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at Stapleton Airfield, Denver,  CoIorado, I I July 1961. 
Civil  Aeronautics Board (USA) Aircraft Accident Report, 
File  No. 1-0003, released 20 July 1962 . . . . . . . . . .  

2 3 .  - Ceskoslovenski: Aerolinie, Ilyushin 18, OK-PAF, 
accident south of Anfa Airport, Morocco, on 12 July 1961. 
Report released hy The Directorate of Aviation, Morocco . 

24. - ~ e r o l h a s  Argentinas, Douglas DC-6, LV-ADW, accident 
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thoroughness with which accidents are 
investigated, the f rankne s s and impartiality 
of the findings, and the readiness with 
which they are disclosed and authorized 
to be published, It is  in this way only that 
,*is most fertile field for international 
co-operation can be effectively exploited. 
The measure of interest that this publica- 
tion has aroused, and the vital information 
it imparts amply demonstrate the pos sibi- 
lities of ultimate achievement when every  
accident is investigated with the greatest 
thoroughness and the findings disclosed 
with complete frankness. 

Restriction upon repraduction in the 
Digest seriously impairs, of course, the 
usefulnes~ of any reports, a s  it is  only by 
comparison between the circumstances 
that occasioned the accident and the cir- 
cumstances of other operations that poten- 
tially hazardous circumstances can be 
foreseen and avoided. Name s of persons 
involved may, however, be omitted without 
detracting from the value of the report. 

The working languages of the Organ- 
ization are English, French and Spanish. 
It would be helpful, therefore, if States, 
where possible, could submit their final 
reports on accidents in one of these lan- 
guageB as our translation facilities for 
other languages are limited. 

Follow-up action and other supple- 
mentary information or comments on an 
accident report by the State of Registry 
or State of Occurrence provide useful 
material for inclusion in the Digest. 

Whenever possible, photos and dia- 
grams have been obtained for illustration 
purposes in order to give a clearer overall 
picture of the crash area, an idea of the 
probable flight paths of aircraft, the loca- 
tion of witnesses to  the crash, and in 
general to make the reports more interest- 
ing to the reader. 

Part I1 of this issue dealing with 
Aircraft Accident Statistics has been based 
on material derived from the Air  Transport 
Reporting Forms G submitted by States and 
other sources. (For further review of 
material included refer to the Introduction, 
page 315). 

Part III includes an article which 
discusses the power curve and sink rates 
as well as two Flight Safety Bulletins which 
warn pilots of the after effects of scuba 
diving and of the difficulties which may occur 
with instruments and systems supplied with 
static pressure. 

P a r t  ZV presents the l i s t  of laws  and 
regulations relating to aircraft accident 
investigation as published in Accident Digest 
No. 12 together with all amendments 
received by ICAO up to 31 May 1964. 

The material for this Digest has been 
obtained from various sources, is printed 
for information only and does not necessarily 
reilect the views of the International Civil 
Aviation Organization. 
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COMMENTS ON ACCIDENT SUMMARIES 

Reports of 54+ aircraft accidents 
occurring during 1961 in commercial air 
transport operations have been received 
by ICAO and axe summarized in this 
Digest. Also appearing are summaries 
of an accident in S&n6 gal ( 1 960) 
29 August, a training accident inCameroon 
(1961) 1 3  June, and two incidents involving 
aircraft (1  July 1961 and 29 October 1961) 
which do not come within the ICAO clas s i -  
fication of an accident, These  last acci- 
dents are included in the Digest as they 
satisfy one or m o r e  of the following 
criteria: 

1) World-wide interest in the acci- 
dent, due to  either 

a) major disaster aspect which 
resulted in wide publicity, or 

b) special nature of accident and 
possibility of remedial 
action; 

2) Suitability of the original report 
for preparation of a summary; 

3) Interest as an example of good 
accident investigation practice. 

Although they do not appear in 
classification Tables A and B, they have 
been classified according to pages 16 - 20 
of the ICAO Manual of Aircraft Accident 
Investigation - Doc 6920-AN/ 8551 3 
(Third Edition) and the classification 
appears at the end of each summary 
concerned. 

The accidents occurring in comrner- 
cia1 air transport operations m a y  be 
classified as  follows: 

Scheduled operations 38 

International I 8  

A N D  CLASSIFICATION TABLES - 1961 

Domestic 20  

N 0x1- scheduled ope rations 16 

International 11 

The classifications in Tables A and 
B follow closely the suggestions contained 
in the ICAO Manual of Aircraft Accident 
Investigation. They have, however, been 
based on accident reports founded on a 
variety of reporting and analysing tech- 
niques. Only a portion of the total number 
of accidents investigated by States ie either 
released for general publication or sent 
to ICA 0. Due to the smallnear of the total 
samples (54) no attempt ha# been made in 
this publication to  prepare classification 
tables according to  the t m e  of operation 
being conducted, for inatanc e , whether 
scheduled or non-scheduled; and no differ- 
e ~ t i a t i w  is made between accidents 
occurring on domestic and on htermtfonal 
flights. However,  a notation on the type 
of operation being conducted, where known, 
is included in Table A .  While the tables 
may serve a useful purpose in indicating 
causal trends, the numbers are too small 
to be significant for statfrtical purposes 
and readers are warned not to place too 
much reliance on the trends so indicated 
without comparison with other sources, 
such as those published by other inter- 
national organixations and national admin- 
istrations. 

Although considerable care has been 
taken in drawing up Tabla A to ensure that 
the classification conforms with the find- 
i ngs  of the reports from States, the very 
brevity of the table might give a wrong 
impression in some i n s t a o c e ~ .  The reader 
is,  therefore, always invited t o  r e f e r  to 
the summary in the Digest and, if  naeessarp 
the report from which it is derived. 

* A ground collision, involving two aircraft, is counted as  two accidents, 
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A Burvey of the commercial air 
transport accident summaries for 1961 
suggests that the following features are 
worthy of attention: 

i) 50% ~f the accidents summarized 
occurred during the approach and 
landing stages and of these 5670 
were collisions with terrain or 
objects thereon, (including 15% 
clasrified as undershoots). 
Another 1870 were due to stall or 
loss of control and the remaining 
26% were of various types, 
including one c ollisiok between 
a landing aircraft and another 
taking-off without clearance. 
It would appear from the above 
that pilots are experiencing 
difficulties in correctly determin- 
ing their position and of correctly 
interpreting their height above 
the ground. The proportion of 
accidents occurring during the 
landing phase has slightly in- 
creased during the year under 
review; 

ii) 29. 6% of the accidents, including 
many serious ones, occurred 
during the en routs phase. 37.5% 
of these were collisions with 
rising terrain confirming the 
comments above. Of the remain- 
der 13% involved engine tearaway 
and another 13% wing failure. 
There wae one in-flight fire due 
t o  a fuel leak, m e  engine bearing 
failure followed by overspeedhg 
and turbine failure, one stall due 
to icing conditions and one instance 
of faulty navigation; 

iii) 20. 4% of the accident r reported 
occurred during the take-off and 
initial climb phase. This per- 

centage i s  the same as  for  the 
previous year. Of these 27% 
involved control systems diffi- 
culties and in two cases the acci- 
dent occurred when the aircraft 
stalled. Two other accidents 
were caused by a possible lack 
of coordination between the two 
pilots. One aircraft took off with- 
out clearance and collided with 
a landing aircraft. 

Of particular interest in this issue 
i s  the summary of the Dag Hammarskjold 
accident which appears on page 18 3 .  

Unusual causes of accidents appearing 
in this i s s u e  include whirl mode, porpoising, 
and one instance, in Australia, of the pilot 
collapsing over the controls of the aircraft 
following a heart attack. 

Improperly executed instrument 
approaches also contributed to the accident 
picture for  1961, 

Manual of Accident Investigation 

The ICAO Manual of Accident 
Investigation (Doc 6920-AN/ 855),  which 
was first published in 1949, wan completely 
revised in 1959, and the Third Edition is 
now available in English, French and 
Spanish. The Manual is designed to facil- 
itate the proper training of investigators, 
without which many of the lessons that 
cap be learned from the misfortune of 
accidents may be lost. In addition to the 
prom~tion of a higher technical standard 
of accident investigation, the Manual 
provides for a standard form of classifica- 
tion and reporting which will facilitate 
comparison of accident data and the inter- 
national application of remedial measure s 
arising from accident investigation, 
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PART I 

No, 1 - 
Air France, Super Constellation L-1049G, F-BHBC, crashed into the sea while 
approaching to land at Y o f f  Airport, Dakar, SCnigal, 29 August 1 950. Report 

dated 12 December 1962, released in Le Journal Officiel de la Rhpublique 
u 

Circumstances Flight crew 

F-BHBC was flying the Paris - 
Dakar stage cf scheduled transport illgilt 
AF-343 between Paris - Dakar - Roberts- 
field and Abidjan. Aboard were  8 crew 
and 55 passengers, At approximately 
0634 hours GMT, in unfavourable meteoro- 
logical conditions, the aircraft carried out 
a baulked landing procedure on runway 01 
at Yoff Airport. After declining runway 30 
(equipped for  instrument landing), the pilot 
reported that the aircraft still had an en- 
durance of over two hours and that he had 
decided to postpone the landing until the 
meteorological conditions improved. 
Shortly after 0641 he announced that he 
intended to make another approach to run- 
way 0 1. The aircraft overflew the aero- 
drome in an east-west  direction and wa3 
seen at 0645 hours flying in the vicinity ol 
the N'Gor hotel,  positioning i t s e l f  for the 
downwind approach, After reporting 
"downwind" at about 0647 hours, the air - 
craft disappeared in a rain squall and was  
not heard from again. 

It crashed at sea shortly after 
0647 hours, approximately 2 400 m, on a 
bearing of 25Le, from the Mamelles l ight-  
house, The wreckage was located at a 
depth of 40 rn. No one survived the acci- 
dent, 

The pilot-in-command's licence was 
valid until L October 1960. He had type 
ratings for DC-3, DC-4, Lockheed 749,  
1049 and 1649 aircraft. He had flown a 
total of 20 068 hours including a consider- 
able number on L1049 aircraft which he 
had been flying since 1953. He  knew Dakar 
Airport well  and had operated in the area 
from July 1949 to January 1954, then again 
since January 1956. 

The co-pilot a l so  held a valid licence 
and had ratings on the DC-4 and the Lock- 
heed 749, 1049 and 1649. His total experi- 
ence amounted to 7 192 hours. 

The other three members of the flight 
c-ew (a radio operator and two flight engi- 
neers) all held valid licences and had con- 
siderable f ly ing experience. 

Meteorological conditions at the 
time of the accident 

Dakar was experiencing conditions 
similar to monsoon weather. Visibility 
varied considerably from one minute to the 
next. Fairly violent showers and storm 
phenomena raged over the aerodrome and 
in its vicinity. Distant lightning, at times, 
could also be seen. 

Investigation and Evidence The 0630 hour observation was as 
follows : 

The Aircraft "QAN 360/15 kt, QBA 6 km, 
QNY moderate showers, 

The aircraft was properly equipped QBB 7 18 cumu~onimbus , 
and maintained and was operated in accord- cumulus and stratus at 600/900 m, 
ante with the regulations. QFE 1009. 5 mb, QNH 1012.7 for 

27 rn. " 
The load distribution and trim of the 

aircraft were satisfactory. 
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In his communications with F-BHBC 
:he tower controlier gave wind and ground 
jressure data as it was in the 0630 obser- 
ration. The reafter he modified the figures 
for the visibility and wiad conditions as he 
bbserved them. 

Sunrise at Dakar was at 0657 hours 
GMT on the day of the accident. 

The Flight 

Having filed a flight plan indicating 
a trip of approximately 9 h w r s  32 minutes 
duration, F-BHBC departed Paris on 28 
August at 2038 hours. Following an un- 
eventful flight, during which no difficulties 
were reported, the aircraft contacted the 
Dakar area control centre and reported 
that it was entering the area and expected 
to reach Yoff at 0630 hours. 

The centre cleared it to  descend to 
flight level 20 and asked it to report again 
over beacon DY. At 0627 the aircraft 
reported it was directly over the airport, 

Following this, the flight's progress 
was established on the basis of tape record- 
er  transcriptions between the aircraft and 
the Yoff tower, data entered in the tower 
log by the controller and his own testimony, 
as well  as witness information. 

At 0630 hours F-BHBC was told by 
the tower controller at Yoff that it was 
then No. I to land. The runway in service 
for visual landings, was runway 0 1 ,  which 
was newly constructed and was the longest 
(2  900 m), the smoothest, and the best 
aligned in relation to the prevailing winds. 

At 0634 hours the flight, which had 
not reported on final approach, advised 
that i t  was not aligned and the throttle had 
been re-opened. The flight was thendown- 
wind, going towards the range and was to 
stop climbing at 1 000 it. The controller 
t d d  the lligbt that the LLS was on as well as 
tht three beacons. 

Visibi l i ty  was then poor on runway 
01, and there was h - 9  rain, Therefore, 

the flight was to wait until conditions im- 
proved. The controller informed the air- 
craft that it could approach on runway 30.  
The wind speed at that time was 10 - 12 kt. 

The pilot -in-command himself then 
notified the tower that he was not landing 
but would do so when the rain stopped. H e  
also said that he was going to turn on Gorec 
which was then clear. 

Shortly after 0641 hours the flight 
asked whether it should try a landing on 
runway 0 1. The tower replied that the wind 
conditions were 020/05 kt, and visibility 
was  still poor. The tower controller said 
he could only see the Mamelles lighthouse, 
situated 2 800 m away, when i t  flashed, and 
he cauld not see runway 0 1. 

Fallowing this communication the v is i -  
bility conditions improved, and at 0645 hours 
the aircraft flew over the airport  in an east -  
west direction. 

Witnesses testified that the aircraft 
flew parallel to  runway 30, 5anked to port 
behind the N'Gor hotel and then vanished in 
a violent rain squall, No one mentioned 
having seen lightning in that direction, 

At 064710648 the aircraft acknowledg- 
ed receipt af the last message from the 
tower and reported it was downwind for run- 
way 01 at 1 000 ft, There was no further 
contact with the flight. 

Awitness stated later that at about the 
time of the accident he had seen !MO red 
flashes at an altitude of approximately 
150 rn about 2 km out to sea. These flashes 
were in the same direction a s  that calculated 
for the crash. The witness had noticed no 
lightning in the area. 

The wreckage 

The search of the crash area and 
Iocating and salvaging of the debris proved 
extremely difficult. Salvage operations 
yielded about 20% of the debris only. 

The examination of the wreckage 
revealed that the impact forces were violent, 
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The configuration of the aircraft 
at the time of impact 

Examination of the  fragments of the 
aircraft and the workshop invest igat ion 
established the following facts concerning 
the aircraft's configuration: 

nose landing at start of 

pressure without any 
movement of the pro- 
peller control towards 
the f i n e  pitch. In this 
hypothesis,  however, 
one cannot exclude 
voluntary or  involuntary 
action on the throttle 
levers during impact, 

gear: extension - 
Possible Causes of the Accident - 

main starboard 'down' position, Discussion 
landing gear :  near locking 

The aircraft carried no flight re- 
main port lacked in 'down' corder. As it was not possible to  recover 
landing gear:  position a11 of the wreckage,  the Commission envis- 

aged certain hypotheses but no proof could 
flaps : extended 60% be provided for  any of them. 

propeller pitches: close to 27-28' Meteorological conditions 

engines: 2 200 rpm. Lightning - dazzle 

The damage suggested that the a i r -  
craf t  struck the water at a fairly sharp 
angle and 'most likely tilted to starboard. 
The sudden braking, caused by the impact 
on the propellers and then on the lower 
fuselage and engines nacelles, even if it 
only slightly affected the aircraft's trajec- 
tory, produced a rapid pitch rotation and 
lowered the nose of the zircraft .  

Rapid deceleration increased this 
rotation, forcing the nose, with the forward 
nosewheel ex tend lag ,  and the open ha tches  
to strike the water. The sudden loss of 
speed caused the load to be thrust forward, 
It is highly probable that the tail unit sepa- 
rated from the fuselage at th i s  moment. 

Regarding the speed a t  impact, and 
taking into account the engine power and 
propeller pitches a t  that time, one map. 
accept the two following hypotheses in the 
absence of any indication as  to t h e  manifold 
p ressures :  

190 kt: in e x c e s s  of 155 kt, the 
maximum speed author- 
i z e d  in this  configuration; 

Storm phenomena in  the vicinity of 
the accident (rain, turbulence, and lightn- 
ing) suggested that t he  aircraft might have 
been struck by lightning or the pilot was  
dazzled by i t ,  and momentary loss of con- 
trol resulted in the aircraft's hitting the 
water.  

Evidence of witnesses with regard to 
ta lightning flashes was contradictory, 

However, magnetization of part of 
propellers Nos. 3 and 4 was established. 
Since the engines of F-BHBC had laat been 
changed there had been no repotts of l ight-  
ning s t r i k e s  on the aircraft. None of the 
other fragments recovered showed evidence 
O$ lightning strikes , and on examination, 
the discharge wicks were found to  be in per-  
fect condition. 

LOSS of control in turbulence 

It was difficult to establish precisely 
the conditions which existed a t  the time of 
the accident in the vicinity of the aircraft19 
final flight path. The possibility of extreme 
turbulence or lightning could not be dis- 
m i s s e d  positively. 

140- 150 kt: this  suggests a violent 
increase of t h e  manifold 
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Sudden l o s s  of control on this 
account was then considered. Data obtaia- 
e d  from the landing gear,  which was extend- 
ing at that time, might suggest that having 
reported at 1 000 f t  on the final turn the 
aircraft lost more altitude and might then 
have experienced a loss of control during 
the last seconds of flight. 

Ground facilities 

Deficiencie a in ground facilities 
were  not considered to have caused the 
accident. Landing instructions and alti- 
meter setting were correctly transmitted 
to the pilot who chose the runway and the 
most appropriate procedure to be used. 

No information of any sudden varia- 
tion in  the weather conditions was sent to 
the aircraft, and the observations at 0630 
and 0700 hours did not entirely reflect the 
intervening developments, The fact re- 
mained, however, that the tower controller 
transmitted his  own observations on ground 
conditions at regular intervals. 

Equipment 

Sabotage or  explosion in flight 

No evidence was found to support 
this hypothesia. 

Failure of o n e  or more Dower units 

Investigation of the four engines, 
which were salvaged, did not reveal any 
damage except that resulting from impact, 
Examination of the propeller governors 
and pitches also indicated normal operation. 

Propeller failure in flight 

Almost all of the propeller blades 
were recovered following the accident, and 
there was no reason to'believe that any of 
the propellers had failed in flight. 

Faulty handling of flaps or landinq 
gear 

N o  data supported this hypothesis. 

Malfunctioning of the flight controls 

Examination of the vertical and hori- 
zontal controls revealed no defects. Wow- 
ever, the remainder of the control gears ,  
as well as the ailerons and wing flaps, w e r e  
not recovered. It  was not believed likely 
that cables had broken, controls had dis - 
connected or that the high lift or pitch con- 
trol syatems had failed. 

Structural failure 

The breaks found on the tail asaem- 
bly suggested total or partial rupture in 
flight, The Commission knew of only one 
such accident which occurred during a test 
flight. On the other hand, there had been 
several instances in ditchings of the: tail 
separating from the fuselage. 

Incidents in the cockpit 

The possibility was also examined 
of cabin incidents having distracted the 
c r e w g  s attention momentarily. 

In view of the undercarriage being 
in  the process of extension, this would lead 
to the following conclusions: 

a) the incident occurred during 
the last  few seconds before 
impact and led to a sudden 
loss of control and to an impact 
configuration, which was not 
confirmed by observations; 

b) the incident occurred two or  
three minutes prior to impact 
resulting in the pilot 's  unaware- 
ness of a 400 - 500 ftlmin loss 
of altitude, (The aircraft was 
last seen at 0645 hours at ap- 
proximately 1 000 f t , )  

Inaccurate in&cation of the alti- 
meter or a i r s p e e d  indicator 

The possibility of interference with 
the static or dynamic pressure circuits of 
the aircraft following its entry into the 
rainstorm could not be entirely excluded. 
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However ,  the Commission was not aware 
of any significant precedent of this kind 
with regard to the operation of LiQ49ts. 

Taking into consideration the first 
approach made and the las t  flight of the air- 
craft over the aerodrome, this type of fail- 
ure could have occur red suddently during 
the last three minutes of flight, when a wit- 
ness saw the aircraft  disappear during a 
heavy downpour. 

Although this was a remote  possibil- 
ity, a momentary l'stiffness" in the instru- 
ment, showing a false reading of hundreds 
of feet ,  could not be ruled out. 

Crew Error 

Faulty reading of the altimeter 

This possibility could not be ex- 
cluded as this has  occurred at times when 
the crew's attention was overtaxed. How- 
ever,  the statements of witnesses, who 
saw the aircraft  pass over  the aerodrome 
at 0645, i. e, jus t  prior to the accident, 
stated that the aircraft 's  altitude at that 
time was about 1 000 ft. This agreed with 
the crew' s  last message. 

Sensory illusion 

The visibility conditions which 
existed when the aircraft  m a d e  its second 

attempt to land, as based on witnesses1 
statements and data supplied by the tower 
controller, made sensory illusions a pos - 
sibility. 

The only visual point of reference 
the crew  cauld have had during their next 
to last turn and downwind approach was the 
flashing of the Marnelles lighthouse. Also, 
the twilight provided no depth perspective 
of the seaward view. If there  was a slight 
tilt of the aircraft  t o  starboard, an assesa -  
ment of his altitude by reference to this 
point alone would have given the pilot-in- 
command the illusion of having a sufficient 
margin above sea level, whereas, in fact, 
during his next to last turn and downwind 
passage he would have been losing height 
at a rate of 300 to 500 ft/min, 

In this case he would have ordered 
extension of the undercarriage at a fairly 
high speed, and the impact with the water 
would have occurred shortly thereafter. 
Although this hypothesis cannot be ruled 
out, i t  presupposes insufficient attention to 
instruments or errors in the instruments 
themselves which are hardly admissible. 
Due to a lack of evidence, none of the above 
hypotheses could be verified. 

Probable Cause 

The cause of the accident could not 
be determined. 

ICAO R e f :  AR177-i 

Scheduled International 
Landing 
IJ'rld~ie rmined 

, J 
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No. 2 

Aero o/Y, DC-3, OH-LCC, accident at Koivulahti, Finland, 3 January 1961. 
hummary report released by the Investigation Commission and the 

Lommis sion for hvestigation Lontr 01 appointed by the Minis try ' 
for Cornmuni~ations and Public Works, k'rnland. 

Circumstances 

Flight A Y  31 1 was scheduled to d e -  
part Kruununkyla for  Vaasa at 0700 hours 
local time on 3 January, however,  owing 
to a delay in pre-flight preparations the 
take-off did not take place until 07 16 hours, 
The estimated duration for the Kruununkyla - 
Vaasa sector of the trip, a distance of 
about 100 km. was 30 minutes. 

When approaching Vaasa the aircraft 
crashed in the woods in the village of 
Koivulahti at approximately 0740 hours, 
caught fire and was completely destroyed. 
The accident site is 10.5 km north of 
Vaasa Airport (direction 018°). All 22 
pa~sengers  and 3 crew members aboard 
the aircraft were killed. 

lnvestiaation and Evidence 

The Aircraft 

Its last certificate of airworthinese 
issued 20 October L960 was valid until 30 
April 1961. Maintenance of the aircraft 
had been carried out as required, 

On departure from Kruunuflkyla , 
OH-LCC's take-off weight of 11 252 kg was 
w d e r  the maximum permissible of 11 900 
kg, and the aircraft's centre of gravity 
was within limits. 

Crew Exnerience 

The pilot-in-command of the aircraft 
had flown in that  capacity on DC-3's  w i t h  
the company since July 1956. His airline 
transport pilot's licence w a s  in urder and 
valid until 9 June 1961. His total number 
of flying hours amounted to approximately 
5 887. 

The co-pilot held a valid commercial 
pilot ls licence and had flown a total of 
2 737 hours. 

Weather 

The preceding night a light snowfront 
was moving in the direction of Vaasa - 
Kruununkyla, followed by radiation fog on 
low -lying spots ort the ground, such as 
fields and river valleys. The fog did not 
cover ridges and hills.  

At the time of the accident (0740 
hours) the weather conditio~s were: - 
visibility - 1 km in Vaasa; cloud 8 /8 ,  base 
200 ft (60 m); temperature minus Z°C, 
The 0750 weather report transmitted to 
points including Helsinki and Tampere 
showed conditions which w e r e  similar to 
*ose existing at 0740 hours. There was 
also radiation fog in the river valley of 
Isokyra, which lies near the place of  the 
accident. The weather conditions were 
deteriorating. The temperature in Vaasa 
fell. 7O within an hour, and the horizontal 
visibility at Vaasa Airport had deteriorated 
to 400 m by 0920 hours. 

Activities of Flight C r e w  Prior to 
E'inal Flight - (Alcohol Discussion) 

The pi lo t  afid co-pilot flew together 
on Friday, 30 December (1960) starting a t  
0805 hohrs on a scheduled flight Helsinki- 
Turku-Mariehamn-Stockhol~ri. At 1 535  
hours on the same day they began the 
re turn  flight Stockholm - ~ a r i e h a m n -  Turku- 
Pori. Owing to engine trouble an overnight 
stop at P o r i  was made, and the aircraft 
flew on to Helsinki at noon the ~ i e x t  day 
(Saturday) without passengers. While at 
Pori the captain and co-pilot had liquor. 
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that the weather at Pori  was not as good as 
at Vaasa. Por i  is  used as an alternate a i r -  
port  when flying from Kruununkyla to 
Vaasa. 

Through ATC-Kruununkyla the co- 
pilot had requested permission from ACC 
Vaasa to fly at free altitude. This means 
that the aircraft  is allowed to fly at o r  
above the minimum altitude prescribed for 
the route in question. The lowest altitude 
allowed on the route Kruununkyla-Vaasa 
is 1 500 f t  or 450 m. As there was no 
other traffic on the route, ACC Vaasa 
approved the request and the aircraft  was  
informed, accordingly, before take-off. 

The first part of the flight was nor- 
mal except for the fact that it was carried 
out below the prescribed minimum altitude. 
The aircraft flew below the minimum the 
whole way, the last 30 - 40 k m  probably 
below 100 m. 

At 0721, i. e. about 5 minutes after 
take-off, the aircraft  was advised to 
change over to the radio frequency of 
Vaasa ATC. The radio communication 
between the aircraft  and ATC Kruununkyla 
was normal and was probably done by the 
co-pilot. The air traffic controller (Vaasa) 
stated that the aircraft  had thereafter call- 
ed Vaasa ACC by radio several times, but 
it seemed that the answer from Vaasa 
could not be heard by the aircraft. 

It was proved, during the reconstruc- 
tion flights, that when flying at an altitude 
of 200 rn, radio transmissions from Vaasa 
ACC could be heard aboard the a i rcraf t  
beginning from a distance of about 50 krn 
only, i. e. half the way from Kruununkyla 
to Vaasa. This also implies that the air-  
craft was flown at a low altitude. 

Based on eye witnessesi statements 
and reconstruction flights it w a s  concluded 
that the aircraft was flown within the p re -  
scribed airway, which is 18, 5 km wide. 
Waving maintained its initial climbing 
course as far a s  Ahtava, the aircraft  turn- 
ed somewhat to the right.  At least from 
Oravainen to the accident site, a distance 

of about 30 km, i t  had apparently flown 
below 100 m. When passing Oravainen or 
thereabouts, about halfway, ATC Vaasa 
called the aircraft  by radio a t  0730 hours, 
The aircraft  an~wered promptly and ATC 
Vaasa believed the co-pilot was operating 
the radio. The communication lasted about 
4 minutes, and the Vaasa weather report  
was transmitted during this time. The 
reaort was the same as the one that the 
fl<ght had received a t  Kruununkyla except 
that the weather had deteriorated and the 
clouds were now 8/8 600 ft. The aircraft  
was cleared for an approach to land on run- 
way 16 for which an instrument approach 
must be carried out using the non-direction- 
al beacon "Seppa". The aircraft  acknow- 
ledged the clearance, At the beginning of 
the communication the aircraft reported it 
was a t  1 500 A, above the clouds, and esti-  
mated it would be over Seppa at 0741 hours. 
The reported cruising level was obviously 
false. The aircraft was then about 20 km 
from the place of the accident and headed 
f o r  the non-directional beacon at Seppa. 

After the communication ended a t  07 34, 
ATC Vaasa received a message from the 
MET office stating that the cloud base was 
at 500 ft. This information was passed on 
to the aircraft  immediately. The written 
0735 weather report was then received,  and 
according to i t  the Vaasa weather had deter- 
iorated to such an extent that the horizontal 
visibility was  only 1 km, clouds 8/8 200 ft 
and there was fog on the airport. The flight 
was again advised promptly, and it acknow- 
ledged receipt of the information. It was 
also told that conditions on the outskirts 01 
the airport  m a y  even be worse, The s i r -  
craft then advi sed that it would be at the 
beacon in approximately two minutes time, 
This  was the last  radio communication with 
the aircraft ,  and i r  ended at 0739 hours. 
At this time the a i rcraf t  was about 3 - 6 krn 
from the accident site. During this last 
communication the rpm of the engines was 
noticeably increased from 2350 - 2500 rpm, 
(This was established by comparing obstr- 
vations of persons who saw the actual fl ight 
with observations made by the s a m e  persons 
of reconstruction flights operated at differ- 
en t  rpm's. ) The increase indicates the 
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pilots had begun the check required before 
landing. The aircraft  was about tu arrive 
a t  NDB Seppa, 

When the flight did not advise that it 
had reached NDB Seppa the air traffic con- 
troller attempted to contact i t  several 
times on al l  the frequencies used by Vaasa 
ACC, but without success. 

At about 0755 the police of Koivulahti 
reported to Vaasa ACC that they had been 
informed that an aircraft  had c r a ~ h e d  in 
woods nearby. 

Subsequent to the last radio c o m u -  
nication the aircraft  flew for about 1, 5 
minutes over the open fields of Koivulahti 
a t  about 50 m, perhaps less, and then 
made a steep left turn during which it lost 
so much speed that a stall resulted. An 
unsuccessful attempt to regain control 
was made giving full throttle at the last 
moment; however, the aircraft  went into 
a spin. 

From the manner in which trees and 
branches w e r e  broken in the vicinity of the 
crash it was concluded that the aircraA 
had struck the ground, left wing f i rs t  and 
a t  an angle of  about 70°. On crashing to 
the ground i t  turned a t  least 60'. The 
direction of the aircraft on the ground was 
approximately the same as i t s  heading 
before the turn. It is probable that the 
landing light had been switched on, 

The accident site is about 400 m 
south of the aircraft  Is route. The time of 
the accident was  fixed at about 0740: 30 
hours (0 540: 30 GMT). 

Discussion of possible causes of 
&e accident 

Icing - this factor as the probable 
cause was considered and eliminated. 
Weather conditions existing were  such 
that the forming of  ice in sufficient quanti- 
ty to impair the flight characteristics of 
the aircraft  was not possible. The de- 
icing equipment aboard the aircraft  had 
not been used, and ice accretion was not 
mentioned during any communications, 

Collision with t rees  o r  
other object - there was no evidence 

to support  this as a possible cause oi the 
accident. N o  t races  w e r e  found on any of 
the air craft's parts  which indicated i t  had 
hit any obstacle prior to crashing to the 
ground. 

Fire  or 'explosion - eye witnesses, 
who had observed the aircraf t  prior to the 
accident, had observed nothing pointing to 
such a possibility. No objects had fallen 
from the aircraf t  away from the accident 
site. The fire extinguishing equipment had 
not been used. 

Attempted forced landing - because in 
the last phase of flight the aircraft had 
turned back toward; the open fields of 
Koivulahti , the possibility of an attempted 
forced landing was considered. No such 
intention was reported by radio. No other 
evidence was brought to light to support 
this theory. 

Movement of paa sengers 
about the aircraft (centre of gravity) - 

the position of passengers in the cabin was 
studied following the accident. Most of the 
victims had been hurled forward and to the 
right. This resulted from the spin which 
the aircraft went into prior to hitting the 
ground. In order to change the centre of 
gravity through movements of passengers 
in the aircraft to such a degree that it would 
be sufficient to produce a noticeable change 
of the flight characteristics, it would be 
necessary for  several to move from their 
places in the same direction at the same 
time. Having considered the location of the 
bodies and the contusions resulting from the 
accident, it was not believed that any gener- 
al movement had occurred. 

Argument between paBsenger 
and c rew member - the theory that 

one of the passengers had gone forward to 
the cockpit to find out why the flight waa 
being carried out at an abnormally low alti- 
tude and that an argument had arisen 
between him and the pilot was considered, 
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However, if  t h i ~  type of incident had occur - 
red i t  cannot be as~umed  that the per son 
in question would have been able to inter - 
fere w i t h  the piloting of the aircraft with- 
ou t  the intervention of the co-pilot. 

Other possibilities - The aircraft  
had entered into an unintentional spin, 
Two other possibilities were considered: 

1) something had happened that 
had made the pilot incapable 
of action; or 

2) an erroneous manoeuvre had 
been made. 

1) Insanity, death, o r  a sudden case 
of i l l n e s ~  were considered, The captain's 
medical record showed no mental diseases 
which would have pointed towards a pos - 
sible sudden fit of insanity. 

If the pilot had been suddenly taken 
ill the co-pilot was there to take over. 
It was not considered very likely that the 
pilot, who had his seatbelt fastened, could 
have collapsed in his seat and thereby 
have madi it  impossible for the co -pilot to 
u s e  the right side controls. 

Suicide was also considered and 
eliminated. 

2) On the basis of the aforesaid, the 
remaining and most probable cause of the 
accident was thought to be an erroneous 
manoeuvre in the las t  phase of the flight. 
The captain had either begun turning the 
aircraft too sharply or endeavoured to in- 
crease the flying altitude too abrupt ly ,  
whereby the aircraft crashed to the ground 
a8 a result of the decraaeed speed. 

Reconstruction flights established 
that it is not possible to pilot the aircraft 
into a turn of such a small radius as the 
aircraft in question made without first con - 
aiderably reducing the engine power. Wit -  
nesses did report that the engine noise had 
faded for a while. Lf the aircraft  had stall- 
ed as a result of the decreased apeed, the 

big increase in engine noise heard by 
observers could be explained as an attempt 
a t  the las t  moment to prevent the aircrafi 
f rom crashing by increasing the engine 
power. A poasible reason for the pilot's 
having made a steep turn  to the left might 
have been that he had the erroneous irnpres- 
sion that the aircraft  had already come so 
near the Seppa NDB that he had begun to 
turn in the landing direction, which was 
almost at a right angle to the flight direction. 
A s  mentioned- previously, the Grn and 
power of tne engines had already been 
adjusted to what they should be when pre- 
paring to land. The aircraft  at that time 
was about 6 - 7 km from where the turn was 
begun. The erroneous conception of the 
aircraft 's  position may have been caused by 
a wrong es-timation of i t s  arrival time over- 
the Seppa NDB by the ~ imi l a r i t y  between 
the terrain outside Vaasa and that of 
Koivulahti , by the deceiving impression that 
the lights of Koivulahti village were  the 
lights of  the settled area near Vaasa (visi- 
bility was hampered by radiating fog on low-  
lying spots of the terrain),  o r  by the 
directions of the radio compasses having 
been wrongly read. 

One of the radio compasses was tuned 
to the frequents of the Seppa WDB and the 
other to the frequency of the locator serving 
as approach aid for runway 16. The est i -  
mati'n of the distance between the aircraf t  
and the NDB is based amongst other things 
on the angle between the needles of these 
compasses. I t  was established, subsequent- 
ly, that the Pori NDB*, which has the s a m e  
frequency, is disturbing the above -mention- 
ed locator and thus the position of the com- 
pass needles to each other may partly have 
misled the pilot, If such an e r r o r  or some 
other erroneour reading of the radio com- 
passes had occurred, the steepness of the 
turn could be explained by the fact that 
there i s  a radio mast with a height of about 
114 m close to the approach from the Seppa 
NDB to the runway, which the aircraf t  would 
have had to be: cautious of when flying a t  a 
low altitude. 

A too sudden increase of the flying 
altitude may have caused the accident. If 

* This new beacon wa8 put into operation for tests only on 2 0  December 1960. 



ICAO CIRCULAR 69-AN161 19 

the aircraft was banked to the left at that 
momentit m a y  have come into such an 
incorrect turning movement that it was no 
longer possible for the pilot to straighten 
it up. The momentary decrease of the 
engine noise, as heard by observers , could 
also have been due merely to the fact that 
the aircraft had drawn further away. The 
sudden increase of the engine noise m a y  
have been caused by a las t  minute attempt 
to regain control by applying more power. 
The eyewitness, who had followed the last 
phase of flight, did not report having 
noticed any increase i n  the flying altitude, 
a t  least no sudden increase, but exact 
observations w e r e  m a d e  difficult by the 
darkness, fog and the fact that he had not 
seen the aircraft  from the side. His  state- 
ment that the right wing was lower than 
the left and the green blinking light was  
visible may have been the attitude of the 
aircraft  in i ts  dive, when the green light 
on the right wing was already visible on 
account of the turning of the aircraft .  

The aircraft was  flying low over the 
open fields of Kouvulahti. The reason for  
the increase in altitude may have been the 
appearance ahead of a dark forest ,  probab- 
ly free from fog, from the edge of which 
the terrain begins rising to more than 10 rn 
for a distance of a few hundred metres  and 
in which some trees a r e  more than 20 m 
high. There may have bean other reasons 
for increasing the flight's altitude. A sud- 
den icing of the outside of the windshield 
m a y  have occurred necessitating a change 
from night VFR to IFR. The change to 
IFR may also have been caused by the air- 
craft's entering cloud, the base of which 
was at an altitude of about 200 f t  (60  m) in 
Vaasa and may have been at the same alti- 
tude a t  Koivulahti. The rapid deteriora- 
tion of weather conditions at Vaasa Ai rpo r t ,  
which the pilot was aware of, may have 
made the pilot realize that the flight would 
not be continued VFR all the way to the 
airport  and he, therefore, decided to climb 
higher. The sky had apparently beennear-  
ly-free from clouds as ia r  as Koiwlahti 
and the flight was carried out during full 
moon in such a direction that the low-lying 
moon glared from straight ahead, T h i s  

may have made the change to IFR moTe 
difficult and calls for rapid reading by the 
pilot of the isdications of several instru- 
ments, If the increase of the aircraft's 
altitude had been too sudden and it was 
banked to the left, the apparent result  was 
a series of  movements which led to the 
crash. 

Conclusions , 

Based on an  examination of the wreck- 
age and eye witnesses observation8 it was 
concluded that technical difficulty during 
the flight did not cause the accident. 

The reason for low flying may at 
first have been that the cloud base was said 
to be 1 300 ft in the weather report and that 
flying in the clouds might have occasioned 
slight icing. That the flight was continued 
at a sti l l  lower altitude could not have been 
for any pertinent reason, which is evidenced 
by the fact that a false flying altitude was 
reported by the aircraft. The time lost by 
the delayed departure of the aircraft  or 
reluctance to climb to a higher altitude 
because of the shortness of the route is no 
explanation for such low flying. It i s ,  there- 
fore,  evident that during the flight in ques- 
tion regulations w e r e  wilfully and without 
reason violated by flying at too low an aiti- 
tude. The navigation of the aircraft  waB, 
on the other hand, properly conducted. 

The aircraft  was piloted, at least in 
the last  phase of the flight by the captain. 
The position of the bodies of the crew show- 
ed that the pilot had been sitting in his own 
seat an the left-hand side and that R e  had 
his seat belt fastened, whereas the seatbelt 
of the co-pilot was not fastened, According 
to the company's operations manual, one of 
the pilots must be a t  the controls with his 
seat belt fastened during the entire flight. 
According to the air traffic controller i t  was 
the co-pilot who had been in charge of the 
radio communications, which would also 
indicate that he was not piloting the aircraft. 

Acco~ding to the  regulation^ the pilot- 
in-command is respon~ible  during the flight 
for the operation and handling of the aircraft  
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as well  as for its safety and for the safety 
of all persons on board, The co-pilot is 
under the command of the responsible pilot, 
The regulations concerning the u s e  of alco- 
holics before a flight, however, concerned 
both of them. 

The physical and mental conditions 
of the pilots were not normai because of a 
lack of sleep the night before the final 
flight and because of alcoholic drinks 
which had been consumed contrary to regu- 
lations, 

The air traffic controller at Kruunun- 
kyla, whose responsibility it was to super- 
vise the safety of the flight,had not had the 
opportunity of verifying the captain's con- 
dition, since the latter did not come to air 
t raff ic  control. As for the co-pilot, only 
one of the persons who had seen him in the 
morning in question reported that his con- 
duct gave reason to suspect that he had 
taken alcoholic drinks. 

The duties of the company 'a traffic 
officer at Kokkola were to take care of the 
pamsengere and to check that the aircraft 
was proper1  y loaded, therefore, his posi - 

tion did not involve any obligation to inter - 
fere with the course of events in this case, 

Regarding the operations of the 
Vaasa meteorological office, it was estab- 
lished that the written reports passed to 
Vaasa ATC concerning the local weather 
conditions for the morning in question were 
incomplete and erroneous. It was on the 
basis of these reports that weather infor- 
mation was provided to OH-LCC. 

Probable Cause 

The probable cause of the accident 
was the wrong execution of a left turn at 
low altitude at night, ae a result of which 
the aircraft stalled, Iost its manoeuvrabil- 
ity and went into a spin. 

Contributing factor 

As a consequence of having had aico- 
holic drinks and insufficient sleep the night 
before, the pilot was not considered to be 
in a satisfactory mental and physical con- 
dition to undertake the flight. For the same 
reason, the co-pilot should not have been 
allowed to start on the flight in question, 

ICAO Ref:  AR/694 
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No. 3 - 
Aeronaves de Mexico, Douglas DC-8,  XA-XAX, accident at New York 

International. A i r p o r t ,  New York, M. Y. on 19 January 1961. Civil Aeronautics 

Board (USA) Aircraft  Accident Report, File No. F-100-61, released 1 August 1962. 

Circumstances 

Following a discontinued take -off 
from runway 7R,  XA-XAX crashed and 
burned a t  2017 hours eastern standard 
time killing 4 of the 9 c r e w  members. 
A l l  97 passengers survived, but some 
were injured, 

Inve stigation and Evidence 

The Aircraft 

At time of take -off the aircraft's 
gross weight (272 171 lb) and the location 
of its centre of gravity were within the 
permissible limits. 

Its total airframe time was 
529 hours 24 minutes a t  the time of the 
accident. Four hours and 19 minutes were 
accumulated the day of the accident on the 
trip from Mexico to New Yark. 

The time since the last  phase check 
(No. 2) was 120 hours l l  minutes and i t  
was completed on 3 January 1961 by 
Eastern Ai r  Lines at Miami, Florida. The 
time since the las t  i n t e r ~ h a s e  check was 
12 hours 54 minutes and it was completed 
17 January 1961 in Mexico. The last t r ip  
check was completed a t  (Idlewild) Inter - 
national Airport, New York, on the day 
of the accident, 

The maintenance history of the a i r  - 
craft was without any item which could be 
significantly related to this accident. 

Crew information 

The pilot - in  - command held a curren- 
t ly  effective Mexican airline transport 
cirtificate and was  checked out as  a DC-8 
captain in November l960 at Miami, 
Florida, H i s  total pilot time was 
1 5  2 I0  hours, of which 94 hours w e r e  in 

DC-8's .  His  total night time in DC-8 air- 
craf t  was about 47 hours, and hi6 total 
instrument time in the las t  three years was  
182 hours. 

ilot also held a currently TheP-- effective exrcan airline transport certifi- 
cate and was rated a s  a captain in the DC-3 
and as f i rs t  and second officer in the DC-8. 
His total pilot time was 8 261 hours, of 
which about 126 hours were in the DC-8. 
H e  had flown a total of 54 hours by night in 
DC-8 aircraft, and his total instrument 
time in the last three years was 160 hours. 

The check ilot a United States 
national, was _g_l a eslgnated Eastern Air 
Lines DC-8 check pilot and held a valid 
airline transport pilot certificate with 
various ratings. He had a total of 
19 495 flying hours, of which 285 were in 
the DC-8. His total flight time by night was 
4 800 hours, with a total instrument time 
of 2 124 hours, 

Operating and Training Agreement between 
Aeronaves and Eastern Air Lines 

A joint training agreement between 
Aeronaves de Mexico, Eastern Air Lines, 
and the Douglas Aircraft Company, provided 
that Aeronaves flight crews receive DC-8 
training, using Eastern A i r  Lines ground 
and simulator facilities and Douglas Com- 
pany flight instructors for check-out in the 
DC-8 aircraft, Eastern A i r  Lines provided 
DC -8 ground school classes between 
3 October 1960 and 4 November 1960 for 
five Aeronaves DC-8 captains and 
eight Aeronaves pilots, including the c r e w  
of Flight 401/19. Al l  three flight c r e w  
m e m b e r s  graduated from the DC-8 ground 
school with high grades. They also 
received flight simulator training from 
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Eastern Air  Lines and completed their 
courses satisfactorily, All  three were 
flight-trained in the DC-8 at Miami, 
Florida, by Douglas Aircraft Company 
flight instructors. The pilot-in-command 
was  checked out as  "captain" and both 
f i r s t  officers were checked out as  both 
t ' f i r ~ t  and second officers", and qualified 
at the systems panel. 

Eastern loaned Aeronave s qualified 
check pilots to a s s i s t  in the early stages 
of Aeronaves jet operation between Mexico 
and New York. This assistance was for 
approximately two months so that EAL 
check pilots could accompany each 
Aeronaves DC-8 captain for at least three 
round trips and each Aeronaves first o f f i -  
cer for a maximum of twelve round tr ips 
over the N e w  York - Mexico City route. 
In accordance with agreement to  assist 
Aeronaves in any proper and practical 
manner, EAL arranged ta assign t o  
Aexonaves four of i t s  senior check pilots 
qualified on the DC-8. These check pilots 
on this a B signment would specifically per - 
form the following functions: 

1. Observe and monitor the pe r  - 
formance of Aeronaves flight 
personnel. 

2. Coach and familiarize Aeronaves 
flight personnel with standard 
procedures for the DC-8, and 
particularly to familiarize 
Aeronaves flight crews with air 
t r a f f i c  control procedures in the 
New York area. 

3, To ass i s t  Aeronaves flight crews 
in any other possible way which, 
in the knowledge and experience 
of our check pilots, would con- 
tribute to the safe, eff ic ient  
conduct of the Aeronaves opera- 
tion, 

The check pilot on the subject flight 
was aboard in accordance with  the above. 

The Flight 

The aircraf t  had arrived from 
Mexico City at 1515, that day, and snow 
had accumulated on it. Glycol was used 
to remove the snow from the aircraf t  
including the pitot heads, and the process 
was continued until time to start  the engines 
for taxying out, The second officer and 
the check pilot conducted a walkaround 
inspection of the aircraft. 

