. After arrf v f  ng 
i n  Sydney t o  take up the posf t i o n  offered, he had apparently shown I i t t l e  
jnterest in the company. He seemed to be havlng difficulty i n  rever t ing  
from a pi lot  i n  comand t o  a co-pilot, even though the company pilots 
considered t h a t  the Westnfnd was a more desl rable type t o  operate. 
Company pol f cy required a co-pilot t o  have accumulated a minimum o f  500 
hours on Westwinds before being e l ig ib le  f o r  comnand upgradjng. When a 
vacancy far a p i  1 o t  i n  comand had become available, M r  had lodged 
an application for the posftian. He was t o  be the  f irst  co-pflot t o  be 
considered for the part icular  vacancy, because o f  h i  s overall senf ori ty 5 n 
the  company. 

Mr undertook an apprai sa1 flight w i t h  Hr on 2 and 3 
Octbber 1985. Hr assessed his performance as unsatisfactory, on 
the grounds o f  lack o f  knowledge of the various emergency procedures and 
the af rc ra f t  systems. Counsel 1 f ng was given on these aspects by MP 

Mr was also remlnded that i t  was company polf cy t o  
permit a f l  rst-officer tw attempts to upgrade t o  captaf n, and should the 
second at tempt  be unsuccessful , t h e  candidate remained as a co-pi 1 o t  
indefinf tely A t  the same meeting he was a1 so counsel led by the General 
Manager an h i s  overall att l tude towards the company, 
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On 7 and 8 October, M r  had flown w i t h  another company check p i l o t ,  
who subsequently reported t h a t  i n  h i s  opinion M r  had made 
noticeable improvement. However, he had s t i l l  d i  splayed some lack o f  
knowledge o f  various procedures, and the act ions required i n  the event o f  
fa i lu res o f  some o f  the a i r c r a f t  systems. During the f l i g h t  M r  
was required t o  control  the a i r c r a f t  using the emergency FA1 f o r  a t t i t u d e  
guidance, fol lowing the simulated f a i l u r e  o f  the primary FAI. The check 
p i l o t  reported tha t  M r  hand1 ed the exercise wi thout  d i  f f i c u l  ty , 
and considered tha t  he would make a su i tab le  comnand p i l o t ,  fo l lowing a 
per iod o f  supervision. 

M r  had recent ly been informed o f  the unserv iceabi l i  t y  o f  the r a t e  
of turn indicator  i n  VH-IW3 by one o f  the company p i l o t s .  The f l i g h t  on 
which the accident occurred was only the t h i r d  occasion he had occupied 
the l e f t  hand side cont ro l  seat, and was the f i r s t  occasion he had f lown 
VH-IWJ from that  seat. It could no t  be determined whether M r  had 
required him t o  f l y  using the r a t e  o f  t u r n  i nd i ca to r  dur ing the appraisal 
f l i g h t  on 2 and 3 October. However, there was no doubt t h a t  M r  
had 1 i t t l e  or no recent experience i n  the use o f  t h i s  instrument. 

M r  had a disturbed sleep on the n i gh t  preceding the accident 
f l i gh t .  This was evident ly unusual f o r  him as he was normally able t o  
r e l ax  quickly and he had adjusted wel l  t o  the vary ing sleep pat terns 
imposed on p i l o t s  who must work a t  n ight .  He had spent most o f  the 
previous day studying f o r  the coming f l i g h t  and he was aware t h a t  t h i s  was 
probably h i s  l a s t  chance t o  convince the Chief P i l o t  o f  h i s  s u i t a b i l i t y  
fo r  upgrading. As he had no t  complained o f  any hea l th  problem, i t  i s  
1 i kely that  t h i s  caused h i s  unrest. 

1.16.2 THE AIRCRAFT 

1.16.2.1 Structure 

The section of r i g h t  wing recovered on the morning o f  the accident was 
examined and determined t o  have f a i l e d  i n  upward bending overload. The 
wing mainspar fa i l ed  j u s t  inboard o f  the r i b  a t  Wing Stat ion (WS) 93. This 
pos i t ion was about 4.5 metres from the outer edge o f  the wingt ip  f ue l  
tank. There was no damage t o  the wing leading edge. However, the 
t r a i l i n g  edge and the lower rear sect ion o f  the t ip - tank displayed damage 
consistent wi th the w f  ng s t r i k i n g  the water t r a i l i n g  edge f i r s t .  No 
evidence of any pre-exi s t i n g  damage t o  the wing could be found. 

1.16.2.2 Engines 

Examination o f  engine components conf i rmed t h a t  both engines were 
operating a t  the time o f  impact. The compressor blades o f  both engines 
showed gross bending against the d i r ec t i on  o f  ro ta t ion .  This i s  
consistent wi th high ro ta t iona l  speed o f  the blades as they came i n t o  
contact  w i th  the d i f f u s e r  casing. The combustion casing o f  the r i g h t  
engine was to rs iona l l y  buckled i n  the d i r ec t i on  o f  r o t a t i o n  consistent  
w i t h  gross braking loads as the compressor contacted the casf ng. The l e f t  
engine t a i l p i p e  was subjected t o  metal 1 urgf ca l  examination t o  determine 
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i t s  temperature when buckled a t  impact. Thls was detemtjned t o  have been 
f n excess of 500-C and i s  a1 so consistent w i t h  the engine ~pera t ing  a t  
h igh  speed a t  fmpact* 

1.16-2.3 Control Surfaces 

A1 though sections o f  bath elevators were recovered i n  the same 
l o c a t i o n  as  the other f lotsam on the morning o f  the accident, I i t t l e  else 
of the control surfaces o r  systems was recovered. Due t o  the other 
evidence ara3lable, i t  f s  considered however t h a t  these components were 
not of causal significance. 

1.16.2,4 Stab i l  jser Trim 

The horf zontal stabil iser jack was recovered attached to a s e c t ~ o n  o f  the 
fuse1 age rear bulkhead and part pf the support structure. The r i g h t  hand 
screwjack was broken a t  about h a l f  i t s  length and was mfssing* The l e f t  
hand screwjack rod end was torn from the horizontal stabiliser front spar  
attachment point .  The distance between rod ends on the left screwjack was 
measured t o  determSne the stabil isar posf tr'on before impact. It was 
established by reference t o  the maintenance manual t h a t  the stabil iser was 
i n  a position of  -2.6 degrees, which was appropriate for the gross wef g h t  
and speed o f  the aircraft a t  the time. 

1.16.3 OTHER RESEARCH 

1.16.3-1 Birdstrike 

The services of an orni  tho1 ogis t were en1 1s ted t o  ascertain the 1 i kel thood 
of the aircraft being disabled as a result o f  a birdstri ke. The 
f nformatian obtained revealed t h a t  many spec1 es o f  migratory b i  rdr f l y  a t  
night, up t o  an a1 tt tude o f  about 20000 feet ,  A1 though over forty species 
of shorebirds mi grate between Asia  and Austral i a ,  mainly in October, there 
is greater movement across Australfa f r o m  the northwest rather than down 
the Eastern seaboardr The largest b i r d  likely to be encountered o f f  the 
East Coast a t  n j g h t  during October i s  the Black Swan whose maximum welght 
for an adult  f s  8.75 kg.  These are comnon in southeastern Australia and 
travel considerable distances a t  n i g h t  up to a1 ti tudes of  lOQOQ feet ,  The 
conditions prevailing a t  the time o f  the accident would ribt have Impeded 
b i r d  f l i g h t  f n  any signfffcant way. 

After recovery and transcription of the CVR tape i t  was evf dent that the 
a f r c r a f t  had not  suffered a birdstrfke, 

1.17 ADDITIONAL INFORMATION 

1.17.1- Criminal Allegatfons. . . 

A t  the tlme o f  the accident a number o f  a1 legat jons had been made Sn the. . 
various news medfa that  Pel-Alr was involved i n  the transportatfon o f  
drugs. Because o f  these a1 1 egat l  ons, 1 nvesti gat1 onz were carried out by 
elements o f  the NSW Pol i c e  Deparment. These 1 nvestigations were carrl ed 
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out with the co-operatfon of ,  but independent from, the Bureau o f  Air 
Safety Investtgation. 

A comprehensive forensic examination carried ou t  by the PolSce found no 
evldence t o  support any suggestton that  any criminal attempt was made 
t o  destroy the af rcraf t  or i t s  crew. 

1.17.2 Recorded Radar Infomation. 

When VH-IWJ became airborne f r o m  Runway 16, the Departures controller was 
ab 1 e t o  won1 tor i ts progress on radar by reference to the primary return 
from the s k i n  o f  the af r c r a f t ,  and a secondary return generated by a 
transponder f n the aircraft. A prfmary return f s generated each t ime the 
radar antenna a t  the AS rport recejves a skin pa3 n t  from an a l  rcraf t, and 
the array completes one r o t a t i o n  i n  approxfmately 6 seconds. The antenna 
which receives secondary returns i s  mounted on the Route Survef 1 1 ance 
Radar 1 nstal 1 a t i  On, whi ch takes about 12 seconds t o  complete each 
rotat ion,  I n f o m a t l o n  relating t o  the position and heSght o f  the a i r c r a f t  

- f s updated a t  this rate. 