The c r e w  boarded the aircraft  a t  
1935 hours. The aircraft subsequently 
received an IFR clearance, and at 
2012 hours it was cleared to taxi to the 
westerly end of runway 7R,  where it 
stopped and was then cleared for take-off. 
The latest  airport  weather was  given to 
the flight as: "precipitation ceiling 300 f t ;  
sky obscured; visibility 1/4 mile; light 
snow; fog; wind east-northeast 18; gusts to 
24; altimeter 29. 64". While the a i rcraf t  
was being taxied to take-off position i t  was 
given "runway 4R (because 4R is equipped 
with a transmissometer) vi~ual range-iess 
than 2 000 ft. " The weather minima for 
domestic jet take-offs are ceiling 200 ft, 
visibility 1 /2 mile. However,  the weather 
minima for the take-off of this flight, with 
high intensity lights operating, were ceiling 
100 f t ,  visibility 1/4 mile in accordance 
with Part 27(b) of the FAA-approved 
Foreign Air Car r ie r  Operat ing Specifica- 
tions of Aeronaves de Mexico, S. A,  as 
amended on 6 December 1957. 

The first  approxirriate 6 200 ft of 
take-off roll was observed by control tower 
personnel, visually, until the aircraft was 
lost to view by obscuring snow, approxi- 
mately 3 800 ft from the control tower. 
At that time the aircraf t  had not taken off 
or rotated. 

The check pilot was the only survivor 
of the four cockpit occupants. H F  w a s  
occupying the jump s e a t  direct ly behind the 
pilot-in-cornmad anc! stated that the check-  
list was accomplished normally.  The run- 
way condition was goad, and everything 
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apparently occurred in a routine manner 
through the 100 kt time check when the 
f irst  officer called out "cien" (Spanish for 
100). Upon reaching approximately 130 kt 
(the V1 speed) the first officer called out 
V1 and VR in rapid succession. The air - 
craft was then rotated quickly and some- 
what excessively. The check pilot did not 
see the airspeed go over 130 kt and as 
rotation started he saw the airspeed start 
to drop back quite rapidly to about 110 kt. 
At  th is  time the Aeronaves captain called 
or pointed to the airspeed indicator. The 
check pilot felt that the aircraft could not 
become airborne under these conditions 
and that the runway remaining was not 
long enough to  put the nose back down to 
s tar t  the take-off again from that speed. 
His only choice, so he stated, was to try 
to get the aircraft stopped on the runway. 
He  unfastened his safety belt, stood to 
gauge progress down the runway, moved 
forward,  shoved the throttles forward 
briefly, noted a normal and llniform 
response from the engine instruments 
(the EPR - engine presaure ratio - gauges 
were  reading normally from 2. 52 to 2. 541, 
and then pulled the throttles full back. 
The pilot -in- command "immediately" 
pulled the reverse throttles back into 
reverse thrust and used wheel brakes. 
The check pilot extended the spoilers and 
then sat down on the jump seat without 
refastening his seat  belt. He believed that 
the aircraf t  did not take off, p i s  actions 
would have taken about three seconds, as 
shown by later testJ 

The aircraft  continued ahead the full 
length of the 10 000-foot runway, beyond 
i t ,  through a blast fence*, catching on fire. 
through the airport  boundary fence and 
across a boulevard where i t  struck an 
automobile, injuring the dr iver  and sole 
occupant. Many parts of the aircraft were 
shed before it c a m e  to rest  in flames 
830 ft beyond the end of the runway. De- 
struction of the aircraft was exten-sive. 

Weather 

1900-2100 precipitation ceiling 500 f t  
or lesa due to snow; visi- 
bility - less than 1 mile and 
gradually dropped to 114 mire 

' in snow and fog. Runway 
visual range - less than 
2 000 ft at the time of the 
accident. 

The snow consisted of small dry 
f lakee and wae blown and drifted by surface 
 wind^ which averaged 15 to 22 k t  with gusts 
up to 27  kt. 

1900-2000 snow on runway 7R 

1st quarter of runway -mostly ciestr with 

some patches of 
compacted snow 

2nd " -scatteredpatcheg 
of mow 1 - 2 in 
deep 

3rd " " I' -snow patches 2 -  
3 in deep 

lwt quartep -scattered snow 
finger ddfo 4 - 
6 In deep 

Runway 7R remained open and available for 
u s e  until closed by the airport management 
immediately after  the accident. 

Eastern Air  Lines Flight Manual 
prescribes six inches of snow depth as 
maximum for DC-8 take-off. There is 
nothing in the record to  indicate a depth of 
more than six inches anywhere on runway 7R, 
although it was probably close to that figure 
at the upwind end of the runway. 

virtually continuous light dry snow 
had fallen, and the temperature had remained 
a t  about ZOoF during the several hours the 
aircraf t  was parked on the airport between 
flights. 

3 This fence is of 10-foot sections of steel, each 10 ft high, designed to withstand and 
deflect the blast of jet engines, The sections are bolted sufficiently frangible to fail 
readily i f  struck by a aircraft, i. e. from the opposite direction. 
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Witne ~ s e s  

The take-off roll was timed by one 
pas sehger , a highly qualified employee of 
an aircraf t  manufacturer. He estimated 
that rotation should s t a ~ t  in 35 - 40 sec- 
onds. When 50 seconds passed and the 
aircraf t  was still on the runway, he 
thought the roll was too long and tightened 
his seat belt. One or two seconds later 
the aircraf t  lifted off the runway with a 
"thump", stayed airborne no longer than 
a c o m t  of three, and was back on the run- 
way with brakes and reverse thrust being 
applied, He believed that the "thump" 
was caused by the normal rapid extension 
of the landing gear struts as  the aircraft  
left the run way, 

Most of the passengers believed that 
the aircraft did Leave the ground briefly. 
This opinion was shared by two Aeronaves 
DC-8 pilots, who were riding ad passen- 
gers, and one stewardess,  who w a s  seated 
aft in the cabin. 

Blowing and drifting snow obliterated 
tire tracks made during the take-off roll  
before measurements could be made. This 
precluded any possibility of learning defi- 
nitely the precise point at which the air- 
craft may have left the runway. 

Systems 

investigation of the systems w a s  
hampered by covering snow afld cold 
weather, Fire destroyed most of the 
structure, including a majority of the sy s - 
terns components. There was no evidence 
of fire in any system prior to the accident. 
No evidence could be found to indicate any 
sy s t e m  had beafi malfunctioning. As far 
as could be determined no circuit breakers 
were opened during the time the aircraf t  
was on the ground at New York, The 
switch controlling the pitot and stall warn- 
ing anti-ice heaters was found in the "off" 
position, There was no evidence of impact 
to this switch or to  the surrounding struc-  
ture. 

The flight recorder was inoperative 
at the time of the accident. 

Power plants - 
The examination of the four power 

plants yielded n o  indication of any power 
~ l a n t  dis t ress  and indicated that they had 
been producing power as selected. 

Structures 

The wreckage came to res t  in marshy, 
frozen and snow-covered terrain on a 
heading of 1050M and slightly to the right 
of the extended centreline of runway 7R. 

Tire marks of the normal intermit- 
tent anti-skid type were  found beginning 
7 535 f t  down the 10 000-foot runway. They 
extended 2 235 ft farther down the runway 
and ended approximately 230 f t  from the 
runway end. 

All four engines separated from the 
aircraft ,  

Fire broke out early during the 
sequence of events af ter  the airplane struck 
the blast fence. The majority of the 
destruction of the wings and the fuselage 
was the result of the intense and prolonged 
fire which persisted after the accident. 

The fuselage was almost completely 
destroyed by the prolonged fire following 
the accident. Only portions of the flight 
deck upper s t ruc tu re ,  the belly and lower 
side panels, and the extreme aft area were 
unmelted. The fuselage had remained 
reasonably intact: throughout the accident 
sequence except for a partial separation of 
the flight deck section. The heat destruc- 
tion following impact precluded any e stab- 
lishment a s  to the extent of this damage, 

The cockpit area,  including the 
instruments, controls, and circuit breaker 
panels, w a s  almost totally cmsurned by 
fire. 
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Human factors 

The deaths of the four crew members 
were  caused by multiple burns or gener- 
alized third and fourth degree burns. Tests 
for toxicity produced negative results on 
all four, and there was no significant level 
of carbon monoxide in any of the four. 

As stated, the check pilot was the 
only flight deck survivor. H e  was thrown 
several feet clear of the wreckage, as  
was his seat. 

Twenty -eight of the cabin occupante , 
both passengers and attendants, were  
injured in diverse manners and varying 
degrees. As far as can be determined, 
these persons, as well as all other cabin 
attendants, did have their seat  belts fas- 
tened as directed, 

Take -off Performance 

The manufacturers of the aircraft 
furnished the Board with certain take-off 
data. All of i t  is predicated on the follow- 
ing conditions, which are those prevailing, 
or assumed, at the time and place of the 
accident. 

Airanit nme 300 f t  h m  smthwe$t end of runway 7R at start  

of take4ff roll 

TAt-off gma weight 
Flap set 

Engine anti-ice 

EPR - accordhg to tesdmmy of checkpilot 
(Brakes released after take-off power 
is set and blowaway lea off S seconds 
Pfter brake release) 

Wind 

Temperature 
Runway 
MAC 
Runway gradient 

270 671 
1% 
On 
2.52 - 96% 
thrust 

4 engines 

18 kt, east- 
northeast 

200F 
7R Idlewild 
280 
Zeru 

Because there are no known data 
applicable to snow-covered runways, the 
following is based on a dry, concrete run- 
way. 

( A )  Normal Takc-of f  Profile 

100 K Ck 100.0 2000 21. 3 2.52 -1 0 
130.B 3270 2 9 . 6  2.52 -1 0 
143.0 3994 3 3 . 6  2 . 5 2  - I  
144. 6 4801 37.0 2.52 t 9  to +ll 
160. 56 5950 4.2. 18 2.52 +V to t l l  15 

F t  i t  160. 56 5P5O 42. 18 2. 52 +P lo + l l  35 

IDlmhncc in feet is In rehatLon t e  weBkorn and 01 runway IRI 

(6)  Prof l le lo r  an Abort (Balk) a t  V1 
Alrspaad Distance Ttma Thrumt A t t i t d o  Attttuda 
(KnotaJ (Feat) {Smc. J (EPR) (Dograom) ( F e e t )  

IOOKCL 100.0 2000 21.3 2 . 5 2  - 1  0 
v1 130.8 3270 29. 6 2. 51 -1 0 
Brake. 130.0+ 3720 33. 2 6  Forward 

Idle 

I. Accelarata Slop Distance (Braktm only) 

6350 Forward -I 0 
Idio 

L. Accmlsrata Stop Distance {Brake. plum# 2 and#> anpinem Lo ravcrsm 
thruat take-al l  power and # l andl4  cnglncm 
In forward Idts thrumt) 

59 65 2.52 - 1  0 
# z a n d r j  

3. Accalarate  Stop Dlmtmcm (Brakom plum all four eeglrrc. in rovarma 
thrurl take-of1 power) 

( C )  Abort  (Balk) at VR (No rotation mtartnd_) 

1 0 0 K C k  100.0 2000 21.3  2.4.2 - 1  0 
130. 8 3270 29. b 2.52 - 1  0 

3994 33. b 2 . 5 2  - 1  0 
Forward - 1  0 

Idl. 

1. Accalarate  Stop Dimlance {Brake# only) 

8105 Forward -1 0 
Idlo 

2 .  Accaiarato Stop Dl8tanco IBrakam p lusb t  andb3 ueglnmr i n  rculrm4 
thrumt take-of1 power * d l 1  m d # 4  *nplnem 
In forward idla thtumt) 

1710 2 .52  - 1  0 
I2 a d d 3  

3. Accoleraks Stop DImtance (Brakom plur a l l  four angina. tn ravorae 
thrust t a k a - o i l  power)  

7445 2.52 -1 0 

( 0 )  Acceloraro to Tlme of 50 Second. mnd 52 Socondm wlthout Rotation 

5 2  Sac R u e  208 0170 32.0 2:5Z - 1  0 

Nola: Emttmatad dlmlancs m atop r l r c r r f t  ait8r  rerchlng 208 m n d  - 
8170 it on runway I 4  5 300 tt additional I f  brakes mrm ummd 
and a l l  lour anglnsa a r a  In ravsrma thrual  a t  Iako-oll pow*.. 

(E) V M U  (the minimum mpeod at luhlch t h l m  aircraft could h l v e  l e f t  the 
runway) was 137.8 kt. 
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Runway iighting 

Changes had Seen made in the run- 
way lighting on the las t  half of the runway. 
At the time the check pilot pulled the 
throttles the aircraft was st i l l  on that por-  
tion of the runway which was lighted, as 
originally prescribed, and he did not 
ascribe any irregularity in lighting on t h e  
far end as a factor in discontinuing the 
take-off. 

Analysis 

The methods for measuring visibility 
and snow depth leave much to be desired. 
They are not properly reprelsentative of 
pertinent runway conditions. The trans- 
missometer cannot measure runway vie cla! 
range values below 2 000 ft ana the pre - 
vailing visibility, reported at 1/4 mile at 
the time of the accident, was observed at 
a point well removed horizontally and 
vertically from runway 7R. The proce- 
d u r e ~  used for measuring snow depth 2.re 
not precise a s  to the permissible lengfii 
of time in advance of a take -off that r u n -  
way measurements of  snow depth can be 
made, the points along the runway a t  
which measurements should be made, and 
the means for establishing density, How-  
ever, the weather and runway conditions, 
though marginal, are not considered to 
have been prohibitive or critical. 

The facts disclosed by the parts of 
the aircraf t  which were  examinable make 
extremely unlikely the possibility of 
-failure or mechanical malfunctioning of 
any part of the aircraft or of f i r e  prior to 
impact. 

When the pilot-in- command called 
or pointed to the airspeed indicator, the 
check pilot felt that the 130 kt which the 
indicator was then showing was insufficient 
for take-off and, after gauging progress, 
quickly pulled the power. What remains 
unknown i s  the pilot-in-command's motive 
in pointing toward or calling attention to 
the air speed indicator. H e  may have been 
drawing the check pilot's attention to an 
indication which was too low (as the check 

pilot believed), or he m a y  have been con- 
veying the idea that the airspeed indicator 
w a s  not to be trusted and should be ignored. 
Whether the latter i s  h e  case or not, after 
the check pilot pulled the throttle a ,  the 
aircraft  was committed to a balked take- 
off, ~ r respec t ive  of what was in store at 
the end of the runway. 

There is no way of positively estab- 
lishing the dependability of this airspeed 
indicator. According to the maintenance 
records, it should have been functioning 
properly. The switch controlling the heat 
to the pitot tubes was found "off". Whether 
it was not "on1' during take-off or was 
knocked to "off" at impact cannot be estab- 
lished, although the latter is unlikely. If 
i t was  not "on" during take-off, an erroneous 
airspeed indication m a y  have resulted. 

The engines were capable of devel- 
aping full power and w e r e  not damaged prior 
to impact. One of the check pilot's observa- 
tions during the brief period when he was 
weighing a balk was that of the four EPR 
gauges, and he stated that they were reading 
normally, These gauges could read e r ro-  
neously i f  their probe ends were iced up. 
These ends are electrically heated and can 
be turned off only by means of the circuit 
breakers (which was not done as far as can 
be ascertained during the period that the 
aircraft  w a s  on the ground between flights 
at New York international Airport). Thus, 
there is no reason to suspect that there m a y  
have been an erroneous power indication 
by the EPR gauges. 

According to the check pilot, V1 and 
VR were called in rapid succession by the 
first officer. However, the a i r  craft could 
not have accelerated from the 129 kt V l  
speed previously calculated by the flight 
c rew to the calculated 143 kt VR speed 
without an appreciable time interval. The 
captain's airspeed was at the time indi- 
cating 130 kt,  also according to the check 
pi lot ,  and shortly thereafter quickly reduced 
to 110 kt during rotation at which time the 
pilot-in-command pointed to or mentioned 
his airspeed. All three of these conditions 
were obviously abnormal. 
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The check pilot felt that the air craft and reached a speed of 200 kt. But it did 
did not become airborne and was notaccel- not travel 7 040 ft in that time, At 50 asc- 
era ting properly after rotation, although onds (by calculation, Table D), with uniform 
he felt that the rotation was abrupt and acceleration, it should have passed the 
excessive. Therefore, hereducedengine 6200 - foo tpo in ta tana i r~peedof163 .8k t .  
power without cross-checking with the It became airborne two or three seconds 
f i r s tof f icer ' sa i r speed .  Thestewardess later,toucheddown,andcau~edinter- 
in the aft cabin could not have noticed the mittent skid marks beyond the 7 040-foot 
runway lights becoming farther away point (a t  7 535 ft). Actually the take-off 
unless the aircraft was airborne, as rota- roll  started about 300 ft from the threshold 
tion only would have lowered the tail and where a normal turn from the taxiway would 
caused the lights to become closer. Also ,  place the aircraft, It i s ,  therefore, obvious 
the aircraf t ' s  lights were  seen to rise f o r  that the aircraft was not accelerating prop- 
a short  time coincident with reduction of erly. 
engine power at about the 6 400 -foot point 
on the runway. The landing lights are The alrcraft could not have become 
located in the trailing edges of the winger airborne at l e s s  than 137.8 kt. It must 
and the navigation lights are at the tips; have been appreciably greater than that 
both of which would lower slightly during figure because an abrupt and excessive rota- 
rotation since they are somewhat aft of tion, as  apparently did occur, is not pee- 
the main landing gear and would not rise sible at that minimum take-off speed due 
except after the aircraft became airborne. to the relatively slower elevator effect a t  
The two DC-8 pilots and the well-qualified that speed. 
passenger , all of whom were  seated well 
forward, believed the aircraft  to have The tested threc-second average time 
been airborne, as do two lay groundwit- required for the check pilot to unfasten his 
ne s se s, Additionally, the lifting senaation seat belt, stand up, e stirnate progre e B , 
described by passengers in the aft part of move the throttles ahead slightly, then close 
the cabin (which should have lowered if  them, when applied to a DC -8 gimulator 
rotation only had occurred), the stopping rotated at a 163-kt airspeed, resulted in a 
of runway roughne es,  the smooth feeling simulated 150-foot climb. 
of flight, the thump normally coincident 
with extension of the landing gear oleo This altitude could not have been por - 
strut8 on becoming airborne quickly, a sible as the aircraft could not have touched 
touchdown bump, and the preponderance of down again in a maximum 1 335-foot dis- 
other witness1 evidence, establish the a i r  - tance, and Indicates that the air speed at 
craft being airborne for a few seconds. becoming airborne must have been consid- 

erably less than 163 kt, 
According to the Douglas Aircraf t  

Company performance data, the aircraft, Thus, the take-off speed could not be 
under existing conditions but on a snow- less  than 137.8 kt and not as much as 
free runway, would normally have been 163 kt. A uniform acceleration to  130 kt, 
rotated after a 3 994-foot roll in 33. 6 sec- then a constant speed to the end of the 
and# at 143 kt and become airborne at 50-stcond period, would require 16 seconds 
4 801 f t  in 37 seconds at 154. 6 kt. But the at 130 kt (which no captain i s  likely to 
evidence of five persons on the ground allow). Thi a indicates that acceleration 
indicates that the aircraft was not airborne w a s  probably normal to the 100-knot point, 
by the time it had rolled 6 200 f t  down the but not normal thereafter. The probability 
runway. exists that after the 100-knot point the 

speed continued to increase, but more 
According to the same performance slowly, to the 143-knot airepeed at Liftoff, 

data the aircraft, in 50 seconds, should since this was the air speed that the fir s t  
have travelled 7 040 f t  along the runway officer should and probably did call a8 VR, 
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From this it i s  clear tkat either the cap- 
tain's airspeed indication was erroneous 
or the check pilot was mistaken in stating 
that it read 130 kt. 

On the basis of the following evi- 
dence, it is concluded that the captain's 
airspeed indicator was giving an erro- 
neoue low reading at the time take-off was 
aborted. The f i rs t  officer, observing his 
air speed indicator, had called out VR 
( 143 kt). Immediately thereafter, the 
pilot-in-command had pointed to his air- 
speed indicator and the check pilot in 
checking the airspeed on the captain's 
instrument had read 130 kt and advanced, 
then clored the throttles. 

At the time of the accident the sus- 
tained wind velocity was 19 kt  with guets 
to 24 kt, Such gust8 might account for a 
ulight change but not a 13-kt increase 
(130 to 143) or 20-kt decrease (130 to 110) 
in the air speed indications. It i s  evident, 
therefore, that the  captain'^ airspeed 
must have been indicating erroneously for 
soma other reason. 

The possibility of Glycol entering 
the airspeed systems through the pitot 
heads during anti-icing and de-icing of the 
air craft war explored. However, be cause 
both pitot sumps were drained after use 
of Glycol, the possibility of Glycol having 
affected the air speed systems appears to 
be most unlike1 y. 

It eannat be definitely shown, due to 
impact and f i re  damige, that no machan- 
ical malfunction of the captain1@ airspeed 
system occurred. However, a review of 
the aircraft 's  records revealed no  uncor- 
rected airspeed i tems and indicated a 
eatiefactory leak test of the air  speed sys- 
tems on 4 January 1961, with no malfunc- 
tioning noted thereafter. In addition, the 
left air epeed indicator was evidently slow - 
by at leaet 1 3 kt  up to the rotation point. 
Similar Leake simultaneously affecting 
both systems are extremely unlikely. 

It could not definitely be substan- 
tiated that the pitot heat selector was not 
moved by impact to the "off" position, 

where i t  was found. This is  so because the 
copper pitot heads and the traasducer heat- 
ing elements were not found despite exten- 
sive effort  by investigators and considerable 
expense for earthmoving equipment. 

The pitot heat selector furnishes 
current for the heating elements in the cap- 
tain's and first officer 's  pitot heads and 
for the stall-warning transducer. Current 
is  supplied to a l l  three when the selector 
is in any one of the four positiona except 
"off". The ammeter indicates current 
drawn by whichever one of these three 
elements is selected. The proper amper- 
age is 1, 75 to 2, 75 for each airspeed pitot, 
and 1. 25 to  2. 75 for the stall-warning 
transducer. The ammeter indicated 1. 1 
amperes when found (probably moved to 
that figure from zero by fire). Neither the 
knob of the pitot heat p elector nor the 
assembly in the immediate vicinity bore 
any marks of impact, although there was 
marked fire damage. Moreover, there 
were no marks of overtravel within the 
selector switch, and i t  is  unlikely that 
impact would move the selector knob due 
to the internal spring followup design of 
the switch. This strongly indicates that 
the selector was not moved by impact. 

Thus, i t  appears that the left airspeed 
indicator w a ~  slow to the 130-kt point and 
then suddenly changed. Since leaks are 
unlikely, the cauee could only have been of 
a t ype  that was changeable with increased 
air speed. The probable cause for such an 
erroneous reading could not be determined. 
However,  the possibility ex is ts  that failure 
to apply pitot heat during snow conditions 
may have played a par t  in the erroneous 
indication. 

There was no decay in engine power 
and, consequently, the slow acceleration 
must have been due to snow on the runway, 
The amount of this lessening of acceleration 
is not subject to precise and specific quan- 
titative analysis. If there had been no 
impairment of acceleration, the aircraft 
would normally have been only 3 994 ft 
down the runway rather than 6 200 o r  more 
feet at time for rotation. 



It  was establ ished that the a i r c r a f t  
was capable of continuing the take-off i f  
power  had not been reduced by the check 
pilot. E a s t e r n ' s  Operat ions Manual, 
utilized by Aeronaves,  au thor izes  the 
check pilot to take over control  a t  his 
discret ion.  Whether or not the pilot-in- 
command would have continued the take- 
off if the check pilot had not reduced 
power will never be known. 

In an e f fo r t  to determine whether or 
not continuation of such a take-off as that 
involved in the a c c i d e n t  (with  one o r  both 
a i r speed  indica tors  malfunctioning) is  
safer than discontinuing the take -off, 
a r r angemen t s  w e r e  made with two a i r  
c a r ~ i e r s  for t e s t s  in the i r  DC-8 flight 
s imulators .  These t e s t s  indicated that 

1) such a take-off by a qualif ied 
DC-8 captain could be completed 
with a reasonable degree of 
safety,  and 

2) captains normal ly  do crosscheck 
with the f i r s t  of f icer ' s  airspeed 
under such conditions. 

Any small amount of snow which 
may  have remained on the aircraft after 
de - snowing or any small amount which 
may have acc rued  while taxying did not 
palpably,  have any significant effect on the 
a i r  craft's take -off capability. Therefore, 
snow on the s t ruc ture  i s  not considered 
to be a fac tor  in this abnormal  take -o f f .  

Aeronaves de Mexico uti l izes 
Eastern's checklis ts  and, s ince  the acc i -  
dent ,  Eastern has changed i t s  cockpit 
checklis t  to eliminate turning off the pitot 
heat  se lec tor  once i t  i s  turned on pr ior  to 
engine star t ing.  At the t ime of the acc i -  
dent the procedure was  to turn i t  "off" and 
'ionIl again before take -off. 

The DC-8-21 a i r c r a f t  has the capa- 
bility of being rotated to i t s  physical  
l imi t s  (until  the bottom of the empennage 
a l m o s t  touches the runway) and continuing 
t o  accelerate until becoming airborne. 
Once i t  becomes airborne, even though 

rotation has continued to the maximum 
physical  l imi t s ,  air speed continues to 
i nc rease ,  assuming there  are no malfunc-  
tions or fai lures.  It is not p o s s i b l e  in a 
DC-8 - 2  1 to "get on the back side of the 
power c u r v e ,  " i. e. , to enter the region of 
operation wherein the power required is 
g rea t e r  than the power available, while the 
a i r c r a f t  is  on the ground. If the angle of 
at tack i s  not fur ther  increased  following 
liftoff, the aircraft would continue to 
accelerate. Flight t e s t s  have proven that  
maximum rotat ion a t  the minimum speed 
wi l l  r e su l t  in a positive ra te  of cl imb and 
the shortest runway d is tance  to liftoff. 
Once a i rbo rne ,  the take -off performance 
cha rac t e r i s t i c s  will  be much the s a m e  as 
i f  rotat ion had been made a t  the p r e -  
determined flight manual VR, taking into 
considerat ion,  of course , the d i f ferences  
in elapsed time, distance,  and a i rspeed ,  

A question has been raised a s  to the 
possibility of decreasing the speed of the 
a i r c r a f t  from 130 to 110 kt  v e r y  quickly - 
say within 5 seconds - during or imme- 
diately after rotation, as  the check pilot 
believ-ed, To  achieve such a decrease in 
airspeed the dece lera t ion  would have to b e  
8. 44 f t /sec2 (0.26~) which, at the take-of f  
gross weight of 270 000 lb ,  would require 
a d r a g  force  of 70 500 Ib. Thrust  available 
frcm the four engines,  a t  between 110 and 
150 k t ,  is approximately 59 000 lb. Assum- 
ing conservat ively that 59 000 lb  of thrus t  
is-in balance with the drag (no  acce lera t ion) ,  
an additional 1 l 000 Lb of drag would be 
needed upon retarding power to idle to 
produce a 0. 26g deceleration. Actually, 
with the thro t t les  in "idle", the engines 
are s t i l l  producing some forward thrust .  
To  determine the effect of the increased 
drag on the a i r c r a f t ,  due to the rotated 
at t i tude,  a s e r i e s  of calculat ions was 
made. Assuming that the a i r c r a f t ' s  speed 
was  stabi l ized a t  about 130 kt (thrust = 
drag), and then rotated, the time necessary 
to  dece l e ra t e  to I 1 0  kt is:  

6. 90 rotation = 45. 7 seconds 
8 O  rotation = 31 seconds 
120 rotation= 18 seconds 
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These times are obviously too long 
to be considered in this case. In addition, 
the assumption that the aircraft was stabi- 
lized at 130 kt is false because the engines 
w e r e  apparently operating properly and 
producing the proper amount of Ulrust for 
continued acceleration. Thus, it can be 
seen that i t  is  not possible for the aircraft  
to have accelerated f r o m  130 kt  to 110 k t  
in five seconds. 

Conclusion 

The Board concluded that the air- 
craft  did be come airborne. Investigation 
pointed out that the check pilot errone- 
ously believed that if the speed of rotation 

were appreciably below the calculated VR 
speed , a longer take-off run would result. 

Probable Cause 

The probable cause of the accident 
was the unnecessary discontinuing of the 
take-off as a result of the action by the 
check pilot, who was not in either pilot 
seat,  in reaching forward without warning 
and pulling the throttles back. This action 
caused power to be decreased on all four 
engine s. 

Contributing factors were  the mar- 
ginally poor weather, snow on the runway, 
and the possibility of the pitot head heat 
not having been on. 

ICAO Ref: AR/728 
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Garuda Indonesian Airways, Douglas DC-3C, PK-GDI,  struck mountain ridge - 
0- 

R e ~ o r t  released bv the hlinistrv of Air ~ommun?cations. Indonesia. 

Circumstances  

PK-GDI, owned and operated by 
Garuda Indonesian Airways was flying a 
scheduled domestic service between 
Djakarta and Surabaia with stops at Ban- 
dung and Djokjakarta. J t  departed Ke?ria- 
joran Airport (Djakarta) at 0209 2, 
climbing to a cruising altitude of 3 500 ft 
to fly below clouds. At Purwakarta, a 
point approximately 43 NM from K e n a -  - - 
joran, the captain asked to leave flight 
level 35 and to climb to flight level 95. 
The call was made at 0243 Z and acknow- 
ledged by Djakarta control. The flight 
was then instructed to contact Husein 
tower at Bandung. The flight was heard 
at approximately 0245 Z calling Husein 
tcwer, however, the latter did not acknow- 
l e d g e ,  When the aircraft failed to report 
to Husein tower at the estimated time of 
arrival ,  Djakarta control was informed 
that it was overdue, It crashed at approx- 
imately 0248 Z. 

The wreckage of the aircraft was 
sighted at 0230 hours on 28 January on the 
western  slope of Mount Burangrang at an 
altitude of 5 400 f t .  None of the 5 crew 
and 16 p a s s e n g e r s  survived the accident. 
The aircraft was destroyed by impact and 
fire. 

Investieation and Evidence 

The c r e w ,  the aircraft and the 
operator were currently certificated. 

Maintenance requirements for the 
aircraft had been met. 

Preparations for the flight w e r e  
satisfactorily completed, and an instru- 
ment flight rules flight plan was filed. At 

time of take-off the aircraft's gross  weight 
(1 1 778Kg) waa within the maximum allow - 
able, and the load was properly distributed. 

Reconstruction of the flight 

Prior to departure from Kemajoran 
Airport the available en route and terminal 
weather forecasts were  reviewed by the 
captain. 

The Garuda procedure was to fly VMC 
(visual meteorological conditions) i f  con- 
dtions permitted or to climb and maintain 
flight level 9 5  to clear the mountains. 

The flight (GA 424)  attempted to con- 
tact Husein tower at 02442, as overheard 
by Kalidjati and Kemajoran towers, and 
again at 0245 Z ,  a s  heard by a Garuda pilot 
on a training flight. In the 0245 call the 
aircraft was requesting weather information 
from Husein, however, the calls  were  not 
received. 

O t h e ~  pilots flying at the same t i m e  
observed westerly winds of 20 - 30 kt. 
According to the weather forecast the winds 
were  expected to be about 16 kt. 

The invest igat ing committee felt that 
t he  flight proceeded normal ly  from Kema- 
joran t o  Purwakarta. It is difficult to 
believe that the captain attempted to make 
a d irect  flight from the Purwakarta area to 
Husein considering the hazardous terrain 
south of Purwakarta over  which he had to 
fly. Assuming that his  position at 0243 2 
over Purwakarta was correct and consider- 
ing his request to climb to 9 5U0 ft, he must 
have flown VMC (according to the Company's 
procedure) until h e  reached a point where 
he was forced to climb to  9 500 f t .  
Purwakarta beacon was declared unreliable 
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by the Company during the last six-month 
period. 

The distance from Kemajoran to 
Purwakarta was flown in twenty-one 
minutes, whereas i t  should have been 
covered, in view of the prevailing winds, 
in seventeen minutes. Four extra minutes 
may possibly have been used in making 
turns to avo id  clouds, Assuming that the 
wind was 300120 kt, the possible positions 
of the aircraft  before commencing the 
c l i h b  to 9 500 f t  would more likely be past 
Purwakarta by one o r  two minutes. 

It appeared most probable that t he  
flight encountered poor visibility and bad 
weather, for i f  the visibility were good the 
crew would be aware of the surrounding 
terrain. 

The actual weather conditions on the 
route, according to  pilots flying before 
flight GA-424, were generhlly scattered 
cumulus clouds with showers north 01 the 
track. Cloud base was 1 500 - 2 000 ft. 
Over the Sanggabuana and Burangrang 
areas there was heavy rain, and t h e  visi- 
bility over these areas was zero. During 
this time of year the mean position of the  
inter-tropical. front was over Java, On 
t h a t  date the inter-tropical front was active 
over Weet  Java. 

According to the fact that a climb 
was made to  9 500 f t  a t  0243 Z,  the cap- 
tain was supposed to be ful ly  aware of h i s  
position somewhere over Purwakarta and , 

war encountering bad weather. The Com- 
pany's instructions a re  that a pilot should 
make a spira l  climb to  9 500 f t  if he i s  
certain of his position, o r  climb to the 
nortil to reach flight level 95 before cros- 
sing the mountain8 i f  h e  is not sure of his 
position. The accident si te showed that 
he waa 6 NM east of the track. The ques- 
tion was how he could have a r r i v e d  at that 
spot. 

The captain knew that he was some- 
where over Purwakarta but probably coal8 
not determine with certainty the exact  posi- 
tion and was proceeding presumably by 

dead reckoning. Or ,  he must have made an 
e r ro r  in determining his position. Never- 
theless, he proceeded to  cl imb, without 
visual reference. Considering the winds of 
20 - 30 kt ana t h e  weather conditions, he 
could have drifted to the east causing er rors  
in the determination of his position. 

A climb from this position to the 
south, as was shown by the direction of the 
accident, would be very critical. From the 
time of the captain's call to Djakarta con- 
trol at 0243 2, requesting to climb to f l ight  
level 95, to the time of the accident at 0246 
(as indicated by the co-pilot's watch), the 
aircraft had climbed from an altitude of 
3 500 to 5 403 f t ,  The only procedure which 
could be justified in this condition w a s  a 
climb in a northerly direction. The pos- 
sibility that the captain had used his radio 
compass to fietermhe his position and, i n  
so doing, obtained an erroneous position 
should not be completely ruled out. How- 
ever, even ao, the climb procedure adopt- 
ed by the c--ptain cannot be justified, and 
was not in accordance with the Company's 

The possibility of engine malfunction 
cannut be eliminated, althwgh this would 
not be compatible with the fact that  the a i r -  
craft a t  this gross  weight climbed 1 900 f t  
in approximately 5 minutes. Also,  if an 
engine had been lost o r  the aircraft had 
been changed to a northerly heading, the 
captain would have radioed as he was  fully 
aware of the hazardous terrain. His last 
attempted contact with Husein tower was 
for  the purpose of obtaining weather infor- 
mation, and at that time the captain did 
not report having encountered any difficulty 
with the a i r c r a f t ' s  engines or corr~ponents. 
There was no evidence of a b o m b  explosicn. 

The Investigating Committee Con- 
cluded that the aircraft after departing 
from Kemajoran attempted to  fly VMC. I t  
also believed tha t  as the flight progressed 
towards the mountainous area the overcast 
lowered and intermittently the aircraft had 
to fly through cloud finally going complete- 
ly on instruments s e v e r a l  minutes before 
the crash. 
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Probable Cause mountainour terrain when unsure of his 
position and in weather conditions which 

The probable cause of the accident severely restricted visibility, 
was the attempt by the pilot to fly over 

4 

ICAO R e f :  AR/761 
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Weather conditions 

Over the area Giglio-Elba-Civita- 
vecchia -Rome, the conditions entailed 
much cloud o r  complete cloud cover with 
local precipitation possibly of a thundery 
nature. The conditions were liable to give 
r i se  to extensive p h e n o m e n a  due to the 
instaoility of the very moist air masses 
causing electr ical  discharges and ice for- 
mation between 1 800 m and 4 000 m. 
Regarding turbulence, i ts  intensity was 
not expected to be such as to have any 
appreciable effect on air navigation. 

There was an incursion of cold air  
into the western basin of the Mediterranean 
as far a s  Sardinia, while over the accident 
area there were very moist and unstable 
warm air masses ,  

Navigation Aids  

In the Rome a rea  there are numerous 
radio aids available for instrument approach 
to Fiumicino Airport. 

The aircraft  was fitted with  the fol- 
lowing radio, navigation and communica- 
tion equipment: 

2 ADF systems; 2 VOR systems; 
1 Doppler navigator; 1 DME; 

1 radar; 1 marker  receiver; 2 V H F  
receiver/transmitters; 

1 receiver which can be operated 
on HF; 2 HF receiver/transmitter s. 

Communication r 

The communications between 
G-APDM and the Air Traffic Control units 
(Rome Control, Rome Approach and Fiume 
Tower) w e r e  made in the appropriate 
phraseology, on the special channels, and 
the clearances given w e r e  in accordance 
wi th  current regulations. 

G r o u n d  installations 

The radio beacon N F  i s  associated 
with the ILS installation which serves 

runway 16 at Fiumicino, Thie beacon is, 
therefore, used by aircraft  which land at 
Fiumicino , inbound from Civitavecchia 
radio beacon (NR) in the case of jet aircraft 
and f rom Bracciano radio beacon in the case 
of piston -engined aircraft. 

The installation of this radio beacon 
and the frequency assignment conform to 
the  standards and recommended practices 
of ICAOis Annex 10. 

The flight testing of the radio beacon 
inside the area w h e r e  it is used has b e e n  
carr ied out by a radio facility testing a i r -  
craft fitted with an ARN 6 radio compass. 
In the course of these flights, m a d e  both 
by day and by night during the months p re -  
ceding the opening of Fiumicino Airport to 
traffic and since the accident, no interfer- 
ence has been recorded of such a nature as 
to make the use of the assigned frequency 
inadvisable. 

In particular, the Radio Prague trans- 
mission was not observed in the area of 
coverage of the radio beacon N F ,  Further- 
more, it has not been possible to make 
calculations regarding such interference 
because the necessary data a re  not avail- 
able. 

Reconstruction of the flight 

1821 hours Take-off from London. 
Reached cruising altitude, 
flight level 330 over Dieppe. 
Up t o  this stage the t imes 
w i r e  deduced-from the 
flight plan. Subsequent 
times are derived from tape 
recordings of Fiumicino 
(Tower) and of Ciampino 
(Rome Control and Rome 
Approach). 

2012 hours Start of descent. 

.O 13:  30 Flight over Elba at 20 13 
hours a t  flight level 290. 
This flight level w a s  main- 
tained on the instructions 
of the Control because a 
Caravelle aircraft  was 
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flying at flight level 280 
over the same route in the 
opposite direction. 

The a i r c r a f t  was cleared 
to descend f rom Giglio 
direct t o  Civitavecchia 
without passing via Punta 
Tango and w a s  also cleared 

' for flight over Civitavecchia 
at flight level 100. 

Mutual sighting of the two 
aircraft, so the Comet 
obtained clearance to 
descend t o  flight level 100. 

Over Giglio a t  2019, 
descending, passing through 
flight level 260. 

Descending through flight 
level 160. 

Was cleared to establieh 
radio contact with R o m e  
Approach. 

Informed Rome Approach 
that it had f l own  over Civita- 
vecchia at 2027 and was  
now descending through 
flight level 135 heading for  
Fiumicino NDB, estimating 
i t  would reach it at 2031. 
The aircraft was cleared 
for flight over Fiumicino 
NDB a t  1 300 ft,  for  a 
direct approach and was to 
establish radio contact w i t h  
Fiumicino Tower. 

Having contacted Fiumicino 
it reported i t  was pas sing 
through flight level 90, 
estimating it would be over 
Fiumicino MDB (NF) in one . . 
minute and would r epor t  
m e  outer marker on 
finals . 

20 37 Ir.rbrrned Tower it -:~ae at 
3 000 it, heading for  Ostia 
NDB 

Between Giglio and the point 
of impact (see Figure 1) 

From the chronological data i t  is  not 
pas  sible to derive sufficient information to 
establish accurately the aircraft's track 
between Giglio and the point a t  which it 
struck the treetops. 

However,  based on the recording of 
the radio communications and on the state- 
ments of the pilots and witnesses, the fol- 
lowing considerations are put f o r w a r d  
regarding the a r e a  over which the a i rc ra f t  
probably f lew on this stage of i ts  flight. 

The a i rc ra f t  f lew over Giglio NDB at 
2019 hours. This is derived from the c o m -  
munication recorded on the magnetic tape 
at 2020:30 hours. From this communica- 
tion and subsequent messages, it is found 
that the re  was a difference of about one 
minute between the a i rc ra f t  clock a n i h e  
clocksof Rome Control, Rome Approach 
and Fiumicino Tower, 'm fact ,  the message 
recorded on tape r t  2020:30 reports passage 
over Giglio at 2019, and the message 
reporting flight over Civitavecchia, which 
i s  said to have occurred'Tc a t  2027 hours ,  
was sent at 2028 hours. 

The communication at 2029: 30 hours ,  
made by t he  second pilot, was based on a n  
inaccurate estimate in that it is impossible 
for the a i rc ra f t  to lose 7 700 it (difference 
between flight level 90 and the height of 
1 300 f t  cleared for N F )  in one minute only. 
Furthermore, a t  the end of the estimated 
minute the aircraft  would not only have had 
to have come down to this height but also to  
have already assumed the configuration for 
final approach. 

The moment of impact with the trees 
may have occurred between 2033  and 2035 
hours. The first time of impact was 

* "awenuta" which i s  feminine and therefore relates back grammatically tc "message" 
and not to "flight over". Translator.  
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obtained from the navigation log and the 
pilots ' statements, whereas the second 
time was deduced from the recordings of 
the radio communications, on the a s s u r q -  
tion that the aircraft  took two minutes to 
reach 4 000 f t  a t  2037 hours (climb of 
2 260 ft above the point of impact). The 
two times a r e  the minimum and maximum 
limits between which the impact undoubted- 
ly occurred, 

Points B and B 1, almost coincident, 
have been taken as different points for t h e  
beginning of the right-hand turns which 
would have brought the aircraft  over  the 
town of Viterbo, as appeared from evidence 
of a prison guard, or which, according to 
the pilots, would have excluded flight over 
the town. 

The time taken by the aircraf t  to 
arrive at the point of impact from the posi- 
tion near Viterbo where i t  began the right- 
hand turn was about 2 minutes, i. e. one 
minute to make the turn and one minute,  in 
the configuration for final approach, to 
reach the point of impact. 

The time taken to fly from Giglio to 
the point at which the turn was begun, a 
time during which the indicated air  speed 
was maintained at 240 kt,  was, therefore, 
12 minutes i f  the impact i s  considered to 
have taken place a t  2033 hours or 14 min- 
utes i f  the impact is considered to have 
taken place a t  2035 hours. 

The indicated airspeed of 240 kt 
corresponds to a mean TAS of 292 kt which 
in standard atmosphere and with no wind is 
the same as the ground speed. These 
figures have been provided by the crew and 
the flight navigation officer (BOAC). On 
the basis of a ground speed of 292 kt, the 
distance covered by the aircraft would be 
between 58 NM and 68 NM. 

If the temperature (5O below standard) 
and the winds in the area are taken into con- 
sideration, the IAS of 240 kt will be found 
to correspond to a mean groundspeed of 
310 kt ,  and the distance covered would be 
between 62 NM and 72 MM. 

A comparison of the four distances 
established in this way shows that the mini- 
mum distance i s  58 N M  and the maximum 
7 2  NM, 

The routes drawn (see Figure 1) 
depict the minimum and maximum limits 
within which the actual track made good by 
the aircraft  must certainly be contained. 

The testing in flight of N F  before and 
after the accident, both by day and night, 
gave satisfactory results. A flight was also I 
made a t  the same time of day as that of the 
accident and with the same aircraft, This 
test consisted of three consecutive ap- 
proaches from Giglio, in accordance with 
the specified procsdurea. Nothing abnormal 1 
was experienced during two approaches 
between NR and N F .  As soon as NR had 
been left and the radio compass tuned to 
NF ,  the call sign N F  was clearly received, 
and the indications of the radio compass 
gave correct  bearings. In one of the three 
approaches, after flight over NR and after 
assuming a magnetic heading to bring the 
a i rcraf t  over N F ,  it was necessary to wait 
for 1 minute 40 seconds before obtaining a 
clear identification signal and having an 
accurate and stable bearing on the radio 
compas s. 

On this approach, interference by the 
Prague  tati ion, which transmits on 272 
kc/sec, was experienced on the frequency 
of the NF beacon, 

At a low altitude and a short dirtance 
from N F ,  however, the interference of the 
Prague transmitter became practically 
negligible. 

It follows, from the above, that 
abeam Tarquinia, and in any event before 
reaching Civitavecchia, the pilot must have 
tuned one of the radio compaBses to N F  and 
on the basis of the indications obtained he 
left the track he had been following up to 
that moment. It i s  very probable that with 
the setting of the other radio compass 
unchanged, NR was  seen to go round to 
starboard at about 2027 hours. Subsequent- 
ly,  this radio compass was also tuned to NF ,  
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As a result, indications agreeing with one 
another, caused by the interference of the 
more powerful station on the weak N F  
transmission,  were  erroneously accepted 
and a false QDM was used. 

On reaching point C ,  the pilot deviat- 
ed from the track between Giglio NDB and 
Civitavecchia NDB and followed the indica- 
tions of the radio compass needle. In so 
doing he thought he was on the route which 
is shown by a dotted line on Figure 1) 
beginning at point C' and ending over Fiumi- 
cino NDB. This route is the same as 
C B A but displaced in a direction parallel 
to the latter by a distance of 60 NM. A 
superficial critical examination of the situ- 
atiun could have revealed the erroneous 
conviction. In fact: 

a) The time required to reach point 
C' from Giglio would have bean 
about twice that required to reach 
point C and the heading some 
25 to 30° greater in magnitude. 

c; use of NF indications only after 
flight over NR 

the indications obtained would have made 
possible the regular continuation of the 
flight under consideration. 

Ample proof of this i s  also provided 
by the regular completion of thousands o f  
flights to Fiumicino Airport wi th  use of the 
radio aids existing at the time of the acci- 
dent. 

Probable Cause 

The accident was attributed to the 
following causes: 

1. Exer c-isas for familiarization, as 
recommended by ICAO, with the 
approach procedure for Fiumicino 
were not carried out. These 
exercises were  all the more neces- 
B a r Y  as i t  was the first time that 
this crew had flown to the airport. 

b) The whole of the route would have 2. The aircraf t  did not fly over NR 
been flown over the sea, whereas and did not follow a QDR (magnetic 
it was observed both with the air - heading) between 1 15' and 1220 
craft radar and by direct obssrva- from WR. 
tion that the aircraft passed over 
the coastline and subsequently 
f lew over land. 

c)  If the aircraft had followed the 
route C t  to Fiumicino NDB, 
Civitavecchia NDB would always 
have been observed on the port 
side, whereas the c r e w  saw i t  
"go round" to starboard. 

From the whole of the above con- 
siderations, i t  is deduced that the aircraft 
did not in any event fly over Civitavecchia 
NDB and therefore the communication 
made at 2028 hours relating to such over- 
flight is without foundation on fact, 

If the crew had applied the pre- 
scribed procedure: 

a) flight over NR 

b) flight away from NR on a track 
between 11S0 and 12Z0 

3. The two radio compasses were 
tuned to the same frequency. As 
a result ,  only one "double" erron-  
eous indication was available, 
whereas i t  would have been pos- 
sible t o  have had useful indications 
from different sources for a " f i x " ,  
by using the bearings of pairs of 
radio beacons. 