Consf derabl e d i f f icu l ty  was experi enccd i n  determining the exact pos i t ion  
a t  whfch the returns from the aircraft faded from the radar screen, the 
last recorded secondary return was received before the aircraft comnenced 
its left  turn a t  about the 6 DME position, However, the controller had 
observed ptiarary paints from the a f rc ra f t  as i t made the turn. The loss 
of secondary radar infamation during a turn  i s  a known phenomenon, 
occurring as the transponder antenna i s  shielded by the aircraft 
structure. A t  the present time a t  the major a i  rports i n  Austral fa,  only 
the secondary radar information i s  recorded. As a result ,  the p o I ~ t  a t  
which the control 1 e r  assessed the af rcra f t  returns had Faded depended on 
h i s  recollections, and could not be poritiwely verif ied.  The llkely area 
In which the aircraft struck the water was therefore unable t o  be defined 
as accurately as desl red. Tht s i n  turn led t o  a d i  1 ution o f  the search 
effort, w i t h  the avaf lable resources requiring t o  be spread over a larger 
Bream , 

1.18 UEM INVESTIGATION TECHNIQUES 

1J8.1 Use o f  Hypnosis. 

One of the principal eye *i tnesses was a gaol warder. H i s  ? n l  ti a1 
statement on hf s recotlectfon o f  the manoeuvres o f  the a i rc ra f t  was clear 
and apparently accurate, however he was unable t o  recall the whole of the 
f l i g h t  path, He agreed t o  be placed under hypnosis t o  ascertain whether 
hfr  memory of the event could be improved., 

 he exercjse was carrfed out by a NSW Pol lce Oepartnrent Scient i f ic  Squad 
off icer special ly trained and approved t o  place subjects under hypnosi s , 
The interview was conducted by t h i s  off icer  I n  the presence of 
Investf  gators. The witness took some tfm t o  relax sufficfently t o  a1 low 
himsel f to become hypnetfsed, however he then showed graphlc recal I o f  the 
accI dent. H3 s 1 n4 ti a1 stateraent had referred only t o  the observed descent 



of the atreraft, but he was .noH able  t o  remember events Teading t o  that  
descent. He bctserlbed a a  t he saw the a3 rcraf t c m n c e  a -turn t o  the 
f e f t ,  then rol> t o  the right pas t  the vertJca1 posftjon before djvjng 
towards the sea, T!IJ~ was the first IndScation avaj lable  to' the 
Investigation that the alrcraft had raFled into the descent, rather than 
pitched nose-down from a wSngs-level a t t f  tude. 'tht s aspect pmvl&d 
valuable assf stance t o  the Investigation, a t  a tFme when there was 
coflsjderable doubt t h a t  the f l i g h t  recorders wauld be recovered. 

Fol I ow5 ng the recovery of the FDR, the sequence o f  events a$ descrf bed by 
the witness w a s  proved t o  be accurate. This was further conffrmed by the 
results o f  the experimefits c a ~ r i ~ d  out f n the f l  fght sfciiul ator, as 
described a t  Para 1.18.2. 

A considerable amount of research has been carried out i n t o  the use of 
hypnosis durlng criminal i n v e s t i g a t j o n s .  S i  m i  1 a r  research f s bef ng 
uadertaken for i t s  use Sn ajrcraft accident invest igat ions.  There are 
canfl i c t i n g  r e p o r t s  o f  the usefulness o f  the technique, as i t  has been 
shown scientifical ' ly t h a t  hygnosfs rarely enhances mmry.  However, there 
I s  evidence t h a t  hypnotic i n t e r v f w s  are most 1 ikety t o  reveal significant 
Information when witnesses are genuinely motivated towards the use o f  the 
technique. This was the f i r s t  occasion i n  which hypnosis had been applled 
i n  thSs country t o  assist  an a i r c r a f t  accident investSgatSan, and the 
resul ts were encouragi ng . 
l,18.2 Pt ' lut  Perfomance  experiment^ tn F7 f ght Shu'latar, 

It: became apparent during the fnvest igat ion t h a t  the check p i l o t  had 
possibly simulated f a f  lures o f  a l l  FAIS shortly after the atrcraft was 
establishcd i n  a steady climb. This wcruld leave the pilot f ly ing the 
a t  rcraft wf tk no d i  r c c t  a t t j  t u d e  f nstrurnent reference, and corn i t  him t o  
f l y  the a i r c r a f t  w i t h  fro gyro at t f tude instrument, in an environment w%ere 
thew mre no external visual references. Such a task,  wh7le difPicuIt ,  
should be w i t h i n  t he  capabilities of a properly trained pjlat ,  providfng 
the rema i n f  ng instruments are functionf ng correctly. However, t h e  rate of  
turn indicator Sn t h i s  afrcraft was operatfng i n  the  reverse sense. The 
effects an pi lot  performance under these demanding c f  rcumstances was 
unkno~n . 
In order t o  obta in  specific information on the difficulties of maintaining 
a i r c r a f t  control under the described circumstances , a series of 
experiments was carried out  in a f l  i g h t  sirnufator. The restil t~ of the 
experiments were then used t o  animate an aircraft jmage on the Bureau's 
computer graphics systcri~ in order to observe the f l i g h t  paths In  three 
dSmensions and in real time. 

The sintula tar used was a Boei ng 707-338 mdel . It was rot i f  i gured w i  th a 
similar jnstrument panel t o  t h a t  i n .  'VH-IWJ, except that the rate 05 turn 
indicator was a separate instrument w i  t h  a considerably 3 arger poi nter . 
Far the purpose of the exerctse, a 7 channel pen recorder was i n s t a l  led, 
and modifications were made to enable the sense e f  t h e  rats o f  turn  
Sndfcator to be reverred as desired. 
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The program f o r  the  experiment was devf sed by the  Bureau's human 
performance experts, in -conjunction w i t h  f l i g h t  recorder and s i m u l a t o r  
speci a1 i sts . The pi lots  used were 9 qua? i f i ed Boei ng 707 p f  lots .  They 
were each required t o  execute a take-off followed by a "16 West Maitland 
One" departure f rom Sydney, w i t h  the Jntroductf on of limfted panel 
opernt l  on shortly before the required turn a t  6 DM€. The exercise was 
t h e n  repeated, b u t  w i t h  the sense o f  the ra te  o f  turn i n d i c a t o r  reversed 
a t  the p o f n t  o f  in t roduct ion  of the limited panel condition, 
The results o f  the study showed that  al l  o f  the p i  lots maintained adequate 
control of  the af rcraft  when the rate of turn jndaeator was operating 
correctly. However, with the sense of t h S  s - 3  nstrument reversed, 3 pilots 
lost  control and "crashed" the sfmulator. I n  each case, control was l o s t  
after the commencement o f  the 1 e f t  turn,  with the af rcraf t  finally 
executing a steep turn  t o  the rfght. The f i n a l  impact was a t  an angle i n  
excess o f  50 degrees nose down, and a t  an aSrspeed in excess o f  500 knots. 
None o f  the pilots made any attempt t o  reduce engine thrust, and al l  
impacts were w i t h  climb thvust still applfed. 

The average tSme taken for the afrcraft t o  descend from about 5000 feet t o  
, sea 1 eve1 was 12 seconds. I n  addit ion,  4 other pi1 o t s  entered a rf ght 
:'turn following the i r  i n i t i a l  turn t o  the le f t .  These pilots  were able t o  
retain control , and subsequently were able to turn agaf n t o  the le f t .  Xt 
was noted that a1 1 p i l o t s  who turned to  the r i g h t  d i d  so an average of 6 
seconds after commencing the planned turn  t o  the left. This finding was 
of  consi derabl e interest, as it had been be1 i eved that  w i t h  the turn 
indjcator showing a r i g h t  def lect ion when the l e f t  turn  was commenced, the 
p i lo t  wuld naturally apply more l e f t  bank input t o  achieve the destred 
resul t. I t  was therefore expected t h a t  i f  control were 1 o s t ,  f t waul d 
f nvol ve an increasing bank t o  the 1 e f t ,  The simul a tor  experiments showed 
unequivocally t h a t  t h i s  was not  the case. 

2 ANALYSIS 

2 -1 General 

The i n i t i a l  preparations f o r  the flight were apparently normal . The 
unserviceabil i ti es 14 sted f n the maintenance d ~ u m e n t a t i  an re1 a t i  ng t o  the 
rate of turn  indicator  and the a1 ti tude alerting system would not, i n  
themselves, have affected the abjlity of  the crew to safely conduct the 
flight. The take-off and i n i t i a l  climb also appeared to be normal, 
However, control of the a i rc ra f t  was lost just over 2 minutes after 
take-off, as a turn, which should have taken the alrcraft le f t  through 129 
degrees, was commenced. 

Th is  analysf s evaluates the relevant areas o f  the witness, engineering and 
f 1 i g h t  recorders evi  dence and examines the possible operational reasons 
far the loss o f  control and the subsequent descent into the sea. 

2.2 The Aircra f t  

Appropriate maintenance documentation relating to the a i r c r a f t  was i n  
order, and a l l  mandatory maintenance and ? nspectf ons were recorded as 
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having been carried out .  There was no evidence t h a t  the aircraft was 
other than serviceable prior t o  the f l i g h t ,  with the exception of the 
a1 ti tude alerting system and the rate o f  turn indicator, The alrcraf t  had 
operated satlsfactotfly w i t h  a defect i n  the rate o f  turn  indicator for 
almost 12 months. 