4. After  both radio compasses had 
been tuned to the N F  frequency, 
and their indications agreed with  
one another, they were accepted 
as reliable, 

5 .  For the final navigation phase only 
the radio compasses were used. 
More importance shouId have been 
attached to the contemporaneous 
indications of the compass and 
clock after appreciable differences 
had been noted between information 
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shown in the flight log ar.d data 
which could have been obtained 
subsequently by observation and 
measurement. 

6, Inaccuracy in radio communica- 
tions on the part of the second 
pilot, (as  shown in communication 
at 2029:30 hours). 

7, The Prague transmitter i n t t r ~ e r e a  
with radio beacon N F ,  

Re  commendations 

In view of the findings, the Cowl- 
mission re commends the following: 

a) To Pilots 

Follow the procedures set forth 
in the ATC documents. h case of 
doubt ,  u s e  all navigation aids 
available in order to check the 

position before coming down below 
the safety height, particularly i f  
there are flxed obstructions in the 
area and visibility is poor. 

b) Ta Airlines 

Before pilots use an airport with 
which they are unfamiliar, 
arrange for them to carry out a 
samiliarization flight or at least 
flight simulator tests for the pur - 
pose of training in the air traffic 
and approach procedures estab- 
lished f o r  the airport in question. 

c)  To the Inspectorate of 
Telecommunications 

Study the possibility of replacing 
the working frequency of Fiumi- 
cino radio beacon by another fre- 
quency not subject to interference 
from other high power trans- 
mitters, 

IC.PLO Ref :  AT:, 699 
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No. 6 

Garuda Indonesian Airways,  Douglas DC-3, P K - G D Y ,  crashed into thc sea near 
- 
Report re leased  by  the Ministry of Air Communications, Republic of Indonesia. 

Ci rcumstances  - -- The C r e w  

Flight  GA-542 took off a t  2335 hours 
from Perak Airfield,  Surabaia on a 
scheduled flight t o  Balikpapan. Aboard 
were 5 c r e w  and 21 pas senge r s .  The a i r  - 
c ra f t  and c r e w  w e r e  on the third day  of a 
four day trip. 

At approximately noon on 4 February 
the a i r c r a f t  was reported missing. Efforts 
by a search and rescue team to locate the 
a i r c r a f t  w e r e  unsuccessful ,  however ,  i t  

Ail c r e w  m e m b e r s  were  correc t ly  
cert i f icated.  

Weather conditions 

The weather conditions en route 
(between S ~ r a b a i a  and 50 NhZ out) were fair 
to cloudy. The wind was loO/10 kt; s t ra to-  
cumulus cloud f r o m  7 000 to 9 000 f t ,  318 - 
518 cloud coverage,  a base of 1 500 - 2 500 ft 
cumulus cloud with tops of 5 - 7 000 f t  

was  believed that the a i r c r a f t  had crashed becoming cloudier to the nor th  with signs of 
into the sea  off the Island of Madura. No precipi tat ion.  
trace of the occupants was found. 

Investigation and Evidence 

The Aircraft 

The a i r c ra f t  was sen t  to Hongkong 
for a complete overhaul in March 1957 a t  
which time all requi red  modifications 
were incorporated.  

The maintenance of the aircraft  had 
been accomplished according to  a p ro -  
gressive maintenance schedule. During 
the last major (500 hour s )  inspection, 
carried out between 26 and 31 December  
l 960 ,  bo th  engines w e r e  changed. Since 
then engines Nos. 1 and 2 had flown 44:45 
hours each .  during which t ime rnainten- 
ancs  records showed a history of engine 
vibrat ions.  Trouble rectification included 
change of the automatic mixture contro!, 
change of the spark plugs,  a valve t imlng 
check, oil check fo r  metal particles and 
retightening of the propeller  nut. 

The airlrame had a total of 18 829 

Reconstruction of the flight 

The fiight departed Perak  a t  2335 
hours. It f i l- i t  contacted Surabaia control  
on 119. 3 M c / s  and reported i t  was on course 
a t  2338 hour s ,  climbing to (cruising) flight 
leve l  90 on a northwesterly heading. At 
that t ime i t  estimated the boundary of the 
control  area at 0022 hours. This message 
was acknowledged by a i r  t r a f f i c  control, 
and the captain was instructed to report 
whet1 reaching flight level 90. 

At  2346 the flight advised that i t  
estimated its arr iva l  a t  Balikpapan a t  0242, 
was climbing to flight leve l  90 and estimated 
the boundary at 0022, Masalembo at 0041, 
abeam Bandjarmasin at 0126 and Warukin 
a t  0201 hours.  The flight reported reach-  
ing flight level  90 at 2355 hours and was 
then instructed to r epor t  over the boundary. 
Nothing more was hea rd  from the aircraft. 
It sent no emergency message. 

Findings 

hours. The flight had been properly planned 
and dispatched. At the t i m e  of take-off 
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its gross weight was 36 lb under the maxi- 
mum permissible take-off weight, and the 
centre of gravity was within limits. No 
discrepancies were  found in the rnainten- 
ance of t:,e aircraft. There were no 
records of the aircraft carrying dangerous 
materials or explosives. Samples of fuel 
w e r e  checked and found to be normal. 
There were no indications of foul play. 

Due to  a lack of evidence, the investi- 
gating committee could not come to a posi- 
tive conclusion as to what actually happened 
to the aircraft. A atrong lead was some 
aircraft items found on the day the aircraft 
was reported missing. F r o m  these items 
it waa deduced that the aircraft may have 
crashed not too far from Surabaia, How- 
ever ,  none of the items found showed posi- 
tive proof that it belonged to the aircraft 
in question, A reconstruction of the acci- 
dent, using the items and the people that 
found them. indicated that the probable site 
of the accident could have been about 3 3  NM 
northeast of Surabaia, This spot coincides 

with the normal track of the aircraft. 
Every effort was made with the assistance 
of the Navy to locate more posit ive  evid- 
ence in the area. A weak echo was detected 
by the Navyts sonar equipment in that area. 
Due to circumstances, no further efforts 
could be made to locate the source of the 
echo coming from the bottom of the  sea. 

Probable Cause 

The probable cause of the accident 
was not  determined as the aircraft could 
not be found. 

Follow -up action 

Following the accident a fleet inspec-  
tion of Garudals Dakotas was carried out, 
which included wing attach angle checks, 
flight control system checks, electrical 
wiring checks, a corrosion check of the 
aircrafts' primary structures, No serious 
discrepancies could be found. 

ICAO Ref: ~ ~ / 7 6 2  
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No* 7 

SABENA, Boeing 703- 329, OGSJB, accident at Berg, 2 k m  northeast of the threshold 
of runway 20 at Brussels National Airport, Belgium on 15 February 1961. Report 

released by the Minister of Lommunications, Belgium. 

Circumstances  

The accident occurred at the conclu- 
sion of a normal scheduled non-stop flight 
f rom New York to Brussels. The aircraft  
was on long final approach to runway 20 
and had been cleared to land, When near  
the runway threshold, instead of landing, 
the pilot increased power ar~d retracted the 
undercarriage. The aircraft  gained height 
and m a d e  several oircles in a left turn. 
During these turns the bank angle, while 
decreasing several times for short periods, 
inc r eased -more and m o r e  until finally the 
aircraft was in a near vertical bank. It 
then crashed and f i re  broke out on impact. 
All 11 crew  members and the 61 passen- 
g e r s  aboard were fatally injured in the 
accident, and the aircraf t  was completely 
destroyed. One person on the ground was 
killed and another seriously injured. The 
accident happened at 0905 hours GMT. 

Investigation and Evidence 

The Crew 

The aircraft 's  crew consisted of a 
captain, co-pilot, navigator, flight engi- 
neer,  5 stewards and 2 stewardesses. 

The ca tain held an airline transport 
pilot's 7 T - l  icence va id until 30 July 1961, 
H i s  licence was endorsed for the Boeing 707 
instrument and night flight, and he had a 
restricted radiotelephony licence. As of 
February 1961 he had a total of 15 384 
hours flying time. His experience on the 
Boeing 707 was :- 

- simulator training: b hr 
- flight training: 13 hr 51 rnin day 

1 h r  15 min night 

He was declared proficient on Boeing air - 
craft on 27 February 1960 and had a pro- 
ficiency check on 17 October 1960, H e  was 
fully qualified on the route New York - 
Brussels. 

The co- ilot was also the holder of a 
valid air  + m e  transport pilot's licence which 
was endorsed for DC-6, DC-7 and Boeing 
707 aircraft. As of February 1961 he had 
a total of 16 231 hours flying time to his 
credit, and was also fully quali'fied on the 
route New Y ork - Brussels. He had the 
following experience: 

- simulator training: 6 h r  
- flight training: 14 hr  - rnin day 

- 45 min night 

Examination of the per eonal files of 
the crew members showed them to have 
received a thorough indoctrination and 
training on this type of a i rcrai t  and their 
qualifications and experience were estab- 
l i ~ h e d .  From the medical point of view, 
they had undergone the required medical 
examinations, and the results had always 
been favour able. The minimum required 
rest periods were  observed and even ex- 
ceeded, while the total flying times were 
within the limits authorized. 

Nothing in the post mortem examina- 
tion indicated any reduction in the physical 
capabilities of the crew, 

The A i r c r d t  

The airframe had 3 038 hours of fly- 
ing time. Between a type 1I overhaul 
(1 1/1/61 to 9 /2 /61)  and the accident, the 
air f rame had accumulated 37 hours of flying 
time, 
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The aircraft  held a certificate of a i r -  
worthiness valid until 8 August 1981 which 
was revalidated on 9 February 1961 at t he  
conclusion of a test flight in which a dele- 
gate of the technical services of the 
"Administration de 11A6 ronautique" parti- 
cipated. 

The aircraft was maintained by the 
technical services of Sabena. These opera- 
tions are supervised by the control services 
of that company. The maintenance pro- 
graknme i s  laid down by the technical ser- 
vices of the liAdministration de 1 'A& ronau- 
tique l '  which also approves the Sabena 
controllers and makes its own supple- 
mentary independent checks. 

As the maintenance and work cards 
concerning the aircraf t  did not show any 
abnormalities, the Commission felt that 
0 0 - S J B  had been correctly maintained in 
accordance with the approved programme. 

At the time of take-off from New York 
the aircraf t ' s  all-up weight was 119 500 kg 
of which 50 000 kg w e r e  JP. 1 fuel. The 
centre of gravity was 267bMAC. According 
to the flight plan the aircraft 's  estimated 
all-up weight on arrival was to be 79 230 kg. 

At the time of the accident the air- 
craft  was at an all-up weight of 77 500 kg, 
and the centre of gravity was 25. 570 MAC. 

Trouble reports 

It was found that 00-SJB,  as well as 
other Sabena Boeing 707s, had been affect - 
ed by blockings or hard spots in the aileron 
control. Examination showed that the rea- 
son for these difficulties was jamming, at 
low temperatures, in the aileron trim 
mechanism. The two t r im  assemblies of 
0 0 - S J B ,  left and right, were removed and 
replaced during the overhaul carried out on 
11 January 1961. They w e r e  examined and 
tested by the Boeing Company, It was pos-  
sible to reproduce complete jamming of 
one of the mechanisms by cooling to a low 
temperature. A considerable force, eguiv- 
alent to 90 lb at the wheel,  w a s  necessary 
t o  unjam the mechanism. 

No other significant remark was noted 
in the trouble reports of 00-SJB, However, 
two difficulties w e r e  found which affected 
the flight controls after overhaul. 

1) The pilot noted that during the 
f i r s t  test  flight on 9 February 1961 
the trim button had to be pushed 
harder than normal. A second 
test  flight was made to confirm 
the fault, after which the pilot 
noted "abnormal response of the 
stabilizer particularly after trim- 
ming nose down; slight nose up 
impulses give no result. 

The corrective action taken by maintenance 
consisted of replacement of the stabilizer 
tr im motor. A ground test gave normal 
responses in both directions. 

2) The second incident was  observed 
during the s a m e  flight. The pilot 
noted: "At the beginning of the 
flight there was a strong tendency 
of the aircraft to roll to the right. 
In level flight, the two left wing 
spoilers a r e  1 inch out, " 

"After descent, speed brakes out, 
at the moment of the i r  retraction 
there w a s  a marked roll t o  the 
right - i t  did not recur afterwards. 

"At the end of the flight, the tend- 
ency to roll to the r igh t  was con- 
side rably diminished, " 

An inspection on the ground did not 
reveal any-thing abnormal. This fault did 
not recur during subsequent flights. 

Examination of the trouble repor t ,  
already signed by the captain, for  the flight 
during which the accident occurred, and a 
message to the company at 0848 hours 
established clearly tha t  there was no mal- 
functioning of the a i rcraf t  during this flight, 
and the  c r e w  considered i t  was airworthy 
for a subsequent flight. 
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Weather conditions at Brussels 
National Airport 

They were as follows: 
visibility: 3 500 m; cloud: 718 at 
6 000 m; wind: 190e/2 kt; d r y  
bulb ternpe rature: i 7 . 4 "  C ;  
dewpoint: + 4 .  b o  C; relative humi- 
dity: 820Jo. 

The weather conditions were  good and had 
no bearing on the accident. 

Reconstruction of the trajectory 

1. According to ATC information 
and radio communications 

Figure 2 shows this trajectory 
from the point of entry into 
Belgian territory until the break 
in radio communications. 

2 .  According to the testimonv of 
witnesses 

The t r a j ec to ry  w a s  also recon- 
structed f r o m  the turn onto a long final ap- 
proach until impact. The trace of this  
t r a j ec to ry  figures as Points A, B, C. D 
and I on Figure 3. 'rhese witnesses in- 
cluded persons spaced along the trajectory, 
Air Force personnel stationed at the a i r -  
port,  personnel of the  A i r  Traffic Control 
Services and aircrew and technical person- 
nel of Sabena. 

The witness  located at Point B 
saw the undercarriage in the "down" posi- 
tion. Point C is the last point at  which the 
aircraft  reported its position (Hofstade). 
U p  until Point D, all witnesses saw the air-  
craft flying normally. It then started i ts  
''overshoot". It overflew the runway 
threshold at an approximate height of 300 f t ,  
climbed whilst turning to the left along an 
apparently steep trajectory. Traces of 
smoke w e r e  observed coming from the four 
engines. At a n  estimated height of approxi- 
mately 1 500 ft i t  levelled off, reducing 
power.  The aircraft  then described three 
360' left turns relative to the approach 

direction. During this trajectory i t  started 
f i rs t  a descent, then several cl imbs follow- 
ed by small descents; power was reapplied 
and cut several t i m e s ,  The left bank angle, 
while considerably reduced during short 
periods, increased more and more. The 
last 90" of hlrn were accomplished a t  slovr 
speed, engines idle, with a large bank angle 
(close to 90' according to c e r t a i n  wimesses). 
The aircraft  then nosed down and crashed. 
Fire  broke out on impact, 

3 .  According to the indications of 
the flight recorder 

The trajectory is shown as Points 
E, F and G on Figure 3. It is based on 
information extracted every 1 2  or 15 sec- 
onds on the time scale of a graph. It is to 
be noted that the flight recorder was an 
experimental model and, moreover, it was 
found in a n  a rea  where the fire was particu- 
larly intense. For this reason, t he  value 
of the information furnished by the graph 
during the last  4 o r  5 minutes of flight is 
uncertain or worthless .  The r e c o r d e r  does 
not give points of the trajectory directly. 
It provides  for the airspeed and heading of 
t h e  aircraft at each instant. From these 
observations and supposing tha t  the speed 
vector has the same direction as the head- 
ing ,  a series of tangents can be traced f o r  
which the envelope constitutes the trajec- 
tory. There i s  no correlation between the 
t imes  of the testimonies and the times of 
the recorder, however, one may attempt to 
place the curve established according t o  t he  
witnesses1 testimony over the curve estab- 
lished according t o  the e lements  of the flight 
recorder by displacing the latter and by 
taking into account its orientation, which i s  
determined by the indications of successive 
headings. 

By doing so, as  the two trajecto- 
r ies  nearly superimpose, the time scale can 
be deduced and Point D can be located 4 
minutes p r i o r  to the impact time. 

Examination of the wreckage 

The wreckage was minutely examined, 
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The assistance of experts from the 

Civil Aeronautics Board, the 
Aviation Agency and the Boeing Airplane 
Company w a s  obtained for different phases 
of the technical investigation. 

Structure 

The aircraft's structure was near l y  
completely destroyed by impact and the 
subsequent fire. A major part of the wings 
was burned, but i t  was possible to rebuild 
the\essential part of t h e  controls. The 
breaks, in the different parts of the air- 
frame, revealed nothing abnormal. 

The debris found at the site of the 
accident confirmed that the aircraft's 
structure was intact before impact. The 
cockpit debris,  projected outside the f i re  
zone, presented no trace of f i r e .  

Although two witnesses believed they 
had seen s o m e  objects become detached 
from the aircraft at different times, an 
extensive search in the particular areas 
did not reveal anything, 

Controls 

Inboard ailerons 

Nothing on the surfaces, the struc- 
ture, the hinge supports, the control tabs, 
the snubbers, nor on the balance panels 
indicated any defec t  prior to impact. The  
pressure  seals on the passage of the con- 
trol cables into the fuselage w e r e  found , 

burned in their lodgings. Examination of 
the markings observed on the structure . 
determined that at the moment of impact 
the inboard ailerons were  in a position for 
a right turn. The left-hand inboard aileron 
was in a 10" down position, while the r ight-  
band inboard aileron was in a 14" up pos i -  
tion. The control pulleys, located below 
the captain's control column, were found 
in position for a left turn while those below 
the co-pilot's control column w e r e  found 
in poaitioa for a right turn. These pulleys 
control the displacement of the aileron con- 
trol tabs but not the ailerons directly. 
They are interconnected by a cable w h i c h  
was found broken. 

Aileron t r lm 

The positions of the aileron trim 
control d r u m s  showed that the aileron t r i rn  
was  in the neutral position on impact .  

Outboard ailerons 

It was not possible t o  dererrnine 
with certainty the position of the outboard 
ailerons on impact, However,  the measure - 
rnent of the extension of the control rods of 
the lock-out mechanism s h ~ w e d  that they 
must have functioned and that the ailerons 
should normally have been in the neutral 
position. The control system of the left- 
hand outbosrd aileron was intact with  the 
e~cept ion  of the quadrant which was broken. 
The quadrant i s  a casting which permits 
the control of the.  outboard ailerons through 
a cable link with the inboard ailerons, 

Apart from defqrmations, due to 
impact, nothing abnormal w a s  found amongst 
the remaining parts of the structure, the 
balance panels, and the hinges of the left 
aileron. The right-hand aileron control 
system was badly damaged. 

In the case of jamming of an out- 
board aileron 

a\ f l a ~ s  down: the inboard ailerons 
' wiil a lso  be blocked; 

b) flaps retracted: the inboard 
aileron adjacent to the jammed 
outboard aileron will be forced 
in the same direction as the 
position of the j a m m e d  aileron 
until such moment as the in- 
board aileron reaches i ts  full 
displacement. For example, 
the inboard aileron will be 
forced upwards if the outboard 
aileron i s  jammed in an "up" 
position, and vice versa. When 
the inboard aileron reaches its 
stop the jamming of the out - 
board aileron has to give suffi- 
ciently or one of the parts in the 
mechanism will be deformed o r  
broken. If the outboard aileron 
is jammed in the neqltral position 
the inboard aileron wil l ,  a f t e r  a 
momentary "up" displacement, 
return to neutral. 
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Tests  were made in order t o  clarify 
the reasons for the fracture of t he  steel 
extremity of the outboard aileron control 
rod under the possible  action of flap re t rac-  
tion, ailerons iammed in the down position. 

These  t e s t s  showed thatthe weakest 
component in the mechanism is the attach- 
ment bolt of the upper outboard pa r t  fixing 
the bell crank driven by the actuator. This 
bolt breaks by shearing. T h e  blocking 
torque of the aileron at the moment of rup- 
ture i s  of the order of 250 Kgm.  

None of the four  bolts, left and right- 
hand, w e r e  found sheared,  and i t  was, 
therefore,  presumed that the breaking of 
the aileron control rod w a s  due to t he  im- 
pact force. 

Spoilers 

The position of the spoilers on im- 
pact was difficult to determine. The spoil- 
ers w e r e  all found retracted.  However, 
according to the marks on the structure 
and rods, it seems that the position or. im- 
pact might have been as follows: 

left-hand outboard 
spoiler : undetermined 

left-hand inboard : probably 
spoiler : retracted 

right-hand inboard: out (approxi- 
spoi le r  : mately 40") 

right-hand out- 
board spoiler  : undetermined. 

The position of the spoilers could, t he re -  
fore, correspond t c  a right turn control 
demand. 

The "speed brake t '  control l ever  
w a s  in the neutral position at the moment 
of impact. 

T h e r e  was no visible indication on 
what remained of the s t ructure ,  controls, 
spoiler actuators and  control va lves  that 
could lead to the conclusion of a fai lure 
p r io r  to impact. 

However, i t  was noted that all shear  
rivets on the control follow-up mechanism 
w e r e  sheared.  

The three  by-pass valves of the sys -  
tem w e r e  found in the normal position 
(hydraulic pressure "on"). 

The by-pass valves of the left and 
right-hand outboard spoilers were  contami- 
nated by fire.  The inboard spoilers4 by- 
pass valve was intact. 

Bench t e s t s  of these valves gave the 
following results: 

inboard valve: functioned normally 

right-hand : functioned normally 
outboard af ter recondi t ion-  
valvz ing (replaced seals 

and springs). 

left-h+nd : func t ionedabnor -  
outboard mally, even after 
valve reconditioning. 

The valve remained 
stuck in the **openft 
position. 

The overhead panel on which the con- 
trol switches of the spoiler by-pass valves 
are located was considerably damaged by 
impact. The cover of the inboard spoilers' 
by -pass valve switch was intact and in the 
normal (down) position but imprisoning part 
of the panel normally situated outside the 
switch cover. The cover of t he  outboard 
spoi lers i  switch was i n  the "upt1 position but 
with one of its corners brokcn off. 

Flaps 

The flaps were  in the retracted posi- 
tion on impact. The selector lever was in 
the 0" position. 

Apart from multiple breaks due to 
the impact forces, nothing abnormal was 
found in the structure or control systems. 

Rudder and vert ical  fin 

They were  not damaged by f i re  and 
w e r e  relatively intact. Traces on the 
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structure showed that there was a 20' right 
rudder position on impact, The traces left 
on the quadrants controlled by the rudder 
pedals also showed a 20" right rudder posi- 
tion on impact. No abnormality was found 
on the structure, hinges, balance panels, 
tabs, snubbers, o r  in the power-assisted 
control system, and the whole control rod 
system was correctly assembled and safety 
wired. 

The trim was found with aone unit 
right setting. 

The splitpins of the centring spring 
mechanism of the rudder t r im were incor- 
rectly installed. Also, the cable which 
slackens on right rudder application was 
outside of i t s  lodging. For large rudder 
movements these split pins, when incor- 
rectly installed, will hit the central sup- 
port a r m  of the pulleys of the rudder 
centring mechanism, and the corresponding 
cable will slacken and may jump out of its 
lodging on the drum. When the rudder re-  
turns to the neutral position or  beyond, 
this cable m a y  then roll up in the neighbour- 
ing lodging. This will result in a displace- 
ment of the neutral position of the rudder 
which, when measured on the ground, has 
been found to be of the order of 3 " .  This 
displacement will remain constant as long 
as the rudder is not displaced beyond the 
angle where split pins will again hit the 
support arm. 

Elevator 

There were no indications of failure 
prior to impact on the structure, hinges, . 

balance panels, control tabs, stabilizer 
actuated tabs or snubbers. .At impact the 
elevators w e r e  in the "up" position, 

Stabilize r 

I t  was in a position corresponding 
to  10 - 10. 5 units nose up trim, close to 
the maximum of 11 units. The marks left 
by the index on the pedestal indicated 8 - 
8. 5 units nose up t r im,  but the cable con- 
necting the front drum and the indicating 
mechanism was broken. 

The stabilizer control mechanism 
w2,s examined for electrical and mechanical 
failure. The only significant discrepancies 
were :  

a) A relatively important quantity 
of water condensation was 
found in the lower housing and 
in the input shaft w e l l  for t h e  
electric actuator; 

b) The locking nut of the input 
shaft of the electric trim actua- 
tor was excessively tightened 
and the locking washer was 
sheared; 

c)  A piece of fibre was jammed 
between the rear drum and the 
cable, The cable had rubbed 
considerably on the protective 
covering. 

The remains of the electrical parts 
of the control were strip examined and re- 
vealed nothing. 

Tests w e r e  made to determine the 
influence of certain faults and to ensure the 
correct operation of the tr im mechanism 
taking into account the stabilizer I s  position. 
Low temperature tests indicated that water 
in sufficient quantity in the input shaft well 
of the electric actuator may cause the jarn- 
ming of the electric t r im motor control. 
While the motor continues turning, water 
can also cause excessive tightening of the 
locking nut and shearing of the locking 
washe r .  

Other low temperature tests w e r e  
made to determine the iniluence of contami- 
nation whiie the mechanism is in operation. 

This  contamination is  a result, par t -  
ly, of the humidity in the atmosphere which 
infiltrates during each flight when the mech- 
anism is no longer a i r t igh t ,  and partly 
because grease on the s c r e w  is sucked in -  
side the topcasing during the movements of 
t h e  screw. The contamination of the lower 
casing could result from the grease packed 
inside the mechanism's roller bearings. 



The screw is reversible and when 
operating normally, this  reversibility is 
prevented by two brakes: the primary brake 
(containing brake plates) and a secondary 
brake (shoe brake). Tests were  made to 
ascertain whether or not the brakes would 
slip due to contamination by humidity, ice,  
grease, or  a combination thereof. The 
possibility of slipping, especially in the 
case of the secondary brake, was estab- 
lis hed. However, conditions of prolonged 
slipping were  not apparent. The fibre 
found between the rear drum and the cable 
wound upon it could have caused the discon- 
nect cIutch to operate due to the friction oi 
this cable on the protective cover, render- 
ing the electrical t r im inoperative. The 
tests made at ambiant temperature, with 
the squashed fibre and a new assembly, did 
not operate the disconnect clutch mechan- 
ism. 

P o w e r  alants and svstems 

Nothing abnormal w a s  found in the 
power plants, electrical and hydraulic sys- 
tems, mach-trim, radio o r  autopilot. 

Discussion of the data established 
;luring the investieation 

Results of the examination of com- 
munications exchanged between the aircraft  
and ground stations during the flight and 
also from flight recorder tape analysis 
showed nothing abnormal until 0859:30 hours 
when approach control cleared the flight to 
land at B r u s s e l s  and requested that the 
t o w e r  be contacted on frequency 118.6 Mcls. 
The aircraft  replied: "All right 118.6 3B". 
At that moment it was a t  1 500 ft, near 
Hofstade, 5. 5 NM from the  threshold of 
runway 20 on which it was  to land. 

It did not contact the tower.  After 
appearing close to the runway threshold at 
an altitude and in an attitude which seemed 
normal, it began a ser ies  of abnormal rnan- 
oeuvres and crashed at 0905 hours, 2 km 
northeast of the ruriway threshold, 

The flight recorder indicated that 
0859:30 hours the aircraft  was  a t  a speed 

of about 220 kt, a magnetic neading of 185" 
and a pressure altitude of 1 400 f t  which 
corresponds to an altitude of 1 560 ft(QFE). 
It also indicated a loss of altitude of 
1 000 ft /min with a reduction in airspeed 
from 215 kt to 145 kt between 0900 and 
0901 hours, To obtain this loss of altitude 
and  speed reduction t h e  pilot probably took 
the following action in quick succession: 

1) power  reduction 
2)  lowered  f iaps to 30" 
3)  lowered  landlng gear 
4) lowered flaps to  40" 
5) lowered flaps to 50° 

It the aircraft  was trimmed longitudinally 
at the beginning of this manoeuvring and if 
the pilot continued to maintain his longitu- 
dinal t r im during the reduction in speed 
and altitude, the number of units of trim 
would have passed from one unit nose up to 
5 units nose up, which represents approxi- 
mately 8 seconds of t r im motor action. 
The aircraft  would, therefore, have been 
in the landing configuration and a t  a height 
of 560 f t  above the airport elevation, which 
would have made it p o s s i b l e  to continue and 
land normally on the runway. Contrary to 
all c.xpectations, t h e  aircraft started a man- 
oeuvre which, in the beginning, resembled 
an overshoot.  This changed almost i m m e d -  
iately into "an abnormal sequence of evolu- 
tions", characterized by left-hand banks 
and sha rp  left turns. 

The investigation was limited to  a 
technical failure which showed up clearly 
between the end of communications with 
approact1 control and the beginning of the 
overshoot. This covered a period of 1 min 
30 s e c  during which the flight recorder 
registered a rapid decrease in speed and 
altitude, which could only be explained if 
the c r e w  took the actions stated above over 
a one minute period. 

As the evolutions observed thereafter 
showed clearly that i t  was not possible to 
control the attitude of the aircraft ,  the 
Commission looked for the causes of the 
accident in a failure o r  combination of 
technical  failures and tried to establish a 
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correlation between t he  appearance of this 
or these failures with one of the manoeuvres 
made by the crew during the minute preced- 
ing these evolutions. 

The engine thrust produces a certain 
effect on the aircraft's attitude, determines 
the speed and is, therefore, closely related 
to the u s e  of the flying controls. Therefore, 
the possibilities and conditions of ope ration 
of the engines immediately prior to the acci- 
dent were examined. 

\ 
Stripping of the engines showed no 

abnormal conditions, and all four of then1 
w e r e  running at impact but probably at re - 
duced thrust. The reverser shells w e r e  in 
the normal in-flight condition, which ex- 
cludes the possibility of untimely reversing 
of one or m o r e  of the  engines, The reverse 
thrust controls w e r e  in the fo rward  position, 
All four engines w e r e  idling and each was 
developing from 1 000 t o  1 500 lb  of thrust. 
It was concluded that the engines did not 
prevent controllicg the airc Eaitl s attitude, 
and the examination of possible causes of 
the accident was therefore limited to a 
flight controls failure. 

Rudder, Elevator and Horizontal 
Stabilize T 

The possibility of rudder, elevator 
or elevator control being causal factors in 
the accident due to failure or jamming was 
carefully examined and rejected as highly 
improbable. 

The horizontal stabilizer was then 
considered. It was in a 10 unit nose uw 
position. In the landing configuration and 
at the reference speed (V ref = 1,3Vs, 
V s  = stall speed) the position of the stabili- 
z e r  should have been 5. 9 units nose up with 
the engines at take-off thrust. 

The position of t h e  horizontal stabili- 
zer increasing linearly with the lift coeffi- 
cient should reach approximately 8 units 
nose up at 105 kt in level flight and landing 
configuration (lift  coefficient at V s  = 1 ,  7 
times ,.,he l i f t  coefficient at 1. 3 Vs), 

It was, therefore,  concluded that the 
stabilizer's position was abnormal for the 
approach. 

If the protective coverings of the 
spoiler by-pass switches were lifted before 
the crash, i t  indicates that the pilot wished 
to  by-pass one of the two spoiler systems 
either to eliminate a defective spoiler s y s -  
tem or to obtain a nose down pitch move- 
ment in  order to compensate for the exag- 
gerated nose up stabilizer position. 

The stabilizer position can only be 
explained if: 

1) one of t he  control systems of 
the stabilizer ran away; 

2) t h e r e  was an untimely slipping 
of the horizontal stabilizer due 
to unbalanced aeradynatnic loads 
upon it;  or 

3) failure of one of the other flight 
controls required increased 
action of the stabilizer. 

({The position was tlie consequence of 
a failure inthe control system of the stabi- 
l izer .  I '  

The stabilizer can be controlled by 
the autopilot, by the m a c h  trim system and 
by the electric motor of the manual system. 

The autopilot was disconnected on im- 
pact. The servo motor was  recovered com- 
pletely destroyed but the m a c h  trim m a y  be  
eliminated as the switch inside the K I F l S  
was intact and in the open position. (It is 
norrr~ally open below 0. 8 3  Mach. ) A shor t  
circuit o r  a faulty toggle switch might have 
caused a continuous displacement of the 
stabilizer. 

T h i s  i s ,  however, anticipated in t h e  
emergency procedures, by operating the 
cut-out switch on the pedestal t o  cut off the 
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e lec t r ica l  supply to  the motor  and the 
clutches.  The switch and the re lay  w e r e  
recovered  damaged, but nothing indicated 
that they did not function co r rec t ly  before 
impact.  Fur thermore ,  the Commission 
considered i t  difficult  to  believe that during 
the 8 to 10 seconds that the runaway would 
have lasted, the pilots  did not have an 
opportunity to operate the cut-out switch. 

2nd hypothesis - 

"The position was the consequence 
of a slipping stabi l izer .  " 

The uncontrolled slipping of the hori-  
zontal s tab i l izer  under the influence of un- 
balanced aerodynamic loads is prevented 
by two f r ic t ion  brakes. Tes t s  were  m a d e  
on these. The t e s t s  showed that i n  certain 
conditions, which m a y  be encountered in 
normal operat ions,  one of these brakes 
s l ips  a t  high speed and is, therefore,  in- 
efficient, whereas  the other  brake s l ip s  
but a t  a slow rate, Therefore, some doubt 
a s  to the efficiency under all c i r cums tan -  
ces of the braking device r ema ins .  This  
would be a possible explanation of the acci- 
dent. Once the s tab i l izer  i s  out of t r i m ,  
the aerodynamic loads which ac t  upon i t  
have an unfavourable influence which in-  
creases  with the slipping. 

The Commiss ion  felt, however, that 
i t  was difficult to admit this explanation 
because i t  would then have been necessary 
for - 

I )  the two brakes  t o  become 
inoperative; 

2)  the slipping of the p r i m a r y  
brake t o  be rapid,  when the 
t e s t s  undcr conditions of severe  
contamination produced only a 
slow creep .  

Final ly,  a rapid slipping due to aero- 
dynamic loads would most probably have 
brought t h e  s c r e w  nut in contact wi th  the 
mechanical stop,  w h i l s t  in actual fact,  i t  
was  found one t u  two  turns away frorn t h i s  
stop. It .:)as a r l r n i t t e t l  that t h e  c r e w  could 
I I ~ \ : v  p;irt ly  rt : t l lcut~, l  thc  litabili.:er, but 1 1 0  

ce r t a in  indication whatsoever of the use  
of the manual  trim could be found. 

3rd hypothes i s  

"The position was necessary to  c o m -  
pensate for the fai lure of one of the other 
flight controls .  " 

T h e  efficiency of the e leva tor  de- 
c r e a s e s  during turns .  The pitching c o m -  
ponent of the angular rotation speed causes 
a relat ive air  flow which tends to create a 
nose down movement. This  is due to the 
distance existing between the s tab i l izer  and 
the cent re  of gravity. 

Under these conditions the nose  up 
tendency of the s tab i l izer  must be increased .  
A 10 unit nose up position could be neces -  
sa ry  t o  trim the a i r c r a f t  for a coordinated 
turn at speeds between 120 and 155 kt (40' 
to  600 bank, flaps down). 

The requi rement  i s  l e s s  in the flaps 
up configuration (the m a x i m u m  l ift  coeffi- 
cient is reduced). It should not be m o r e  
than 7 units fo r  a turn a t  60" of bank and at 
the buffet speed. The effect of the e leva tor  
being equal to 5. 5 units of t r i m ,  i t  follows 
that,  i n  the final configuration, t he  equili- 
br ium of the a i r c ra f t  was only possible 
within tight l imi ts  of speed and bank angle. 

No f igures  are available for speed 
l owe r  than the buffet speed but i f  a l i n e a r  
variat ion of the coefficient of aerodynamic 
pitching moment as a function of the l if t  
coefficient is admit ted,  then a setting in 
the order  of 10 units nose up is found. 

T h e  Commission concluded that  the 
probable cause  of the accident  could hardly 
be at t r ibuted to a malfunctioning of the sta- 
bi l izer  as i t  could have been used  for a 
s t eep  turn  c lose  t o  stalling speed. 

Latera l  cont ro ls  

Inboard a i le rons  

In nortrlal flight, i. e. f laps r e t r ac t ed ,  
t he  outboard a i l e rons  a re  inoperat ive,  and 
only t h e  i n b o a r d  a i le rons  are  used. 
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Numerous  c a s e s  of in-flight jam~nirlg of the 
inboard ai lerons w e r e  found i n  tile t rouble 
r epor t s .  Wreckage  examination disclosed 
that the inboard a i le rons  w e r e  deflected i n  
such  a direction as  to produce a right  bank. 
However ,  i t  was not possible to de termine  
whether the position was such before i m -  
pact o r  had been caused by it,  

The a i l e ron  t r im ca r t r idge  showed a 
point where jamming had occurred.  This 
jamming was due t o  co r ros ion  combined 
wi th  insufficient clearance.  

The car t r idge  corrosion deposi t  anal-  
ysis conducted by Boeing indicated that the 
corrosion was due to the effects of the fire 
which followed the c r a s h .  

This  point was so located as to per- 
mit a fu l l  displacement of the control  f o r  
a left bank but only allowed a ve ry  l imi ted  
displacement past neut ra l  fo r  a right bank. 
Assuming that the pilot decided to o v e r -  
shoot and started a turn  to the lef t ,  the 
Commission found i t  difficult t o  understand 
why he did not  maintain the wings leve l  by 
using l a t e r  on whatever remained of l a t e r a l  
control  and with the help of the rudder. 
Moreove r ,  there are shear r ive ts  on the 
connecting rod between t h e  j a m m e d  aileron 
t r i m  ca r t r idge  and the a i le ron  tab cont ro l  
mechanism.  Once these  r ive t s  a r e  shcar- 
ed, the aileron control  is free. The theo- 
re t ica l  s h e a r  force to be applied on the 
control wheel  is 105 lb. A t e s t  made on 
the recovered pa r t  produced a shear  force  
of 152 ib. Notwithstanding the 50% i nc rease  
over  the theoret ical  force, such a force  
could have been applied, especial ly by t w o  
pilots.  These  r ive ts  w e r e  actually intact.  

The Commission,  the refore,  con- 
cluded that this  point of jamming in the 
aileron t r i m  ca r t r idge  could not explain 
the accident. 

Outboard a i le rons  

If the outboard a i le rons  a r e  jammed 
in a position n e a r  neutral  but not exactly 
neutral, the extension of t h e  f laps will 
create a t empora ry  displacement of the 

control wheel; r l lsplace~ne~it  which  could be 
unnoticed by the: p i lo t  or to which he may 
at tach no importance.  The ent i re  a i le ron  
sys t em,  both inboard and outboard, wili be 
jammed i f  flaps a r e  lowered part ial ly o r  
fully under those conditions. 

The kinematics  of the s y s t e m  a re  
such that, if  the  pilot then decides to r a i s e  
the f laps ,  the inboard a i le rons  will be c a r -  
r ied along in an opposite movement of an 
amplitude corresponding to several t i m e s  
the amount of offset from neut ra l  of the 
outboard a i le rons .  This operation could 
se t  up large in terna l  s t r e s s e s  within the 
control system, s t r e s s e s  which could 
cause permanent  distort ion o r  breaking of 
some of the control  elements .  

However ,  the inboard a i l e rons  can 
be freed i f  t he re  i s  no  permanent distortion 
during this manoeuvre and i f  the flaps are 
fully re t rac ted .  

Due to the construct ion of the linking 
mechanism between the outboard and in- 
board a i le rons  and the flaps, s e v e r a l  pos- 
sibi l i t ies  of bringing the inboard a i l e rons  
t o  full deflection exist i f  the outboard a i le -  
rons were jammed before o r  a f te r  flap 
extension. This could have been a possiblc 
explanation of the accident ,  however ,  

1) as far a s  is known by the Com- 
mission, no case of jamming of 
the outboard a i le rons  has  e v e r  
been reported;  

2) t he re  was nothing in the exami- 
nation of the d e b r i s  to support  
this hypothesis ; 

3) the inboard ailerons were in a 
position fo r  a right bank which, 
due to  the presence of the snub- 
bers ,  can hard ly  be at t r ibuted 
to impact  fo rces .  

Spoilers 

Examinat iv~l  of the spoi lers  and the i r  
control  mechanism showed that t h e  s h e a r  
r ivets  on the follow-up mechanism be tween  
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the spoilers and the hydraulic valves w e r e  
sheared on all four pairs of spoilers. Also, 
the hydraulic by-pass valve of the left-hand 
outboard spoilers was deficient; i t  remain- 
ed locked in the 'openi position, 

If the rivets on certain spoilers were  
sheared before impact, this means that if 
these spoilers were  used they could have 
gone to the fully extended position. Fur- 
thermore, i f  the lateral  controls were  then 
moved, the spoilers could either remain 
fully extended or could re t rac t  depending 
upon the friction existing in the system. 

As the friction between the axis and 
the differential of the sheared follow-up 
mechanism is modified during the relative 
displacement of the two parts, a progres- 
sive loss of alignment of the follow-up 
mechanism of the corresponding hydraulic 
valve can ensue, bringing differences in 
the extension of the corresponding spoilers. 

However, in the most unfavourable 
case they will retract for a rotation of the 
control wheel exceeding 17" to 20' in the 
opposite direction, 

A pair of outside spoilers completely 
extended causes a torque which will result  
in a roll rate of 1 3 ' f s e c  a t  150 kt. 

To counterbalance this torque a dis - 
placement of the control wheel far  superior 
to 20' in the opposite direction is neces- 
sary. When the amount of control wheel  
exceeds t h i s  value, the spoilers will retract 
and the control wheel movement will pro- 
duce a roll rate in the opposite direction of 
approximately 4'/sec with flaps up and 
spoilers extended and of the order of 2" /sec 
with flaps up and no spoilers. 

The spoilers can normally be put out 
of action by activating the corresponding 
spoiler by -pass valve switches. 

The spoilers cannot be  put out of 
action i f  t h e  corresponding by -pass valve 
remains jammed in the open position. As 
the left-hand outboard spoilers' by-pass 
valve was deficient, it follows that, if the 

shear rivets on the follow-up mechanism 
w e r e  sheared on these s a m e  spoilers,  the 
pilot could not overcome the defect in the 
lateral control system by the action fore- 
seen. The only possible solution in this 
case would be  to cut out the hydraulic 
utility system. 

The Commission expressed the opin- 
ion that such critical flight conditions 
would quickly lead to an accident. 

Interpretation of the  investigation results 

Examination of the wreckage showed 
that the positions of the control surfaces 
at impact were:  

- stabilizer up to 10. 5 units nose up 
- elevator up - rudder 20- right 
- ailerons inboard - set for a 

r ight  turn 
outboard - probably 

neutral 
- spoilers left-hand 

outboard - undetermined 
left-hand 
inboard - probably 

retracted 
right-hand 
inboard - extended (40") 
right -hand 
outboard - position 

undetermined - flaps UP 

Analysis of these observations 
showed that the pilot must have had nor- 
mal use of the elevator, rudder and aileron 
controls. It was established that the air- 
craft ,  during i ts  abnormal manoeuvres made 
only left-hand turns with variable bank up  
to 6 0 ° .  Without being able to confirm that 
the positions in which the various controls 
were found corresponded necessarily t o  
their positioil in flight, they all indicated an 
atLernpt to turn or bank to the right, At the 
szme time, the elevator was pointing up- 
wards  when the stabilizer w a s  already 10 - 
10. 5 units nose up. 

It was  concluded that  an important 
abnormality, in spite of the use of the 
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flying controls and engines, forced the air  
craft to the left and prevented the pilot 
from re-establishing level flight and man- 
oeuvring with a view to landing. 

Consequently, in order to establish a 
sequence of events compatible wi th  the 
facts, all factors which could influence the 
lateral  stability were examined. A s  no evi- 
dence of engine failure was found, attention 
was drawn to the fact that all shear rivets 
on the  entire follow-up system were shear- 
ed and that during tests the  left-hand out- 
board spoiler valve remained jammed in  
the 'open' position several times . 

Observations made as to the position 
of the safety covers of the switches operat- 
ing the spoiler by-pass valves led to the 
assumption that the pilot had envisaged 
their use in connexion with the lateral  con- 
trol  difficulties he encountered. 

The use of these switches is only jus- 
tified in two instances: 

1) abnormal functioning of the 
stabilizer; 

2) abnormal functioning of the 
spoilers. 

As malfunctioning of the stabilizer 
was eliminated, the Commission assumed 
that the pilot wanted to correct a spoiler 
malfunction. This assumption i s  supported 
by the fact  that a t  that time o the r  cases of 
shearing of rivets on the spoiler follow-up 
system w e r e  found. Shearing of these 
rivets results in abnormal and erratic be- 
haviour of the spoilers. While it has been 
proved that a spoi ler ,  following i t s  s e p a  - 
ration from its follow-up system, may go 
to the fully extended (60") position even for 
a relatively small aileron control wheel 
movement (3 to 5")  it has also been proved: 

1) that it is  necessary, in case of 
the most unfavourable displace- 
ment of the spoiler control 
valve, to apply 17 to 20" of 
wheel in the opposite direction 
to retract the spoiler completely; 

2) that it is impossible for  the pilot 
to bring back all, lateral control 
surfaces to neutral simultaneously 
and that, therefore, he i s  con- 
fronted with a lateral control s y s -  
tem modified in such a way that it 
is no longer possible to find a p o s i -  
tion of the  controls where  the roll 
torque can be cancelled. 

Having admitted the foregoing, and if 
the pilot arrived a t  the conclusion that his 
difficulties c a m e  from the spoiler system, 
the fact of by-passing them could only aggra- 
vate the situation in the present case, as the 
left-hand outboard by-pass valve was not 
functioning . 

The pilot would then be in a situation 
where the aircraft  had lost all lateral  s ta -  
bility. The use of rudder to remedy such a 
situation would result i n  a violent dutch roU, 
difficult to stop because of the abnormal 
functioning of the lateral  controls and also 
because of the tendency of the nose to drop. 
In addition to this the possibility of a dis- 
placed neutral position of the rudder, which 
could have occurred precisely a t  this phase, 
would thereby have cseated a further diffi- 
culty for the pilot. 

Considering the foregoing, the Com- 
mission tried to reconstruct the sequence 
of events which led t o  the accident. 

The f l ight  recorder indicated that the 
approach appeared normal  until 0900:30 hours 
At  that time the trace showed a rapid varia- 
tion of 15"  to the left immediately followed 
by an equal variation to the right. Unfortu- 
nately, the trace stopped immediately after 
0901 hours. 

These variations in reading may coin- 
cide with the beginning of the difficulties of 
00-SJB, which were such as to prevent the 
co-pilot from establishing communications 
for which he normally i s  responsible. This 
would explain t h e  aircraft's silence on fre- 
quency 118.6 Mcls. 

At 0901 hours, as the aircraft  was not 
aligned with the runway, the pilot started 
h is  overshoot. 
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If i t  is admitted t h a t  the cause of the 
trouble was t h e  shearing of the rivets in 
the follow-up system of the  left-hand out- 
board spoi lers ,  the difficulties could then 
only increase. 