Despite the fact that the 1 ndicator was faulty, no e f f o r t  had been made t o  
positively alert the p i 1  o t s  t o  t t s  c o n t i  nuf ng presence. This could have 
been achieved by the placing o f  a placard near the face o f  the instrument ,  
or by the pulling and locking of the appropriate c f r c u i t  breaker. 

The exarni n a t i o n  of the wreckage recovered together wi t h  the C nfomation 
obtaf ned from the FDR and CVR d id  n o t  reveal: any evidence t o  indicate t h a t  
the a i r c ra f t  was not  capable o f  nomal operat ion at the  time o f  departure 
from Sydney. Both engines were operating a t  high rotational speeds a t  the 
time of i m p a c t ,  and i t was consi Pered t h a t  the c i  rcurnstances o f  the 
accjdent  were n o t  consistent w i t h  those t h a t  m i g h t  be expected with an 
engine re1 ated problem. 

2 .3  The Crew 

Both pi  lots were sul t a b l y  I icenced and qua1 f f f e d  to undertake the f l i g h t .  
M r  . had considerable experience on the a i r c r a f t  -type both in the 
normal ope ra t i ng  and t r a i n i n g  roles. Mr had substantial 
experience on the type as a co-pi 1 o t ,  a1 though t h i  r was t o  be only h i s  
t h i r d  f l i g h t  while occupying the left  control  seat.  On the previous 
occasions he had not  been flyfng YH-INJ. 

With the  except ion o f  Mr 's disturbed sleep pattern on the evening 
o f  the f l i g h t ,  neither pi lot  had any known medical or psychologica7 
problem which might  have affected their a b i l i t y  to safely operate- the 
a i rc ra f t ,  The cause o f  M r  ' s sleeping dlff icul  ty was not  
determined, b u t  may have been re1 ated  to some perceived stress, w f  th 
reference to the importance o f  the f l i g h t  on his future progress i n  the 
company. There. was evi  dent'ly nothing f n his manner o r  appearaoce durl'ng 
the period before or on the nf ght  o f  the fl i g h t  to suggest t h a t  he was n o t  - 

capable o f  performing h i s  ass1 gned duties. 
. , 

There were ' insuf f ic ient  human remains recovered to allow any detal'led 
informatSon to- t o  be obtained from the autopsy examinations. 

The sky i n  the area was relatively free of cloud, wfnds were 1 f ght and 
v f  s i  b i l  i t y  was unobstructed. There was no known turbulence or other 
meteorological phenomena t h a t  might 'have affected the a i  r c r a f  t. Weather 
condit ions were therefore not considered t o  have had any bearing on the 
devel aprncnt o f  the acci dent. 
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2.5 The Accjdent Sequence 

The evidence obtained from eye wf  tnesses, recorded radar information and 
the FDR indicated t h a t  the atrcraft was track4 ng in accordance with the 
assigned airways clearance, Shortly after  comnencf ng a turn a t  5 DM€, 
control o f  the aircraft was l o s t  and a sleep descent followed. Sudden 
loss o f  control o f  an a i rc ra f t  under t h e  cfrcumstances was consmldered 
1 S kely t o  have been caused by one of the fol 1 owf ng 1 n f l  uences. 

( a)  Structural failure of the airframe 

(br Uncomnanded elevator t r i m  Inputs. 

Ic) Sabotage 

( d l  Collision wfth  another a i r c r a f t  or object 

l e )  Pilot  incapacitation 

t f )  Suicide 

(9)  Spatial  disorientation 

,2.5.1 structural Failure o f  the Airframe. 

The a i r c r a f t  type did  not have any hfstory o f  structural problems. VH-IWJ 
had been maintained i n  accordance with the approved schedules, and had 
f lown a 1 ower number o f  hours than f t s  contemporaries f n Australian 
operatf ons 

Eye witness evidence indicated tha t  the aircraft descended steeply but 
w i  thou t noticeable movement about the 1 ongi tudi nal axi  s . The 1 andi ng 
1 Sghts were v i s f b l e ,  and formed the basis o f  this evidence. The lights 
were 'located on the f r o n t  of  the wing t i p  fuel tanks, thus i t  was apparent 
t h a t  netather wing had fa1  led i n  f l  ight, Portions o f  both elevators were 
recovered In the main area o f  f loat ing wreckage, indicat ing  tha t  they had 
been attached t o  the af rframe a t  or close t o  the poSnt 07 impact. I n  
addition, no sounds t h a t  could possf bly be associated with an i n - f l  fght  
structural failure were detected on the CYR tape, nor was there any 
comment from the crew to indicate a sudden control problem, None of the 
components recovered showed any sign of fa f  lure other than by overload 
forces. 