Confronted by a la tera l  control pro-  
blem the pilot had only one possibility, 
that w a s  to by-pass the spoilers.  The use 
of the by-pass switches seems confirmed 
by the positinn of their covers as found in 
the wreckage. Whatever they were used 
for, the situation became worse  as the Ieft- 
hand outboard spoiler was not working p ro -  
perly. 

Under certain conditions, this would 
result in severe lateral instability. If this 
was  the situation in 00-SJB it  i s  most pro- 
bable that i t  l ed  to the f inal  loss of the air- 
craft .  

The Commission admitted that the 
above account, while v e r y  plausible and 
based on certain material elements and 
observations, had not a character  of ce r -  
tainty. I t  fel t ,  however, that it c w l d  not 
be excluded. 

The Commission had no indication as 
to when the flaps were re t rac ted or the rea- 
sons which led  the pilot to re t rac t  them 
completely. It noted that although the flaps 
and landing gear were found i n  the retracted 
position, that fact  was not connected in any 
way wi th  the accident sequence as here p r e -  
sented. The lateral  instability of the  air- 
craf t  wi th  the modulated extension of the 
spoilers is always a fact no mat ter  what the 
configuration m a y  be. 

Supposing an erratic functioning of 
the spoilere, the Commission considered: 

1) W h a t  actions could the pilot have 
taken to correct  i t ?  

The only possibility was to suppress  
the hydraulic pressure  activating t h e  spoil- 
e r s .  In o rde r  to accomplish th i s ,  the p r e s -  
sure  in the utility system could have been 
dropped by activating the pressure control 
switches of the hydraulic pumps. 

2)  Why did the crew not take this 
action? 

The Commission was of t he  opinion 
that, i f  the sequence of events as explained 
previously was admitted, it was impossible 
in the time available, and under the circurr: - 
stances in which the c r e w  found i tself ,  t o  
identify with  certainty the fa i lures  with 
which i t  was confronted, Moreover, the 
identification of such failure is  complicated 
by the fact that it is nearly impossible to 
observe the spoilers from the cockpit. 

Probable Cause 

Having carried out a l l  possible rea- 
s onable investigations, the Commission 
concluded that the cause of the accident had 
to  be looked for in the material failure of 
the flying controls,  

However, while i t  was possible to  
advance certain hypotheses regarding the 
possible causes, they could not be consider- 
ed as entirely satisfactory. Only the mate- 
r ial  failure of two systems could lead t o  a 
complete explanation, but left the way open 
to a n  arbitrary choice because there was not 
sufficient evidence to corroborate it. 

Recommendations 

With regard to modifications that the 
Commission could recommend, it  noted that 
the following Service Bulletins sen? out by 
Boeing and by Sabena cover the suggestions 
that could have been made : 

No.  11 17 Spoiler follow-up crank 
shear joint modification 
(18 January 1961) 

No. 1336 Outboard spoiler shut  off 
valve consolidation 
(18 September 1961) 

"a. I344 Inboard ai leron centring 
spring car t r idge modifi- 
cation 
(27 July 1961) 
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No. 1410 Control wheel stabilizer 
trim switch replacement 
(5 September 1961) 

No. 1484 Hydraulic system solenoid 
valve replacement spoiler  
system 
(15 December 1961) 

No. 1635 Stabilizer t r i m  electr ical  
l imit  revision 
(15 June 1962) 

No.  1680 Rudder control centring 
spring cable guard instal- 
lation 
(25 M a y  1962) 

No.114 Sabena Bulletin - Instal- 
lation of a supplementary 
brake for stabil izer trim 
actuator 
(7 May 1962) 

Moreover, the introduction of a 
spoilers '  position indicator would facil i tate 
the detection of any abnormality in  their 
operation and would permit  adequate cor- 
rect ive action to be taken. 

Comments of t he  State of Manufacture 
m n i t e d  States of Arne rica)  

The Administrator of t he  FAA (Feder - 
a1 Aviation Agency) has sent the following 
comments to the Director General of Civil 
Aviation, Belgium. 

"Several possible causal factors for 
th i s  accident are mentioned i n  the report. " 

"With respect to the spoiler  malfunc- 
tion hypothesis, we cannot agree that such 
a malfunction as described in the report  
would have been responsible for the f l ight 
path described by witnesses .  Flight test 
data in our file indicate that the Boeing 707 
a i rc ra f t  i s  readily controllable with an out- 
board spoiler blocked in the fully open 
( 6 0  degrees) position and the flaps position- 
ed t o  30 degrees or to zero degrees. " 

"Of the severa l  hypotheses evolving 
f rom findings in the accident report ,  we 
believe the most plausible to be that con- 
cerned with a malfunction of the stabilizer 
adjusting mechanism permitting the s tabili- 
zer to run to the 10.5-degree aircraft nose 
up position. If such a malfunction occurred 
and the spl i t  flaps and spoi lers  procedure 
(inboard spoi lers  and outboard flaps extend- 
ed) not employed, the only means to prevent 
the aircraft from pitching up into a stall 
would be to apply full forward column and 
enter a turn in either direction. " 

"It is apparent f r o m  the recorded i m -  
pac t  positions of t he  controls that the spl i t  
flaps and spoi lers  technique was not used. 
The wing flaps were  found in the up position 
and had the inboard spoi lers  been extended 
both would have been up at impact and the 
speed brake handle would not have been in 
the neutral position as  found. " 

ICAO R e f :  AR/763 
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No. 8 

Gnea Aeropastal Venezolana, DC- 3C, Y V-C-AZQ, accident at Pdramo Turmal, 
enezue a on arc 

Aviation, Venezuela. 

Circumstances 

The aircraft took off from San 
Antonio del Tdchira on 9 March on a flight 
to Maiquetfa carrying 4 crew and 8 passen- 
gers, The duration of the flight was esti- 
mated at 2 hours 45 minutes with the 
landing at Maiqueti'a to be made at 15 1 5  
hours. Thirty minutes after the esti- 
mated time of arrival the Maique tra Air 
Traffic Control notified the Director of 
Civi l  Aviation that an alert phase had been 
declared, Word  was subsequently received 
from the Trujillo area that the aircraft had 
been found at Pgramo Turmal. All aboard 
the aircraft had been instantly killed. 

h v e  stigation and Evidence 

The aircraft had flown a total of 
2 3  352 hours and had last been inspected 
on 16 February 1961. 

The port and starboard engines had 
total times of 1 672 and 7 782 hours 
respectively. 

bringing the remains of the aircraft to  a 
stop 50 or 60 cm after the impact. The 
violent deceleration, which was absorbd 
by the engines, undercarriage and right 
wing, resulted in the upper part of the fuse- 
lage and the left side of the aircraft being 
thrown forwards. The objects contained in 
the fuselage follawed the same path as part  of 
of che cabin and waTe strewn over a dis-  
tance with a fadius of 300 m from the air- 
craft. Contact occurred at a bank angle of 
5 to 60to the rlght. Fire broke out through 
gasoline combustion. 

The aircf aft did not touch the trees 
which appeared to be close to the elevator 
before the impact but did so when the tail 
was lowered after the aircraft came to rest. 
Since the height of the treee was more than 
2 m this shows that the tail passed over 
them implying a level flight attitude. 

h short, at the time of  the accident the 
following conditions existed: 

The pilot held a valid airline trans- 
port pilot's licence (C las s  I )  fur aircraft  
up to 4 400 hp which had been issued in 
July 1959. The co-pilot had an airline 
transport pilot's licence (Class 111) for air 
craft up to 2 400 hp, issued in November 
1959. Both the piIot and co-pilot held 

. valid medical certificates. 

Study of the wreckage 

. 1) undercarriage and flaps retracted; 
2) flight height approximately 9 200 ft; 
3) cruising power slightly increased 
on left engine; - 4) radio compass No. 1 (red) tuned to 
Radio Barquisimate; 

5) radio transmitter between chan- 
nels 3 and 4; 

6) controls se t  on crui~ing flight; 
7) time: estimated time of accident; 
8) rudder trim tab O O ;  

Examination of the front part of the 
fuselage showed that the aircraft struck 
the hill in a fairly level flight attitude, 
Two of the propeller blades and the hub 
w e r e  buried in the ground, only 50 cm 
remaining vieible.  The left propeller was 
turned slightly to the right, which was due 
to the left engine being more powerful than 
the right at the time of the accident. The 
fact that the distance between the hubs of 
the propellers was 5 rn 56  crn instead of 
the original 5 m 66 crn indicated that the 
deceleration was extremely violent, 

9) elevator trim tab: normal; 
10) orientation of accident: 60° 

approximately (track angle). 

The technical investigation did not 
reveal any malfunctioning of the engines, 
structures or controls. 

Witnesses ' Statements 

The TFR flight plan for this flight is 
San Antonio del TAchira-Orope- W-6- 
Bobures- W-7-Carora-Siquisique-W-Z-W- 1- 
MaiquetKa, 
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The manager of Valera Airport indi- 

cated that the aircraft flew over that air- 
port, Residents of Carache indicated that 
they heard the aircraft pass  to the south of 
their village over Concepci6n. Further - 
more, the left radio compass at the time 
of the accident was on 680 kc/s, the fre- 
quency of a commercial radio station in 
Barquisimeto. If the two points indicated 
by the witnesses are joined with the town 
of Barquisimeto, a straight line 60' north 
is obtained, joining Orope with Barquisi - 

2 )  the flight took place oitside of 
the route established by the 
National Airways Division; 

3) overconfidence of the pi lot  in 
his knowledge of the route; 

4) instrument flight which pra-  
vented visual checking of the 
pgsition of the aircraft. 

Recommendations 
meto and pa nsing through the site o f  the 
accident, The wreckage pattern of the air- 
craft coincides with the theoretical track 
Orope-Barquisimeto. 

Probable Cause 

A navigational error in the coarse of 
an instrument flight at insufficient altitude 
caused the accident. 

Contributing factors were : 

1) failure to folkow the route San 
Antonio-MaiquetYa as called 
for by the LAV Operations 
Manual ; 

As a result of this accident the fol- 
lowing recommendations are made: 

a)  that flignt recorders be instal- 
l ed  on 3 out of every 8 commer- 
cial aircraft as a means of 
checking flight operations; 

b) that VOR or at least a radio 
beacon be installed at Carora 
to afford increased flight 
protection; 

c) that appropriate measures be 
taken to ensure that  flight reports 
are transmitted regularly at the 
required intervals, 

ICAO Ref: AK/672 
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No. 9 - 
Ceskoslovensk& A&rolinie, llyushin 18, OK - OAD, accident northeast of Nurnbe rg, 

Germany on 28 March 196 1.  Report dated 2.2 March  1963 released by the 
Federal Republic of Germany. 

Circumstances 

The aircraft  was on a scheduled 
flight from Prague to Bamako/Mali with 
intermediate stops at Zurich,  Rabat, Dakar 
and Conakry. It disintegrated in the a i r  
and subsequently crashed i n  flames* while 
on the Prague-Zurich f l ight  leg,  at a point 
approximately 2 2  km northeast of Nurnberg. 
The 8 crew and 44 passengers on board the 
aircraft  w e r e  killed in the accident. T h e  
las t  contact with the aircraft  pr ior  to the 
accident was at 2006 hours. The crash i s  
believed to Rave occurred a t  about 
2009 hours. ** 

Investigation and Evidence 

The Aircraft 

An operating licence for the aircraft, 
issued on 13  June 1960, was valid at the 
time of the accident. 

The aircraft  w a s  equipped with an 
automatic pilot but not with automatic ele- 
vator t r im adjustment (trim servo). A 3-  
axes t r im indicator for the automatic ~ i l o t  

The aircraft 's  weight and centre of 
g rav i ty  w e r e  within limits. 

The Crew 

The licences of all crew m e m b e r s  
w e r e  valid at the time of the accident, and 
their flying experience was considerable. 
The pilot-in-command had flown a total  of 
8 572 hours, 354 of which were  on the 
Ilyushin 18. The co-pilot had flown a total 
of 11 OI 9 hours including 179 on the 
Ilyushin 18. 

Weather 

The Nurnberg station of the German 
Meteorological ~ e r T i c e  gave the following 
report of local conditions at Nurnberg at 
201 1 hours: 

wind 25017 kt 
clouds 7 / 8  sc i n  5 000 f t ,  8 / 8  cs 
in 25 000 f t  

visibility 20 km 
QNW 2000 h 1021.5 m b  
no precipitation ( V F R  weather) 

was not installed. The elevator trim was The Flight 
adjusted manually. The aircraft  was also 
equipped with an automatic signalling device The aircraft  left Prague at 1941 hours 
which enabled the c rew to ascertain wheth- and climbed on a heading direct to the 
er the a i r c r a f t  was properly trimmed. Rakovnik radio beacon which i t  crossed at 
Rudder and aileron t r im adjustment was 1949 hours at an altitude of 14 400 ft  in 
electrical. climbing configuration. At 1951 hours the 

aircraft  climbed further to 19 000 ft and 
The aircraft  was  not equipped with a estimated crossing the Eger radio beacon 

rapid fuel cut-off device. The fuel used at 2001 hours. It was cleared by Prague 
was kerosene L R X  53. a rea  control to 20 000 f t  and reached this 

* based on statements of several eyewitnesses 
* *  A l l  times in t h i s  repor t  a r e  M E Z  = Centra l  European Time - GMT + one hour 
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altitude at 1952 hours. Because of damage 
to the antenna of the Prague area radar 
installation, which could not be repaired 
because of the strong wind, the flight was 
subsequently monitored by D F  equipment. 
Thus, it was  observed that the aircraft  was  
slightly to  the right of its course. Accord- 
ing to the c rew the D F  was inaccurate. At 
1956 hours the aircraft  was observed on 
the radar scope for a short time and was 
on course. Four minutes later i t  reported 
that i t  would be crossing the Eger radio 
beacon a t  1959 hours and gave the estimated 
time for crossing the Bayreuth radio bea- 
con as 2005 hours. The aircraf t  was then 
transferred to the "Rhein-Control" upper 
control area.  

In the German sector  ATC radio com- 
munication was carried on with the aircraft  
by Rhein-Control until 2006 hours when the 
aircraft  gave its estimated overflight of 
Nurnberg as  2010 hours. No further con- 
tac ts were made. 

At 2020 hours Ntlrnberg ATC re-  
ceived a telephone me ssage that a n  aircraft 
had crashed and was burning some LO km 
north-northeast of N~lrnberg Airport .  

At the Accident Site 

The point of impact of the aircraft's 
fuselage was 510 m above sea level  in open 
agricultural terrain. The angle of impact 
was about 60" at which a rotation around 
the transversal axis occurred. The fuse- 
lage section was s o  heavily damaged by t he  
impact and ensuing fire that no reliable 
information could be obtained from the 
pieces of instrument found. The left wing, 
the right wing tip, parts of the tail assem- 
bly and the four engines were not found at 
the point of impact. 

The four engines with their propel- 
lers lay south to east of the fuselage im- 
pact point at a distance of 150 to 600 m 
from t h e  fuselage and w e r e  clustered close- 
ly  together. The left wing with empty 
engine housing was found in a wood, 1. 3 km 
ahead of the fuselage impact point. This 
wing waa torn off on the inner side o l  

engine No. 2. Further to the rear ,  in the 
direction opposite to the f l ight  direction, 
lay the right wing tip measuring some 4 m 
in length; pa r t s  of the tail, skin, upper side 
of the fuselage, a firewall and  two large 
sections of  the engine housing were found 
at a distance of up to 5 km from the fuselage 
impact point. The direction of dispersion 
of these fragments and the impact direction 
of the fuselage was approximately 2 8 5 " .  
None of the fragments found outside of the 
fuselage impact point revealed traces of 
fire. According to the findings, the landing 
g e a r  and landing flaps were  retracted at the 
moment of impact. 

Findings 

The testimony of t h e  witnesses ,  the 
position of the wreckage and the examination 
of the wreckage all indicated the following 
pattern of circumstances: 

The aircraft, which was f lying nar- 
mally at flight level 200 (approximately 
6 000 m), went into a steep descent (plung- 
ing flight path) during which the engine per-  
formance was  apparently not reduced. 

According to information furnished by 
the operator, the true airspeed in  horizon- 
tal cruising flight was 635 km/hr. Accord- 
ing to t he  documentation of the manufacturer, 
the equivalent airspeed a t  cruising w a s  
approximately 145 km/hr higher than the 
design manoeuvring speed for full rudder 
control (VA approximately 325 km/hr  EAS), 
approximately 180 km/hr higher  than the 
design speed for maximum g u s t  intensity 
(VB approximately 290 km /hr EAS) and, at 
an ambient aj.r temperature of -3Z°C, ap- 
proximately 70 km/hr below the permissible 
Mach number MNE = 0 . 6 5 ) .  

At an altitude of presumably 2 000 to 
2 300 rn asl, t h e  aircraft  I'ell apart .  Al? 
four p o w e r  uilits were torlr f rom their 
nloutlts in th .  engine housiilgs on the upper 
side of the wlng. 

The deformation of the ~ n g i n e  mounts 
indicated that a moment of forces to  the 
right must have acted on the axis of the 
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power units (propellers turned counter- as to  the cause of the accident. All propel- 
clockwise). The forces  produced when the l e r  bIades were  in t h e  feathered o r  almost 
engines were wrenched out, as i t  appeared feathered position. * This is attributable 
from the deformation of the engine mounts, t o  the built-in automatic control system. 
w e r e  directed downwards in the case of When fuel feed fails, the feathering mechan- 
engines 1 and 2, and in  a more l a t e ra l  di- ism automatically becomes operative. 
rection towards t he  wing tip in t h e  case of 
engines 3 and 4. From their position on 
the  ground it was concluded that  t he  four 
engines were wrenched out at approximate- 
l y  the same time. A propeller blade, pre- 
sumably f r o m  No, 4 engine, struck the 
right wing on the outer side of No, 4 engine 
when the engine was torn off sideways and 
cut through its leading edge, two s t r ingers  
and the forward beam. The wing, which 
had broken off in the air, had sustained 
between point of breakage and the wing t ip,  
three additional cuts from propeller blades, 
On the left wing, on the inner side o f  engine 
housing 2, in t h e  area of the inner f ue l  tank 
on the edge of the landing gear r e c e s s ,  
there was a rather long break running in a 
s t ra ight  line f r o m  front to r e a r .  The wing 
broke off in a down-to-up direction (folding 
break). The rudder was destroyed by a 
force appIied from left t o  r igh t  and was 
detached f rom the tail fin. The tail fin was 
broken off in the s a m e  direction while still 
in the air. The left elevator trim flap with  
the elevator had separated from the aircraft 
in a down-to-up direction. The t r i m  flap 
and elevator w e r e  found at different points. 
No parts of the fuselage w e r e  found outside 
of i t s  point of impact. It must, therefore, 
be concluded that the fuselage was still  in- 
tac t  in the a i r .  All lour propellers,  each 
w i t h  i t s  four blades, were found on the cor -  
responding engines. Examination of the 
engines and propellers gave no indication 

With  respect  to the chronological 
sequence of events, i t  is difficult to recon- 
struct the breaking-up of the aircraft in  the 
a i r .  According to the reports of eye  wit- 
nesses and ear witnesses and in view of the 
circumstance that all four engines were 
wrenched out at approximately the s a m e  
time, it must be assumed that the aircraft 
was abruptly pulled up in the course of a 
dive a t  high speed and that it thereby broke 
up. T w o  pieces of the engine housings were 
found furthest  from the fuselage impact 
point (opposite the flight direction), and 
then fragments were found of the tail assem- 
bly and skin. It can be concluded therefrom 
that  the engines were wrenched out, and the 
left wing broke off first. The aircraft broke 
u p  evidently as a resul t  and not as a cause 
o f  the d i v e .  

The flight from take-off until the final 
d i v e  was observed by a Czechoslovakian 
radar station on the radar scope. N o  other 
aircraft  was observed in the vicinity of the 
aircraft at the time of the accident. 

Witnesses were unanimous that the 
sound of t he  aircraf t  changed gradually from 
that of an a i r c r a f t  flying at normal speed to 
tha t  of a1-r aircraft f l y ing  at high speed and 
that only at the end of the s teep  descent 
could detonations b e  heard at approximate]  y 
the same time as the pulling-out noise. 

Comment by the State of Registry (Czechoslovak Socialist Republic) 

"This contradicts our findings. The propeller feathering mechanism investigation 
proved the  following positions of the propeller blades : 

the first  engine - angle of propeller setting 45- 
thesecondengine  - " " 4 I 'a 34* 300 
t h e  third engine - " I '  11 1 1  38" 
thefour thengine  - " " I I !I 47" 30' 

As the angle of propeller setting in the feathered position i s  equivalent to 8 3 " ,  the 
above ver i f i ed  setting of blades proves  that t he  blades w e r e  in working position. 
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The steep descent was, therefore, most 
probably not the result of any explosion. 

The Board of Inquiry carefully studied 
analyses by the aircraft 's  manufacturer of 
a number of flight incidents in which the  
flight movements were impaired after dam- 
age to various structural elements. It was 
also explained how damage to other par ts  
of the aircraft  would occur following de- 
struction of the rudder assembly by an 
external force. It could not, however, con- 
sider the evidence submitted in support of 
the above hypothesis as admissible .  

Probable Cause 

In the light of the investigations under-  
taken, it is probable that the accident occur- 
red in one of the following ways, although 
the possibility of other causes cannot be 
ruled out: 

a)  Forced descent causing the air  - 
craft to exceed the structural s t ress  factor 
in the approach manoeuvre or during the 
pull-out owing to: 

1) the aircraft  falling into a n  
uncontrollable flight position 
because of a defect in an a r t i -  
ficial horizon or an electronic 
instrument of equal importance. 
In a i r  transport flight incidents 
throughout the world, where 
unintentional steep dives have 
occurred, such incidents can 
be explained by a defect i n  an 
artificial horizon. 

2) an unnoticed overcontrol  of 
the electrical rudder or aileron 
t r im adjustment occurring 
when the automatic pilot was 
operating with flight movements 
resulting therefrom after the 
automatic pilot was disconnect- 

ed. The a.utor.atic ~ i l u t  was 
r,nt equipped with a trim servo- 
indicator to give warning of 
excessive t r im  adjustment. 

3 )  physical incapacity of one or 
both pilots. 

b) Intentional descent owing to the 
presence of smoke, f i re  o r  similar err~er-  
gency, during which the structural stress 
hc to r  was exceeded in the approach man- 
oeuvre or in the pull-out. 

Further comments of the State of Registry 

Para. a) 1 / W e  do not consider it 
probable that  a defective 
artificial horizon would 
result in the aircraft 's  
being placed in an uncon- 
trollable flight position 
as the IIyushin 18 is 
equipped with other instru 
ments which would per-  
mit control  of i t 3  attitude. 

Para. b) h view of the statement that 
"None of the fragments 
found outside of the fuselage 
impact point revealed t races  
of fire", w e  do not consider 
the presence of smoke o r  
fire on board the aircraft to 
be the probable cause of the 
'intentional descent I .  

Insofar a s  a 'similar emer-  
gency' is  concerned, this i s  
a very gene ra l  statement. 
W e  are convinced that the 
a i rcraf t ,  which exchanged 
messages with  Rhein Con- 
trol up until the time of the 
accident ,  would have ad-  
vised the latter i f  i t  intend- 
ed to descend. 

ICAO R e f :  AR1752 
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No. 10 - 
Lfnea Aerea Nacional, DC- 3, CC-CLDP,  crashed into LArtima-Pejerrey 
Hill, 44 km southeast of Wnares, Chile on 3 April 1961. Report, dated 

8 Mav 1963. released bv the Directorate of Aviation - Chilean Air 
Force Headquarters, Chile. 

Circumstances 

The a i rcraf t  was on a scheduled pas- 
senger and cargo flight (LAN 210) from 
Castro (Chilog) to Santiago, with stops a t  
Puerto Montt and Temuco. Departure 
f rom Temuco on the last segment of the 
flight was at 2230 hours GMT in IFR con- 
ditions. The flight was to follow airway 
45 o r  40 south a t  an altitude of 8 500 f t  and 
the trip was estimated to be of 2 hours 
30 minutes duration. 

At 2345 hours the pilot requested 
clearance from Santiago Control, through 
Concepci6n radio and Santiago radio, to 
descend to a lower altitude due to icing. 
Santiago Control did not authorize descent 
in view of conflicting traffic (LAM 20 5) on 
airway 45, and the aircraft  maintained 
8 500 f t ,  estimating Curic6 at 2357 hours, 

Santiago control cleared LAN 210 to 
turn back on airway 45 and then descend 
to 6 500 ft on the same airway, pass over 
Curic6 a t  6 500 f t  and continue on airway 
40 south a t  the Santo Domingo radio beacon, 

Investigation and Evidence 

The Aircraft 

Its certificate of airworthiness was 
valid, and maintenance work on t h e  aircraft 
had been routine. The aircraf t  was author- 
ized to operate with a total of 32 seats ,  
including crew,  and with a maximum take- 
off weight of 26 200 lb. Its total flight 
time was 18 299 hours. 

The aircraft's de- ic ing  equipment, 
fitted t o  the leading edges of the wings and 
the fixed tailplanes, had been removed 
because of maintenance diff icult ies .  The 
airl iners operations manual clearly stipu- 
lates that  no aircraft  m a y  operate under 
icing conditions. 

The airborne radio equipment had 
been repaired, and i t  is conaidered that, 
owing to the weather prevailing on the day 
of the accident, this equipment may have 
failed. 

The C r e w  

Santiago radio failed to establish The pilot-in-command held a senior 
d i r ec t  communication with  the aircraft ,  commercial pilot's licence and had flown a 
and the instructions were transmitted to total of 6 012 hours, of which 714 were on 
Concepci6n radio, which relayed them to instruments and 364 hours by night. 
the aircraft, but no acknowledgement was 
received. The co-pilot held a commercial pilot's 

licence with a total of 489 houra, of which 
The descent clearance request  was 

the last  communication heard from LAN 210, 
and contact with the aircraft  was lost. 

On 10 April i t  was confirmed that the 
aircraft  had crashed and was completely 
destroyed. All 24 persons aboard (4  c r e w  
and 20 passengers) were killed. 

There w e r e  no eyewitnesses t o  the 
accident. 

8 were  on instrument flight, 

The flight radio operator's licence 
had expired. 

It begins in the south a t  Victoria and 
extends towards Chillin, Curic 6, MelipiIla 
and Santiago through the central part  of the 
country. Radio beacons are located in 
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Victoria, Curicd, Melipilla and Santiago, 
in addition to the Los Angeles beacon, 48 
miles north of Victoria and the Concepci6n 
beacon on the coast, a quarter of a mile 
from Chilldn and about 50 miles from Los 
Angele s , 

A radio beacon, which should be 
located at Chill&, is lacking on the 205- 
mile  Victoria-Curic6 leg. The distance 
from Curic6 to Melipilla is 7 5  milem, and 
from Melipilla to Santiago about 28 miles. 

Investigation showed that military 
aircraft were not using this airway because 

.the range of the Curie6 and Victoria radio 
beacon3 and the receiving conditions of the 
aircraft radio compasres were not suffici- 
ently reliable for adequate flight control. 
In addition, the commercial radio stations 
used as a control supplement were  not suf- 
ficiently reliable for continued operations, 
and the prevailing winds were westerly - 
all of which made this airway unsafe. 

A check revealed that the range of the 
Victoria and Curic6 beacons is  some 50 
miles.  

Hypothesis - reconstruction of the fLiaht 

The aircraft took off from Temuco at 
2230 hours and engaged on airway 45  at an 
altitude of 9 500 it, Because of icing on the 
wings, which were not fitted with de-icing 
equipment, the pilot requested clearance 
through Concepci6n radio to descend 
becaug e his equipment, through failure or 
lack of power, failed to establish direct 
communication with Santiago Control. 
Clearance to descend was not granted 
owing to the presence of another aircraft 
(LAN 205) on a lower level, but the aircraft 
was authorized to turn back and deecend t o  
6 500 f t .  

The aircraft was fl;ing the 205-mile 
Victoria-Curicb leg. It may be assumed 
that the radio beacons did not fully cover 
the area and, thexefore, the aircraft either 
lost contact wlth them or their signals were 
too weak to be perceived. These circum- 
stances, together with strong westerly 

wind blowing at that altitude contributed to 
the aircraft's drift towards the mountain 
range, On receiving the authorization to 
turn back, the pilot initiated a turn to the 
right, i, e.  towards the mountains into which 
the aircraft crashed at 7 000 ft .  

Before impact the aircraft made a 
turn to proceed on a sauthwesterly heading, 
followed by descent, a manoeuvre attributed 
to the following: 

a) decision. by the pilot in order to 
counter the ice formation; 

b) compulsory manoeuvre resulting 
from the aircraft's loss of aero- 
dynamic properties through ice 
formation; 

c )  possibility of direct reception of 
Santiago radio during its trans - 
mia sion of the authorization 
requested by the pilot; 

d) compulsory manoeuvre caused by 
a downward current in the Andes. 

The position and orientation of the 
wreckage proved that the aircraft was on a 
southwesterly heading. 

Factors which may have affected the 
airborne compaa a bearings - 

- the distance separating the radio 
beacons along the segment 

- cloudy sky with tendency to ice 
formation 

- impending storm 

The 50-wi le  range of the radio beacons 
1c.lt a distance of about 105 miles over which 
the pilot flev. IFH without any ground aids. 

Concepii6n radio, which was in touch 
with the  aircraft, heard no reports of 
mechanical failures or emergency calls. 
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Transmissions reached the aircraft 
after a 14-minute delay. 

The upper wind conditiona were :  

Reasons against the hypothesis 

Airway 45 had been regularly used 
by this airline, and no comments had been 
sent to the Directorate of Aviation. 

There are two radio beacons in the 
Victoria-Curic6 segment of airway 45,  
and both functioned normally on the day of 
the accident. 

Wreckage examination 

The aircraft crashed on La Gotera 
W i l l ,  which i s  part of the Lsstima-Pejerrey 
range. 

From the wreckage's position it was 
determined that the flight was on a south- 
weat  heading, although owing to the air- 
craft's being entirely destroyed and burnt 
out i t  was not possible to state i t s  speed 
or altitude, or whether the left engine had 
failed, At impact it appeared that the 
right engine was functioning normally. 

It  was not possible to determine the 
cause of the accident from the navigation 
instruments or the wreckage. 

ICAO Ref:  AIG/ACC/REP/GEN/N~, 24 - Chile 
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No. 11 

Air Taxi Company, Aero Commander 500,  EP-ABA,  accident in mountainoue 
terrain 21 km from Lafarkand Village, Iran, I7 April 1961. Report released 

bv the Ueaartment General of Civil Aviation. Iran. 

Circumstances 

On 16 Apr i l  the aircraf t  departed 
Mehrabad Airport  at 0228 Z on a charter 
flight to Yazd and Bandar Abbas. On the 
Bame day the firet stage of the return 
flight was made to Shiraz where an over- 
night   top was made. Next day EP-ABA 
left Shiraz at 0245 Z to pick up four paa- 
sengers at  Marvdaeht. At 0525 Z it 
departed Marvdasht on a direct flight to 
Mehrabad Airport, Tehran, ETA 0800 2. 
A las t  contact was made with Esfahan at 
0630 Z reporting i ts  position as 20 miles 
eacrt of Esfahan - V F R ,  flight level 150, 
E T A  Mehrabad 0800 2, This was the laet 
message received from the aircraft .  

On 19 April word was received a t  
Mehrabad Airport that the aircraft  had 
crashed on the mountaina 40 km south of 
Ardestan and 18 km west of Zafarkand 
Village. The pilot and four passengers 
were killed in the accident, and the air - 
craft wae deetroyed. 

h v e  stiaation and Evidence 

The Aircraft 

The aircraf t ' s  certificate of air- 
worthiness wan valid until 27 May 1961. 
The actual gross weight of EP-ABA at take - 
off was approximately 5 802 lb - the maxi- 
mum allowable being 6 000 Zb, It was 
auaumed that the position of  the aircraf t ' s  
centre of gravity war within limits a t  the 
time of the accident. All log book8 and 
maintenance records of the aircraft  were 
found to be satisfactory, 

The Crew 

The pilot, the sole crew member, 
held a commercial pilot 's licence i~sued 

on 27 April 1957 and ratings for DC-3, DC-4 
and Aero Commander aircraft. He had 
satisfactorily completed the U. S. A. F. hstru- 
ment Pilot Instructor School Course and was 
laat checked on 16 September 1960. He had 
flown T28, B-25-NA, T-29B, CV-240, DC-3, 
DC-4, Aero Commander and IL- 14 aircraft. 
On the Aero Con~mander he had flown 26 
hours a s  co-pilot and 477 hours as captain. 
Hia total in flying hours was 2 8 6 6  hours, 
night flying 5 1 hours and blind flying 156 
hours. Besides these recorded times he had 
flown (after 21 March 1961) a further 3 2  t o  
40 hours. In addition to his normal duties 
a s  a pilot in the Air Force he wag commander 
on the Russian IL-14 aircraft  owned by 
H. I. M. The Shahanshah. His commercial 
pilot duties with Air Tax i  Company were 
supplementary to those with the I. I. A, F. 
and his satisfactory medical, training 
standards etc. are  assured from this source. 

Weather conditions 

From various reports and statements 
of person0 living in the accident area it was 
determined that the aircraft, during i ts  
flight from Marvdasht to the accident site 
encountered the following weather: 

wind : South of Esfahan 2 4 5 O  - 18 kt 
North of Esfahan 3 2 5 O  - 20 kt 

clouds: South of Esfahan: CU, SC and 
AS clouds with tops at 14 000 f t  
North of Esfahan: 4/8 SC and 
AS tops at  15 000 ft and 418 CB 
with tops at over 20 000 ft 

g e ~ e r a l :  North of Eefahan: moderate to 
severe icing and turbulence. 

The site of the accident 
and its surroundin~e 

EP-ABA crashed approximately 21 km 
WS-W of Zafarkand Village at a height 
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of 6 996 ft. The wreckage was located in 
a narrow g o r g e .  The aircraft  carne to 
res t  approximately 80 ft below the crest 
of the gorge, between the steep slope of 
twomountainpeaks. The centreline of 
t he  narrow gorge runs in a direction 0680 
-2480 M whereas the a i rc ra f t  came to rest 
in a direction of 225OM. The centreline of 
the gorge shows an average up-slope of 40°, 
whereas the enclosing mountain walls  show 
up-slope of 35- 1 5 O .  The entire gorge 1s 
covered with large and small rocks, r e d -  
ering vegetation extremely s c r r c e .  The 
crest opens a passage of approximately 
100 fr wide at the bottom and 1 000 f t  wide 
at the enclosing mountain peaks. During 
the investigation at the site of the crash i t  
was found that a moderate wind from a 
westerly direction caused a strong venturi 
effect  over the crest ,  with an extremely 
strong downdraft into the gorge. 

Approximately 1 500 ft  to the east, 
the northern wall. of the gorge i s  inter- 
rupted by a pinnacle of isolated r o c k  form- 
ation, rising vertically up from its base. 
The top of this formation reaches  t o  a 
height of about 7 140 ft  or 144 f t  h igher  than 
the location of the wreckage. An investig- 
ation of this rock formation revealed that 
~ro t rud ing  pieces have recently beenbroken 
off from the extreme top and, furthermore, 
that traces of paint similar to the type of 
paint applied to the aircraft  wings, were 
present. 

Analysis of the flight 

The aircraft had departed Marvdasht 
at 0515 Z and had reported its position to 
Esfahan as 20 miles east of that station, 
cruising at flight level  150. From the time 
of i ts  last departure to the time of position 
reporting, 1 hour  and 15 minutes had 
elapsed during which time a straightline 
distance of 169 N M  was  covered, In accord-  
ance wi th  t he  instructions of the operator, 
a true airspeed of 150 k t  was t o  be maln- 
tained at t h e  normal cruising leve l  of 
1 5  000 ft. Allowing 9 minutes additional 
time for take -off and reaching cruising 
level, a n  ave rage  groundspeed of 154 kt 
between Marvdasht and the position 

20 miles east of Esfahan was maintained. 
This groundspeed indicated an average 
wind ~omponent of plus 4 kt, 

J k r i n g  his flight from Marvdasht to 
a point 20 miles east of Esfahan, the pilot 
had ample opportunity to fix his poeition 
and, consequently, to be aware of the pro- 
gress oi the flight. In other words, the 
fact that during that portion of the flight, 
a tailwind component increased his ground- 
speed slightly, must have been known to 
him. Due to the fact that prior to departing 
from Shiraz and Marvdasht he had neither 
requested nor received a weather forecast, 
he cculd hardly be aware of the fact that 
there was a windshift from WSW to  NNW 
after pas sing Esfahan, changing the tailwind 
component of approximately 4 kt into a 
headwind component of approximately 17 kt. 
After pas sing Esfahan, a closed overcaat 
and lack of ground facilitieg to fix his poai- 
tion prevented him from obtaining a picture 
of the changed wind conditions. In view of 
this, the piiot might well have been under 
the impression that the groundspeed of his 
aircraft continued to b e  154  kt instead of a 
now reduced groundspeed of approximately 
133 kt, Apart from this, the top of the 
closed overcast had risen to 15 000 ft with 
approximately 4/8 cb w i t h  tops over 
20 000 ft .  At a flight level of 150 the air- 
c ra f t  was most probably "skimming" over 
the overcast or ,  flying in and out of pro- 
truding cloud tops. 

The weather analysis prepared by 
the  Aeronautical Forccasting Office at 
Mehrabad indicated moderate to severe 
icing conditions in the area where EP-ABA 
was now operating. The very character of 
its operation offered ideal conditions for 
carburettor icing. 

The manufacture x of the engines ins- 
talled on the aircraft  gives the following 
instruction in its Operator ' s  Manual:- 

"On damp days, especially cloudy, 
foggy, or hazy days, regardless of 
temperature, keep a sharp lookout 
for loss of power and manifold pres -  
sure. If i c e  begins to accumulate, 
it m a y  be melted out by turning air 
heat on full. 
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There hardly exists  reason to believe 
that the pilot was aware of prevailing icing 
conditions at first. Only after these condi- 
tions manifested thernselvea by a drop in 
engine power might he have taken steps to 
melt the ice out. By the time he had 
applied carburettor heat, he had probably 
lost some altitude which implies that he 
had descended into cloud. From this mo- 
ment on, icing condition8 became consi- 
derably worse, rendering quick melting 
of carburettor ice problematic. Under 
c oriditions of reduced engine power, tur - 
bulent air and instrument meteorological 
c anditions , the pilot may have been unable 
to climb back into the clear sky on top of 
the overcast. Apart from thir, tile chance 
of flying into one of the cumulonimbuar 
clouds surrounding him, had greatly in- 
creased. The pilot murt soon have become 
aware of the aeriwrsness of the situation. 
Having no reason to assume that his ground- 
speed had considerably reduced since pas- 
sing abeam Esfahan, he might have sup- 
posed that a gradual descent had brought 
him completely clear of the high mountain 
range which he had to paas before entering 
the large plain located north of the high 
range. However, his considerably reduced 
groundspeed waB the cause of this breaking 
cloud over the plateau of Zafarkand, only 
a few miles distant from the last high , 

mountain p e a s  that were to be surmounted. 
After breaking cloud, extremely poor v i s i -  
bility was prevalent, due to heavy down- 
pour and cloud patches. Immediately in 
front of the descending aircraft a steep 
mountain wall blocked i ts  passage. The 
pilot, fly-ing on a northerly heading, made 
a sharp turn to port to avoid this mountain, 
soon to be confronted again with another 
mountain range, running in a North-South 
direction. The pilot's only chance was to 
endeavour to force his way over this  new 
obstruction and in doing so he attempted 
to pass through the narrow g o r g e ,  its centre 
line running in a direction of 248OM. When 
turning left into this gorge the undersurfwe 
of the port outer mainplane and probably 
the port propeller hit the isolated rock 
formation af orernsntioned. Unfortunately 
due to interference ~ 4 t h  the wreclcage be.+ 
fore investigatiorl had comrnenc ed, i t  w a s  
not possible to determine precisely as -&hat 

stage the port aileron and propeller blade 
tip were shed. But if perchance the air- 
craft  remained controllable after this 
impact, the pilot might have banked h i s  
aircraft m o r e  sharply to the left and also 
tried to make a steep pull-up in order to 
pass over the crest of the gorge a few 
hundred feet ahead. Furthermore, a strong 
downdraft coming over the crest could have 
contributed greatly to a stilled position. 
In such a position the port wing tip area of 
the aircraft next hit the rocky surface of 
the gorge followed immediately by the 
final impact of the front fuselage on the 
steep rocky slope, and the aircraft came 
to rest only 4 5  ft from where the port 
wing tip hit the ground. 

Discussion of the evidence 

It being recognized that the cause 
and events leading up to the accident could 
chiefly only be resolved on hypothetical 
lines, considerable study was made of the 
s e v e r d  aspects pertaining to the following: 

1) reconstruction of the flight up to  
the accident; 

2) icing conditions and preventive 
processes,  especially as affecting 
this particular type of aircraft; 

3) the weather conditions that could 
only be assum d to have prevailed 
on the basis of the weather analysis 
prepared by the aeronautical fore- 
casting office together with the 
pilot's report. 

11 major with the Iranian Air Force 
was able to contribute considerable useful 
information as he had made several sirnul- 
ated flignts over  the scene of the crash in 
a Xarvard aircraft and WAS, therefore, ab: e 
to c ~ n f i r r n  that : 

1)  the Iimb rtqurred wmald be too 
stet. to get ~ h r o u g h  the gorge and 
over the crest unde: the existing 
conditioxs; 

2 )  tremendous down drairghi a w e  re 
encountered from the venruri 
formation (:I rhs nlountsin terrain 
at the c r e s t  of the gorge; 
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3) the chipped pinnacle of isolated 
rock formation a s  mentioned pre- 
viously was easily identified, and 
his observations were compatible 
with the accident pattern submitted; 

4) i t  was determined from discussion 
of the available i d  orrnation that 
the EP-ABA flight route conditions 
were undoubtedly conducive to 
icing. If a pilot on this  type of 
aircraft does not take timely ap- 
plication of  the carburettor hot 
air anti-icing system a s  a pre- 
caution against such effects, then 
i t  is unlikeIy that this  particular 
system would be  efficient later 
for purposes of de-icing; 

5) the Air Taxi  Company representa- 
tives informed the Board that they 
had already taken expedient mea- 
sures to safeguard themselves 
against t h e  aforementioned in the 
following manner: 

a) company pilots have been 
fully briefed on the impli- 
cation of carburattor icing 
and the ~ r a v e n t i v e  mea- 
sures to be taken; 

b) carburettor air intake 
temperature gauges are  
being installed in t h i a  type 
aircraft; 

c)  pilots have been issued 
strict instructions to only 
operate under visual meteo- 
r ological conditions. 

6) in studying the reports on weather 
conditions it became apparent that 
the meteorological department was 
not fully aware of the actual condi- 
tions over the route area at t h e  
time the aircraft departed from 
Shiraz; under these circumstances 
i t  was thought that even if  the pilot 
had received a forecast which de- 
noted V F R  conditions i t  would not 
have influenced him against making 
this particular flight, 

Probable Cause 

The pilot was unexpectedly confronted 
with severe carburettor icing conditims, 
A loss of engine power resulting from this 
impelled him to descend through the cloud 
layer when possibly the icing conditions 
became considerably worse ,  thus rendering 
a quick melting of the carburettor i c e  pro- 
blematic, 

His already serious situation was 
intensified due to breaking cloud over 
mountainous terrain under conditions of 
bad visibility. 

In an effort to avoid the mountain 
barriers confronting him, he endeavoured 
to fly through a narrow gorge and a visible 
gap at the top. h e ,  however, to a still 
greatly diminished power from the persis - 
tent effects of carburettor icing, together 
with the m o s t  imposing turbulence and down 
draught effects that he would undoubtedly 
encounter in the crest area, his attempt 
failed. Unfortunately, the protruding rock 
formation which he first hit presented a 
further great obstruction at the most critical 
point of h i s  passage, 

Recornmendatf ons 

The attention of the manufachrcr and 
also Iranian owners of this type of aircraft 
should be directed to the real icing hazards 
a s  depicted by this accident. Rec ammenda- 
tions should at the same time be made to 
install some early warning device such as 
by the introduction of carburettor air-intake 
temperature gauges, 

Operators should be further advised 
t o  always ensure that the co-pilot's seat i s  
adjusted fully rearwards when i t  is occupied 
by a passenger in order to  ensure that the 
pilot has unrestricted access  to the carbu- 
rettor heater controls  in the area of the co- 
pilot1 s instrument panel. 

Instructions should be issued to d l  
authorities and per sons that are most likely 
to he concerned when an aircraft accident 
occurs, so that no interference w i t h  the air- 
craft or disturbance of any wreckage i s  per-  
mitted until the investigation has been taken 
over by the Airworthiness Department of the 
Directorate General of  Civil Aviation and 
clearance has  been granted from the Chief 
of Airworthiness. 

ICAO Ref: AR/67I 
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No. 12 

ACSA. DC-3.TI-1006-C. i 

Circumstances  

Departure from La Sabana Airpor t ,  
San J o s i  was a t  1205 hours GMT on the 
route San Josk - UpaIa - San Jos4 .  The  
last radio contact  with the a i r c r a f t  was 
made at 1220 hours, and no fu r the r  r e p o r t s  
of i t s  position were received. The acc i -  
dent occurred a t  approximately I225 hou r s  
GMT. 

The a i r c r a f t t s  wreckage was found 
at 1620 hours the same day at Cerro del 
Arenal. The two c r e w ,  the sole occupants 
of the a i r c r a f t ,  died pr ior  to the outbreak 
of the intense f i r e  which followed the acci- 
dent. 

Inve s tieation and Evidence 

The Ai rc ra f t  

At the t ime  of the accident the air - 
c ra f t  had a cer t i f ica te  of a i rwor th iness  
valid until 6 October 196 1.  The a i r c r a f t  
had logged a total of 30 385:51 hours. h 
August 1960 a No. 5 service  was performed 
on the a i r c r a f t  a t  which time the a l t ime te r  
settings were tes ted ,  a n d  the instrument 
panel unit was  overhauled. At the same 
time the compass was compensated and 
the deviation c a r d  installed. The radio 
compasses w e r e  frequently checked by the 
a i r l i n e r s  radio technicians.  

The times shown for the engines and 
propel lers  s ince  the l a s t  overhaul  were as 
follows: 

Engines s t a rboa rd  por t  
793 :32  hours 18:20 hours 

Propellers 1 994:31 hours 1 120:54 hours 

The weight of the aircraft at take-off 
was 20 768 lb, we11 within t h e  m a x i m u m  
permiss ib le  limit, and was estimated a t  
20 024 lb  a t  the time of the accident. 

The Crew M e m b e r s  

Two c r e w  were  aboard the aircraft 
on the subject  flight. 

The pilot held a n  airline pilot's licence 
and had flown a total of 1 2  950 hours wi th  
this a i r l ine .  H i s  last medical examination 
was in April  196 1.  

The first off icer  had a commercial 
pilotls licence and had also obtained a flight 
ins t ruc tor ' s  licence on 20 Apri l  1960. His 
l a s t  medical  examination was in Februa ry  
196 1. His  total  flying exper ience  amounted 
to 2 300 hours.  

The Subject F l i ~ h t  

The flight to Upala was being made on 
a visual flight rules flight plan, and the es t i -  
mated t ime of a r r i v a l  t he re  was 1240 hours .  

The a i r c r a f t  was a i rborne  at 1206  
hours. SeveraI communications concerning 
the cargo to be picked up in Upala, were  
exchanged with the a i r c ra f t  on t h e  air l ine  
frequency. The l a s t  such message was at 
1220 hours.  This  was the l a s t  radio contact 
with the flight. 

As the a i r c r a f t  had not a r r i v e d  at 
Upala by 1243 hours (i. e. 3 minutes after 
i t s  es t imated  time of arrival there)  the a i r -  
line at tempted to  obtain information con- 
cerning i t s  whereabouts ,  and the weather  
conditions, f r o m  Upala and Los Chiles. 
Inquiries w e r e  also made at Canas and 
Liberia ,  two stat ions on the other s ide  of 
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the mountains. All. five stations continued 
to ca l l  the flight without results. As no 
word was received by 1330 hours, an emer- 
gency w a s  declared. 

The wreckage of the aircraf t  was 
located a t  Monte del Arenal a t  1620 hours 
on the same day. A s  the flight time be- 
tween San J o s i  and Monte del  Arenal  is 
approximately 19 minutes, and the aircraf t  
took off a t  1.206 hours, i t  w a s  assumed that 
the accident occurred a t  1225 hours. This 
was confirmed by a wristwatch belonging 
to one of the crew members. 

At  the accident site 

Several expeditions w e r e  made to 
Cer ro  del Arenal .  Some w e r e  unsuccessful 
because of the difficulties presented by the 
terrain and the steep slope. However, the 
site of the accident w a s  finally reached. 
A fairly l a rge  number of people had previ- 
ously been at  the site,  and the investigating 
commission noted that many parts had been 
removed or damaged, and pieces of the 
w r e c k a g e  had been taken away as souvenirs. 

The main part of the wreckage was 
found in an area of about 60 rn radius, 
while  the right wing wi th  the engine and 
landing wheel were about 40 m away i n  a 
cleft formed by vegetation and volcanic 
stone formations. From this information 
and the position of the other parts it was 
assumed that the right wing made the f i rs t  
impact with  the ground and continued i ts  
path along the ground turned slightly up- 
wards a t  about 30". 

The stabilizer and right elevator 
w e r e  torn from their mountings, and it was,  
the refore, impossible to determine the po- 
sition of the tabs on that side. Because of 
the total destruction of the controls along 
the fuselage, i t  could not be determined 
whether any cable in the main components 
had broken before the accident. The aile- 
rons of both wings  were destroyed by im- 
pact and fire. The rudder's position cor - 
responded to the prevailing wind at Cer ro  
del Arenal. Examination of the wings 
showed that the flaps were 'up1. The 
landing gear was retracted. There was no 
apparent separation of components which 
could have caused an uncontrollable flight 

situation. The instrument panel was locat- 
ed but  was s o  damaged that no reading was 
possible, except that the aircraft's clock 
had stopped at 1757, and the cylinder heat 
temperature indicator showed zero in both 
engines. A l l  other instruments had been 
destroyed. 

From the evidence available, it was 
believed that at the moment of the accident 
the engines w e r e  developing power, The 
oil filters in the engines were found to be 
completely clean and contained no metal 
particles, so that  the possibility of mechan- 
ical failure in the engines can be excluded. 

As the last  radio contact with the a i r -  
craf t  was at 1220 hours, i . e .  5 minutes 
before the accident, this shows  that  the 
radio was in good condition, and the con- 
versations exchanged indicated no abnor - 
malities in the  operation of the aircraft. 

The Weather Situation 

Information from various sources, 
including other airlines and pilots that had 
flown t he  same route the day of the accident, 
showed the foIIowing conditions: 

San JosC: ceiling and visibility 
unlimited 

Upala: ceiling 1 500 f t ,  visibility 
10 - 12 miles, wind calm, 
ground w e t  

Los 
Chiles: ceiling and visibility 

unlimited 

Route between san Jos4 and 
Upala: in the areas  near Cerro 

del  Arenal stratus clouds 
between 3 000 and 7 000 ft .  
The prevailing winds were 
from the  northeast with 
fair  intensity. 

Probable Causes 

T h e  a i r c r a f t  was a little off course 
at t h e  time of the accident, possibly because 
of the strong northeast winds in  the area. 
A slightly premature descent had been made 
apparently without the c r e w  noticing the hill, 
because of a stratus formation. 

ICAO R e f :  AR/704 
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No. 13 - 
A i m  
from the intersection of the two runways, Tan-Son-Nhut Airport, Saigon, 

Viet-Nam, on ZL May 1961. Report released by the Uirector of Civil 
Aviation. Viet-Nam. 

Circumstances 

F -BHHR departed T an-Son-Nhut 
Airport at 0340 hours GMT for Vientiane 
(Laos) on an I F R  flight plan. Four crew 
and 24 passengers were aboard, At 0410 
hours the pilot advised that he wag 
returning to Saigon with NO. 4 engine out. 
The airfield was sighted at 0436 hours, 
and dercent was commenced in visual 
meteorological conditions. Six minutes 
later the last  turn was made, and the a i r -  
craft was aligned on radio beacon SG, 
runway 25 - long final.  Sight of the field 
was lost and on contacting the tower the 
flight was advised that the aerodrome was 
QBI (IFR flight compulsory~ ce i l ing  200 m, 
visibility 500 to 1 000 m, wind 270°, 16 kt. 

On short final the weather conditions 
deteriorated, and visibility dropped t o  50 
to 80 m. The pilot decided to go around 
and reapplied power on three engines, at 
an airspeed of 118 kt, and the landing 
gear and flaps were retracted. The air-  
craft then entered a violent squall, 
running into heavy rain and turbulence. 
It was blown to the right, dipped, touched 
the ground and crashed on the airfield at 
0448 GMT. No one was injured, but the 
aircraft was 90% damaged. 

Investigation and Evidence 

The Aircraft 

The aircraft had valid certificates 
of registry and airworthiness. Its last 
maintenance check was made on 5 April 
1961 by the Bureau V i r i t a s .  

The maximum gross weights per- 
mitted by the certificate of airworthiness 

for this flight w e r e  24 495 kg for take-off 
and 2 3  I54 kg for landing. The trim sheet 
presented by the Aigle Azur Company 
mentions a total weight of 22 640 kg. 

Following the accident, the Board 
recalculated the gross weight of the air-  
craft at take -off and at the time of the 
accident. The results were 23 386 kg and 
22 466 kg respectively. The latter was 
close to  the maximum authorized landing 
weight. 

The Crew 

The pilot-in-command, out of a 
total of 20 251  hours flying, had flown 
19 594 as pilot-in-command and 2 274  at 
night: his experience on this type of air-  
craft amounted to 3 000 hours. 

The fiight engineer had approximately 
8 000 hours on Boeing 307's out of a 
total of about 15 000 hours. 

Weather Situation 

At the pilot's request, the Saigon 
tower passed on the following weather 
information to F-BMHR at 0443: 

visibility 500 to 1 000 m; 3 1 8  s t ~ a -  
tus at 200 m; wind 270°/16 kt. 

Two minutes later the flight advised that 
it was going around having missed the 
runway. The accident cccurred at 0448. 

The details of the deteriorating 
conditions released by the MET service 
were as follows: 
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0455 - cloud418 Fs/bOm, 618 - 
Cb/300 rn, b / 8  As!3 

(after the 300 rn visibility - 100 m; 
accident) wind 280e, 15 kt; m a x i -  

mum gust speed - 20 kt; 
thundershowers 

On the day of the accident the squall 
came onto the aerodrome very quickly, at 
the time when the aircraft was &I long 
final. 

An eyewitness affirmed that the rain, 
xhich started coming down shortly before 
the accident, penetrated inside the trailer 
where he was; in view of the orientation 
of the trailer,  this seemed to indicate that 
the wind was whirling at that point. 

Furthermore, the engineer aboard 
the aircraft stated that the airspeed indi- 
cator suddenly fell from 118 to 85 when 
the aircraft entered the squall. It was,  
the refore, submitted to strong turbulence 
that forced it into the ground before the 
pilot had time to react. 

Duringthe monsoon season from May 
to October violent thunder squalls with 
strong gusts of west  wind are very frequent 
over Saigon! Tan -Son -Nbut, and winds may 
reach a force of 35  kt. 

Reconstruction of  the flight 

Twenty minutes after taking-off from 
Saigon the aircraft's No, 4 engine started 
vibrating as the flight was paasing through 
cumulonimbus cloud at 7 900 ft. The 
propeller w a s  feathered, and the aircraft 
climbed to flight level 85 on three eng ines .  
No. 4 engine was restarted but vibrated 
again, so it was stopped, and its propel ler  
was again feathe red, Tan-Son-Nhut was 
ihen advised that  the flight was returning 
with No. 4 engine out. The stewardess 
reported that smoke was coming from the 
hold, The engineer took the necessary 
action. 

At 0436 the aircraft was over the 
station at 4 500 ft in  soy0 visual meteoro- 
logical conditions, and was cleared t o  

descend to 2 500 ft and instructed to call 
over SG.  The radio operator advised that 
the radio compass was not operating 
correctly and requested landing instruc- 
tions, The tower gave him the following 
information: ''surface wind 260°/16 kt, 
runway 25 ,  QNH 29.77". I t  also told the 
flight (at 0440) that i t  was then "QBI at 
the aerodrome." 

Two minutes later,  at 1 500 f t  with 
rear wind, the aircraft  made its procedure 
turn in sight of the ground, (the radio 
operator seeing the f i e l d  during the turn), 
and lined up on radio beacon SG on a heading 
of 2 4 3 " ,  flaps out to 2 4 3  indicated 
airspeed 125 kt. The aircraft was on long 
final, and the crew had lost sight of the 
runway. 

Shortly thereafter the visibility 
decreased, and the pilot decided to re- 
apply power. It was re-applied on three 
engines at an indicated airspeed of 118 kt,  
at an altitude of about 300 ft and a distance 
of 1 370 m from the threshoId of runway 25, 
when the aircraft was over beacon SG,  the 
radio compass needle moving to  headicg 
180". The engineer retracted the landing 
gear and f laps  at the same time. All three 
engine s responded normally and developed 
full power. 

One to  two seconds later, the air-  
craft entered a violent squall, within 
which it encountered whirling downdrafts, 
f irst  full crosswind then full rearwind, 
accompanied by violent rain that reduced 
visibility t o  nil. 

It was blown to the right and dropped, 
the indicated a-irspeed falling to 85 kt. 
The stewardess advised the crew that 
smoke was again entering the cabin. 

The aircraft touched the ground at 
fM45 and the pilot closed the throttles, 
the engineer cut the ignition, and the air- 
craf t  crashlanded. I ts  position on the 
ground was normal, approximately in the 
line of flight. The feathered propeller of 
No.  4 engine broke off a wooden marking 
post 2 m from the ground. T h e  lower part 
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of the fuselage touched the ground, and 
the propellers of-No. 3 and 4 engines 
dragged along the  ground. No. 4 propeller 
and engine hit a gravel heap lm20 in height, 
and the whole unit fell off. After that 
impact the aircraft inclined onto the Jeft 
wing, and the aileron wa8 torn off and 
thrown rearwards. The aircraft came to 
a halt as it reached a heap of stones lm60 
in height, which was rammed by the lower 
part of the fuselage, from the right wing 
to the level of No. 4 engine, and by No. 3 
engine. 

Technical examinations 

It war ascertained by dismantling 
No. 4 engine, which had been stopped at 
0405 hours, that the rod& of Nos. 5 ,  6 and 
7 l o w e r  cylinders were broken. The 
damage was apparently caused by breakage 
of the rod on cylinder NO. 6 following 
failure of the pistan gudgeon-pin. 

There was no sign of jamming or 
lack of oil. 

It  was possible to determine the 
origin of smoke that i s sued into the cabin 
shortly after the pilot had advised he was 
returning to  Saigon. The electric motor 
controlling the hydraulic pump (both being 
mounted in the hydraulic hold) heated 
abnormally causing the  interior varnis bing, 
the solder of the wires  to the collector, 
the. wi res  and varnishes of the rotor, 
ctc. to melt. The overheating was due to  
breakage of one of the, screws fixing the 
bru~h-holder plate. This screw moved 
into a slightly-aideway s position, thus 
causing bonding by electric arc. 

A s  the electric motor and auxiliary 
pump are not vital elements for the air- 
c r a f t ' s  Right, the failure of that electric 
motor may be eliminated as a direct 
cause  of the accident. 

Special technical tests  conducted one 
week after the accident by the Bureau 
V i r i t a s  (Saigon Branch), in the presence 
of the Board of Inquiry, also included rhe  
checking on the ground and in flight of 

landing gear retraction time for another 
aircraft of the same  type and checking of 
the conditions for regaining altitude 
following re-application of power on three 
engines. The objective of this last- 
mentioned test was to d iscover  whether 
the performance of the aeroplane was 
notably affected by retracting the flaps 
and landing gear at the moment when power 
i s  re-applied (possibility of loss of altitudej 

Conditions for the in-flight t e s t s  
were  kept as similar as possible to those 
prevailing at the t i m e  of  the accident: 
same load, same trim; only the altitude 
at which the t e s t s  were  conducted was 
different ( 3  500 ft). 

The t e s t s  showed that full retraction 
of the landing gear, had it been possible, 
would have occurred in a time between 3 1  
and 38 seconds. 

On the basis of the position of the 
landing gear at the time of the accident, 
and taking into account a maximum dura- 
tion of 5 seconds between the time when 
the pilot ordered re-application of power 
and retraction of landing gear ,  and t h e  
start of that manoeuvre, it may be assumes 
that the piloti s order was given about 24 
seconds f 2 seconds before contact with 
the ground. 

Thence it may be deduced that the 
order t o  re-apply power was given at an 
altitude of 250 to 300 ft, above radio beacon 
SG. This was confirmed by the testimony 
of the engineer, who saw the road that 
passes near that beacon and the testimony 
of the pilot, who observed the turn-around 
of h i s  radio compass needle at that t ime.  
It  was contradicted by the report of the 
pilot asserting he read the altimeter at 
about 450 ft.  

In his report the pilot meaticned 
"the hasty action on the part of the engineer 
in automatically retracting the flaps at the 
s a m e  time as the landing gear when power 
was re -applied", an action that apparently 
increased  the rate of descent, 
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On the other hand, the airliners 
operations manual stipulates that in case  
of climb-out on three engines, the flaps 
and landing gear must be retracted as 
soon as possible. 

The in-flight tests showed that the 
influence of flap retraction on possible 
loss of altitude was not: great, a difference 
of 30  f t .  It may, therefore, be assumed 
that  the flap retraction was not a deter- 
mining cause of the accident. 

Probable Causes 

The direct  cause seems to derive 
mainly from the sudden worsening of the 
atmospheric conditions. The violence of 
the storm was definitely localized in the 
approach of the squall and in t he  squall. 
Whirl ing winds,  t h r e e  quarters frant and 
then f u l l  c r a s s ,  were the cause of the dis -  
placcme~lt of the aircraf t  to the right in 
spite of t h e  efforts of the pilot, who felt 
that No.  3 engine was not yielding it. full 
power. The subsequent downdraftr  and 
rain forced the aircraft  down, caused it 
to lose altitude and brought it t o  the ground 

The re -application of power, effected 
at an altitude of approximately 250 to 300 f t ,  
and 25 to 30 seconds from the beginning of 
the runway, occurred late. 

In identical weather conditions, if 
the pilot had re-applied power as soon as 
he received the QBI and QAM (latest MET 
observation) he had requested from the 
tower, the a i rcraf t  would have been at an 
altitude of approximately 560 to 600 ft and 
one minute and twenty seconds from the  
runway, at a distance of 4 km. It would 
have met the squall in higher altitude and 
speed conditions that would have avoided 
the aircraft 's  being brought to the ground. 

The following factors had an aggra- 
vating effect although they were  not direct 
causes of the accident: 

-QBI w a s  first  announced by the 
tower while the aircraft  was at 

1 500 ft in a rear wind. The pilot 
and the radio operator stated that 
they did hot hear it at that time. 
However,  a playback of the recorded 
tape definitely included the voice of 
the radio opera tor  answering: 
"Aerodrome is QBI; all right". 
Had the pilot known of the QBI con- 
dition at that time, he would prob-  
ably have requested a QAM and 
would have been in a better position 
to make a prompt decision to re- 
apply power . 

-The second report of appearance of 
smoke, the  origin of which could 
not be detected on board, distrac- 
ted the attention of the crew from 
the controls f o r  a fraction of a 
second, causing them to apprehend 
dange r  from the holds. 

The load was 660 kg heavier than 
that submitted by the company. 
The airline should have re-weighed 
the baggage ins tead of relying on 
t h e  weights shown on the packages 
and on the manifest drawn up and 
filed. 

It was recommended: 

a) that carriers ,  and in particuiar 
non- scheduled carriers ,  check 
weights and t r im  on departure, 
and not rely on the statements of 
users; that a warning be issued 
to the company to that effect; 

b) that the Tan-Son-Nhut control 
tower be enabled t o  advise pilots 
of possible worsening of the 
weather before it occurs, by 
direct o b x t i o n  from the tower,  
A meteorological rating for con- 
trollere i s  very useful in such 
cases ,  ~ a r t i c u l a r l y  in the rainy 
season. 

ICAO Ref:  AR1684 
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Trans Australia Airlines, DC-4, VH-TAA, accident on Bulwer Island, 2 .  5 miles 
N M  . Report  released in Aviation 

Safety Uigest No. 29 (March 1962) of Department 01 Civil Aviat ion,  Australia. 

Circumstances 

Flight 1902 departed Sydney for Bris - 
bane at 0229 hours eastern standard time 
on the final stage of a regular freight s e r -  
vice from Melbourne to Brisbane. At 0425 
hours when i t  reported 30 miles south of 
Bri~bane Airport, it was given landing 
information by Br isbane Tawe r . Nine 
minute8 later the captain reported that the 
field wae in sight, and the aircraft was 
obeervad by the airport controller. At 
044 1 hours when the aircraft had not land- 
e d ,  it was found that communication with 
it had been loat. 

The aircraft's wreckage was fauna 2 
hours 15 minutes later on Bulwer Island. 
It had crashed in a tidal mangrove-covered 
mud flat, killing the two c r e w  members. 
The aircraft waa destroyed. 

Inve stigation and Evidence 

The Aircraft 

qheet compiled at Sydney, the aircraft's 
centre of g ~ a v i t y  was within limits. 

At the time of the accident it was 
estimated that the all-up-weight of the sip- 
craft was 58 77 1 lb, i. e. 4 729  lb less than 
the maximum permissible landing weight 
for Brisbane. 

The Crew Members 

The Captain 

The captain had flown a total of 1 3  0 19 
hour8 including 11 367 hours in command. 
Of the latter, 378 hourr were  flown when in 
command of DC-4 aircraft .  His last pro- 
ficiency check on DC-4 aircraft w a s  satis- 
factorily completed In March 19 61. He held 
a current first c l a ~ ~  airline traneport pilot's 
licence and a first class instrument rating, 

Medical Aspects 

It had flown a total of 46 006  hours 
and during the last two and a half years 
had been used almoat- exclusively for the 
carriage of freight between major airports 
in Australia. Since the last complete over - 
haul, the air cr aft had flown 4 57 6 hour s. 

No unserviceabilities of the aircraft 
were reported by the c r e w  at Sydney nor 
were  any known to have developed during 
the flight. Maintenance Inspections had 
been carried out as required, 

Its  h a d i n g  

The aircraft's cargo consisted of 
11 151 lb of mixed freight and 1 158 lb of 
mail. According to a load distribution 

With one exception it m a y  be said that 
the medical hi abory of the captain contained 
no evidence which might be significant in- 
the consideration of this accident. It was 
found, however, in the post-mortem exami- 
nation that his death was due to a cardiac 
failure ariaing from a condition of myocav- 
ditis or inflammation of the heart rnuecle, 
The injuries sustained by the captain in the 
impact were  not such that immediate death 
would be e q e c t e d  from these injuries alone, 

No obvious caure for the rnyocarditi s 
was found in this instance, but it was of 
relatively recent onset and would have bean 
virtuaily impossible to detect during life. 

The cardiac failure arising from this 
condition m a y  have occurred before or after 
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impact, and the premonitory symptoms of 
the attack may range from- none at a l l  to a 
vague feeling of discomfort for any period 
up to 30 minutes before the attack followed 
by breathleasneer or coughing for a short 
period of minutes prior to the cardiac fail- 
ure. In the circumstances of this accident 
it i~ perhaps most significant that the 
attack can occur at any time without warn- 
ing and can involve an almost immediate 
L O B S  of consciousness. It is allro signifi- 
cant that, if there was any period of time 
between the onset of the attack and the 
loss of consciousnesr,one of the measuree 
adopted for relief might be the undoing of 
the safety belt or the pushing back of the 
seat or both these actions as well as  an 
attempt to stand up. 

There was some evidence that only 
two months prior to this accident the cap- 
tain w a s  observed to become distressed 
by minor exertion. The medical evidence 
is insufficient to establish whether this 
was symptomatic of the condition which 
ultimately caused his death. The last 
electrocardiogram examination undertaken 
by the captain was in September 1960, and 
it was quite normal, but the condition of 
myocarditis cannot be detected in this 
form of examination. The captain ie not 
known to have suffered any ailment likely 
to have generated or accelerated the con- 
dition, There is no evidence that the cap- 
tain's performance was affected by fatigue, 
and the medical opinion i s  that fatigue can- 
not be associated with the captain's heart 
condition or with the time at which the 
heart failure occurred. 

Although the medical evidence was  
insufficient to establish conclusively 
whether the captain died before or after 
the impact i t  was the opinion of medical 
specialists that the relatively ininor 
degree of haemorrhage wae very slightly 
suggestive of cardiac failure before the 
impact. The medical evidence left no 
doubt, however, that the captain suffered 
a cardiac failure, and it pointed strongly 
to the conclusion that this  was the cause 
of his death. 
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The Fir st Officer 

The f i rs t  officer had 3 132 hours of 
flying experience including 8 2  1 hours of 
command experience on DC-3 and Convair 
440 aircraft as w e l l  as 406 hours am first 
officer on DC-4 type aircraft, In August 
1960 he was iasued a second class  airline 
transport pilot ' 8  licence endor eed for 
DC-4's. This licence was current at the 
time of the accident ar was hi6 second claira 
instrument rating. His l a r t  flight proficien- 
cy check on DC-4 aircraft was aatisfactor- 
ily completed in January 1961. 

Medical Aepectr 

There was no evidence in the medical 
history or in the post-mortem examination 
of the first officer to suggest that he was, 
or was likely to have been, incapacitated by 
any pathological condition or that his phy- 
aical and mental responsee were affected 
by any circumstance occurring during this 
flight. His death was due to an injury sur - 
tained in the impact. 

Weather Conditiona 

The flight eegment Melbourne-Sydney 
w a s  f lown in fine, clear conditions. Before 
leaving Sydney for Brisbane the captain 
obtained a meteorological briefing at the 
Avrnet Office. 

The forecast indicated that en route 
conditions would be fine with no cloud or 
turbulence at the planned cruising flight 
level 90. In the Brisbane terminal area 
smoke haze was expected with a vieibility 
of 8 miles and a ground wind of 6 kt from 
the southwest. Only a slight t race of cloud 
at 5 000 ft was forecast, The actual con- 
ditions encountered at Brisbane were not 
significantly different, 

Brisbane Airport  

It ir situated 4 milem northeast of the 
city of Brisbane on a flat plain 2 milee from 
the coast, and its ~outhern boundary i e  
skirted by the Briabane River, within which 
Bulwer Island i r  located. 



The airport i s  7 ft amsl, and its den- 
sity altitude a t  the time of the accident was 
minus 360 ft. 

Both runways at Brimbane are equip- 
ped wi th  low intensity, omni-directional 
lighting. The radio navfgation aids avail- 
able consist of a visual-aural range trans- 
mitting on a frequency of 110. 9 Mc/s, 
di~tance measurh equipment on a frsquen- 
cy of 206/224 M c j ,  an approach locallzer 
serving runway 22 tranamitting on a fre-  
quency of 109.9 Mc/s and a non-direetion- 
a1 beacon tranamitting on 2 16 kc/s. All of 
these radio navigation aids are located on 
the airport and were functioning correctly 
a t  the time of the accident. 

Reeonatructfon of the flight 

The flight plan for the Sydney-Brh- 
bane portion of the trip indicated the air- 
craft would taka 129 minutea to reach i ts  
destination via W e  s t  Maitland, Point Look- 
out and Casino. The aircraft  carried 
enough fuel to xeach Briabane plus suffici- 
ent for a further 3-1/2 hours cruising 
flight or 4-1/2 hours of holding. 

Following take-off from Sydney at 
0227 hours, the flight proceeded along the 
prescribed track reaching Casino at 0406 
hours a t  which time i t  estimated its arri- 
val at Briabane at 0435 bourrr, A clearance 
w a ~  then issued by Briabane area control 
for the descent from cruising level. Land- 
ing was to be on runway 22, The wind was 
5 kt from the south, apd the altimeter set-  
ting (QNH) wag 1023 mb. At 0434 when the 
aircraf t  Was sighted, apparently in the nor- 
mal position, i t  was cleared for a visual 
approach and was to repo~t  again when on 
base leg. The clearance was acknow- 
ledged. When nothing more was heard 
from the aircraft ,  and the airport  control- 
ler could not aee i t r  navigation lights in the 
circuit area or on the ground, it'was cal- 
led at 0441 on 118. 1 Mc/e. There was no 
remponse, so the dirrtrera phase of rearch 
and-rescue procedures was instituted at 
0443 hour a. 

The accident occurred 1.65 miles, 
on a bearing of 08 lo  magnetic, from the 
threshold of runway 22 at Briebane Airport. 

Evidence of witnessee - Discussion 

Evidence was obtained from seven- 
teen witneaser who saw the aircraft during 
the last  six miles  of Its flight. Twenty- 
eight other persons heard the aircraft in 
the Briabane area ehortly before the acci- 
dent. They also gave evidence. A series 
of simulation  flight^ were  conducted in 
Bri~bane  in order to t es t  the reliability of 
the observations made by significant wit- 
neeees and to  crystallize the conclusions 
which might be drawn from thia evidence. 

The track followed by the aircraft  in 
the vicinity of Brisbane Airport involved 
no significant departure from the track nor- 
mally followed by aircraft arriving from 
the south and carrying out a visual left-hand 
circuit for a landing on runway 2 2 .  Although 
it entered the circuit  area and turned on to 
the downwind leg at the normal height of 
1 000 - 1 200 f t ,  the impact occurred only 
three milee beyond t h i s  point. During the 
laet 1-1/2 miles of its flight eyewitnesses 
noticed it because it was abnormally low 
and continued a high-rate descent with little 
or no engine noise apparent. Although the 
prec ise  point at which the descent below 
normal circuit height commenced was not 
e stabliehed from the witnee s evidence, the 
fange was narrowed to a small segment of 
flight path 1 - 1 /4 miles in length. Spacial 
ter t  descent8 at idling engine power w e r e  
conducted in a DC-4 aircraft similarly 
loaded, and the r e a u l t ~  of these t es t s  point- 
ed to the probability that the descent of VH- 
TAA commenced 1.8 miles short of the 
impact point assuming this was the power 
condition whieh pertained. All possible 
commencing point B within the eatabliahed 
range eueceed the point at which the last 
transmi~eion war made from the aircraft. 

It was deduced from witnesa evidence 
that the impact probably occurrecl between 
0436 and 0437 hours. This implies that the 
aircraft  was four miler south of the airport  
and five miles from the impact point when 
the "field-in-sight" report  w a s  given to the 
airport  controller. It was determined 
beyond reasonable doubt that this trans- 
mission, which seems to have been quite 
normal in every respect, was made by the 
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captain as were all the previous trans- 
missions from the aircraft  during the 
flight from Sydney. Having regard to the 
normal division of cockpit duties on thi~ 
flight, it ia most probable, therefore, that 
the aircraft  war being flown by the first 
officer during the approach to Brirbane 
Airport. 

The deacent path was quite similar 
to the expected power-off glide path for 
thie type of aircraft ,  but it apparently 
remained under adequate aerodynamic con- 
trol right up to the point of impact. 1.l the 
final stages of flight there waB some evi- 
dence that the aircraft  was banked to port 
and turned left some 400 from the downwind 
heading. There are several possible ex- 
planations of this circumstance, but it 
occurred at such a low height that it can 
only be regarded as incidental to the acci- 
dent. 

Wreckage Examination 

Attempts to operate vehicles to the 
accident for the removal of components 
were unsucceesful becauae of the nature of 
the surface. The early activity waa, there- 
fore, concentrated on accurately eetablish- 
ing the configuration of the wreckage and 
raising the movable components above the 
level of the peak tides which w e r e  expected 
to cover the a rea  three  days after the acci- 
dent. All of the components required for 
testing o r  for workshop examination were  
ultimately extricated by manhandling o r ,  
in the caae of heavier items, by winching 
the components on specially constructed 
sleds across mud areas cleared of man- 
grove vegetation. Although the extremely 
difficult condition of soft mud and d e n ~ e  
mangroves a t  the accident site was accen- 
tuated by tidal action and by heavy rain, 
the early precautionary action taken was 
successful in that the engineering conclu- 
sions w e r e  unhampered by salt water  
corrosion, by weathering or  by a n  unpre- 
meditated disturbance of the wreckage, 

The functional state of the aircraft  
immediately prior to the impact was estab- 
lished with a reasonable degree of certain- 
ty. The undercarriage ard wing flaps 

w e r e  in their fully retracted positions 
whilst the landing lights were extended but 
not switched on. All four propellers were 
rotating, but none of the engines were  
delivering power. The heading of the air - 
craft at the time of impact was  358O rnag- 
netic, and the forward speed wae probably 
between 115 and 125 kt. The aircraft walr 
banked some lo0 to port, and the flight 
path angle wae approximately 7O below the 
horizontal. This evidence carriem no rug- 
gestion that there war  a complete loam of 
control in the aerodynamic senw prior to 
this accident. 

All  major cornponente were located 
in the area of the principal impact, and 
there was no evidence of any ntructural 
failure, f ire,  explosion or of any other 
event which would have affected the inttg- 
rity of the aircraft in flight. There was no 
evidence to suggest that any of the flight 
control mystems were not functioning cor- 
rectly or that any of the hydraulic, electric,  
radio or other ~ y s t e m s  required for safe 
flight were not capable of normal operation. 
The moat significant feature in this area, 
perhape, was the evidence that all electrical 
and radio systems had been dircomected 
from the air  craft 's electrical power sources 
pr io r  to the impact  by movement of the 
emergency disconnect ewitch, which i s  lo- 
cated in the cockpit overhead panel. 

A careful examination of the enginea 
and propellers together with their assocla- 
ted control systems and the ignition, fuel 
and lubrication service8 failed to reveal 
any circumstances which might have pre- 
vented the crew from utilizing up to  full 
power on all four engines. Uncontaminated 
fuel of the correct  grade was found in the 
fuel lines leading to the fuel feed valve 
where fuel enters the induction section of 
the engine, and it is apparent that, with the 
propellers windmilling, some fuel murt 
have been circulating through all four engines 
It was concluded, however, that all four of 
the engine ignition switches were probably 
in the "offf1 position a t  the time of impact. 

A s  the a i rcraf t ' s  flight deck was sev- 
erely damaged in the impact, practically 
no aignificant information was obtained from 
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the cockpit dial InCicatorr and only cor- 
roborated evidence can be accepted in 
respect of the positions of most cockpit 
controls. Both c r e w  seatr were severely 
damaged and had reparated from the floor, 
The f i rs t  officer was found strapped into 
the right-hand seat, which had been adjust- 
ed prior to the accident to the lowe s t  avail- 
able porition and fully forward. The cap- 
tain was found about 5 ft from his seat ,  the 
belt of which was unfastened. The chair 
had been adjusted prior to impact to the 
second lowest position and although the 
fore -and-aft adjustment could not be relia- 
bly determined, it is probable that it wan 
positioned against the aft stop at impact. 

Analysis 

In considering the cause of the acci- 
dent three eoncluaions arose from the evi- 
dence on which to focue: 

a)  Although the air craft was fully 
airworthy and, in the engineering 
sense, capable of being operated 
normally, it Btruck the ground 
with no engine power being deli- 
vered and with some crash/fire 
pre caution8 having been taken. 

b) The aircraft waa operating nor- 
mally until it reached the mid- 
position of the downwind leg 
where a rapid power-off deacent 
wae commenced and continued 
without lore of aerodynamic con- 
trol until tba accident occurred, 

c) The captain's aafety belt was not 
fastened at  the time of the impact, 
and he had auffered a cardiac 
failure, 

Although the engineering conclusion 
does not completely explain the accident, 
it does contain two significant pointe. It 
i r  clear that no power was being delivered 
by any engine at tlae time of impact although 
there was no reason why full power on all 
four enginerr could not have been utilized 
by the crew right up to t h i s  point. This 
fact supports the witness evidence of a 

descent without any audible engine noise, 
It was also clear that the aircraft was pre- 
pared for the impact at leaet to the extent 
that all electrical power and ignition were 
switched off. This diepels any view that 
neither crew member was aware of the 
seriousness of the aituation. It also shows 
that although there was no means, in the 
time available, to overcome the emergency, 
at leaet one m e m b e r  of the crew was still 
capable of rational action, The proposition 
that the aircraft  remained under control in 
the aerodynamic sense during this descent 
is also consistent with thia view. 

Various hypotheses were examined to 
try and provide an operational reason why 
an aircraft would euddenly enter a rapid 
but apparently controlled debcent on the 
downwind leg of a visual circuit and strike 
the ground without there being any evidence 
of recovery action. There was no support 
for the proposition that this was a landing 
approach on to an illusory runway since 
there were  no lights in the immediate area 
of the impact, and the undercarriage and 
flaps were not extended. It is also highly 
improbable that any reference to inadequate 
visual cues or any  misreading or malfunction 
oi  the altimeter deceived the crew a s  to the 
real height of the aircraft  since it pasred 
over a large and brightly illuminated o i l  
rtorage depot at a height of some 300 f t  
only 3/4 mile before impact. A simulation 
of the flight path in similar circumstances 
showed dear ly  that this w a s  a dominant 
and unambiguous point of reference. The 
evidence of preparations in the cockpit for 
the impact supports the view that the c r e w  
were  well aware of the dangerously low 
height which had been reached. 

A wide range o f  emergency situations 
which might have induced loss of control, 
errors of judgement or serious dirtractions 
sufficient to cause this accident waa exam- 
ined and, in each hypothetical situation, it 
was found that the proposition either ran 
contrary to the evidence or was unsupported 
in any way. It i8 difficult to envisage any 
emergency situation arising a t  th i s  point in 
the preparation for landing which would 
induce the crew to avoid using engine power, 
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either in the recovery act ion itself, o r ,  in 
the last  resort,  to avoid an accident, un- 
less that emergency itself involved the 
complete loss of power on all four engines. 

The medical conclusion alone aIso 
afforded no ready explanation of thia acci- 
dent. Accepting the probability that the 
captain ' 8  death occurred suddenly in flight, 
the presence of a competent and experi- 
enced f irst  officer should have been an 
adequate safeguard against an accident of 
this nature. There is no suggestion that 
the first officer was a l ~ o  incapacitated, 
but there is l i t t le  doubt that a sudden col- 
lapee by the captain would have induced a 
major distraction o f  hia attention for some 
period. The evidence that aerodynamic 
control of the aircraft was retained and 
that it was prepared for the impact indi- 
cates that this distraction did not permiat 
for sufficiently long to cause the accident. 

In the light o f  all the evidence it is 
entirely reaeonable to believe that this 
accident wan associated with events aris- 
ing f r om the heart attack suffered by the 
captain. His seal balt was  unfastened and 
a premonitory symptom of the attack might 
be a desire to atand up for some relief. 
This  led to a conaideration of the ways in 
which collapse of the captain could deprive 
the first officer of the ab i l i t y  to utilize 
engine power. After diacuseion and experi- 
ment, a quite feasible mode of collapse 
which would have juat thia effect became 
clear. It envisages the captain moving his 
aeat to the rear, mfastening his seat balt, 
standing and turning half-right in the nor- 
mal actions to leave the seat and then col-  
lapsing across the engine control cansole 
with his body falling so  as to bring a l l  
throttles to the fully closed pornition and 
moving al l  pitch control levers towards the 
full fine position. The experiments also 
confirmed that, with a body in this posi- 
tion, i t  wouId be impossible for the first 
officer to remove the obstruction so as to 
regain engine power control without leav- 
ing his seat and abandoning control of the 
aircraft for an intolerable period of time. 
There would also be s o m e  forward pres- 
sure on the control column from the cap- 

tain's l eg s  which could be overriden 
without difficulty by the f i r s t  officer but, 
nevertheless, would be sufficient to cause 
nose down pitching i f  counteracting p e e -  
sure was not continuously applied, 

The period within which the collapee 
of the captain must have occurred can be 
narrowed to the half minute of 1-1/4 miles 
of flight path between the turn on to the 
downwind leg and the mid-position of thir 
leg where the abnormal descent commenced, 
The fact that the captain himself gave the 
field-in-eight report only 4 miles south of 
the airport  indicates that there war  little or 
no warning of hir collap8e. This is  corn- 
pletely consistent with the range of poilai- 
bilitie s described in the medical evidence. 
The proposition of a collapee in thia  seg- 
ment of the flight path ale0 introducea a 
logical explanation of  the undercarriage 
and flapr being in their retracted positions 
at impact. The evidence indicates that the 
emergency situation arose at or prior to 
the air craft reaching the mid-downwind 
position, h the known circumatancea of 
this aircraft's approach to the airport it 
could not be expected that the undercarriage 
would be extended until after this position 
had been passed. 

Although the first stage of flap exten- 
aion i s  often taken prior to t h i ~  point, it i a  
by no means unusual for thia action to be 
delayed until a later point in the flight path 
is reached when there i s  no exceas height 
or speed to be lost. It i s  reasonable to 
assume, therefore, that the emergency 
arose before the extension of either flaps or 
undercarriage had been carried out and, in 
view of the nature of the emergency which 
is postulated, it could not be expected that 
the first officer would take these actions 
subsequently, 

The mode of collapee enviaaged offera 
a complete explanation of the otherwise in- 
explicable evidence, that this descent occur - 
red without engine power being applied at 
any time. It is compatible with the evidence 
that, in the engineering sense, thirr power 
was available at all times, It explains why 
no feathering action waB taken dempite the 
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apparent lack of power, and it clarifies 
the apparent resignation of the first  officer 
to the inevitability of an accident ae i s  
reflected in the actions to  witch off the 
electrical power and engine ignition before 
the impact. It ia compatible with the evi- 
dence that the aircraft  remained under 
control throughout the de scent and it give s 
a ready explanation of the fact that no 
emergency call Was made on the radio. 
If both crew members had been competent 
to jointly deal with the emergency which 
arose, the f i r s t  oificer, during the 55 
second6 which the descent would occupy, 
would have had time to give some indica- 
tion to the airport controller that an emer - 
gency existed although it is by no means 
certain that he would do so. If the fir st 
officer was obliged to cope with this e m e r  - 
gency alone, however, he could not be 
expected to make any transmission in the 
time available. 

Another feature of the evidence 
which puzzled the inve~tigators  until this 
propoaition had been developed was the 
fact that the landhg lights were in the 
extended position at impact and yet even 
the closest eyewitnesses denied that they 
were  illuminated at any time during the 
dercsnt, It ir  most difficult to conceive 
of any pilot attempting a crashlanding at 
night on unknown terrain without, at some 
point in the descent, ueing the landing 
lights to gain B o r n e  appreciation of the 
terrain or to select the moat favourable 
terrain within the usable area. The land- 
ing light extension and illurqination switch- 
e s  for this aircraft  are situated in the 
ceiling panel immediately above the cap- 
tain's position and they cannot be reached 
bykthe first officer whi l s t  he i s  in his seat 
with the belt fastened. It i s  feasible that 
the captain had extended the lights earlier 
in the approach when he was capable of 
doing so in order that they would be ready 
for immediate uee  when required for the 
normal landing. The fact that they were 
not subsequently used deepite a pressing 
need can only be attributed to the fact that 
the captain was  then incapable of actuating 
the switches, and the firlrt officer was 
unable to take the steps necessary to reach 
them. 

Several other possible ways in which 
the operation of the aircraft might have 
been affected by the captain under the in- 
fluence d a disordered cardiac function 
were also examined. It was concluded that 
the evidence did not admit any possibility 
that a physical collapse by the captain could 
have affected any other engine controls such 
a a  the mixture levera or the fuel tank selec- 
tor levere so as to produce the known cir- 
cumstances 3f the final flight path. It was 
shown by experiment to be extremely unlike- 
ly that any mode of collapse in or from a 
seated position, even with the safety belt 
unfastened, would affect control of the a i r -  
craft or of the engine power in a manner 
conaistent with the evidence in t h i ~  accident. 
The invertigatora alao considered the pos- 
sibility of irrational behaviour of the captain 
in the premonitory  stage^ of his cardiac 
failure, being a caueal factor in the accident. 
Thia hypothes i~  was not supported by any 
evidence, and it is difficult to believe that 
any irrational act affecting the operation of 
the engines could go unnoticed or could 
remain long undetected by the f i r ~ t  officer. 
There was no evidence of any conflict 
ktween the captain and the first  officer in 
the control of the aircraft ,  and it i e  eon- 
sidered that the possibility of irrational 
behavlour by the captain cannot be supported 
a6 a eignificant factor in this accident. 

The opinion formed as to the cause 
of this accident was only reached after 
careful examination of a wide range of hypo- 
thesea. None of the alternative explana- 
tiona were acceptable in the light of the 
firmly established evidence, and none of 
them were supported so strongly by circum- 
stantial evidence a s  was the v i e w  that the 
captain's heart failure occurred on the down- 
wind leg of the circuit and that  his collapse 
deprived the first officer of all engine power, 
This in turn provided a reasonable explana- 
tion of some item8 of evidence which could 
not be explained in any other way. Some 
minor variations of the accepted mode of 
collapse are equally feasible, but they all 
involve cloeing of the engine power levers 
and the forming of a complete obstruction 
to their further movement. There wan no 
auggeetion in the evidence that the captain, 
whilst in normal health, undertook any 
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action likely to endanger his aircraft, and 
it is probable that the first officer, without 
warning, was presented with an emergency 
situation which w a s  beyond the capacity of 
one person alone to rectify under the cir- 
cumstances. The evidence  point^ to the 
fact that he took action to minimize the 
dangers of the imminent impact. 

Probable Cauee 

The accident occurred during the 
pre-landing circuit when the captain tried 
to leave his seat under the LnfIuenca of a 
disordered cardiac function and, in the 
course of ao doing, collapsed acroaa the 
engine control console in such a way a6 to  
bring all four throttle levers to  the closed 
position depriving the firat officer of the 
throttle movement neeerlary to avoid a 
crashlanding off the airport, 

ICAO Ref:  AR/709  
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No. 15 

Circumstances 

Flight VA 897 was a scheduled* flight 
from Rome to  Madrid, Lisbon, Santa Maria 
(Azores) and Caracas, Venezuela. It 
landed at Lisbon Airport a t  0036 hours 
where it was inspected by KLM maintenance 
personnel. Following a crew change, the 
aircraft left for Santa Maria at 011 5 hours. 
Four minutes la ter  it reported passing over 
Capariea radio beacon (LS) and climbing 
through flight level 60 ( 1  800 m). This 
message ended with two quickly spoken 
sentences. There was no further contact 
with the aircraft which crashed into the 
sea to the left of the original track at about 
0 120 hours GMT killing all 14 crew and 
47 passengers aboard, The aircraf t  was 
destroyed. 

An extensive investigation was made 
of the aircraft1 s maintenance history. No 
serious malfunctions had occurred. Although 
the logs for the flights Rome - Madrid - 
L i s h n  showed no complaints, the state- 
ments of the incoming c r e w  indicated that 
there were  minor deficiencies. however,  
they did not affect the airworthiness of 
PW -DC L. 

A t  take-off the weight  and centre of 
gravity of the a i rcraf t  were within the 
authorized limits. 

The Crew 

The crew complement was as follows: 
3 pilots, a radio operator, 2 flight engineers, 
2 pursers,  3 stewards and 3 stewardesses. 

The wreckage was located on 31 May The flight c r e w  had had a two-day 
in the Bay of Caparica, 7 km south of the rest  in Lisbon, and there w a s  no indication 
beacon, 3 km off the coast and at a depth that any crew member was fatigued on the 
of 30 m. day of the accident, 

Investigation and Evidence 

The Aircraft 

Certificates of registration and a i r -  
worthiness were issued for  PH-DCL on 
1 M a y  1961. The aircraft had a category A 
licence. On 2 M a y  196 1 it was issued a 
maintenance certificate valid until the next 
periodic inspection after 300 hours of flight 
time. During the aircraft's life several 
transit inspections had been carried out 
after each landing a s  wel l  as four more 
extensive inspections. Its total flight 
time upon arrival in Lisbon on 30 May w a s  
209:30 hours, i, e. less than 300 hours. 
Therefore, no block inspection had been 
carried out on the aircraft, It had flown 
32 hours since its l as t  type 1 inspection. 

The pilot-in-command, who was 
acting as iheck pilot on the subject Right, 
had been flying with  KLM as pilot since 
1946, His Netherlands airline transport 
pilot's licence was last renewed on 26 April 
1961, and he w a s  authorized to fly as pilot- 
in-command on DC-6, Convair 340, Constel- 
lation 749 and 1049 and DC-8 aircraft. The 
DC-8 rating was endorsed on I 6  March 1961. 
H e  had flown a total of 12 886 hours inclilding 
9 040 hours in command. On the DC-8 his 
experience was as  follows: 

pilot-in-command 60 hours These 
f i r s t  officer 75~30 hours hours had 
type training 16: 50 hours all been 
DC-8 simulator 37: 30 hours flown 

during the 
90 days 
prior to 
the accident. 

+ KLM (operator) lists this as a chart,er (non-scheduled) flight. 
VIASA (Venezuela) l ists this as  a scheduled flight. 
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O n  27 May he had made one night from 
Amsterdam to Lisbon. 

The co-pilot had a lengthy career a s  
captain on Constellation aircraft over the 
Atlantic. H i s  route qualifications in this 
respect were still valid.  H e  had various 
licences including an airline transport 
pilot's licence last renewed in March 1961 
and validuntil September 1961. H i s  
training a s  a DC-8captainwas satisfactorily 
completed in April 1961, and he was granted 
a DC-8 rating. H e  had made several flights 
as co-pilot of DC-8 aircraft on the Mid- 
Atlantic route. Ln April 1961 he had carried 
out two application training flights on this 
route with satisfactory results. On the 
subject flight he was to have his route 
application check. His experience on 
DC-8 aircraft was: 

DC-8 simulator 62 - hours instead of 
the normal 36 
hours 

He had difficulty 
with the use of 
the integrated 
instrument 
system. 

flight training 16: 5 5  - hours (during 
the previous 
90 day sl 

The results of his type rat ing examination 
w e r e  above standard. 

H e  had a total of 12 9 1 3  flying hours 
to his credit of which 10 578 hours w e r e  
when in command and 5 5  hours were as 
first officer on the DC-8. The week prior 
to the accident he had flown one trip on the 
DC-8 from Amsterdam to Lisbon. 

All other crew members w e r e  fully 
qualified, had considerable experience 
and were  medically fit. 