2.5.2 ~ncomanded Elevator Trfm Inputs. 

There are know cases o f  aircraft accidents resulting fron a s i tuat ion 
known as "runaway elevator trim". Typically, the t r f m  runs away t o  the 
full nose-up or full nose-down positfon, leading t o  loss of control and/or 
overload failure of the structure. None o f  these accidents have involved 
the Westwind type. 

In the case fn point ,  the most serious s i tua t ion  would result from a 
nose-down t r i m  input*  Such an input would result an a strong negatfve ''9" 
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acceleration as the aircraft pitched down. The FOR f o i  I indicated that  
there was a progressive f ncrease In positive "g" 1 oadi ngs, ,and eye w9 tness 
evidence indicated t h a t  the aircraft rolled, rather than pitched, into the 
descent. In addft ion,  the horizontal stabf l iser jack was found t o  be I n  
the mfd-range' o f  fts travel. Again, no comments were recorded from the 
crew t o  indicate such a problem occurred, 

2.5.3 Sabotage. 

The most likely methods for any sabotage attempt were considered t o  be an 
explosive devfce or a toxic chemical or gas container concealed i n  the 
f ref g h t .  The f nvest i  gat1 on disclosed no reason for any such attempt on 
thls a i rc ra f t  or crew, and the CVR tape d id  not  record sounds o f  an 
on-board explosion or  unusual comnent from the crew. Forensic t e s t i n g  
carried out  by the NSW Police Department also  failed to  reveal any 
evidence t o  suppart a sabotage attempt. 

2.5.4 Collision wSth  Another Aircraft or Object. 

The ana lys is  of recorded radar in format ion  together wi th  evidence f ram the 
vari our, ATC personnel on duty ind icated  t h a t  no other a i r c r a f t  was in the 
area a t  the time. The sounds of a b i r d  or other object st r ik ing  the 
aircraft with  s u f f i c i e n t  force t o  disrupt the structure would have been 
recorded on the CYR tape. No such noises were recorded. 

,2.5.5 P i l o t  TncapacStation. 

Both p i  1 o t s  were apparently i n good general heal t h ,  a1 though on the 
evening prior t o  t h e  fI i g h t  M r  had n o t  slept as we1 7 as normal , 
It was considered poss ib le  t h a t  one of the pi1 o t s  may have suffered a 
sudden illness o r  incapacity, such as a heart at tack,  and had slumped 
forwards onto the controls. Such a movement would resul t i n  a similar 
movement to a runaway trim s i t u a t i o n ,  wi th  a 1 arge negatf ve "9" i n p u t .  As 
previously mentioned, the '9" forces were pos i t i ve ,  and there  was no 
recorded comnent or exclamation as might  be expected if a crew member 
col lapsed. The majority of Pel - A j  r p i  lo t s  a3 so be1 ieved that ? F either 
p i l o t  slumped forward, the other had sufficient strength t o  p u l l  him 
clear o f  the controls. 

No evidence was found t o  suggest t h a t  ei ther  o r  both p i  lots had 
contemplated such an attempt. 

2 .6  Spatial Di sor ienta t ion .  

I n  the absence o f  any evidence to Indicate that the loss  o f  control was 
related to any o f  the preulaus considerations, i t seems likely t h a t  the 
accident resulted from the crew l o s i n g  t he i r  awareness o f  the a t t i t u d e  o f  
the a i  rcrnft. 

Spatial di sorS entat ion describes a sj tua t ion  in which a p i  1 o t  faf 1 s t o  
sense correctly the position, motion or at t i tude  o f  hi s  a f r c r a f t .  It 



-
 

.
F
a
*
 

r
r

*
 

-,- * 
g

b
" 

.
a
 

L
 

?
%

 2
 u

r
u

 m
 

C
+

O
 

L
L

W
I

 
F

v
l

 
r
 

L
.
r
E

'F
Q

)
 

w
 

L
 
0
 a

u
 

a
n

 
Q

I 
P
 

O
I

Q
l

v
l

w
c

 
*

>
A

=
 

L
E
 

a
-r

r
.C

I 
O

M
4

-
 

z: 2- c
z
 .-F

 
s
 
0
 

Q
I 
0
 
V

P
r

.
 