The actual conditions existing at t he  
scene of the accident  arotrnd 0 120 hours 

are not known. There i s  no meteorological 
station at that location, However,  the con- 
ditions must have been similar to those at 
Lisbon Airport. The following are considered 
to be most probable: 

ceiling 600 m; visibi l i ty  8 k m ;  
wind 2700/18 kt; temperature 13.  5OC; 
dew point 1 Z°C; clouds 418 strato- 
cumulus at 600 m 8/8 altostratus; 
light rain; light to moderate turbulence; 
no thunder storms or icing had been 
observed, 

The crew were properly briefed on the con- 
ditions be fore depar ture .  The weather 
conditions w e r e  not believed to have con- 
tributed to the accident, 

The Flight 

As the ground engineers were  not 
present when the aircraft arrived from 
Madrid the transit inspection was carried 
out by the second flight engineer under the 
supervision of the first flight engineer, a 
l icensed ground engineer and some mechanic s. 

The flight plan, prepared  by the 
flight operations officer, w a s  checked and 
signed by the captain, The aircraft was  to 
take a magnetic track of 2730 after passing 
the LS beacon at Caparica. An Air Traffic 
Control instrument fl ight ru les  flight plan 
was also filed for flight level 310 with 
Lisbon and Lajes a s  alternates, 

At  take-off from Lisbon the pilot-in- 
command was probably in the right-hand 
seat, and the co-pilot was in the left-hand 
seat. 

Departure from runway 2 3  was at 
011 5 hours on course to N D B  "LS". The 
pilot had been a s k e d  to report the cloud 
base and to call over the LS beacon. A t  
01 18: 37  the aircraft  advised that the cloud 
base was at 3 '1'00 ft and changed to the 
Lisbon area control frequency. I t  reported  
again at 0119:25 to Lisbon Control that it 
was "over LS at 19 climbing through FL 601', 
but the communications tare re sudden1 y 
interrupted,  after two quickly spoken 
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sentences; the f i rs t  one, not definitely 
established, could have been "eh . . . take 
care  oft' and the second one was "we are 
climbing outt'. Last contact with the flight 
was at 01  19: 50 hours. 

Witnesses at Caparica stated that 
they had heard a loud noise, like an 
explosion, shortly after the aircraft had 
passed over. 

A s  a resu l t  of salvage action during 
the period 14 June to 6 July, approximately 
40 000 kg of wreckage were recovered 
from the sea, About 7570 of the total 
structural weight of the aircraf t  and 60% 
of the aircraft's skin were recovered during 
375 dives covering a total diving time of 
260 hours. 

Configuration of the aircraft at impact 

Evidence showed that the aircraft hit 
the water in a northwesterly direction. 
Its pitch angle was approximately 25O nose 
down, and it was probably banking 300 to 
the right. Indications were  that the air- 
craf t  was intact and flying at a speed of 
450 - 500 kt when i t  crashed. No small 
parts had broken off in flight. The rudder, 
ailerons and elevator were in the neutral 
position, The aircraft Is  configuration w a s  
normal for a climb to cruising level. 

The hydraulic system was functioning 
normally, and there w a s  electric power on 
all four buses. A t  the time of impact the 
engines were operating far  below cruising 
power, However, engine power might have 
been reduced some seconds before impact, 
possibly when the aircraft  came out of the 
clouds. 

Reconstruction of flight path based on 
evidence 

Although there was little data avail- 
able, a flight path consistent with all 
evidence was calculated connecting a point 
about b 000 f t  above Caparica with  the 
place of the wreckage. According to this 
flight path, the aircraft would have started 

. , 

a spiral dive to the left during the last 
message, banking to the left to 900 within 
about 20 seconds and ending in the water 
after another 15 seconds. During the l a s t  
15 seconds, the bank was overcorrected to 
the right, and the steep dive w a s  checked 
to some extent. This calculated flight path 
was  tested on a DC-8 flight simulator and 
checked by analogous computations. The 
flight path was such that during the vital 
initial phase the deviations could only be 
noticed by the pilots on the instruments, 

Somewhat steeper or  somewhat flatter 
and longer flight paths m a y  have been pos- 
sible. W i t h  a steeper dive the re w a s  a 
chance that the overspeed warning signal 
had sounded during the radio communica- 
tions. Tests ~ h o w e d  that the overspeed 
warning can be heard clearly through normal 
radio communications, It was not heard. 
Moreover, the course deviation cannot have 
been sufficient to put the aircraft  in a 
northerly direction at impact. Therefore,  
a m u c h  steeper dive was not possible. 

A flatter Right path would have taken 
more time. It cannot have been too flat as 
that would have been inconsistent with the 
statements of wilnesses. 

Tnve stigation of unintentional flight 
path deviations 

At the beginning of the investigation 
the Commission Is  attention was drawn to 
some cases in which jet aircraft were 
unintentionally brought into a d i v e  or a 
spiral dive. The main characteristic of 
these cases w a s  that the deviation became 
large within a short  time before i t  was 
noticed by the crew, In a few cases the 
pilots w e r e  initially misled by a defective 
artificial horizon. The possibility was 
considered that the accident to PH-DCL 
might have been caused by such a night 
path deviation. 

Discussion of evidence 

N o  par t s  of the aircraft were found 
outside the wreckage area. 
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In view of the se facts,  the Board 
was inclined to believe that there must 
have been some,connexion between the 
actions necessary to effect the alteration 
in course and the introductory cause of 
the accident. 

It i s  possible that after the aircraft 
changed course the ailerons remained 
slightly deflected so that a slow rolling 
movement to the left commenced, which 
was not noticed by the pilot in time and/or 
could not be observed in time due to the 
possible failure of the artificial horizon, 

The aircraft got into a steep bank 
which sent it into a spiral dive during 
which it lost altitude 80  rapidly that the 
aircraft struck the water. before the attitude 
for level flight could be restored. 

The foregoing hypothesis is supported 
by flight simulator t es ts  made after the 
accident, Neverthelses, it i s  by no means 
certain that the accident occurred in this 
way. 

In view of the fact that ncthing in 
the investigation points to disintegration 
having occurred during flight or intentional 
descent, for instance, to make a forced 
landing or to return to the airport, the 
pilot must have lost control of the aircraft 
through unknown causes. 

Though there are no direct indica- 
tions in this respect, the Board regards 
it a s  possible that the accident was due to 
the pilot or pilots being misled by instru- 
ment failure, in particular of the artificial 
horizon, or to the pilot having been dis -  
tracted, so that a serious deviation from 
the normal flight path was not discovered 
in time. 

Re commendations 

I t  is more essential than ever that 
the entire complex of cockpit equipment 
and cockpit procedures should be such a s  
to ensure the timely detection of any 
defects in vital instruments or of pilot 
errors. Accordingly, the Board has 
noted with pleasure that KLM puts more 
emphasis than ever before on training 
pilots in the timely detection of instru- 
ment failures. 

The Board was of the ~pinion that 
in vie-a of the danger s inherent in the 
failure of the artificial horizon, a system 
shcmld be designed and installed which 
immediately detects differences in the 
pilot's and co-pilot's horizon readings 
and gives warning by means of a visible 
2nd audible signal. A comparison with 
the "stand-by" horizon would then reveal 
which horizon has gone wrong. 

ICAO Ref:  ARf744 
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No. 16 

KLM,  DC-7C, PH-DSN accident over the Atlantic Ocean on 11 June 1961, 
~ p e  

Ai r  Inspection Division of the National Ae ronautieal Service,  the Netherlands. 

Circumstances 

The aircraft departed Idlewild, 
New York, for Bradley Field, Windsor 
Locks, Connecticut at 1943 hours on 
10 June where 73 passengers boarded the 
aircraft for Prestwick, Scotland and 
.4msterdam, the Netherlands. The charter 
flight carried a crew of 8. Take-off from 
Windsor Locks was commenced at 2226 
hours, and the aircraft followed the 
Boston - Moneton - Sydney airway to 
Gander, Newfoundland, at an altitude of 
3 9 0 0 m ( l 3 0 0 0 f t ) .  Atapproximately 
0715 hours GMT, while cruising at an 
altitude of 5 000 m (17 000 ft) over the 
Atlantic Ocean, the aircraft began to shake 
violently, The heavy vibration occurred 
in the port outboard engine and propeller. 
The pilot i s ~ u a d  an emergency call and 
reported that he was desaending and losing 
speed. The crew were unable to feather 
the propeller and fire was then reported 
at O7l0 hours near the propeller hub, 
Ditching procedures were  carried out and 
completed by 0730 hours at which trme 
No. 1 engine and i ts  propeller broke Loose 
and fell into the sea, A landing was m a d e  
at Prestwick at 0845 hours. There were 
no f atalitie s. 

Except for the detachment of the 
No.  1 powex unit, the damage was limited 
to one dent in the metal cover of No. 2 
engine and another in the under side of the 
nacelle of No, 1 engine. 

Investigation and Evidence 

The Aircraft 

The aircraft's certificate of air- 
worthiness w a s  valid until 9 October 196 1. 

A No. 10 inspection w a s  carried out 
at  Schiphol on 7 June 19 61. The No. 1 1 
inspection was due on completion of 9 565 
flying hours. When the aircraft landed at 
Prestwick Airport it  had flown a total of 
9 318 hours since manufacture. 

The two flight engineers made a 
transit check at Idlewild in the presence of 
a KLM technician, and no anomaly was 
found at that time. No  complaint^ were 
entered in the maintenance log concerning 
the trip to W h d s o r  Locks. 

On departure, the aircraft  weighed 
62 190 kg, i. e. 2 732 kg be-low the maximum 
limit. The estimated landing weight, 
48 071 kg, was also below the maximum 
allowable of 50 394 kg. 

From the flight log it waa deduced 
that at the time of the accident the aircraft 
weighed about 49 626 kg (109 550 lb), 

The centre of gravity limits for the 
flight w e r e  not exceeded. 

Crew infurmation 

The crew was made up of three 
pilots, two flight engineers and three cabin 
crew. 

The pilot-in-command held a valid 
I31 pilot's licence which carried type 
ratings for DC-6 and 1)C-- 7 aircraft. H e  
had flown a t o k i  of t 3 1'33 hours including 
326  houis 07: the CC-7C. Two hundred 
and iorty-on- of i,Lesa had been flown a s  
pilot-in-cow-,nand. H i s  last proficiency 
test  w a s  car:.',r,d out in January 1961, 

'I he se cond pilot held a, ,did B 3 
licel~ce wi th  instrumelit and co-pilot ratings 
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for Convair 340, Lockheed 749 and 1049 
and DC-7C aircraft ,  H i s  total flight time 
amounted to  6 205 hours including over 
1 000 hours on DC-7C aircraft as co-pilot, 
We underwent his last proficiency test  in 
M a y  196 1. 

The first flight engineer had flown a 
total of 18 340 hours a a  of 1 June 1961, 
Thie total included 7 478 hours on DC-6/7C 
aircraft. 

Reconstruction of the flight 

At approximately 0715 hours the 
aircraft was  cruising at 5 100 rn (17 000 ft) 
the engine rpm was 2 400, and the blower 
was running-at a high rate of rotation, The 
pilot-in-command was in the left seat. 
Without any warning the aircraft suddenly 
began to vibrate with steadily increasing 
violence. A heavy up-and-down tremor 
was felt throughout, however, the instru- 
ments showed no abnormal deviation. The 
second flight engineer began to check the 
engines with the analyzer, starting with 
No. 1, but this l ikewise showed no anomaly. 
The pilot, who had been watching the port 
engines at about the same t ime,  saw No. 1 
shudder violently and gave orders to switch 
it off. 

The second flight engineer depressed 
the cut-out button of this engine and closed 
the fuel supply with the idle cut-off. The 
interval between the s tar t  of the vibration 
and depression of the cut-out button must 
have been about 8 to 10 seconds. During 
the cut-off procedure the feathering button 
was depressed, and the red  control lamp 
c a m e  on. The rpm decreased, but not 
below 2 100. 

When the pilot saw that the feathering 
operation had not been successful he called 
for reduction in speed and at the same time 
closed the right throttle laver. He put the 
aircraft  into a climb and speed decreased 
immediately. The first engineer again 
operated the cut-off button to No. 1 engine. 
As this gave no result he pressed it a third 
time and the rpm increased rapidly reaching 
3 500 on the indicator. The engineer 

pre ssed the button out again immediately 
and held it there for a short time. The 
rpm then returned to 2 000 and stayed there 
until t he  engine fell off (at 0730 hours), 

Ae soon as the vibration began the 
pilot put out an emergency call and reported 
the aircraft w a s  descending and losing 
speed, It began to sink at a speed of 1 30 - 
135 kt and a rate of descent of 7. 5 to 
10 rn/sec (1 500 to 2 000 ft/min). A fire 
near the propeller of No. I engine was 
reported shortly thereafter, By 0720 hours 
the aircraft was a t  1 200 rn ( 4  000 ft) so it 
must have descended 3 900 m (13 000 ft) in 
about five minutes. Three minuter later it 
was at 300 m ( l  000 f t ) ,  and the pilot advised 
he was going to try and maintain this altitude. 

Once the engine had separated from 
the aircraft at Q730 the vibration ceased, 
and the pilot was able to put the aircraft 
into a climb at a speed of about 140 kt ,  
starting with METO power which was  reduced 
afterwards to 1 850 hp. The climb was 
made to 1 500 m ( 5  000 ft) with 20% flaps 
a n d  2 400 rpm, With an indicated speed of 
150 kt, 2 400 rpm and 180 B M E P  the pilot 
headed for Preswick where a landing roll, 
in which Nos. 2 and 3 engines were reversed, 
took place normally. After the landing it 
was found that the propeller feathering pump 
corresponding to No. 1 engine was still 
turning. 

Discus sion 

No. 1 engine and i t s  propeller shaft 

Following the installation of this 
engine after a 8 271-hour check on 
2 4  February 1961, a complaint had bean 
reported. A check revealed no anomaly 
which could be connected with  the trouble 
that led to loss of the engine. The propeller 
shaft had a total of 5 230 hours of service. 

The hub and propeller blades 

The hub and propeller blades had been 
in service 10 620 and 10 801 hours respect- 
ively. N o  oversight in maintenance w a s  
brought to light during the investigation. 
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While the blade3 were fitted to PH-DSN, 
they had been damaged at New Y ork. A 
complete overhaul by the manufacturer 
followed. Since that time the propeller  
had been in service for 572  hours on the 
subject aircraft, Nothing in the evidence 
available connected the propeller to the 
engine loss. 

The feathering pump 

Those parts of the feathering system 
which were  left behind on PH-DSN after 
loss of the engine were examined, N o  
defects were found that might have prevented 
normal functioning of the feathering system. 
After  the landing at Prestwick, the engines 
were stopped. The feathering pump of 
No. 1 engine was observed to be still 
turning despite the fact that during the 
breakdown the c r e w  had taken action to 
stop it. From the data available, it appears 
that the circuit breaker, which was con- 
nected to the pump, was probably still on 
after the landing. The rotation of the 
pump after landing can be satisfactorily 
explained by assuming that, as a result of 
the distortion produced by the separation 
of No. 1 engine, this pump continued to 
receive current due to the throttle lever 
of No. 1 engine being moved to the reverse 
blade position at the time of landing. When 
the throttLa levers  were returned to normal, 
the engine feathering pumps were  stopped 
by the signal from the appropriate blade 
switches. As No. 1 engine and propeller 
had broken loose, the signal to its feather- 
ing pump was never transmitted, and the 
pump continued functioning. 

The engine mounting 

It has been in service a total of 
7 469 hours and was due for a major over- 
haul after 8 000 hours. It had several 
minor overhauls including a check for 
flaws, however, its maintenance history 
gave no occasion for comment. 

The oil shut-off valve 

9 minutes without seizing up. Although 
this seems rather a long interval, the data 
about so-called "engine freeze" i n  certain 
accider-t reports indicates that it is by no 
means inlprobable. 

The question arose as to whether the 
oil supply was, in fact completely shut off. 
The oil valve itself could not be checked 
as it had fallen away with the engine, 
Witnesses said that the length of the flames 
from the spinner decreased after the oil 
supply had been disconnected, 

I t  is probable that the valve was 
functioning proper1 y and there is no reason 
to doubt the proper functioning of the 
accessory. 

Propelier whirl motiona 

Propeller whirl is  a prect s sion-like 
motion of the propeller and part of the 
nacelle and engine. When flexibilities in 
the engine and/or in the engine mount are 
present, the propeller-nacelle combination 
is able to perform pitching and yawing 
deflections coupled together by gyroscopic 
and aerodynamic moments. The motion i s  
in reverse to the direction of propeller 
rotation; i ts  frequency is l o w e r  than the 
lowest coupled natural frequency of the 
propeller -nacelle combination. 

NAARL (National Aero and Astro- 
nautical Research Laboratory) conducted 
an inquiry into the possibility of the engine 
having broken loose as a result of propeller 
whirl flutter or  whirl  motion. The report 
of the inquiry contained the following 
findings: 

1) The possibility of propeller whirl 
flutter, caused by failure of the 
forward propeller shaft bearing, 
exists. 

2) The whirling propeller causes a 
load great enough to bring the 
aircraft into a violent oscillating 
motion. 

After the oil supply to No, 1 engine 
had been shut off it continued to run about 3) The oscillating aircraf t  motion 

m a y  be a rigid body motion. 

-- - 

+ Summaries of two other accidents attributed to "whirl mode" and discussion of th i s  
phenomenon zppear in Aircraft Accident Digest No. 12  - Circular 64-AN/58. [Braniff 
Airways, EZectra, nr ,  Buffalo, Texas, 20 September 19 59 and Northwe st Airlines, 
Electra, nr. Cairnelton, Indiana on 17 March 1960. ) 
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4) When after damage the yaw 
frequency of the propelle r-nacelle 
combination comes very close to 
a natural wing vibration, a 
dangerous co-operation of these 
frequencies m a y  arise, 

5 )  Correct operation of the propeller 
feathering mechanism should have 
limited the extent of the incident, 

Power unit failure 

The history of the power unit prior 
to the accident and the condition of the 
aircraft thereafter failed to suggest any- 
thing which might be related to the break- 
down or provide an explanation thereof, 
Engine No. 1 was not recovered, 

The crew stated that there were no 
abnormalities in the engine or propeller 
prior to the flutter which increased 
gradually . 

The pilot-in-command's observations 
showed that the spinner gyrated in a circle 
contrary to the direction of the propeller 
at a rate of 1 to 2 cycles per second. H e  
also reported a loss of oil and a fire at the 
blade roots. The flight engineers mentioned 
reverse action of the feathering system and 
over speeding of the propeller. 

The movements reported by the pilot- 
in-command were characteristic of a wel l -  
defined oscillating motion of the propeller 
designated as "whirl modet'. No major 
centrifugal forces are generated by this 
motion, and the disequilibrium is  located 
close to the propeller shaft. In the subject 
case the engine was not lost until fifteen 
minutes after the trouble started. 

A prerequisite of ''whirl motion1' i s  
a diminution of rigidity in the supporting 
structure of componehts of the power unit 
installation, This diminution i s  only 
apparent in the engine mounting or propeller 
shaft bearings. A photograph which w a s  
taken, giving the view from the pilot's seat, 
showed that the supporting structure of the 
components still formed a single whole, 
and the spinner w a s  swinging outwards in 

relation to the engine cowl. This suggested 
that the loss of rigidity most probably occurre 
in the forward propeller shaft bearing and 
was due to its failure. 

The propeller hub is  so constructed 
that i f  failure of the forward shaft bearing 
occurs, oil is Lost from the component and 
ejected near the blade root. As a result of 
the disalignment of the oil supply passages 
a reverse action m a y  have been set up in 
the feathering system and pollution of the 
oil in the dome, by metal fragments from 
the ruptured bearing, could have put the 
overspeed safety coupling out of action. The 
brushes of the electric de-icer in front of 
the propeller blades m y  then have over- 
heated through excessive racing and ignited 
the oil just emitted at this point. 

There was nothing in the observations 
of the crew or in the instrument readings 
before or during the breakdown to suggest 
any other cause. The N M R L  report gave 
support to the hypothesis that whirl mode 
motion may have occurred in engine No. 1 
through loss of stiffness resulting from 
failure of the forward propeller shaft 
bearing. 

Loss of the entire power unit installa- 
tion must be ascribed to fatigue of the upper 
engine mount suspension points, such as 
occurs with exceptionally high loads, 

KLM has had earlier bearing trouble 
w i t h  this engine type (TC18EA). No un- 
controllable situation arose, and the effects 
were kept to a minimum. Between 1960 
and 1962 KLM registered three breakdowns 
of the TG 18DA type (on Lockheed 1049C 's) 
in 297 780 flying hours, while no trouble has 
occurred with the TC18EA (on DC-7C1s) in 
470 844flying hours. T h i s  shows the 
fortuitous character of the failure on 
PH-DSN. The NAARL report states that 
the forward propeller shaft bearings have 
given regular cause for complaint. T h i s ,  
as can be seen, is  incorrect. 

In short ,  the cause of the failure 
cannot be attributed with certainty to engine 
breakdown, but ~e depositions of the crew 
contained sufficient indication to make 
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failure of the f o r w a ~ d  propeller shaft 
bearing the probable cause. 

No special instructions had been 
provided to  cre... 3 on this type of failure 
as i t  was unknown to KLM. When the first 
signs appeared the pilot and two flight 
engineers took action calculated to reduce 
the effects. Ignorance of this type of 
difficulty and uncertainty as to  the behaviour 
of the propeller must have influenced the 
actions of the pilot at the time, The further 
course of the flight and the disappointing 
performance of the aircraft at a lower 
altitude point out that the decision to make 
a rapid descent is  only to be taken with 
great caution. 

Probable Cause 

The accident was  attributed to failure 
of the forward propeller shaft bearing on 
No. 1 engine, Violent vibration, which 
could not be stopped, arose in No. 1 
propeller and resulted in fire and separa- 
tion of the entire No. 1 power unit. 

Follow-up action 

Following the accident, KLM analyzed 
the situation in the passenger cabin from 
the point of view of emergency procedures 
and the personnel involved, The existing 

procedures however provide the be s t  
arrangement and were, therefore, not 
modified. 

As for the situation in the cockpit, 
particularly w i t h  regard to the presence 
the re of the co-pilot and the flight engineer s 
during an emeigency, the procedures w e r e  
modified. The regulations in force at the 
time of the accident stipulated that the 
co-pilot must remain in the passenger 
cabin to take charge there after ditching. 
The procedures now allow the captain to 
retain the co-pilot or flight engineer in the 
cockpit if the circumstances so require. 

A s  stated, correct operation of the 
propeller feathering mechanism should 
have Limited the extent of the incident. It 
must be noted that the supply and return of 
ciil to and from the propeller governor was 
effected via the passages in the propeller 
shaft and engine nose section. If the 
propeller shifts in relation to the nose 
section, on account of bearing failure, 
these passages cease either wholly or in 
part to coincide, with the result that proper 
functioning of the feathering mechanism is 
no longer assured. It has not, apparently, 
been possible to find a constructive solution 
to this problem, Moreover, with the 
propeller oscillating, a compact seal 
between the propeller axle and the nose 
section is no longer assured, 

ICAO R e f :  AR/768 
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KLM, Lockheed Electra L-188C, P H -  LLM, accident near Cairo Airpor t ,  United 
Arab Republic on 12 June 1961. This summary i s  based on a translation of the 

report, dated 6 March 1463, of the Ai rc ra f t  Accident Investigation Board 
The Netherlands. 

Circumstances 

Flight  KL 823 departed Amsterdam 
at 1850 hours local time (11 June) on a 
scheduled air service to Cairo via Munich, 
Germany and Rome, Italy. It was then to  
continue to Kuala Lumpur via Karachi, 
Pakistan, Aboard were a crew of 7 and 29 
paasengers. During the approach to land 
at Cairo the aircraft  crashed at 041 1 hours 
local time (12 June) 4 km southeast of the 
threshold of runway 34 at a point 60 m 
above the level of the runway threshold. 
The aircraft was destroyed. Three c r e w  
members and seventeen passengers were 
killed in the accident, and four additional 
c rew m e m b e r s  and tweIve passengers sus- 
tained injuries. 

Investigation and Evidence 

The Aircraft 

By virtue of an American Certificate 
of Airworthiness for  Export, a Netherland8 
Cert if icate of Validation, valid until 13 De- 
cember 1961, was issued  to the aircraf t  on 
14 December 1960, It also had a valid 
maintenance release. 

The Loading of the Aircraft 

The take-off weight and centre of 
, gravity of the aircraft w e r e  45 310 kg and 
24.870 of the mean aerodynamic chord, 
respectively. At the time of the accident 
the aircraft's total weight would have been 
39 120 kg, and the centre of gravity at 22%, 
i. e .  they w e r e  both well within the limits, 

Crew information 

The c r e w  consisted of the pilot-in- 
command, a co-pilot, a flight engineer, a 

flight navigatoriflight radio operator, a 
purser, steward and stewardess, 

The pilot-in-command was acting in 
t h i ~  capacity for the first t ime on the aub- 
ject  flight. He held a valid airline trane- 
port P i ~ o t ~ ~  licence on which were entered 
ratings entitling him to act as pilot-in- 
command on Convair 3401s and on the Elec- 
tra. H i s  flying experience amounted to 
l l 489 hours, 4 955  of which were  as pilot- 
in-command. He had about 100 houra 
experience on the Electra L-188C, i, e. 87 
hours as co-pi lo t ,  6 hours of pilot-in- 
command training and 7 hours as pilot-in- 
command. Thouih  the  pilot-in-command 
had little experience on this type of aircraft 
and was acting as pilot-in-command on this  
type of aircraft for the first time, he should 
in view of his extensive airline transport 
piloting expe rience be considered suffici- 
ently competent to execute the landing at 
Cairo safely. 

The co-pilot had flown 3 821 hours in 
all ,  including 747 hours as co-pilot on the 
Loc kheed L-188C. 

Weather 

The conditions a t  Cairo Airport at 
0411 hours (the time of the accident) were  
as follows: 

surface wind 330 .1  8 kt 
visibility 10 km 
clouds 4 /8  stratocumulus 
baae  of clouds 600 m 
air pressure 1014.4 m b  
tempe ratute 20' C 
weather conditions favourable 
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Runway 3 4  - Cairo - Landing Chart 

KLM Nav, 1 1  15/60 (visual manoeu- 
vring chart) concerns the visual approach 
procedure for runway 34. 

The chart which was on board the 
aircraft  contained the following informa- 
tion: 

a) landing runway 34 i s  not equipped 
with special landing aids, e .  g . 
LLS; the runway length is 2 500 m, 
the threshold i s  situated at an alti- 
tude of 333 f t  (100 m); the runway 
has a downslope of 1.670; 

b) during the approach to runway 34 
a right-hand circuit rnust be 
flown; the visual manoeuvring 
chart recommends that the down - 
wind leg of the circuit be flown at 
1 200 f t  (365 m), that the descent 
be  commenced during the right- 
hand turn and that a glide path of 
3' be maintained during the final 
approach; 

c) t o  the south of the airport the area 
slopes upwards in a series of sand 
dunes. On the chart the level is 
marked by iines indicating differ- 
ences in height of 100 i t;  

d) about 4-112 km from the beginning 
of runway 34, at an altitude of 
636 ft (193 m), a red obstruction 
light has been placed on the ridge 
of a hill;  this light is an occulting 
light and i s  of low intensity; 

e) the aerodrome has been provided 
with the usual night lighting; only 
runway 23 is equipped with 
approach lighting. 

A KLM Notam, dated 9 June 1961, 
pr tmulqated the following information c un - 
cerning runway 34 at Cairo: 

"Runway 161 34 available length 
2 500 rn. Threshold runwa.y 3 4  marked hy 
gooseneck f lares on each s ide  and the  first 
500 m lCAO m a r k e d .  

Take -off Jiatance 8 70il Li, 1,  L!?o 
downslcpe. " 

The pilot-in-command knew of this  
data. He also knew that instrument runway 
05 was not in use because of repairs.  

Reconstruction of the flight 

The flight was uneventful until the 
approach at Cairo. The aircraft  contacted 
Cairo Approach when about 35 NM out and 
was cleared to continue i ts  descent to 610 m 
to the radio beacon near the airport. It 
also received the latest information on the 
air pressure (QNH 1014. b mb), the prevai l -  
ing surface wind (350°/6 kt) and the landing 
runway to be used (runway 34). 

The captain had familiarized himself 
with the approach procedure as shown in 
the KLM route manual. He understood from 
the chart that a right-hand circuit had to be 
made. 

He intended to fly to Cairo  Range first 
and then to approach the airport along the 
southern leg of this beacon. As soon as t h e  
airport was sighted he would change hia 
heading 45' t o  the le f t  to enter the ci rcu i t ,  
and would then car ry  out a normal right- 
hand circuit to runway 34 visually. He 
intended to maintain an altitude of 610 m 
(2  000 f t )  during the flight on the downwind 
l eg  and on base l eg  until he had obtained 
visual contact with the runway. H e  would 
then reduce power and lower h i s  landing 
gear to c a r ry  out a steep approach to the 
runway. He realized that the approach pro- 
cedures . 30~ ld  have to be carried out over 
an up-sloping hilly area and that when carry- 
ing out t h i s  left-hand turn to downwind leg 
he would, from his position in the left-hand 
seat,  l o s e  sight of the runway. Therefore, 
he would ask the co-pilot to tell him when 
the right-hand turn to the runway, following 
the downwind leg, would have to be started. 

At 0409 hours ( local  time) the pilot 
reported tha? the aircraft had passed the 
range beacor ar 610 m (2 OLIO ft). It pro- 
bably passed it within one mile. The a i r -  
c raf t  was t h . - . k  clpared for t t e  approach 
procedure. i h e  exact  wordirlr: of the clear- 
ance i s  not known. The radic. :r;g-book entry 
reads :  "you a r e  cleared for a standard bea- 
cop approach runway 34". However ,  the air 
! :-af fir. cont ro l le r  or1 duty dec1a:t.d that tile 
a i r c ra f t  was <-leared ''ior a visua l  culltact 
approacll".  
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At 610 m t h e  aircraft was levelled at 
a speed of 150 - 160 kt; the engine power 
being about 1 000 hp per engine. Not until 
quite close to  the a i rpor t  and nearly over 
i t  did the  captain see-the airport lighting, 
and changed his heading a b w t  40' to  the 
left to make the right-hand circuit.  Prior 
to passing the range beacon the wing flaps 
w e r e  put in the approach position at an 
altitilde of about 1 830 m ( b  000 ft). The 
aircraft then continued to f ly horizontally 
following the new heading, The co-pilot 
was requested to "keep the runway in sightf' 

Applying normal procedure,  the air  - 
craft would enter the right -hand turn for 
the final approach about 30 seconds after  
pas sing the runway threshold. Although 
the captain knew from experience approxi- 
mately when h e  would have to initiate the 
circuit  he waited for  a sign from his co-  
pilot. 

In the meantime, at 0410 hours local 
time the co-pilot reported to the Cairo 
Tower that the a i rcraf t  was downwind, T h e  
tower gave the surface wind a a  330" 18 kt 
and instructed the flight to report on final. 

Shortly thereafter the pilot-in-corn- 
mand commenced the right-hand turn and 
before he sighted the runway, gave the 
order for the lowering of the landing gear 
and reduced the engine power to 100 - 
200 hp p e r  engine. 

The aircraft struck the ground (at  
041 l hours local time) and caught fire, 

At the si te of the accident 

Piecea of wreckage were scattered 
over a distance of 360 m, over three  hills 
and the valleys in between. The fuselage 
had fallen into three parts. An attempt- 
was made to establish the positions and 
indications of the instruments,  levers ,  
switchen and the cantrols. The readings of 
the power indicators and the damage t o  t he  
propellers led to the conclusion that the 
engine power was low, i. e .  probably less 
t han  170 hp. Examination of the a l t imeters  
did not provide any definite conclusion a s  to 

their condition prior to impact. It was 
believed likely that they did function cor -  
rectly a t  that time, The airspeed indicator 
on the left-hand instrument panel was s t i l l  
in good condition af ter  the accident and 
functioned within the appropriate limits at 
the examination, 

The right -hand circuit 

As runway 34 was not equipped with 
radio navigation aids, a visual  approach 
had to be made. It was a dark night and 
there were  no means of orientation other 
than the airport lighting and the runway 
lighting. The red light, 4. 5 k m  aoutheaat 
of the runway was of too low an intensity 
to be considered reliable as a means of 
orientation. 

The fact that the runway had to be 
approached in a right-hand circuit  was a 
disadvantage to the pilot-in-command (in 
the left  seat). The pilot had to rely on 
instruments until immediately before the 
end of the right-hand turn, i. e. the moment 
when he would get sight of the runway, 

The pilot had instructed the co-pilot 
to "keep the runway in aight" and w a s  poai- 
tive in his statement that the co-pilot had 
indicated the moment when the right-hand 
turn should be commenced. This statement 
was not confirmed by the flight engineer nor 
by the flight navigator /flight radio operator, 

Reconstruction of the flight path 
{see  Figures 5 and 6) 

From the marks on the ground i t  w a s  
inferred that at impact the aircraft  was on 
a 225' heading, the angle of bank was 22' 
and the ground apeed w a s  159 kt, The flapa 
were  in the approach position, and the  land- 
ing gear w a s  down. The wind w a s  330' 18 kt. 

This data gives a flying speed and a 
heading at time of impact of 81 m/sec  and 
228' respectively. From the angle of bank 
a t  th i s  flying speed follows a rate of turn of 
2.80' per second, so that the duration of a 
turn of 180' was 64 seconds, which i s  in 
accordance with the duration of the normal 



100 ICAO Circular 69-AN/61 

procedure, which takes 60 seconds. From 
the speed and the bank a radius of 1 650 m 
in front of the runway and in respect of the  
air can be infer red. Assuming that speed 
and bank were kept the aarne during the 
turn and taking due account of the wind, it 
follows from this radius, from the heading 
a t  the moment of impact, and from the pro- 
bable point where the downwind l e g  of the 
circuit waa commenced that on the track 
prior to the turn the track was 123. and the 
heading122'. Thisheadingdiffers 40' 
from the direction of ruhway 16, the oppo- 
site of runway 34, which concurs with the 
statement of the pilot-in-command that he 
changed his heading about 45, to the left, 
afterhereachedtheairport. 

The change of heading between the 
beginning of the circuit until the moment 
of the crash was 228' - 122' = 106', a t  the 
rate of turn ae  reconstructed, reached in 
38 seconds. 

If the aircraf t  had not lost height, it 
would have come right in front of the run- 
way when continuing the circuit, This 
shows that t he  pilot-in-command flew the 
circuit correctly, 

The intended approach procedure 

Whea,planning the landing the pilot 
coneulted KLM visual manoeuvring chart 
No. W/5-60 which gives the following pro- 
cedure as an example: 

"Downwind leg at an altitude of 
1 200 ft (365 m) during 30 second8 
after passing the runway threehold 
at a speed of 150 kt; descend to  
700 ft (213 m) during the right-hand 
turn at a rate of de~cent  of 152:60= 
2.5  m per second; approach to the 
runway under an angle of 3 * ,  a t  a 
rate of descent of 4 m/sec. " 

The pilot of PH-LLM intended to 
deviate from this example, because with 
the up-doping a r ea  south of the runway, 
he preferred to fly at a greater altitude on 
the downwind leg. He  intended to maintain 
an altitude of 2 000 f t  (610 m) on the down- 
wind leg and not to commence t he  descent 

before he had the runway in sight when turn- 
ing and to then approach the runway in a 
steep descent. In the turn he would not be 
able to see the runway through the side win- 
dows because of the bank of the aircraft. 
He would only be able to have the runway in 
sight through the front windows when his 
heading would be about 280'; the runway 
would then be about 55' to the right of his 
he a d i g  . 

Reconstruction of the flight path show- 
ed that at that time the aircraft would have 
been about 3 . 4  krn from the runway threshold. 
Reckoning with the wind, it would have taken 
about 45 seconds to reach the runway thresh- 
old. 

The pilot stated, during the investiga- 
tion, that he had calculated that decreasing 
his engine power to  between 100 and 200 hp 
per engine, he would have a speed descent 
of 2 000 fpm ( l ~ m / s e c ) .  Over the runway 
threshold, therefore, he  would have lost 
about 450 m of height, and his altitude would 
then have been reduced to a good 150 m. 
The runway threshold i s  at an altitude of 
333 ft (about 100 m), Also due to the fact 
that  the  steep flight path for the landing had 
to be completed it follows that a rate of 
descent higher than 10 mlsec would have 
been required during the first part of the 
final approach to be able to fly the aircraft 
over the runway threshold a t  an appropriate 
altitude. 

This could have been achieved by fully 
lowering the wing flapa. A final approach 
thua executed, with a rate of descent of 
about 10 mlsec,  deviated greatly from nor- 
mal practice and also from the rate of 
descent of about 4 m/sec as recommended 
b y  the KLM manoeuvring chart. The Board  
wondered whether the pilot had realized that 
his intended procedure had to lead to a rate 
of descent which would be considerably 
higher than that which is usual for landings. 

Actual final approach procedure 

The pilot carried out the procedure 
in another way to that planned, At the 
time the aircraft  contacted the  ground it was 
a t  an  altitude of 520 f t  (158 m), It should 
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have been at an altitude of 2 000 f t  (610 m), 
The landing gear had already been lowered, 
and the engine power had been reduced. 
F r o m  the statement of the flight engineer 
i t  appeared that before impact the pilot had 
reduced the engine power from 1 000 hp to 
between 100 and 200 hp per engine. The 
flight engineer was positive on this point 
because h e  had for some time been expect- 
ing to have t o  suppress a possible negative 
power. The aircraft15 loss of height and 
the flight engineer's statement prove, 
undoubtedly, that the pilot deviated from 
his plan not to lower the landing gear nor  
to reduce power until he was in sight of the 
runway. 

Trials w e r e  made with the Lockheed 
Electra at Schiphol Airport on 12 July 1961. 
The aircraft was loaded the same as the 
subject aircraft ,  The trials showed that 
with flaps in  the approach position and the 
landing gear towered, the rate of descent 
at an engine power of 100 hp and a deeig- 
nated speed of 160 k t  in a right-hand turn 
and banks of 15', 20' and 30' was 10.6 m/ 
sec (between 2 O O O a n d  2 200 fpm). This is 
a similar situatian to that in which PH-LLM 
was at the time of the accident. 

The difference in height between the 
aircraft's  altitude on the downwind leg 
(2 000 f t )  and that a t  the point of the crash 
(520 f t )  is 450 m, so tha t  i t  must have been 
descending f o r  42 aeconda. As the turn 
took 38 seconds, it can be concluded that 
the power reduction and the lowering of the 
landing gear must have taken place about 
simultaneously with the initiating of the 
right- hand turn. 

The pilot appears to have initiated 
the s t e e p  descent about one minute before 
the time he intended. H e  initiated the 
'descent in accordance with the recommend- 
ed procedure of the KLM manoeuvring 
chart but a t  a rate of descent in accord with  
his  planned procedure which was 2, 5 to 
4 times the rate of descent of the procedure 
of the manoeuvring chart. 

The discord between intention and 
execution did not make the collision 

unavoidable because the pilot, who was fly - 
ing m a i n l y  I F R ,  should have been warned of 
the dangerous situation which waa develop- 
ing by reading the rate-of-descent indicator 
and more particularly the alt imeter,  oo that 
he could have taken corrective action. The 
fact that he did not notice this warning indi- 
cates that he did not pay adequate attention 
to  these instrument readings for more than 
half a minute and during a flight which he 
had to carry out mainly on instruments. 

Considering the accuracy with which 
the circuit was flown, he would have paid 
due attention to the airspeed indicator and 
the turn indicator. 

The neglect of the altimeter and the 
sate-of-descent indicator gives the impree -  
aion that not only after the accident but also 
during the approach, the pilot was unaware 
that he had commenced the d e ~ c e n t  that 
steeply. 

The fact that the descent was made 
over an up-sloping area cannot be consider-  
ed as the direct cause of the acc ident .  

If the accident area had been at the 
aame altitude as the runway threshold the 
collision would have occurred 6 seconds 
later,  the difference i n  altitude only being 
187 f t  (i. e.  57 m). The heading of the air- 
craft would then have been 245' so that the 
pilot-in-command would not have had sight 
of the runway either, and would not have 
had occasion to take corrective action during 
these six seconds. 

Conclusions 

The pilot-in-command deviated with- 
out known reason from his intended approach 
procedure, which included a steep descent, 
He actually commenced  thir der cent one 
minute ear lie r than intended. 

His intended approach procedure 
meant that a rate of deacent of more than 
10 mlsec had to  be appiied, which rate of 
descent is considerably h i g h e r  than the 
usual one under normal circumstances and 
than the rate of descent recommended for 
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Cairo Airport on the KLM manoeuvring 
chart. The Board did not believe that a 
right-hand circuit carried cu t  by a pilot in 
the left-hand seat was dangerous. This 
accident was not caused by this circurn- 
stance, 

Probable Cause 

The accident was caused by the pilot- 
in- c omrnand's inattention to h i s  instsu- 
ments. 

Follow-up disciplinary action 

The yilot-in-command sustained 
such injuries in this accident that it is 
assumed that he will not be able to a c t  as 
a commercial pilot again. The serious- 
ness of the mistake which was made and 
the grave consequences thereof have the 
inevitable result, however, that the pilot- 
in-command had to be punished discipli- 
narily . The refore, his licence (entitling 
him to act as pilot-in-command of an air- 
craft) was withdrawn for a period of three 
months. 

lCAO Ref:  AR/743 
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KLM, ELECTRA, P H - L L M ,  12/6/61 

i 
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FIGURE 5 



KLM, ELECTRA, PH-LLM, 12/6/61 
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Air Cameroun.  Douglas C-54. TJ-ABC. accident at ., 
T o u a l a  Airpor t ,  Cameroan, 13 June 1961. 

Report reTeased by the L)irector of Civil Aviation, Cameroon. 

Ci rcumstances  

The flight was the l a s t  being m a d e  
in order to  complete the pilot 1s t raining 
for a DC-4 type rating. The c r e w  consis- 
ted  of an ins t ruc tor ,  the t rainee-pi lot ,  a 
radio operator and an engineer ,  

The f irs t  training session of the day 
had taken place during the afternoon from 
1638 - 1755 hours at which time t h e  pilot 
had performed ten take-offs and landings 
for the ins t ruc tor  including several with 
one engine inoperative and the propel le r  
feathered. C i r cu i t s  had been flown at 
heights between 150 and 200 f t .  

The second part of the session was 
to include take-offs with one engine on 
reduced power. 

Following a twenty-minute break, 
the a i r c ra f t  took off from runway 1 2  at 
1816 hours ( i . e .  at night),  f l ew along its 
extended centrel ine,  made a 180" tu rn  and 
landed in the opposite direct ion on runway 
30 at 1826 hours.  After making a half- 
turn at the end of the runway, t he  a i r c ra f t  
took off at 1831 hours  from runway 12. 
According to the cont ro l le r  in the tower 
and to wi tnesses ,  the aircraft  lifted off 
only in the last quar t e r  of the runway in 
a very shallow climb. Twenty seconds 
after take-off and slightly t o  the left of 

. the runway centrel ine,  a ball of fire was 
seen. This was followed by a ground fire.  
The four c r e w  were killed instantly, and 
the sole passenger aboard was fatally 
injured in the accident which occurred at 
1833 hours GMT. 

trees 50 m o r  m o r e  above the aerodrome 
level .  

The Airc ra f t  

The cer t i f ica te  of a i rwor th iness  
delivered 24 April 1961 for the aircraft 
was marked l lprovisional  document" being 
the "equivalent of a permit", The l a s t  
airframe inspection had also taken place 
on 24 April 1961. 

Since the last periodic inspection of 
the power plants they had flown - 

No. 1 37.55 hours No. 3 31.55 hours 
2 33.55 hours 4 37.55 hours 

The prope l l e r s ,  since the l a s t  over- 
haul and periodic check, had completed 
the following number of hours service:  

No. 1 3 547.24 h w s  No. 3 1 849.40 
2 869.09 hours 4 1 1 8 8 1 1  

Crew Information 

The instructor held a valid airline 
transport pilaf ls l i cence ,  an a s s i s t an t -  
ins t ructor ' s  rating valid untiI 29 July 1961 
and was authorized to check the ability of 
the company's  pilots on DC-4 a i r c ra f t .  
He had flown a total of 1 3  412 hours inclu- 
ding 2 750 at night. During the two months 
preceding the accident  he had flown 192 
hours on this  aircraft type. His total hours 
flown on this type (as en te red  in his log  
book) was 212 since October 1958. 

The wreckage was located about The t ra inee-p i lo t  held a valid a i r l i ne  
1 500 m from the end of runway 1 2  and t r anspor t  pilot's l icence  with a type rat ing 
500 rn t o  the  left of i t s  cent re l ine  amid for  C-46 aircraft issued on 1 June 1961. 
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His total number of hours flown amounted 
to  about 14 965 of which 1 142 hours had 
been flown by night. On the DC-4 aircraft  
he had flown 62.35  hours (dual controls), 
two hours having been flown within the 48 
hours preceding the accident. 

The two other crew m e m b e r s  
aboard, i. e .  the radio operator and flight 
mechanic, also held valid licences a r  
had the following experience:  

radio operator 10 380 hr  by day 
474 hr (par t ia l  n ight)  

He had flown 53 hour s  on t h i s  a i r -  
craf t  type during the two months 
preced ing  the accident.  

flight mechanic 11 523 hr by day 
650 h r  (by night) 

Dur ing  the two months prior to the 
accident he had flown 333 hour s  on 
the DC-4, 

Reconstruct ion of the final flight 

The afternoon's t raining session was 
interrupted by an incident with a hydraulic 
lock of No. 4 engine. Because of this the 
engine cou ld  not be restarted, and the oil 
of the lower cylinder had to be emptied by 
counter- rotating the propeller. However, 
according to the chief engineer for Air  
Cameroun, engine No. 4 was operat ing 
normally before the last take-off. 

Power on No. 4 engine was reduced 
during the take-off which took place at 
183 1. The aircraf t  had difficulty in lift- 
ing off the ground but f inal ly  became  a i r -  
borne on the last third of t he  runway. The 
landing gea r  and flaps were retracted 
immediately.  It a l so  m a y  be assumed 
that the take-off was performed without 
f laps as the instructor had informed the 
pilot during the afternoon that the nose 
wheel, tended to shimmy at high speed. 
Because the shimmy made it difficult t o  
read the instruments, the instructor inten - 
ded to  have them read off to the trainee- 
pilot .  The aircraft  took off in a v e r y  

shallow climb because of the braking of 
engine No.  4 and the immediate flap retrac- 
tion, and a left turn was initiated before 
reaching 150 ft. 

Approximately 1 200 m from the end 
of runway 30, the propeller of engine No.  2 
slashed a tree, sever ing  it and smashing 
the propeller to pieces. The aircraft  was  
then nosed u p  but s truck  a second tree. 
Momentum was lost, course was altered 
and the aircraft  broke up ,  cutting a swath 
in the trees.  Following the second impact 
the fuel t anks  burst and caught f i r e .  Pro- 
pellers I ,  3 and 4 and engines N o s .  1 ,  2 
and 3 were projected forward; the left 
wing and left wing root ripped f rom the 
fuselage which continued on its path. The 
right wing then smashed against  a tree 
200 rn from the first point of impact and 
fell in front  of the fuselage after losing 
engine No.  4 in its fa l l .  