V
IC

 
-

0
0

 
u

 
W

W
W

L
L

 
r-+ 

L
 
E

 
C

Q
*
.
,
 

3
L

 -
0

-
 
c
 r
 

0
 m

 E
 

0
 
0
 

3
 
L
 o

a
r

 u
 u
 

U
U

E
*

 
Z
L
 

m
o

x
m

 
lu

-m
 

a
c

r
~

 
L

 m
 

- 
3
 

u
 

uzlc*vl 
Q

lm
c

.r
 

VI 
m

c
r

m
 

h
rn

 
s

c
r

 
a
+
*
 

+' 
+

 
m

r
-

L
 

Y
-
r
c
u

c
 1
 a
 

6n 
0
 

m
4

-4
J

 
u
 

G
 

L
Q

I
 

.
r

E
 

0
 

O
P

W
r

c
 0

 
I

r
W

L
 

d
l%

.- 
4
'
3
.
-
 Q

l@
.r

*
J

 
.
r
C

I
 rr15 

U
W

 rrl. 
Q

.
F

 
C

J
d

l 
3
 

c
~

q
r

 a
=

c
r

 
O

W
C

E
X

4
-

 
u
 
a
+
 
0
 a

J
q

 iA
 

>
 
*
 

.
r
F

*
-
)
 

2 la& 
=!Em 
O

O
L

 
0
 r= 

0
 



ICAO Circular 232-AN11 39 367 

t o  assess the bank angle o f  the aireraft during the turn. Although 'he had 
recently been i n f o m d  by another company p i l o t  o f  the def4ct i n  the 
Instrument, i t  was 1 ikely that he inadvertently overlooked f t under the 
high work1 oad involved as he concentrated on the hand1 ing of the aircraft. 
It was apparent that  the loss of control occurred shortly after the 
planned turn t o  the l e f t  had been conmenced, and followed a steep bank t o  
the r i g h t .  It was likely,that neither p i l o t  was; aware o f  the a t t l tude  of 
the .a1 rcraft u n t i l  f t had reached an extreme point ,  possibly a t  or about 
the f nverted pasi t I o n  and with the nose we1 I be1 ow the hor i  rontal . From 
this pasf ti on, there was evf dently i nsuff lcient hef ght rema1 n i  ng i n  whf ch 
the pilots could e f f e c t  a recovery. 

3.  CONCLUSIONS 

Fi  ndI ngs . 
1. The p i l o t s  were correctly licenced and were suitably experfenced and 

qua1 l f ied  t o  undertake the fl i g h t .  

2.  There was no evidence that either p i l o t  suffered any sudden Illness 
or f ncapacf t y  whf ch mf ght have affected h i s  abi l  i t y  to safely control 
the a1 rcraft. 

3 .  The aircraft had been maintained in dccordance with t h e  approved 
schedules, and there  was nothing ' to suggest  t h a t  i t  was not  capable 
o f  normal operation a t  the t jme  o f  departure from Sydney Airport.  

4. The weight and centre o f  gravity o f  the aircraft .were estimated t o  be 
w i  t h i n  the l imi ts specl f i  ed f n , the approved Fl ight Manual. , 

5. The p r o v i s i o n  o f  a i r  t r a f f i c  .e,ontrol services was not  a factor i n  the 
accident.  

6 ,  There were no meteor01 ogical conditions t h a t  might have contrI buted 
t o  the accident. 

The a i r c r a f t  was technically rendered un-a i rwortw by virtue of  a 
defect i n  the rate o f  turn ind icator ,  whf ch fonned part o f  the FAI on 
the l e f t  hand side instrument panel. The presence o f  the defect had 
been known for almost 12 months, and a1 1 attempts t o  rectify the 
deficiency had been unsuccessful. The operating company had not made 
application tq  have the defect incorporated i n t o  the approved 
Pemi ss i  bl e Unserviceabi 1 i ty Sch,edul e. 

The operating company had made no effort t o  a l e r t  pilots  to  the 
cont i  nui ng presence o f  the above defect, by pl acardf ng o f  removlng 
the electrical power supply t o  the instrument. 

9. The presence o f  the defect d i d  not  compromise t h e  abflity o f  the 
crews to operate the a1 rcraft safely under normal conditions. 
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10. The p i l o t  i n  camnand intended to use the f l i g h t  to assess the 
perfomance o f  the co-pilot, who was being considered f o r  up-grading 
t o  command s t a t u s .  

11. The p i  1 ot i n  comnand was known to sirnul ate  emergency f nstrument 
f l  i ght  conditions whi 1 e checki ng cmpany p i  1 ots. These sirnu? at! ons 
took the form o f  fa1 lures t o  the FAls on the 1 e f t  instrument panel , 
and the masking o f  the indjcator on the r ight  by covering or the 
removal of instrument I fgh t ing .  - 

i 

12. It: was likely t h a t  on this occaiion t h a t  the simulated failures 
referred t o  above were given shortly before the a i r c r a f t  reached a 
position o f  6 D E  from Sydney, A t  thjs tlme the p i l o t  in command had 
no external reference by whfch t o  m n i  t o r  the a t t i t u d e  a f  
the aircraft in re1 at5 on to the horj zon. 