Findines at the accident site 

The wreckage of the aircraf t  was 
located 1 459 m from the approach end of 
runway 30, its direction forming an angle 
of 20" with the extended runway centre- 
line. 

A tree,  274 m from the farthest 
piece of wreckage (the right wing), was 
s e v e r e d  at a height of 40 m.  Forty-five 
metres closer in, the top of a very large 
tree,  more  than 50 rn high, was broken 
off.  A t h i rd  point of impact  was found 
150 m from the first on a tree 80 cm in 
diameter. I t s  trunk was broken at a 
height of about 15 m. From that point, the 
path of the aircraft ,  which had followed the 
edge of the fo re s t ,  entered into an  area 
consisting mostly of soft wood. The path 
of the machine was thus visible f o r  274 m. 
Debris  was sca t te red  along the  axis of the  
aeroplane's path over a rectangular zone 
about 270 rn by 150 m. 

Two hundred  metres from the 
machine's f i rs t  impact and 15 r n  to the 
left  of the  t r ack  the t h ree  engines Nos. 1, 
2,  and 3 were  grouped in a r a d i u s  of b m .  
Engine No. 4 was ly ing 7 m ahead and to 
the right of the wreckage of the cabin. 
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The propel lers  seemed to be all at 
fine pitch, b u t  the stops of the blades were 
damaged. 

The fuselage, entirely destroyed by 
fire, was 240 m from the first point of 
impact. It had not crashed into the ground 
but slid and tilted to the left. 

The two wings were found with most 
of the ailerons and flaps, the latter being 
in the retracted position. The left wing 
was lying a few metres to the left  of the 
path of the aircraft, 125 m from the f irs t  
tree .  The right wing was to the right and 
ahead of the fuselage, 274 m from the 
point of f i r  st  impact. 

The indications of the aircrafvs 
instruments could not be considered as 
primary evidence but merely as  data in 
support of other positive evidence. 

Probable Causes 

The accident was caused by flight at 
too low a n  altitude during a night training 
exercise. 

According to witnesses, the instruc- 
tor had directed the pilot to c i rc le  the run- 
way at an a l t i tude  of 150 f t  during the f i r s t  
training exercise;  it appears that this 
instruction was maintained f o r  the same 
exercise by night. 

Assuming that take-off was made 
with f laps e x t e n d e d ,  it so happened that  
complete retraction of the flaps occurred 
practically at the time of impact with the  
f i rs t  t ree .  In fact ,  it can be estimated 
that the flight lasted 30 - 40 seconds from 
the time of take-off to impact with the first 
tree. Retraction of the landing gear takes 

' 15 seconds and of the flaps approximately 
10 seconds. Rapid retraction of the flaps 
at low speed causes the aircraft to nose 
down, It is possible that the loss of alti- 
tude occurred just  before reaching the 
curtain of trees.  Flaps a r e  normally 
retracted gradually after reaching a n  

altitude of 200 f t  in visual meteorological 
conditions and 400 f t  in instrument 
meteorological conditions o r  at night, The 

I normal path of  a DC-4 with one engine on 
reduced-power at take-off, climbGg speed 
400 - 500 ftlmin, made it impossible for 
the ai~craft  to  clear the tops of the trees 
which i t struck. 

Assuming the take-off was made 
without flaps - a manoeuvre not recornmen- 
ded during night flights at Douala - the path 
followed would have inevitably brought the 
aircraft into the trees. 

It should be noted that the Ai r  F rance  
Dd -4 Manual prohibits counter- rotating 
the engine propeller in case of hydraulic 
Iock; th i s  manoeuvre me rely forces the 
oil into the intake pipe and can render the 
engine inoperative. &en though this  p ra- 
hibited manoeuvre was followed, it does 
not appear that it was one of the causes of 
the accident; the incident would most c e  r- 
tainly have occurred during the first aero- 
drome circuit after the return to the park- 
ing area. 

En conclusion, it appears that the 
accident should be ascribed to lack of 
seriousness and judgement on the par t  of 
the instructor.  

Pilot fat iguc may also be invoked 
after a two-hour training flight at very  low 
altitude under the con stant supe mi s ion of 
the ingtructor. The pilot was  a very 
serious, methodic and calm flier, but he  
did not have sufficient authority to  d i s -  
regard the unduly risky manoeuvres urged 
upon him, as confirmed orally by a flight 
mechanic who had flown with the crew 
involved i n  the accident. 

Recommendat ions 

Instructor ratings 

It i s  essential that instructor ratings, 
even provisional ones, be issued with the 
greatest caution. 
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Search and rescue services  along one of the sides of the extended run- 
way centreline (road usable over 1 800 m), 

Conside ring the difficulties of a c c e s s  
it is recommended that  500 m access ways, 

to the accident site, the search and rescue which can be used by jeeps,  be provided at 

services  arrived without undue delay. No right angles to the extended centreline at 
vehicle was able to  reach the wreckage. approximately 300 m intervals i .  e .  up to 
The passenger, who was s t i l l  alive, was the edge of the take-off flight path. 
transported under extremely difficult 
conditions. Fire f ighting services 

The f ire fighting services should be 
In order  to provide far more rapid provided with strap-on portable extin- 

assistance to  aircraft that may crash guishers and powerful lighting equipment. 

ICAO Ref: ARf  7 11 

Training 
Take -off 
Collisjon - trees 
Pilot - operating recklessly - 

carelessly (unsafe manoeuvres 
at low altitudes) 



FLOOR OF PASSENGER C O ~ P A R T M E N T  W I T H  UPPER PART MXSSTNG 

FOEWARD FUSELAGE AND NOSE WHEEL 
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No. 19 

Continentale Deutsche Luftreederei ,  G. m.b. H. , Douglas C-54 (B-DC), D-ABEB, 
accident Z NM from the threshold of runwav 0 (. Kano A i r ~ o r t .  Nigeria on . - 

11 June 1461. Report released by The Ministry of Transport and 
Aviation, Nigeria. 

Circumstances 

The aircraft was on a charter flight 
from Hamburg, Germany to Leopoldville, 
Congo via Luxembourg, Tripoli and Kano. 
It carr ied a pilot-in-command, two co- 
pilots, two mechanics and two passengers. 
The passengers boarded the flight at 
Luxembourg when some cargo was taken 
on as well. 

During a night approach to Kano Air - 
port the aircraf t  undershot runway 07 and 
crashed a t  2223 hours GMT about 2 NM 
from its threshold. F i re  broke out, One 
of the passengers was killed, and a me- 
chanic waa seriously injured. 

Investigation and Evidence 

The Crew 

The pilot-in-command has consider- 
able flying experience. h l i z o g  book was 
lost in the accident, but he states that his 
total flying hours amount to about 13 000 
of which 3 500 - 4 000 hours were as pilot- 
in-command and co-pilot on DC-4 (C-54) 
aircraft. In the las t  six months he has 
flown 500 - 600 hours and in June, the 
month of the accident, he had flown 80 
hours up to the time of the accident. 

He holds a German Airline Trans- 
port Pilot's Licence valid until 1 October 
1961, which contains a current ins t rument  
rating renewed on 30 April 1961 and is 
endorsed for DC-4 aircraft as pilot-in- 
command. 

The co -pilots 

valid German Commercial Pilot Licences 
with current instrument ratings and are 
endorsed as f i rs t  officers on D C - ~ I ~ ,  They 
have flown 3 000 and 1 100 hours in all, of 
which 600 and 300 hours respectively were  
flown on DC-4's.  

The Aircraft 

Since manufacture the aircraft  had 
flown 32 850 hours, 800 of which had been 
flown since las t  overhaul for the renewal 
of the Certificate of Airworthiness. About 
18 hours had been flown since the issue of 
a Certificate of Maintenance on 16 June 
1961. The aircraft  hadbeen maintained in 
accordance with the maintenance schedules, 

Loading 

The distribution and securement of 
the cargo had been supervised by one of 
the co-pilots and checked by the captain. 
The latter had refused to load a ground 
power unit and two wing jacks, totalling 
950 kg, at Luxembourg. 

No arms or ammunition were carried 
on the flight. 

On take-off from Idris Airport  for 
Kano the aircraft's weight was 32 845 kg, 
approximately 335 kg b l o w  the maximum 
gross take-off weight of 33 180 kg. Fuel 
for the trip was calculated as 4 765 kg, 
and the landing weight a t  Kano as 28 080 kg. 
Because of the extra 1 hr 2 3  min which the 
flight took, the landing weight a t  the time 
of the accident was estimated aB 27 540 kg, 
The centre of gravity was calculated a s  
being within the p r e s c r i k d  limits. 

Both first officers, who shared the 
duties of co-pilot during this flight, have 
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action. " The captain's last  recollection 
after the aircraft  had struck and just 
before it came to  rest was the altimeter 
reading 1 850 ft. 

Evacuation and Rescue 

When the aircraf t  c a m e  to r e s t  the 
captain, the two co-pilots and one mechan- 
ic got out through the right-hand cockpit 
sliding window. The two passengers had 
been sitting in adjoining seats in the sec- 
ond row port side forward of the passenger 
cabin. The pert inner propeller had 
pierced the fuselage and struck one of the 
passengers, The other paBsenger, after 
trying in vain to extricate his fellow pas- 
senger, was finally forced to break down 
the door leading to the flight deck and got 
out through the port cockpit sliding window. 
Later he,  the captain and one of the f i rs t  
officers re-entered the aircraft and 
attempted to rescue the injured passenger 
but were driven back by  the flames. The 
captain and the uninjured passenger then 
tried to reach him through the hole torn in 
the fuselage side but found it impossible. 

The second mechanic, who was  sit- 
ting in a rear seat on the port side of the 
passenger cabin, had been flung out when 
the fuselage broke open and was severely 
burned by an exploding fuel tank. 

The airport fire and rescue vehicles 
ware  alerted by the Kano A i r  Traffic Con- 
troller when the accident occurred and p ro-  
ceeded to the scene of the accident as quick- 
ly a s  possible. Civilian rescuers  w e r e  
first  to arrive. 

The Scene of the Accident 

The f irst  point of impact was two 
* trees 12 100 ft from the threshold of run- 

way 07 and 1 925 ft to the north of the 
extended centreline. The point of impact 
was measured and found to be 60 f t  above 
the official aerodrome elevation of Kano 
Airport (1 563 ft amsl) and the wreckage 
trail was on a heading of 97OT. The wreck- 
age trail  extended for about 230 yd. The 
two t rees  had been struck by both landing 

gear legs about 6 ft above ground level and 
indicated that the aircraft  had been banked 
slightly to starboard at the time. The star- 
board wing had afterwards been severed 
outboard of No. 4 engine by striking another 
tree, and this had caused the a i rc ra f t  to 
s lew round with the result  that the tail had 
been severed from the fuselage when it 
struck a tree 120 yd further on. The 
remaining forward section of the fuselage, 
with the port  wing still attached, had final- 
ly come to res t  in an upright position. 
When the starboard wing became ruptured 
fire broke out immediately, and there were 
t races  of fire the full length of the wreck- 
age trail. The main wreckage sustained 
extensive fire damage, and the main for - 
w a r d  fuselage and cockpit were burned out, 
The length of the wreckage trail indicated 
that the impact speed had been of a corn- 
paratively low order - probably less than 
120 kt. 

All the instruments were severely 
damaged by fire and, with the exception of 
the two altimeters which were both found 
set  to 29. 92 in. Hg. provided little useful 
evidence. 

The domes of the four propellers 
were removed, and their blade settings on 
impact were  checked. They were found to 
be in the fine pitch range about 30° and 
their damage indicated that they w e r e  
operating under a high degree of power on 
impact. 

The Final Approach - Discussion of Evi- 
dence 

Because of the tape recorded mes- 
sages between Kano Tower and the aircraft 
it was possible to plot with reasonable accu- 
racy the position of the aircraft along the 
final approach. 

Considering all available evidence, 
the Board was  of the opinion that the rate 
of descent of the aircraft  during the final 
approach was around 470 ft  pe r  minute, 
which agreed w i t h  the pilot's statement 
"between 300 and 500 ft per minute", and 
that the accident occurred within a few 
seconds of 2223:25 hours. 
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The procedure approach carried out 
by the aircraft w-as not irl accordance with 
the standard procedure laid down by the 
State. The aircraft, having elected to 
carry out a procedure approach, was in- 
structed by the . , w e r  to report outbound 
over the KA beacon at 4 000 i t ,  heading 
246' magnetic. At  t h i ~  time the aircraft  
had already passed the KA beacon at 5 000 
ft having approached on a VOR radiaI of 
201°. It had then turned onto 246O m a g -  
netic to commence the procedure approach 
and its descent, It actually reported 
"beacon outboundt1 two minutes later, im- 
mediately followed by "leaving 4 000 ft" 
when i t  was in the procedure turn. This 
careless reporting meant that the aircraf t  
was not where the tower controller had 
been led to believe it was, at a time when 
the controller was having to use the posi- 
tions and heights reported to effect sepa- 
ration between D-ABEB and another 
air craft. 

It has been found impassible to plot 
the outbound track of the aircraft with anv 
reasonable accuracy. At the time it com- 
pleted its procedure turn, it should have 
been 7-1/2 N M  from the KA beacon; in 
actuality, a t  the time i t  reported "beacon 
inbound" at 2 2  19:28 hours it was approxi- 
mately 8- 1/2 NM from the KA beacon and 
1 mile north of the extended centreline of 
runway 07; but before this, at 2218:06 
hour s , when it obtained a bearing of 240°T 
i t  was approximately 10- 1/2 N M  from the 
KA beacon and j u s t  south of the extended 
centreline. (See Figure 9 ), 

Due to the bearings that the aircraf t  
obtained during i t s  final approach it has 
been possible to plot i ts  inbound track. 
(See Figure 9 ) .  It will be seen that the 
aircraft tracked away from the centreline 
until it was about 1 - 1 / 2  NM north of the 
centreline at a distance o f  4-3/4 NM from 
the threshold of runway 07. It later 
appears that the aircraft did not turn in 
towards  runway 07 until just after the last 
bearing 2 5 5 O ~ ,  when it reported i t  had the 
runway lights in sight. This evidence is 
i n  accord with that of eyewitnesses of i ts  
final approach, and with the heading of the 
aircraft when it first impacted. 

The Board examined the captain's and 
co-pilot's claim that just before the acci- 
dent the altimeter read 2 200 ft QNH (i. e. 
a b u t  637 f t  above official- aerodrome level 
at Kano); they entered cloud; a down-draught 
affected the aircraf t ,  and that they were 
struck by lightning. 

AS both altimeters were found set  at 
the correct QNW (29.92 in, Hg. ) after the 
accident, the Board cannot accept the pas- 
s ibility that both instruments malfunctioned 
at the same time. Technical considerations 
render the possibility too remote. It is 
more than likely, however, that the captain 
saw this height indicated just before he saw 
the runway lights, and that he then concen- 
trated on keeping the lights in view, and 
did not refer to his flight instruments again. 

The darkness or cloud that the air - 
craft  is said to have entered just before the 
accident was probably a simulated effect 
caused by it descending to the level of the 
trees and out of sight of the runway lights. 

That there was lightning about during 
the final approach is not questioned. After 
considering the evidence of witnesses who 
watched the aircraft approach, and those on 
board the aircraf t ,  the Board thinks that it 
is  unlikely that the aircraft was struck when 
it was  at a very dangerously low height. 
They consider that the light that illuminated 
the cockpit was very possibly caused by fuel 
igniting after the integral wing fuel tanks 
had been ruptured by the trees. 

The Board accepts a s  a fact that the 
flying conditions on the final approach were 
turbulent and sufficient to,vary the rate of 
descent to the amounts claimed by the cap- 
tain and the co-pilots. But the captain did 
not have to vary his power during the final 
approach until just before the impact. At 
this point the a i rc ra f t  was critically l o w  as 
noticed by a senior airline captain who 
watched the approach from a positian in 
f ron t  of Kano Airport and stated: ". . . Large 
cumulonimbus with continuous lightning to 
port  of approach path Runway 07 at a dis- 
tance of approximately 5 to  6 miles. The 
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aircraft anti-collision light first appeared In the captain's case he had been sub- 
beneath this Cb and shortly afterwards the jected to over an hour's flying in turbulent 
port light c a m e  into view. It was immedi- 
ately apparent that the aircraft was  very 
low and this drew my attention t o  i t  , . . 
The aircraft was descending in a very 
shallow descent the whole time, and it waa 
obvious that it would hit the ground i f  i t  
continued in the same direction without 
checking the rate of descent (possibly 
about 200 ft  par minute). . . " At such a 
low altitude the aircraf t  may have been 
affected by additional turbulence from 
ground obstructions, and it may well ke 
that a down-draught occurred during the 
last f e w  seconds before the impact, 

F s  

Consideration was given to whether 
the captainls judgement may have been 
affected by tiredneas during the procedure 
approach brought about by the length of his 
flying duty period since leaving Hamburg, 
In considering this question, the Board 
has taken into account the fact that the 
c r e w  stated that the aircraft carried a 
bunk for their  u s e  and that there were two 
co-pilots, though neither of them was qua- 
lified by his licence to act a s  commander 
of the aircraft during the captain's absence 
from the cockpit. 

Allowing one hour for pre-flight pre- 
paration at Hamburg, the flying duty peri-  
od before the accident was 2 6  hours 12 
minutes and, making allowance for the 
captain's claim that he slept for 4 hours 
at  Luxembouxg in the airport building 
while  the aircraft was being loaded, the 
flight duty period after leaving Luxem- 
bourg was 17 hours 34 minutes including 
the 1-3/4  hours stop at Idris Airport dur- 
ing which he was  with the customs officials 
when they searched the aircraft. 

The captain maintains that he was 
not tired, It i s ,  however,  well-known 
that a pi lo t ' e  reactions become progres- 
sively slower the longer ha is subjected 
t o  mental and physical strain. 

conditions at the end of a very long flying 
duty  period (26  hours), and the Board con- 
siders that the procedure approach carried 
out by the captain was not of the quality that 
would have been acceptable for an instru- 
ment rating test, and was not of the type 
that the captain would have carried out if 
he had not been tired, bearing in mind that 
he had been an instrument flying instructor. 
The Board was of the opinion, therefore, 
that the captain's tiredness was a contribu- 
tory factor to the accident. 

Landing lights 

It i s  Left to the discretion of the pilot- 
in-command whether or not he uses his 
landing lights during a final approach to 
land. On this final approach, i t  was clearly 
the intention of the captain to use them after 
he had the runway lights in sight, for he 
reached up ta switch them on but w a s  pre-  
vented from doing so as he had to control 
the aircraft in the turbulence. There was 
no reason, however, why he did not instruct 
the co-pilot to illuminate them, and had he 
done so there is a possibility that the acci- 
dent would not have occurred as he would 
have obtained ground reference, 

Probable Cause 

The accident was the result of an 
error of judgement on the part of the cap- 
tain who, after sighting the runway lights, 
concentrated on keeping them in sight and 
failed to make adequate reference to his 
flight instruments. A s  a result ,  he allowed 
the aircraft to  descend below the obstacle 
clearance Limit of 360 ft. h the darkness 
with no ground reference, the distant run- 
way lights gave him insufficient guidance 
as to h i s  height and angle of approach,  and 
he was unaware that the aircraft had 
descended to ground level. The fatigue of 
the captain and the failure to illuminate the 
aircraft's landing- lights were  contributing 
factors ,  

ICAO R e f  AR/708 
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No. 20 - 
Franscont ines ta l  S. A. de Transportes C, 6 I. , C-46, LV-FTO accident near 

Buenos Aires Airpor t ,  Argentina, on 30 June 1961. Report No. 1477 
released by The National Director of Civil Aviation, Argentina. 

Circumstances and on 30 June 1961 the aircrdt had a total 
of 8 926:40 hours, of which 6 780 hourr had 

The aircraf t  was flying the  last seg- been logged since the last major overhaul, 
ment of a scheduled flight b e t w e e n  Salta 
and Buenos Aires (Ae roparque) Airport The authorized maximum take -off 
with a atop in C6rdoba. It carried 4 crew weight  for this aircraft was 21 614 kg, and  
and31passengers .  D e p a r t u r e f r o m P a j a s  itemaximumlandingweightwar 21546kg. 
Blancas Airpor t ,  C 6 r d o ~ a  was at 1846 The aircraft's actual groat7 weight at time 
hours*, and the aircraft  flew at an =ltitude of take-off from Pajas Blancas was 20 658 kg, 
of 2 700 m making routine contacts  until ~t  i. e. within the permissible iimits. 
approached Buenos Aires Airport whe re  i t  
w a s  cleared for an instrument approach to The Crew 
runway 12. mring the approach, approxi- 
mately 1 300 m f r o m  the threshold of the Four crew members were aboard the 
runway and 175 m to the right of the extend- flight - the pilot, co-pilot and two sfewardes - 
ed runway centreline the aircraft  hi t  a rail- s e s .  Only the two stewardesses survived 
way signal mounted on top of an 8 rn supportithe accident. 
which caused i t  to 10s e the outer part  of i t s  
right wing. The aircraf t  turned about 45' Both pilots held valid airline transport 
to the right,  hi t  a group of trees and te le-  pilot l icences.  T h e  captain had flown a total 
graph lines with its propellers and left of 6 772 hour s ,  and the co-pilot had logged 
wing and fell in a public area where i t  a total of 3 816 hours. From various stats- 
caught fire due to fuel spillage. The time ments it appeared that the ca-pilot was 
of the accident was about 2057 hours. occupying the left-hand seat at take-off and 
Twenty-two passengers and the 2 pilots was still in thia position ten minutes before 
perished i n  the accident, The aircraft was the accident. At no time had either pilot 
destroyed. exceeded the maximum number of houra pex- 

mitred. 
Investigation and Evidence 

The Aircraft 

A 6 000-hour inspection was carried 
out on the a i rcraf t  in February 1961, and 
the aircraft's airworthiness certificate was 
re-validated until 30 September 1961, 

On 28 May 1961 another inspection 
was made a t  the time of the l e f t  engine 
change, The aircraft  continued flying until 
the date of the accident. All  the required 
periodic inspections w e r e  fully recorded 

W-eathe r conditions - 
The weather fo recas t  given a t  time of 

take-off (1846 hours) f r o m  Pajaa Blancas, 
which was to cove r  the duration of the flight, 
wag:- 

overcast;  rain 818; cloud type: stratus 
and numbostratus with a 100 m to 200 m 
ceiling; at 2 500 m there was an 8/8 
overcast of altostratus ; visibility was 
from 2 to 4 km. NO turbulence was 
forecast. 

* All times are local, 
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The conditions at Bueno~ Aires which 
were passed to  the aircraft at 2042 were as 
follows:- 

2000 hours wind ESE 151 20 kt; 
visibility 4 krn; present 
wehher,  rain, over - 
cast 8 f  8 fractostratus 
at 100 m; barometric 
pressure 1021.1; tern- 
perature 10*C; dew- 
point 9'C. 

The instrument approach chart valid 
at the time of the accident was issued on 
15 May 1961 and war in use by the company. 
It showed ae minimum values for runway 12 
at night a ceiling of 130 m and a viaibility 
of 1 500 m. 

Transcontinental S. A. had raised the 
minimum ceiling ta 1 50 m but retained the 
figure of 1 500 m for viaibility. 

The weather conditions at Buenos 
Aires w e r e  below the minima laid down by 
Transcontinental S.A. and alsc below those 
laid down by the official authority, 

The Approach to  Buenos Aires Airport 

From the time the flight contacted the 
control tower and atartcd i t s  approach pro- 
cedure the conversation exchanged between 
the aircraft and the tower was recorded on 
magnetic tape. 

Firart contact with the tower was at 
2042 haurs when the aircraft advised that 
it was over El Mundo radio rtation at 900 m. 
The flight was cleared to deacend to 600 m 
and head for the outer marker "OP". At 
this time the 2000 hour weather observation 
wasr passed to the aircraft. 

At 2048 the flight reported i t  waa over 
the h e r  marker "P-d wauld start its 
turn to fly the outboud leg and would return 
over the same marker "Pt' to check the pas- 
sage. Three minutes later it w a ~  over the 
outer marker "OPo on the outbcund leg at 
an altitude of 600 m. At 2054, still on its 
approach, LV-FTO advised it: w a s  making 

a procedure turn for approach to the aero- 
d rome a n d  would inform when over the outer 
marker "OP", Two minutes later it was 
over the outer marker "OP", in partial con- 
tact, with visibility reduced by showers, 
The tower cleared i t  to final approach 
requesting the aircraft to  report again over 
the inner marker '+Pi'. Nothing more was 
heard from the aircraft. 

Site of the Accident 

The accident si te  was at an elevation 
of 6 m asl, in front of the Balneario railway 
station. Railway tracks which start at 
R e t i p  Central Station pas8 in front of the 
airport and run parallel to the runway for 
its entire length to serve Balneario Station. 
In the station there is a building, 10 m high, 
which is used as a signal cabin. I t  is sur- 
rounded by trees which vary from 10 to 20 m 
in height. A few metres from the station, 
st i l l  in the same direction and at the side 
of the tracks, there is  a semaphore signal 
which is mounted at the top of an 8 m mast.  

The aircraft hit the metal mast ,  its 
r ight wing's outer portion was cut off about 
7 m Erom the tip. The severed portion of 
the wing was carried forward by i ts  own 
momentum and landed upside down about 
50 m from the point of impact. The aircraft 
continued onward, veering to the right and 
after hitting several tree@ with its left pro- 
peller and wing, turned on its back and 
struck the ground with the cockpit roof, pro- 
pellers and engines. The fuel tanka were 
ruptured, and the aircraft was totally 
destroyed in the subsequent fire, 

Both engines were functioning, and 
increased power warn applied a few moments 
before the crash. It was presumed that both 
enginee were atopped following the losa of 
lateral ~tability which was  impossible to 
counter at the time the ~ c r t i o n  of wing and 
corresponding aileron w e r e  torn off. 

Witne s m information 

One witnera on the grour.d, an engine 
driver,  was leaving the Balne:..;io Station at 
2856 h c u ~ s  irrlving a pas sanger train. About 
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150 m in front of the locomotive he observ- 
ed the landing l igh t s  of an aircraf t  which 
was flying above the railway t racks ;  the 
lights were  shining directly on the train. 
At f irst ,  the witness thought it was a low- 
flying aircraft  in normal flight; then he 
observed that, as it approached, it wam 
also losing altitude as i f  to land. For  that 
reason, he turned off the train's headlight 
in order not to blind the pilot of the aircraft  
which, a t  that moment, passed about 3 m 
above the roof of the train cabin. He  saw 
the aircraft  tilt from left to right as though 
i t  had struck an obstacle, and then i t  
straightened out, but he heard a sharp 
noise and fe l t  sure that the aircraft  had hit 
some thing. 

The engine driver and the fireman on 
t h e  same train declared that the weather 
was bad at the time. It was drizzling, and 
visibility was 300 m, 

S o m e  of the surviving passengers 
stated that the aircraft  was flying very low 
before reaching the River Plate stadium. 
They could see the lights of  the Vicente 
Lopez area.  They then passed very low in 
front of the stadium and further along they 
could see the streets of the c i ty ,  vehicles 
and people. At the s a m e  time, they observ- 
ed that the  engines were working perfectly, 
that the undercarriage and flaps had been 
lowered, and the landing lights w e r e  on, 
Later they heard an acceleration of the 
engines, followed by a hard jolt on the 
r igh t  side of the aircraft ,  and had the im- 
pression of making "an about f a c e t 1 .  They 
stated that t he re  was neither f i re  nor 
explosion in the aircraft  before the accident. 

This was confirmed by the statements 
of the two stewardesses. 

Instrument Approach Procedure 

When making the approach, after 
authorization has been received from the 
tower, the outer marker  I1OP1' m u ~ t  be 
passed over at an altitude of 310 m, on a 
heading of 123'. The inner marker  must 
be passed over at a minimum altitude of 
130 m i f  visual contact has not already been 
established with the runway threshold. The 
climb-out should then be made on a heading 
of 90'. The minimum altitude in the area 
i s  600 m. 

b) Performance of the markers  
and of the control tower 

The markers  l fOPii  and OfPBt were 
working perfectly on the day of the accident 
according to the statements of the operator 
in the control tower. This was confirmed 
by the pilots of four aircraft  who ured the 
airport  previously. They landed between 
1950 hours and 2035 hours, i. e .  a few min- 
utes before the arrival of LV-FTO. The 
pilot of LV-FTQ appeared to have some 
difficulty in recognizing the identification 
signal of the marker t tPt'  during his pro- 
cedure approach. However, despite this, 
he heard its emission and identified i t  cor- 
rectly. He then decided to make another 
pass over i t  to complete identification, after 
which he made a turn to locate the i lOP1' 
marker.  

c) Application of the procedure by 
the aircraft involved 

If one plots, graphically, the instru- 
ment approach made by the a i r c r a f t  in accord- 
ance with the communications which were  
sent to the control tower, the location of the 
aircraft  would be above the outer marker  
i fOP1l  in partial contact flight, with visibility 
reduced by rain. (No altitude specified). 
That marker is located in line with runway 
12, at a distance of 7 km from its threshold. 

a) Official approach procedure If the aircraf t  had flown over the mter 
for runway I2 as stated was  published on mbrker "OP" at the altitude prescr ibed by 
15 May 1961 and will remain a temporary the procedure 310 m in a slowly descending 
document until the inner marker "PI1 i s  trajectory 2 .  5 m/sec it should have climbed 
located in its final position, i .  e. in line out if the threahold of runway 12 was not 
with the axis of the-runway. It was 130 m visible at the time i t  reached an altitude of 
to  the left  of that line, 130 rn (critical altitude) atill heading for the 
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inner marker "P'I. How then could i t  be 
explained that t h e  aircraft  struck a railway 
aignal 8 m above the ground and located 
305 m to one side of the inner marker "Pt'? 
It should be remembered that this obstacle 
is not in line with the runway, but offset 
175 rn from its centreline. This means that 
the aircraft was flying to the right of the 
runway, a t  an altitude lower than that pre- 
scribed by the regulations covexing inatru- 
ment approach  procedure^. 

From this, i t  is obvious that the pilot 
abandoned inetrument flying, and did not 
comply with the indication8 of the approach 
chart. Another aircraft  captain who landed 
on the same runway at 2035 hours, just a 
few minutes before the accident to LV-FTO, 
encountered a ceiling of 180 m and eaid it 
wae necessary to make the approach on 
ins trumeptr for thie landing, 

As to whether he should have attempt- 
ed an instrument approach procedure under 
the waather conditions which prevailed a t  
the time, the data reveal that-these condi- 
tions were below permissible limits author- 
ized by the Government office and even 
more below those authorized by Transcon- 
tinental S.A. for a night landing on runway 
12. 

It cannot be doubted that the pilot 
came down lower than the prescribed cri- 
tical altitude of 130 m during the inatru- 
ment approach, aa he hit an obstruction 8 m 
in height. 

Supposing that the captain actually 
crosred the outer marker "OPil at the pre- 
scribed altitude of 310 m, not only did he 
descend lower than the critical altitude of 
130 rn without establishing normal visual 
contact with the runway threshold and with- 
out having passed the inner marker 'fP'L, 
but he did not make a descent at the  pre-  
scribed rate of 2 . 5  mlsec. If he had done 
this after passing the outer marker  at 310 m 
and then descended below the critical alti- 
tude,  hi^ altitude would have been 68 m at 
the railway signal. 

After reading the statements of the 
aircraft's passengerm, it was obvious that 

they identified lights in the Vicente Lopez 
area, and vehicles and people in the area of 
the River Plate stadium. In view of the 
weather conditions, low ceiling, and, at 
times, heavy rain, it must be admitted that 
the identification of such objects could not 
have been possible unless the aircraft  pas - 
sed the outer marker  "OP" a t  an altitude 
lower than that prescribed (310 m). 

Passing the outer marker at a low 
altitude, attempting to continue contact fly- 
ing when weather conditions did not permit, 
and abandoning the protection of the inner 
marker as a control caused the aircraft to 
hit the railway signal. 

Actions of the control tower operator 
and the Transcontinental S. A. dispatcher 
at Buenos Aires 

The tower operator cleared the a i r -  
craft to make an instrument approach but 
did not c lear  i t  to land. 

A s  required by the regulations, the 
dispatcher forwarded complete weather 
information to the Operationa Office in C6r- 
doba so that the aircraft  captain could be 
given the weather situation for the route and 
for  Buenos Aires  Airport as well as for the 
Mar del Plata Airport, the alternate. H e  
could have suggested to the captain that the 
alternate be used, since the weather minima 
a t  Buenos Aires  Airport w e r e  below those 
authorized by Transcontinental S. A. 

However, the explanation he gave in 
h i s  testimony was accepted, i. e .  that he 
spoke to a captain who landed a few minutes 
before LV-FTO arrived. This pilot had 
stated that the actual weather conditiona were 
better than those reported officially, On the 
other hand, the dispatcher knew that the con- 
t ro l  tower had passed the necessary weather 
information to the aircraft in question. It 
showed values lower than those authorized, 
The dispatcher a lso knew that the pilot wae 
aware of this fact, as his operations manual 
gave the values applicable to the various air- 
ports. Furthermore, the pilot was familiar 
with the airport. 
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In a h o r t ,  the dispatcher knew that a as he (the dispatcher) did not wish to  intar- 
procedure approach only had been author- rupt him while he was working out his pro- 
i zed  and that  no clearance had been given blem, However, he would have done so i f  
f o r  landing. H e  also knew that, although the aircraft had been unable to land. 
the  pilot had a partial visual contact. he 
hadto follow tge procedure which, if car- Probable Cause 
ried out correctly made for  a safe landing. 
He said that for this reason h e  did not ~ u g -  The pilot failed to follow the instru- 
gest that the captain change his  des*tination, ment approach chart during the approach. 

ICAO R e f :  ~ R / 7 1 4  
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No. 21 

KLM, DC-8, PH-DCG went a steep climb when cruising over 
the Atlantic Ocean, 1 July 1961. Report, dated 30 July 1963, of 
1 

(Note of ICAO Secretariat: 

Although the following does not actually come within the 
ICAO definition of an accident and, therefore, does not appear 
in the classification tables, the summary is included in che 
Digest to point out the need for pilots to monitor their flights 
continuously. ) 

Circumstances 

At 0710 hours GMT on 1 J d y  1961 
the aircraft Ieft Xdlewrild Airport, New 
Y ork, on scheduled flight K L  622  for 
Amsterdam, with an intermediate stop a t  
Pre sfwick,  Scotland. Around l Q  lO tours,  
while the aircraft w a s  cruising at about 
11 300 m (fl ight  level  370) on the automatic 
pilot, i t  suddently went into a steep cl imb,  
The pilot-in-command, who had one hand on 
the control column, felt a backward blow on 
the column and at the same time saw that 
the artificial horizon on the left instru- 
ment panel had tumbled, H e  immediately 
disconnected the automatic pilot and 
throttled down, whereupon the aircraft, 
which had c l imbed  i 200 f t  in the mean- 
time, resumed a horizontal attitude. A s 
a result of the rotafion produced by this 
manoeuvre the people in the aft end of the 
passenger cabin u:ere thrown against the 

- ceiling and four passengers and a 
stewardess received minor injusie s. 

'The aircraft headed far Prestwick 
with the automatic pilot  switched off and 
landed there at 1258 hours. A check at the 
airport showed that no damage had been 
sustained by the aircraft. 

Probable Cause 

The accident occurred a s  the result 
of jamming of the vertical gyro (through 
rupture of the bottom bearing) which l ed  to 
the automatic pilot giving the hard-over 
signal on the elevator control and sending 
the aircraft into a steep climb. The 
recovery, which was effected by the captain 
switching off the automatic pilot without - 
in accordance with the regulations In force 
at the time - first putting the control 
column into neutral. This provoked such 
a violent rotation of the aft end of the 
cabin that some of the occupants were 
thrown against the ceiling and injured on 
the re bound, 

TC.40 Ref: AIG/ACC ~T?EP/GEN/NO.  2 - The  Nether lands  

Scheduled International 
En route 
Other - fai lure of autopilot 

Equipment and 
accessor ies  - 
instrurr,ents 
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No. 22 

Uni ted  A i r  Lines, Inc. , Douglae DC -8, N8040U, accident at Stapleton 
Air y i e  , enver, o ora o, A) 
Y ulv 

- - .. . 

Circumstances 

On arrival at Stapleton Airfield from 
Omaha, Nebraska,  t h e  airc raf? crashed 
during i ts  landing roll at 1136 hours moun- 
tain standard time. None of the 122 occu- 
pants of the aircraft ( i .  e .  7 c r e w  and 115 
passengers) was severely injured as  an 
immediate result of the impact; however 
t he re  were I 6  passenger fatalities as  a 
result of carbon monoxide poisoning when 
the aircraft burned. One other passenger, 
an elderly woman, broke both ankles d u r -  
ing evacuation of the airplane and later 
succumbed to shock. In addition, the 
driver of a panel truck, which the aircraft 
struck after leaving the runway, also 
suffered fatal injuries. 

Investigation and Evidence 

The Flight 

Flight 859 originated in Philadelphia 
and was scheduled to proceed to Chicago, 
Omaha and Denver. The first two stages 
were completed without incident. During 
taxi, take-off and climb out of Omaha the 
operation of the aircraft  and its systems 
was normal. 

At  about 20 000 f t  the crew noticed 
that the manual reversion lights in the 
flight control system we re indicating that 
the hydraulic boost controls had rever ted  
t o  manual system, and the hydraulic fluid 
quantity gauge indication was  decreasing 
rapidly. They immediately isolated all 
hydraulic systems by placing the system 
selector l ever  in the No. I position, and 
placed engine-driven hydraulic pump by- 
pass switches t o  the "off" position. The 
reading of the hydrau l ic  quantity gauge 
stabilized at the midpoint of the l o w  range 
of t h e  instrument.  

The captain, who had been flying the 
aircraft manually, turned the controls over 
to the first officer while he and the second 
officer evaluated the situation, consulting 
the aircraft  manuals and an operator's 
training bulletin. They decided that they 
had an abnormal rather than an emergency 
hydraulic  situation and, therefore, elected 
t o  continue to Denver rather than return 
and take advantage of the longer runway at 
Chicago. 

During the time the flight was con- 
tinuing to Denver the c rew contacted the 
company dispatcher and discussed the 
situation. 

As it progressed  the crew monitored 
the situation, reviewing the procedures to  
be followed during the landing.  A s  a pre- 
caution, after starting descent into Denver, 
the flight w a s  cleared to hold at 14 000 ft 
in order to check out the hydraulic system 
in preparation for landing. 

The crew then tried to extend the 
ejectors (engine thrust reversing assem- 
blies) by letting the airstream blow them 
back. This was unsuccessful even when 
they increased speed from about 180 kt to 
260 kt. This action undertaken by the c r e w  
was of no value because the system is 
designed to  prevent, by mechanical means, 
blowback of the ejectors under aerodynamic 
loads. After reducing speed again, they 
turned on the auxiliary hydraulic pump. 
Pressure built up to 3 000 psi, steady blue 
lights indicated the ejector€ had extended 
properly, and the hydraulic fluid quantity 
indicator remained constant. 

The captain then called for 15" of 
flap. At the same time the slat extend 
indicator l i  ht c a m e  on and then went out, 
indicating t ! at the wing slots were  open 
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The f i rs t  offices and two male pas- 
sengers held the uninflated evacuation 
slide a t  the forward door and assisted pas- 
sengers from the aircraft. Meanwhile, 
the captain and second officer were  making 
repeated t r ips  into the smoke-filled cabin 
to assist passengers. Finally, no mare 
passengers could be found in the f i rs t  class 
section, by which time flames completely 
covered the forward door. 

The senior stewardess in the first 
class section opened the forward galley 
door, but as flames were  already present 
on the right-hand side of the fuselage she 
did not attempt to use this exit. After 
ensuring that the divider door between the 
f i rs t  class and tourist sections was open, 
she proceeded to assist passengers through 
the emergency exits until she too was 
instructed to leave the aircraft. The other 
stewardesses opened the rear galley exit 
and installed and inflated the emergency 
slide. They then ass is tedpassengers  out 
and away from the burning wreckage. 

Several ground witnesses, some of 
them pilots, confirmed that the approach 
and touchdown were normal and that the 
aircraft rolled straight down the runway 
for a distance of 700 to e00 ft. Their evi- 
dence indicates that the left wing lifted 
quite high ae the a i rcraf t  swerved off the 
runway, 

One passenger, who was seated in 
the forward lounge, stated positively that 
the thrust r e v e r s e r  buckets on both Nos.  1 
and 2 engines did not close. He heard the 
power cut, and the aircraft touched down 
with a hard landing. He also felt the nose 
gear touch down and immediately there- 
after he heard power reappl ied .  At the 

, time of the sound of power he had the im- 
pression of acceleration and thought the 
pilot was executing a go-around. The a i r -  
craft then swerved, and he could see they 
were going off the runway, 

SeveraI fire fighting crews attended 
the aircraft. There was substantial varia- 
tion in the estimated elapsed time between 
the accident and the fire fighting personnel 

being in position to fight the fire. It was 
estimated that the fire was brought under 
control in about 30 minutes. 

Accident Site 

Lnveatigation revealed that the air - 
plane had slid in a curved path to the right, 
off the runway, across a grass st r ip ,  hit 
the raised edge of a newly constructed con- 
crete taxistrip, and had come to rest on 
the taxistrip about 4 950 f t  from the thrcsb- 
old of runway 261A and 400 f t  to the right of 
its centreline. Tire marks on the runway 
were clearly visible as were the tracks 
ac,ross the intervening grass strip, It could 
be seen that the path of the aircraft  over 
the ground curved from a westerly to a 
norfhwesterly heading while the aircraf t ' s  
heading changed from about 260 to 026' 
magnetic. 

AII four t i r e s  on the right main gear 
w e r e  blown out. The skid marks left by 
these tires were visible continuously, 
curving off the runway and across the grass 
to the point w h e r e  the gear failed and sepa- 
rated from the aircraft. The marks left 
by the left main gear tires were intermit- 
tent  and were not discernible as the aircraft 
curved off the runway and across the grass. 
Three of the tires blew out during the skid, 
whilst the fourth ruptured on impact with  
the raised taxiway. The nose gear failed 
during the skid and separated from the air- 
craft. 

Technical Examination - Results 

Three of the four engines w e r e  torn 
out o f  the aircraft and suffered vary ing  
degrees of damage. No evidence of any 
pre-impact malfunctioning was detected in 
the subsequent examination. 

The extensive fire after impact de- 
stroyed a major portion of Ule left wing and 
Ieft  side of the fuselage, from the flight 
deck area aft to the rear  passenger loading 
door. kt addition, the entire inside of the 
cabin was gutted. The fuselage area aft of 
the r e a r  passenger door was crushed 
i n w a r d  by contact with a surveyor's panel 
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truck which was parked 300 ft from the 
runway centreline. The force of this 
impact distorted the rear door lower 
frame, thus preventing the door from 
being opened from the inside. 

Fire damage on the right-hand side 
of the aircraft  was confined to the wing 
trailing edge and flap. The empennage 
was intact, and the control surfaces w e r e  
undamaged. 

Apart from establishing the position 
of the significant controls and confirming 
that the various systems w e r e  capable of 
normal operation, the technical inve s t iga  - 
tion was centred on the hydraulic system. 
An extensive investigation was also con- 
ducted into the crash injury and emergency 
evacuation aspects, Tt was learned from 
the survivors and from the pathological 
study of bodies that the deceleration of the 
aeroplane was not excessively high and 
that no apparent traumatic injuries were 
sustained by the crew or passengers a s  a 
result  thereof. 

Evacuation 

The crew members opened the for- 
ward left main entrance door and the aft 
r ight galley door, while passengers opened 
both of the overwing exits on the right side 
of the cabin. Through these exi ts  106 of 
the occupants evacuated the airplane. All 
of the 39 fir st class pas senger s , three 
flight crew members, and two stewardess- 
es  evacuated through the forward left-hand 
door or through the overwing exits. Sixty- 
two of the 78 occupants of the tourist sec- 
tion evacuated the airplane utilizing the 
two door exits and the aft overwing exit on 
the r ight  side. The entire evacuation was 
complicated by the dense smoke through- 
out the cabin. 

Analy s i r  

The damage to the aircraft  was such 
that i t  was not possible to determine the 
source of the initial loss of hydraulic fluid, 
although some sections of the system could 
be eliminated f ~ 0 m  consideration either 

because they were not utilized during the 
flight o r  were isolated by crew actions. 

Following the initial loss of fluid the 
crew reported that the hydraulic quantity 
indicator was about 1/8" from the bottom 
of the gauge. The hydraulic reservoir 
holds 10 gal of fluid but the minimum fluid 
level which the float transmitter in the 
tank will sense i s  3. 5 gal. The quantity 
gauge dial  presentation consists of an arc 
of 120° with  a "low" and "normal" segment, 
the low end representing the 3. 5 gal-level 
and the high end representing the 10-gal 
level. A change of one gallon of fluid with- 
in these limits would be reflected by 18. 5O 
of movement of the quantity indicating 
needle. 

When the crew extended the ejectors 
no change occur red in the indicated fluid 
quantity level, although about 3/4 gal of 
fluid would be removed from the reservoir.  
Also ,  when the landing gear was allowed to 
free fall, about 1. 6 g a l  of fluid would have 
been returned to the reservoir ,  yet no 
increase was registered on the quantity 
gauge. From these indications i t  appears 
that the hydraulic fluid level must have been 
below the lowest level measurable by the 
float transmitter. 

It also appears that the inability to 
get 2s0 of flap was because the fluid level 
a t  that time was below the taller standpipe 
supplying fluid to the auxiliary hydraulic 
pump inlet. 

The procedures followed by the c r e w  
to prepare the aircraft  for landing were the 
approved procedures based on the informa- 
tion available to them during the flight, 
The shift to the No. 3 po~i t ion  of the hydrau- 
lic system selector was proper and neces- 
sary to ensure positive flap actuation 
during the approach. In this position there 
was no pressure available to the general 
hydraulic system, which powered, among 
others, the ground spoilers,  nosewheel 
steering, and the rudder, Hydraulic brak- 
ing waspavailable from the brake accumu1.a - 
tor. 
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Evidence indicated that after touch- 
down the thrust reverser buckets nn the 
left side of the aircraft did not rotate to 
the closed position. These buckets must 
be closed to deflect engine thrust in a for- 
ward direction. They are actuated by an 
engine air bleed which is connected to the 
bucket only when the ejectors are fully 
extended. If an ejector does not extend 
fully or if it should move forward a a  much 
as 3/8", its gland coupling will  not engage, 
and the thrust revexser buckets will  not 
close. 