13. Shortly af ter  commencing a planned turn t o  the lef t  a t  a height o f  
about 5000 feet, the ni rcraf t entered a rap$ d turn t o  the rf g h t  and 
rolled, probably to a nose-down f nverted position, before entering s 
steep descent . 

14. The pi lots b? d not recover control o f  the a! rcraft before impact with 
the water. 

15, Experiments conducted f n  a simulator confimed t h a t  the observed 
loss o f  control was typical of that  whlch could occur when the p f l o t  
had no sfngl e a t t i t u d e  reference instrument, and a t  a time when the 
rate o f  turn indicator  was operatfog i n  the incorrect sense. 

Relevant Events and Factors. 

1 . There was a known ma1 funct f on of the rate o f  turn indicator. 

2. The p j l  o t  i n  comnand possj bly simuf ated sjrntll taneous f a i  1 tires o f  
a1 1 three f ?  ight attjtudc t ndicators . 

3, There were no external references by whfeh. the crew could assess the 
att i tude of  the a1 reraft .  

4. A lass o f  control o f  the afrcraft occurred a t  a helght o f  about 5000 
feet .  

5. The crew did not  recover control of the a i r c r a f t  prlar to impact 
wi th  the sea. 

4. SAFETY RECWMENDATIOHS 

4.1 When the 1 ikely cjrcumstances o f  the accident had been established, 
the fol lowf ng recmendatlon was made ta  the Department o f  A ~ j a t f o n :  





ICAO TECHNICAL PUBLICATIONS 

The foihwing summary gibes the status, and a h  
describm in general terms the contents of the various 
sen'es of rechnIra1 pubIicntions i w e d  by the Inter- 
national CiviI 4 viafion Org~nization. It d ~ s  not 
include specialized pu bllcutions that do nor foEI specifi- 
c* within orre of the series, such us CIS Aeronautial 
Chart Catalogue or the Meteorological Tables for 
International Air Navigation. 

InkrnstionJ wadtuds and Recommended Pmp- 
lices are adopted by the Cuuhcil in accordance with 
Articles 54, 37 and 90 of the convention on Inter- 
national Civil c via ti on and are designated, for 
conveniaflce, as Annexes to the Convention. The 
uniform applica~on by Contrwting States of the spPci- 
fications contained in the International Standards is  
recognjted as nwessary for the safety or re8ularity of 
international air navigation while the uniform appli- 
cation of the specifications in the Recommended 
Practices is regarded as desimble in the interest of 
safety, regularity or efficiency of  international air 
navigation. Knowledge of any differences between the 
national regulations or practices of a State and those 
eaablishfred by an International Standard is  essential to 
the safety or regularity of international air navigation. 
In the event of non-compliance with an Intefnational 
Standard, a State has, in fact, an obligation, under 
Article 38 of the Convention, to notify the Council of 
atry differences. Kno~vledge of differences from 
Rec~mn~nded Practices m y  also be important for the 
safety of air navigation and, although the Convention 
does not impose any obligation with regard thereto, the 
Council has invited Contracting States to notify such 
differences in addition to those relating ta Idteinatbnal 
Slandards. 

Proedures for Air Navigation Services (PANS) are 
approved by the Council for world-wide application. 
They contain, for the most part, operating procedures 

regarded as not yet having attained a sufficient degree 
of maturity for adoption as International Standards and 
Recommended Practices, as well as material of a more 
permanent character which i s  considered too detailed 
for incorporation in an Ann@, or is  susceptible to 
frequent: mendment. for which the processes of the 
Convention would be tm cumbersom. 

Regional Supplementary Procedures (SUPPS) have q 
status similar to that of PANS in that they are approved 
by the Council, bul only for application in the respective 
regions. They are prepared in consolidated lorn ,  since 
certain of the procedures apply to overlrtppfng regions 
~r are common to two or mwe regions, 

The folbwing pll bfications are prepared by out hority 
of the S~refary  General in nccordance with <Re 
pr~ncpies and &Pies cppm d by f&e CN~CIZ 

' Technical Manuals provide guidance and infor- 
mation in amplification of the International S~andards, 
Recommended Practices and PANS, the implemen- 
tation of which they are designed to facilitate. 

Air Nadgatior~ Plam detail requirements for facili- 
ties and services for international air navigation in the 
respective ICAO Air Navigation Regions. They are 
  re pared on the authority or the Secretary General on 
the basis of tecommendations of regional air navigation 
meetings and of the Council action therean. T h e  piads 
are amended periodic all^ to reflect changes in rmuire- 
ments and in the status of implementstion of the 
reccl~nrnended facilities and services. 

ICAO Circulars make available specialized infor- 
mation of ioterest to Contracting States. This includes 
studies on technical subjects. 
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