The ejectors are hydraulically oper- 
ated. There i s  also an emergency provi- 
sion for extending the ejectors by use of 
the air bottle system, That system was 
not used. Each ejector mechanism has a 
control valve which ports system pressure 
to its actuating cylinder to extend or re- 
tract the ejector. Each control valve incor- 
porates two spring -loaded poppet plunger 
type valves which are solenoid actuated 
alternately to either extend or retract. 
The ae valves are tasted prior to service 
to operate with 3 000 psi applied and the 
Ieakagc rate, after a three-minute seating 
time, to be within specific limits, During 
this test ,  leakage is  greater at Low pres-  
sure and decreases a s  higher pressures 
tend to seat the poppet valves more solidly. 
For this reason, following loss of system 
pressure, the unseating tendency w i l l  per - 
mit iaternal leakage to the return lines. 
Any internal leakage of an ejector control 
valve, under these conditions, has the 
same effect on the adjacent system. This 
is because both ejector control valves, on 
either side of the aircraft, are supplied by 
a common p r e s s u r e  line which incorporates 
two ogposing one-way check valves. One 
check valve permits the introduction of 
fluid pressure, and the other permits high 
pressure air to be introduced as  an alter- 
nate method o f  e jec tor  operation, Any 
leakage by either the one-way check valves 
or the ejector control valves wil l  relieve 
the hydraulic lock feature which is  design- 
ed to hold the ejectors in the extettd p o s i -  
tion when system preasure is lost ,  and 
permit both ejectors on the same side of 
the aircraft to move forward from applied 

forces, These forces include pressure in 
the system return lines, aerodynamic 
loads, and the forward shifting tendency 
upon touchdown and during rollout. 

The ejectors were fully extended and 
remained in this position during the ap- 
proach, as evidenced by the four steady 
blue lights of the position indicating system. 
At the moment of touchdown, however,  the 
second officer recalled seeing ejector 
lights blinking, indicating that one or m o r e  
were in transit, 

The Board believed that the ejectors 
for engines Nos. 1 and 2 did shift forward 
after touchdown and prior to the position- 
ing of the power lever s in the reverse idle 
detent. As a result, when the crew pos i -  
tioned the power levers for reverse  thrust, 
the thrust reverser buckets w e r e  not closed, 
This allowed engines Nos. 1 and 2 to develop 
forward thrust while engines Nos. 3 and 4 
were producing reverse thrust during power 
applications. 

Evidence of asymmetric thrust was 
found in the flight recorder trace, which 
contained unusual fluctuation in indicated 
altitude beginning about 6ix seconds after 
touchdown. Detailed studies of twc other 
recorder traces of DC-8 landings in which 
asymmetric thruet occurred showed almost 
identical trace patterns, whilst study of 
the traces of normal landings d isc losed  no 
evidence of similar aberrations. 

The rapidly fluctuating indicated alti- 
tude ,while the airplane is at constant alti- 
tude, obviously results from the asymmetri- 
cally disturbed airflow at the static ports  
duving asymmetric reversing. 

In order to understand clearly the 
sequence of events which took place during 
this landing, a comprehensive analysis 
was made utilizing flight recorder data, 
t i r e  skid marks, and c r e w  statements. 

Based on t h e  r e s u l t s  of the analysis 
the following conclusions w e r e  reached: 

1, A l l  four engines  w e r e  at or near 
idle forward  t h r u s t  a t  touchtlown. 



2. All four power levers w e r e  placed 
in their reverse idle detents 2 ,  5 
to 3 seconds after touchdown. 

3. 'She thrust reversers  for engines 
Nos, 1 and 2 were inoperative. 

4. Maximum continuous thrust was 
initiated on the inboard engines 
5 seconds after touchdown. 

5. Full manual rudder control and 
differential braking were initiated 
5 to 6.5 seconds after touchdown. 

6, Maximum continuous thrust waB 
initiated on the outboard engines 
5 . 5  to 6 seconds after touchdown, 

7.  The application of maximum con- 
tinuous power to all engines 
resulted in high asymmetric 
thrust for css causihg an uncon- 
trollable lateral deviation from 
the runway. 

From all the evidence it was con- 
cluded that in the subject case the first 
officer apptied reverse, thrust without 
checking to see if the amber thrust revers- 
er indicator lights were on. The normal 
procedure for reversing requires that 
these lights be on before increasing power 
for reverse. Sub~equent to the accident 
the need for close monitoring of these 
lights was re-emphasized by the company. 

The. crew's original diagnosis of the 
trouble was correct in that an abnormal 
hydraulic ~ituat ion existed. Very shortly 
after departing the holding pattern (at  
Strasburg) en route to runway 26L, the 
abnor ma1 situation abruptly developed into 
an emerJency condition. This occurred 
when 25 of flap was selected. When the 
complete loas of hydraulic pressure occur 
red,  the crew should have been aware that 

an emergency situation had developed and 
that a normal landing could not be expected, 

Probable Cause 

The probable cause of thi~ accident 
w a s  the asymmetric thrust which, during 
hydraulic erne rgency, resulted from the 
failure of the thrust reversers on engines 
Nos. 1 and 2 when reverse thrust was 
~elected .  

A contributing factor was the failure 
of the first officer to monitor the thrust 
rever 8e indicator lights when applying 
reverse thrust. 

Follow-up Action 

As a result of this accident the manu- 
facturer made several modiiications to the 
DC-8 systems. These modifications, 
some of which ware instigated by the Civil 
Aeronautics Board, ware made mandatory 
by the Federal Aviation Agency through the 
issuance of Airworthiness Directives, 
These included: a dual source of hydraulic 
power for actuation o f  all wing spoilers 
during landing roll; increased brake accu- 
mulator capacity; a dual source of hydrau- 
lic power for the rudder power system; a 
source of power to actuate nosewheel 
steering when the airplane hydraulic sys- 
tem is being operated with the hydraulic 
system selector handle in the No, 3 pohi-  
tion; additional hydraulic fluid reserve 
capacity with changes in the fluid reservoir 
cpantity indicating ay stern; dampera wher - 
ever necessary in the hydraulic system to 
limit pressur& surges tb acceptable levels; 
and the installation of a power lever thrust- 
brake interlock system to prevent applica- 
tion of reverse thrust untiI the thrust 
reverse buckets arc in the reverse thrust 
position, This interlock also is designed 
t o  return a power lever to the idle detent 
position should the corresponding buckets 
move from the reverse thrust position. 

lCAO Kef:  AR/727 
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Ceskoslovensk6 Aerolinie, Ilyushin 18, OK-PAF, accident south of 
Anfa Airport, M o r o c c o ,  on 12 July 1961. Report released by 

'L'he Directorate of Aviation. Morocco. 

Circumstances 

The aircraf t  was on a scheduled 
flight from Zurich, Switzerland t o  Rabat, 
Morocco carrying 8 c r e w  and 64 passen- 
gers .  At 0101 hours  GMT the pilot sig- 
nalled that  he was going to Casablanca - 
Anfa because of unfavourable weather over 
Rabat - Sale. 

After a balked landing following his 
first approach at Casablanca - Anfa and 
climb back to the safe altitude of 1 300 f t ,  
the pilot requested permission from Anfa 
Airport to land at Nouasseur. During the 
time Anfa control was  transmitting this 
request to the American authorities in 
Nouasseur, the aircraft  crashed at 0 125 
hours G M T ,  in line with runway 03 about 
8 miles from its threshold. Ground eleva- 
tion at the point of impact was 450 ft. All 
occupants oi the aircraft were killed, and 
it was completely destroyed by the crash 
and the ensuing fire. 

Inve stiaation and Evidence 

The Aircraft 

The aircraft ,  built in the U . S . S .  R., 
held a certificate of airworthiness, valid 
until 22 April 1962. It had f l own  about 
268 hours since manufacture. 

A i r f r a m e  checks had been made 
within the prescribed periods.  

The aircraft  was equipped with a 
complete set of instruments, allowing day 
and night, bad visibility and poor weather 
IFR f l igh t s .  

The maximum allowable take-off 
weight of the Xlyushin 18 i s  61 000 kg 

(135 000 lb). At the time of take-off from 
Zurich OK-PAF weighed 59 723 kg 
(132 000 Ib). Its centre of gravity was 
within the permissible limits. From the 
foregoing it was concluded that the a i r -  
craftts gross weight and centre of gravity 
at the time of the accident were within the 
allowable limits. 

When leaving Zurich the aircraft  was 
carrying 15 500 kg (34 200 lb) of fuel. 
Consumption during the flight was about 
9 000 kg (20 000 lb)  dependent on al t i tude,  
speed and weather conditions, which would 
leave 6 000 t o  6 500 kg (13 200 to 14 300 Ib) 
at the time of the landing at Casablanca. 

C r e w  information 

The flight carried a pilot-in-command, 
a co-pilot, a navigator, a radio operator, 
a flight engineer, two stewardesses and  a 
steward. 

The piIot-in-command held a first 
class licence valid up to 26 July 1961. H e  
had a total of 10 560 flying hours, of which 
826 were on the Xlyushin 18. During the 
last  three months he had flown a total of 
100 hours. He  had a total of 208 hours' 
experience on African routes and had m a d e  
four landings at Casablanca - Anfa. 

The co-pilot held a second class  
commercial transport pilot's licence valid 
until 23 November 1961 and was  qualified 
f o r  day and night flights on the nyushin 18. 
His total number of flying hours amounted 
to 6 30 1 of which 223 were on the llyushin 
18. He had flown 125 hours during the last 
three months and 57 hours on African 
routes but had made no landings at Casa- 
blanca. 
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The  navigator, radio opera tor  and 
flight engineer also had cons iderable  
flying expe rience and valid licence s. 

C.  S. A. weather minima for  instrument 
a ~ ~ r o a c h e s  a t  Casablanca - Anfa 

They were  as follows: 

horimntal visibility 1 000 m (3 280 ft) 

cloud base 150 m (490 ft) 
(amount, type a d  height 
above official aerodrome 
elevation) 

These minima, used by the pilot during 
his first  approach, had not been communi- 
cated to the Moroccan authorities for 
approval. 

Note.  - The above minima were  - 
lower than  those currently 
applicable at Casablanca- 
Anfa, which were as follows: 

3 200 m (10 500 ft) 
2 0 0 m (  650ft)  

Weather information 

General weather situation and fore- 
c a s t  at 0000 Rr (midnight] GMT, 
11/  12 July 

"The generally stable weather which 
has prevailed fo r  several days over North 
Africa, including Morocco, will be dis -  
turbed by a mass of polar a i r ,  rather 
extensive fo r  this period of t he  year. Iso- 
bars are changing position relatively 
quickly. " 

"The maritime air  masses which 
have been stationary above the Atlantic 
Ocean will be set  in motion by this cold 
mass, and should cross over Morocco 
during the latter part of the night of 11 
12 July and the morning of 12 July, br ing-  
ing in banks of stratocumulus. " 

The weather i n  Kenitra on 12 Ju ly  at 
0000 hours  G M T  explains t he  fog in Sale .  

In Casablanca the re w a s  low st ratus. 
The ceiling a t  Anfa was 150 m (500 ft) as 
measured by a nephoscope. 

Weather conditions between 0100 - 0200 
hours on 12 July 

Casablanca - Anfa 

QNH: 1017 QNH: 1017 
QAN: calm QAN: calm 

Q3A: 10 km (6.2 mi) QBA: 10 krn (6.2 mi) 

QNY: No QNY: No 
CBB: 7/8 St QBB: 718 St 

150 m (500 ft) 150 m (500 ft) 

Rabat - S a h  

QNH: 1017 QWI: 1017 

QAN: calm QAN: calm 
QBA: zero QBA: No 
QNY: fog (sky visible) QNYt fog {sky visible) 

QBB: clear QBB: c h a r  

Spec iaI meteo rolopical report: 

Deteriorating conditions at Rabat - 
Sale: 

0050 hr QAN: calm; QBA: zero; 
QNY: fog, sky visible; 
QBB: clear 

0150 hr QAN: calm; QBA: 100 m 
(300 ft); QNY: fog, visible 
sky; QBB: zero 

The Flight 

It departed Zur ich  at 2043 hours  on 
I 1  July and the trip was  uneventful up to 
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the time of contact with Rabat - Sale coh- 
t ro l  tower.  At QO3b hours (12 Ju ly)  it gave 
its pos i t io~ i  a s  over Fez and its est imated 
time of arrival in Sale a s  0055 h o u r s .  At 
0100 hocrs the aircraft contacted Sale 
Tower on 118.3 Mc/ s and requested 
weather information. T h e  tower replied: 
"visibility 10 rn ( 3 0  ft), ground fog, clear 
sky." The f l ight then advised it was head- 
ing for Casablanca.  

At 0106 the aircraft  gave i t s  position 
as 5 miles from Casablanca - Anfa, 
requested permission to descend and 
asked for landing instruct ions.  The air-  
c raf t  was asked to cal l  when on the dswn- 
wind l e g .  

F o u r  m inu t e s  later the flight was 
asked t o  call when on final approach and 
was told that he was NO, 1 f o r  landing, 
the surface wind was 040°, 4 kt .  The 
pilot replied that he  would call when over 
the range station. The aircraft flew over 
the field at 0113, and three minutes l a t e r  
the pilot gave h i s  altitude as  400 m 
(1 300 ft) and indicated a ceiling of 150 rn 
(500 ft).  The  flight w a s  advised that cloud 
was 7/8, ceiIing 140 - 150 m (450 to 
500 ft) .  Three minutes later conditions 
were  718, 100 m (330 ft). At 0122  the 
aircraft reques ted  permiss ion  t o  land in 
Nouasseur if possible, and the tower 
asked h i m  ro wait, Two minutes l a t e r  t he  
a i r c ra f t  was asked how much fuel it had 
remaining. It replied it had enough for 
90 minutes. Subsequent ca l l s  from the 
tower remained unanswered a s  the a ir-  
cra f t  had hit the ground. 

The Scene of the Accident 

attempt was mads to rescue the passengers, 
but a f i re  s ta r ted ,  and i t  was impossible t o  
continue operations. 

All persons aboard perished in the 
accident; the injured man succumbed to  
h is  injuries. 

The Wreckage 

The main  wreckage was composed of 
the fuselage, almost comple te ,  with p a r t  
of the s tab i l izer  and the elevator, the fin 
and rudder ,  the No.  3 engine, and one half 
of the main gear twis ted  towards  the rear. 

The fuselage was on its back, in a 
direction which was perpendicular to its 
path, and the underside had been opened 
to remove the vic t ims .  On the right rear 
side, level  with the f in ,  were  traces of  
scraping by high voltage wires .  The cock- 
pit had been ent i re ly  destroyed by fire. 

None of the flight or engine instru- 
ments could be recovered.  Fire damage 
on the main part of the wreckage showed 
that, a t  the outset ,  the fire was not fed by 
f u e l .  It looked l ike an electrical Eire, 
which could have r u n  along s o m e  short- 
circui ted electric wires in the a i r c ra f t ,  
becoming more intense at certain points 
where it was fed by other combustible 
ma te r i a l  (guch as hydraulic fluid], Some 
highly inflammable objects It, g. films and 
records) did not burn, It does not, how- 
ever. seem possible to  eliminate the 
leakage of fuel onto No. 3 engine as a 
contributory cause of the fire. 

Result% of examination of the wreckage 

OK-PAF crashed in line with runway 
03, 13 k m  from its threshold, at an eleva- 
tion of 140 m (452 f t ) ,  

When the police a r r ived  at  the scene 
at 0150 hours, i .  e. 25 minutes  a f t e r  the 
c ra sh ,  they found t h a t  one passenger  had 
been thrown clear of the a i r c ra f t  bu t  was 
seriously injured. C,alls for help were  
heard coming from the wreckage, and an 

The four engines, all propeller parts, 
some radio equipment and other equipment 
located at the rear of the aircraft w e r e  
sent to  Czechoslovakia for examination. 
Representatives from Czechoslovakia .and 
Morocco were present. 

The results  of the analysis did not 
point to sny facts which would have assis- 
ted the investigation. 
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As sumations 

Material failure 

Neither the aircraft nor the radio 
communications gave any indication of 
failure. 

Electrical failure 

This was conaidered but rejected 
for the following reasons: 

1) a complete DC failure could only 
have occurred if: 

a) the four engines had stopped 
when the batteries were 
a1 ready exhausted, or 

b) if shorts occyrred in four 
separate points of the electri- 
cal circuits. 

2) a complete AC failure could only 
have been caused by some major 
disturbance, such as the simulta- 
neous failure of  engines Nos. 2 
and 4, with failure of the PO 1500 
converter, or two simultaneous 
short circuits in separate see- 
tions of the main Lead feeding the 
radio equipment. 

Abrupt manoeuvre to avoid another 
aircraft 

This  would be difficult t o  check. It 
is, however, very unlikely that such a 
thing occurred, a s  neither the area control 
centre nor the approach control centre 
reported any aircraft in the vicinity of the 
aerodrome at the time of the accident. 

Unfavourable weather conditions 

The Commission assumed that the 
pilot may have been in a hurry to land 
because the Anfa control tower had warned 
him of deteriorating weather conditions, 
This i s  also unlikely, since the pilot had 
not received an answer to his request for 
a landing in Nouassaur, and the fuel 
remaining (90 minutes; would have allowed 
him to fly to an alternate aerodrome. 

Probable Cause 

None of the above asgumptione sat is -  
f ied the investigating commission a s  being 
a definite cause of the accident. 

The last one, however, although 
unlikely at f i r s t  sight, as explained above, 
could account fo r  the accident i f  the c r e w ,  
warned of deteriorating weather by the 
Anfa tower, had decided to  take advantage 
of the partial visibility (of the ground) 
between stratus cloud and had attempted a 
fast let-down in unfavourable canditione. 

ICAO Ref: AR1725 
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No. 24 

,' 
Aerollneas Argentinas, Douglas DC-6, LV-ADW, accident a t  "La Maria  Eugeniai1 

field, AzuI, Province of Buenos Aires, Argentina on 19 July 1961. Accident 
Investigation Report No. 1526 dated 2 February 1962, released by the 

National Director of Civi l  Aviation, Argentina. 

Circumstances 

LV-ADW departed Ezeiza Airport 
(Buenos Aires) at 0731 hours* on a sched- 
uled non-stop flight to Gomodoro Rivadavia 
carrying a cr e w  of 7 and 60 passengers. .. 

The trip was being made on an approved 
instrument flight rules flight plan. Routine 
communications w e  re exchanged with the 
airport  control tower and with the control 
of Baires terminal. When over Gorchs the 
aircraft  made its last  contact. Having. 
been authorized to leave the Baires control 
frequency and change to the route frequency, 
i t  acknowledged the message. No further 
information was received concerning the 
flight until it was learned that the aircraft 
had crashed 12 k m  west of Pardo Station 
(General Roca Railway) in the Province of 
Buenoa Aires.  All  persona aboard were  
killed, and the aircraft was totally destroy- 
ed by the impact and ensuing fire. The 
accident occurred at 0800 hours. 

The captain held a valid airline trans- 
port p i l o t l s m c e  and had flown a total of 
17 705 hours with Aerolineas Argentinas. 
Of this total he had flown 3 320 hours as 
DC-6 captain and 1 532 hours on instru- 
ments. 

The co-pilot also held a valid airline 
transport pilot'sicence and had flown 
9 724-hou& including 2 1 13 hours as CO-pilot 
on DC-6'3. 

Neither the captain nor the co-pilot 
had exceeded the flight time limitations 
prior to the accident. 

Reconstruction of the flight 

Having acquainted himself with detail - 
ed weather information and all documents 
relative to the clearance having been ap- 
proved, the captain took off at 0731 hours. 
From Ezeiza to Azul he was to climb to the 

Investigation and Evidence 

The Aircraft 

The aircraft 's  certificate of airworthi 
ness was valid until 13 Pecember 1961. At 
the time of the  accident i t  had flown a total 
of  20 211 hours. 

Cross weight at  take-off was 
38 682 k g ,  i, e. within permissible limits. 

The Crew 

The crew of seven was made up of 
the following: the captain, a co-pilot, a 
flight engineer, a radio operator, a flight 
attendant and two stewardesses, 

maximum altitude of 4 800 m. This altitude 
was to be maintained until a r r i v a l  in the 
Comodoro Rivadavia Airport control zone, 
The airway to be used was Amber 45 with  
the following contact points: Lobos, Azul, 

- Bahia Blanca, San Antonio, Trelew and 
Comodoro Rivadavia. At 0733 he called on 
V H F  to say that ha "estimated Lobos at 
0745 hours". The Baires terminal a rea  
control authorized him to climb t o  4 800 m, 
in accordance with his flight plan and re  

. requested him to give his position over Lobos. 
4 e  acknowledged this and added that he was 
fiying between cloud layers. At 0742 hours 
he notified hia position a a  over Lobos a t  
2 200 rn, climbing in visual flight, over 
layers of cloud; he estimated Gorcha at 
0750 hours. At 0750 hours he sent another 
message on VHF, stating that he was leav- 
ing the terminal area. adding that he was 

* all times are local unless otherwise specified. 



over Gorchs at 3 400 m, climbing to 
4 800 rn and expected to reach that altitude 
at  0757 hours and would call when over 
Azul at 0819 hours. Following authoriza- 
tion to leave the Baires terminal radio fre- 
quency and to swi tch  to the route frequency, 
he  acknowledged the message and switched 
off YHF.  The aircraft crashed shortly 
thereafter. 

Wreckage - General 

The accident site was at  an altihlde 
of 128 rn above sea level, and the terrain 
was flat and swampy. The total area 
covered by the ai rcraf t  wreckage was plot- 
ted on a survey map and was 3 km long by 
1.5 krn wide, 

Inspection of the wreckage was made 
by helicopter the day af ter  the accident. 
The  r ight  wing had separated from the air- 
craft and had fallen 850 m away from the 
main wreckage, Its structure waa destroy- 
ed in various places. The tail surfaces 
were missing from the fuselage. Engine 
and propeller No. 3 with the engine mount- 
ing had separated from the right wing. 
These main elements w e r e  spread over an 
area hot wider than 1 000 rn, and the com- 
plete power plant was found 900 m from 
the right wing, 

Wreckage - detailed inspection 

AII impact had torn the skin on the 
r ight  side of the fin, near i ts  base, where 
it joins the fuselage cone, On the right 
half of the horizontal stabilizer there was 
a large hole, also due to impact. The 
leading edge w a s  torn, as well as the 
attachments to the fuaelage cone. The 
damage extended as far a a  the structure 
of the langerona. The reparation of these 
two skrfacea, as weLl as that of the  mov- 
able surfaces was apparently simultaneous, 
since the heavier  elements among them 
were  found in a relatively small area. 

The right wing had multiple fractures 
between the fuselage and engine No. 3 due 
to the break-up. Power plant No.3 muat 
have separated from the wing at the same 

time the wing separated from the fuselage 
for the following reason: examination of the 
break which followed the front spar and the 
two longitudinal ruptures a t  either end of 
this break, showed that  the latter two cor -  
respond to the longitudinal beams which 
support the engine. 

Examination of the engines revealed 
that No. 1 and 2 engines, which were still 
attached to the left wing, were  feathered, 
No  signs of malfunction or overheating 
w e r e  found, and No. 3 and 4 engines, which 
separated from the right wing, were  in fine 
pitch. 

Engine No. 3 showed a rupture line on 
the stressed panel which forms the top of 
the engine support. This line coincided 
with the front spar of the wing. The spar ,  
in turn, showed ver t ica l  fractures on both 
sides of the wheel well .  The beams and 
frames of the engine support were broken 
and torn off, This led to the assumption 
that strong engine vibrations- could have 
torn the top panel in two and then broken 
the engine supports a t  the front spar, weak- 
ening the latter. Another assumption was 
that t he  front spar ruptured at the same 
time as the wing, thus freeing the power 
plant, which broke away while still under 
power. 

It was not possible to find any indica- 
tion of malfunction in engine No. 3 neither 
was there evidence of loss of parts capable 
of causing abnormal vibrations of the kind 
which could result in ruptures and separa- 
tion. The breaks were  caused by downward 
bending - resulting in traction at the top of 
the power plant s t ructure .  The supports 
broke at the junctions with the front spar. 
They showed folds which confirm the down- 
ward movement. This movement could have 
been a reaction of the structure to an upward 
acceleration o r  to a positive pitching move- 
ment of the aircraft .  

Taking into congideration the resis- 
tance of the Douglas aircraft's structure, 
the reports of weather conditions in the 
area at the time of the accident and evidence 
from the wreckage, i t  i s  estimated that the 
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break-up of the aircraft was a consequence 
of s tresses  generated by a pull-out at a 
positive angle of incidenc e, combined with 
an upward gust. Movements of this  type 
occur during flights in heavy turbulence. 

From the shape of the wing and 
empennage breaks, it is estimated that the 
right wing broke first, It started with the 
underside tearing under tension, in a 
direction perpendicular to  the span. The 
rupture affected all, the structural elements- 
The wing structure was made of three 
spars, with stressed wing panels rein- 
forced with omega type stringers. The top 
caps of the three spars showed a break due 
to flexion. 

The Lower caps of the wing spars 
had broken in traction. The bottom wing 
panels were torn along a line of rivete. 
Al l  breaks were of the type which occur in 
static tests ,  and in none of them could any 
indication of fatigue cracks be found. 

Weather information 

When the dispatcher arrived at 
Ezeiza Airport around 0500 he learned 
that there  was a warm front over Buenos 
Aires Province producing low stratus, fog, 
cumulonimbus and violent showers, 
Between Buenos Aires and Las Flores  
moderate to heavy turbulence existed. 

The conditions at Bahia Blanca, the 
alternate in the flight plan, were also 
examined. The dispatcher waa informed 
the the ceiling would be low there. 

The captain arrived at the meteoro- 
logical office at 0620 hours and was inform- 
ed b y  the forecaster on duty that there was 
a warm front over the northeast of Buenos 
Aires Province and a cold front in the vici-  
nity of Bahia Blanca. The forecaster added 
that practically the whole province would 
have a ceiling of 100 to 200 m, with mist 
and fog, and that there was inatability in 
both w a r m  and cold sectors.  W i t h  regard 
to the w a r m  front, the forecaster said that 
there  would be 218 to 418 cumulonimbus, 
with l ight  to heavy turbulence between 

Ezeiza and Bahia Blanca. The captain 
obtained the following forecasts for Como- 
doro Rivadavfa and Ezeiza Airport based 
on the 0300 hour weather map: 

Comodoro Rivadavia: 
partial to complete overcast 
at medium altitudee, cloud 
bases at 3 000 rn; low broken 
clouds at 600 m good visibility, 

Ezeiza: 
violent showers and isolated 
storms with 218 to 3/8 cumulo- 
nimbue; visibility 6 to 8 k m  
and ceiling at leaat 400 m. 

(There i s  no regulation in Argentina 
which makes it compulrory for a forecaster 
in charge of giving weather information f o r  
a flight to advise for or against the depar- 
ture of an aircraft). 

As ~e rollmas Argentinas had an 
assistant meteorologist i i  Ezeiza, he was 
questioned concerning his  role on the day 
of the accident. It was ascertained that 
the meteorologist on duty informed the dis- 
patcher, d s o  on the basis of the data shown 
on the 0300 hour weather map, that there 
would be no inconvenience in making the 
flight. For that reason, the diapatcher 
requested the QAMts in various locations 
on the rou,te, These did not, in fact, reflect 
the actual weather conditions. 

The QAMts were of no value in the 
present case 1) because of the time at 
which t h e  observations were made, 2) b e -  
caur e no observations could be made at alti- 
tude on account of a Iayer of fog and 3 )  when 
making a scheduled flight i t  is the forecast 
that must be taken into consideration and 
not the Q A M 1 s .  

A: Q603 hours the captain received 
:'he forrcasi from the company meteorolo- 
gist which war the same as that given to the 
dispatcher . . . 'knstable tropical a i r  is 
prt?dominant in the whole province of Buenos 
Aires.  W a r m  front on the line Rio Tercero- 
~ u n i n - ~ u n t a  de h d i o ,  with active nimbus. 
Cold front, practically stationary, on the 
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line Neuquen-aronel Subrez -Necochea. 
Scattered cumulonimbus producing heavy 
showers and electrical storms in the pro- 
vince of Buenos Aires. The segment Bahia 
Blanca t o  Comodoro Rivadavia shows over -  
cast and stratiform nebulosity, breaking 
between Trelew and Comodoro Rivadavia. 1' 

After  this forecast, the captain also 
received the official bulletin of the General 
Administration of A i r  Traffic and Aero- 
dromes corresponding to the forecast. 
"Time 0600 Greenwich Time, i. e.  0300 hours 
local time. " 

The forecast gave the following: 
"From Ezeiza to Las Flores: 

visibility 5 to 6 km; nebulosity 
8 18 stratus and stratocumulus, 
base 400 m; 818 altostratus and 
altocumulus, base 1500 rn; cumu- 
lus 218 to 3 / 8  base 1 800 m, 
Moderate to heavy turbulence 
between Ezeiza and Las FIores, 
Cold front approximately an the 
line : Neuquen-Coronel Suirez- 
Necochea, moving towards the 
northeast. Warm front over 
Buenos A i res ,  with heavy showers 
and active cumuionimbus . Fog 
and low stratus with drizzle in 
the centre and south of Buenos 
,Aires Province. 

The weather conditions in the area 
between the Mramonte and Pardo railway 
stations from 0600 to  0900 hours were: 

overcast, 818 stratus, fracto- 
cumulus, fractostratus; 

ceiling zero to 100 rn, 818 nimbo- 
stratus; 

ceiling 1 500 to 1 800 rn, active 
cumulonimbi with bases between 
1 500 m and 1 800 m; visibility 
less than 1 km; heavy showers 
and electrical storms; light tur- 
bulence over the area  becoming 
heavy in areas of cumu1onimbus. 

Statements of witnesses 

There was rain and fog. A t  approxi- 
mately the time the aircraf t  crashed there 
was a violent storm, with rain, thunder and 
lightning. 

The testimony of two other pilots, 
w h o  f lew the same route a few hours before 
LV-ADW revealed that although both had 
been aasigned a flight altitude of 1 800 m, 
both requested a change in order to avoid 
an area of turbulence, presaged by the pre- 
sence of cumulonimbus with intense activity. 
One pilot asked for a change of altitude 
whi le  in flight, the other did s o  after exam- 
ining the forecast given him before depart- 
ure, which contained the same values aa 
those given to the pilot of LV-ADW. 

They both estimated that the main 
area of cumulonimbus was located around 
Gorchs and stated that they encountered 
only light turbulence in flying beneath those 
clouds. 

Weather conditions an LV-ADW's route 

thick layer af stratiform cloud, 
combined with altocumulue, 
situated approximately between 
4 000 m and 4 500 mi i n ~ i d e  
this layer - very active curnulo- 
nimbus, 218 to 3 / 8  with bases 
a t  about 1 800 m. 

The investigation endeavoured to 
find if the altitude assigned for LV-ADW 
between Ezeiza and Azul was correct,  
having regard to the weather data and con- 
sidering that  the aircraft  was not equipped 
with weather radar to locate active clouds, 
The aircraft  was supposed to climb to 
4 800 mi following its take-off from Ezeiza. 
According to the flight plan, it should 
reach that altitude over Azul, after 48 min- 
utes flying time. in consequence of th is ,  
the aircraft would, in the course of i ts  
climb, enter the thick layer m a d e  of a con- 
tinuous overcast (818)  of stratiform clouds. 
Inside that layer w e r e  218 to 318 of active 
cumulonimbi, Having no radar equipment, 
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t h e  aircraft  had a 31% chance of flying into 
one of these. Approaching G o r c h s ,  
LV-ADW entered a layer of cloud which  
the pilot must have regarded as similar 
to those he had crossed previously. 
Unfortunately, this was not so, for, 
screened in that continuous and ever 
thickening layer of cloud were  the curnulo- 
nimbi. The aircraft flew into one of t h e s e  
between 4 000 and 4 500 m, which is the 
range of altitudes of the lower part o f  a 
cumulonimbus, when i t  is ripe. This low- 
er part, and the second third of such a 
cloud are  the areas where closely grouped 
upward and downward air currents are to 
b? found. This creates turbulence which, 
associated with gusts, makes these cur- 
rents reach maximum values. Ascer,ding 
and descending currents, in a ripe cumulo- 
nimbus, have variable speeds, the descend- 
ing currents being slightly less intense; 
but the order of magnitude may be as high 
as 100 to 120 km/h (28 to 33 m l s e c ) .  
(These figures are quoted in "Thunder- 
storm Projectu - Byers H. Braham, R . ,  
Washington, D. C. , June 1949). 

The flight level assigned t o  the air- 
craft over Azul implied a climb through a 
warm front. The forecast showed, aasoci- ' 

ated with that warm front, curnulonimbi 
with bases located at 1 800 m. The alti- 
tude chosen was  not correct, s ince ,  in 
such conditions, the aircraft, having no 
radar, was running the risk of encounter- 
ing a cloud of the type described above. 

This is, in fact, what happened, and 
t h e  violent turbulence caused the destruc- 
tion of the aircraft  in flight. 

Probable Cause - 

The aircraft disintegrated in flight 
drre to rupture of the right wing following 
the application of loads in excess of the 
design loads, in a zone of extremely vio-  
lent turbulence. A contributing factor was 
insufficient evaluation of the forecast, by 
both the aircraft captain and by the airline 
dispatcher, which resulted in the choice of 
an inappropriate flight altitude. 

Re commendation 

The Aviation Accident Investigation 
Board recommends that the necessary 
steps be taken urgently by the competent 
organizations to study the installation of 
weather radar in all commercial aircraft. 

ICAO R e f :  AR1715 
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Alaska Airlines, Inc. , Douglas DC-6A, N 6 118C, accident et Shemya, A l a ~ k a ,  
on L1 Julv 1961. Civil Aeronautics Board (USA1 Aircraft Accident Rewort. . -, - -  . , 

Fl le  No.  1-OOUL, released 10 October 1962. 

Circumstances 

Flight CKA 779 was a contract  cargo 
flight from Travis Air Force  Base, 
California to Tachikawa, Japan, carrying 
six crew members. At 0211 hours Bering 
standard time, during the approach to a 
landing at SShmya, an en route refuelling 
stop, after descending through minimum 
weather conditions under the guidance of 
GCA (ground controlled approach) the air- 
craft  crashed and burned about 200 f t  short 
of the threshold of runway 10 on a course 
aligned with the runway. All  persons 
aboard received fatal injuries. 

as a pilot, The crew was to alternate i t s  
duties in order that no one would become 
fztigued at his duty station and, as w e l l  as 
could be determined, this requirement 
was met. 

The captain, co-pilot and flight 
engineer had flown t h i ~  aircraft into Shemya 
Airport landing at 1 952 hou r s  on 12 July 
1961 and again at 1 024 hours on 14 Ju ly  
1961. Both landings were  accomplished 
after ground-controlled approaches in I F R  
weather conditions. 

Weather situation 

Investigation and Evidence The accident took place at 021 l hours. 
At 0212 the U . S .  Weather Bureau observer 

The Aircraft made the following observation: 

At the time of the accident, the total 
time on the airframe was 10 600 hours. 
The last major inapection was conducted 
146 hours prior to the accident. 

The maximum weights for take-off 
and landing and the centre of gravity were 
within the permiseible limits. 

The Crew 

The flinht carried a crew of six - v 

the captain, a co-captain, a co-pilot, one 
flight engineer with pilot certificate and 
two other flight engineers. All of them 
had valid l icences and medical certificates, 
but the captain had no qualification for 
Shemya Airport. The captaln had a total 
of 13 019 flying hours of which 1 118 were 
on the DC-6. The co-captain had flown 
13 000 hours,  and the co-pilot had 
2 061 hours of experience of which 
101 hours were on DC-6 equipment. The 
flight engineer had accumulated 1 176 hours 

"indefinite 200-foot variable ceiling; 
visibility 314  mile variable, fog; 
temperature 45O; deapoint 4 5 O ,  
wind south- southeast 8 kt; altimeter 
setting 29.84; ceiling 100 f t  variable 
to 300 ft, visibility 112 mile varia- 
ble to one mile". 

Slightly more than 500 ft above the 
runway the wind was south at 20 kt, while 
the surface wind was southeast at 8 kt ,  

Runway 10 - approach lights 

Runway 10 i s  macadam axid i s  
9 990 ft in length, 200 ft wide, and its 
elevation is 95 f t  msl. There are six pairs 
of red approach lights extending 1 460 ft 
outward from the threshold. They are 
spaced at 200-foot intervals and are 200 f t  
apart in width. From the edge of the 
threshold pavement to a point 186 f t  in the 
direction of an approaching aircraft ,  the 
ground slopes downward gradually at an 
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angle of about lo. Then the ground drops 
suddenly at an angle of approximately 3Q0 
to a valley floor 50 to 60 ft below the level 
of the runway. 

The s i x  pairs of approach lights are 
mounted on poles of different  heights to 
accommodate the variance in terrain 
height, but  t h e  l ights  themselves are 
practically on a level with the runway. A 
single strobe light ( a  condenser discharge 
flashing l ight  rated at approximately 
10 000 000 candle power) i s  located on the 
ground, aligned with the runway centre- 
line approximately 152 ft short of the 
runway threshold. There are two pairs of 
green threshold lights, each pair mounted 
s ide  by side (crosswise to the runway), 
one pair at each corner of the runway. 
The reafter, at 200-foot in te rva ls ,  single 
runway lights extend the full length of the 
runway along both sides. All lights 
(except the strobe light) utilize 200-watt 
bulbs . 

On the day following the accident it 
was discovered for the first time that an 
electric power cable lying along the side 
of the runway had been cut two days prior 
to the accident t o  allow construction 
vehicles to pass over t h e  area.  T h i s  cable 
was the powerline leading to the s ix  pairs 
of red approach lights off the end of 
runway 10, as well as to two of the four 
green threshold lights, and to the f i rs t  
f o u r  pairs of runway lights, This condi- 
tion was not reported by previous landing 
aircraft, nor was a Notice to  Airmen 
concerning th i s  irregularity issued by 
Northwest Airlines, the operator of the 
airport. The main rheostat, which 
controls all lighting intensity (except the 
strobe light), was set  on maximum bright- 
ness during the flight's approach. 

GCA 

The GCA unit used at Shemya was 
an AN/FPN-33 Quad Radar. GCA approach 
weather minima at Shemya for Alaska 
Airlines flights are ceiling 200 f t  and visi- 
bility 112 mile. The minima applicable 
to the captain for  GCA at Shemya were 

ceiling 400 i t  a n d  visibility 3/4 mile. The 
GCA equipment was given a complete 
functional check by the GCA maintenance 
man and t h e  operator prior to its use on 
20 July 1961, and was operating, according 
to them, within tolerances. During the 
12-hour period preceding this f l ight 's  
approach, six other aircraft  had made 
success fu l  GCA approaches to Shemya, 
using the rame equipment manned by the 
same controller, 

O n  3 May 1961 and 12, 13, 14 and 
15 July 1961, the GCA facility was flight- 
checked by the FAA and found to have been 
within tolerances. However, i t  was pointed 
out by the flight check crew in their  report  
at the time of the latter flight check that, 

"It would appear from personal 
examination that the present radar 
antenna system now in use . . . has 
deteriorated and worn beyond its 
normal life and tolerances, and it 
is anticipated that it wil l  be diffi- 
c ult to maintain with in acceptable 
tolerances i n  the very near future." 

Following the accident, on 22 and 
24 July 1961 t he  facility was again flight- 
checked b y  the FAA and found within 
tolerances. The check pilot gave the 
controller a proficiency rating of "very 
good" on all of the checks. 

The GCA controller 

He had been employed as an air 
t raff ic  controller for about nine years, 
eight of which included operation of GCA 
equipment. Me had been operating the 
GCA equipment at Shemya since the 
summer of 1957, using the s a m e  equipment 
that was in operation at the t ime of this 
accident. His tours of duty on Shemya 
were continuous since 1957, but were for 
periods of 90 days, with a 90-day res t  
period in between. H e  was the only con- 
t rol ler  during each of h i s  tours of duty, 
His then-current t o u r  of duty began 
18 April 1961, and he wail scheduled to 
begin a rest period on 1 August 1961. He 
stated that he conducted an average of 
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100 t o  130 ins t rument  approaches  t o  
Shemya p e r  month. Flight CKA 779 was 
the 8 3 r d  GCA approach tha t  he h a d  con- 
ducted s ince  20 June 1961. The types  of 
a i r c r a f t  control led during these  approaches  
had been U. S. mi l i ta ry  as  well as U. S. 
civil a i r c r a f t .  The r a d a r  instal lat ion at  
Shemya is unique in that it is the only 
privately-owned and opera ted  faci l i ty  of 
i t s  kind serv ing  U.S.  civil a i r  c a r r i e r s .  
The  radar operator need not be cer t i f ica ted  
by FAA, no r  need he demonst ra te  h i s  
continued competence to p e r f o r m  his 
assigned control  functions, nor is he  
required t o  undergo r ecu r ren t  t raining 
such as is requi red  of FAA cont ro l le r  
personnel ,  At Shemya, the installation of 
klectronic equipment need not be approved 
by appropr ia te  authority within the FAA, 

The Fl ight  

It had originated a t  Paine Field, 
Evere t t ,  Washington on 20 Ju ly  and 
proceeded to  T r a v i s  A i r  F o r c e  Base  to 
load mi l i ta ry  cargo, It then flew non-stop 
to Anchorage where it received weather 
and N o t a m  information for  the t r ip  to 
Shemya, however, this  did not include the 
approach o r  field lighting deficiencies, 
An ins t rument  flight plan to Shemya was 
filed, Depar ture  from Anchorage was at 
1940 hours  and t he  f l ight  to Shernya was 
routine and i n  accordance with the flight 
plan. The es t imated  t ime en  route was 
6 hour s  40 minutes.  

At 0145 hours the flight contacted 
Shernya GCA, and r ada r  contact was made 
with the a i r c r a f t  about 18 m i l e s  north-  
northeast  of Shemya at  5 500 ft. 

The radio t r ansmis s ions  of ne i ther  
the flight no r  GCA w e r e  recorded,  which 
was in d i rec t  violation of instruct ions 
issued by Northwest Airlines fo r  operat ion 
of the GCA. The descript ion of how the 
f l i gh t  was controlled through the  instru- 
ment  approach i s  baaed to a large degree 
on the c o n t r o l l e r l s  test imony.  He advised 
the flight,  while it was s t i l l  in the surveil- 
lance pat tern,  t o  expect possible " wind 
burble" on final approach between one mile 

and 1/4  mile f r o m  touchdown point. H e  
stated that he gave the flight the following 
Shemya weather  information "indefinite 
ceiling 200 ft;  sky obscured;  visibility one 
mile in fog; new a l t ime te r  29.86". 

The controller  sa id  the flight in ter -  
cepted the glide path proper ly  and main- 
tained a good cour se  during the en t i r e  
approach. When the flight was two miles 
from touchdown, it dropped about 10 to 
15 f t  below the gl ide path, and he advised 
it s eve ra l  t i m e s  to "ease  the a i r c ra f t  up". 
N o  apparent  cor rec t ion  was made. About 
one ;ile from touchdown the flight went an 
es t imated  30 to 40 f t  below the glidepath, 
and he again advised  the flight s eve ra l  
t imes to "bring the aircraft up", ye t  no 
apparent  cor rec t ion  was made. He advised 
the flight it was passing GCA min ima  a t  
1 / 2  mi le  out and was s t i l l  below the glide 
path. He said the flight maintained the 30 -  
t o  40- foot below glide path condition until 
it was over  the approach l ights ,  which 
begin 1 460 ft before the threshold of the 
runway. At no  t ime did he cons ider  the 
flight t o  be in danger, and that the 30-  t o  
40- foot below glide path condition was 
still well above the minimum safe altitude 
for the approach. He said that when the 
flight was over the approach lights, i t  
s t a r t ed  to descend rapidly and he assumed 
the captain had taken over visually for  his 
landing, intending t o  "grease it on1' at the 
end of the runway. He therefore did not 
advise the pilot of his position re la t ive  to 
the glide path a t  that  point. The cont ro l le r  
said that he continued to advise the flight 
that it was below glide path (though not 
stating how far below, o r  that the safety 
l imi ts  were  being exceeded). He s ta ted  
that he  last saw the a i r c r a f t  on r a d a r  a t  the 
end of the runway, and also that he knew i t  
had c ra shed  because he did not see the a i r -  
c r a f t  t a rge t  move down the  runway as he 
usually is able t o  do. He a l so  stated that 
the flight 's t ransmf  ss  ions indicated to h i m  
that the pilot understood all instructions 
and was f ami l i a r  with the  GCA approach to  
Shernyals runway 10. 

The a i r c r a f t  s t r u c k  the embankment 
about 200 f t  sho r t  of the threshold in a 
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nea r l y  level a t t i tude ,  t he  nosewlleel touch- 
ing f i r s t  about 18 f t  below the c r e s t ,  very 
near ly  al igned with the cen t r e l i ne  of the 
r u n w a y .  The aircraft s l i d  up  t he  embank-  
ment  d u r i n g  impact  and when it  r e ached  
the c res t ,  broke in two ( l a te ra l ly )  a t  the 
leading edge  of the wings. Fire followed 
impact, and the ma jo r i t y  of t he  wreckage 
was consumed. 

Analys i s  

Examina t ion  of the power plants 
revea led  tha t  a l l  four  engines were capable  
of producing adequate  powe r. Indicat ions 
w e r e  tha t  the fuel flow to  a l l  eng ines  was  
no rma l .  Control s u r f a c e s  and con t ro l  
mechan i sms  seem to  have been opera t ing  
normal ly ,  T h e r e  was no ev idence  that any 
of the aircraft s y s t e m s  malfunctioned. 
Both a l t i m e t e r s  were a t  the proper se t t ing .  
Examination of t he  s t r u c t u r e s  of the a i r -  
c r a f t  showed that they were in tegra l ly  
sound before impac t .  The landing gear 
was  fully extended and locked and the  wing 
flaps were  extended beyond 30°, The 
landing l ights  we r e  extended and bel ieved 
to have been on i na smuch  as  they w e r e  
obse rved  b y  an eyewitness .  Since they 
were  on,  it is bel ieved tha t  the a i r c r a f t  
was below the clouds dur ing  s o m e  port ion 
of the  approach ,  U s e  of these l ights  i n  the 
c louds  would have caused  a d v e r s e  reflec - 
t ion t o  have been exper ienced  by the crew. 
Consequent ly ,  t h i s  would have hampered 
the i r  abili ty to make visual  contact  wi th  
the runway.  

The l ack  of a n y  t r a ~ ~ s m i s s i o n s  on 
frequencies 13 L .  1 M c l s  and 121.5 M c / s  
by t he  flight suppo r t s  the v iew that no 
erne rgenc y exi ited. 

The f o r w a r d  vis ibi l i ty  of  the  c r e w  
when i t  was o v c r  the approach l ights  could 
have t e e n  as  low as 1 / 2  s ta tu te  mile if the 
a i r c r a f t  had been c l e a r  of c louds  in that 
area. Condit ions of t e m p e r a t u r e  and 
mo i s tu r e  i n  thc approach zone were  not 
conducive to s t r u c t u r a l  ic ing,  and i t  i s ,  
t h e r e fo r e ,  not considered to have  been a 
problem. Alstr, accordirlg to the s u n  a n d  
moon data, the accident  o c c u r  red d u r i l ~ g  
the hou r s  of complete  d:irkness.  

Since t h e  cap ta in  did not execu t e  a 
missed-approach p rocedu re ,  did not  
question the condition of the wea the r ,  and 
s ince  he was not  advised by GCA to  abandon 
h i s  approach  upon reaching a cr i t ica l ly  
low al t i tude,  it is assumed t h a t  he had 
visual contac t  with the runway and was 
contemplating a successful landing. 

The con t ro l l e r  s t a t e d  i n  his t es t imony 
that he saw the  a i rcraf t  target over t h e  end  
of the runway,  However ,  t h i s  target r e t u r n  
m u s t  have been from part of the wreckage 
which cont inued up the runway from the 
point of impact. 

The s ix  pairs of r ed  a p p r o a c h  l igh ts ,  
two of the green  t h r e s h ~ l d  l i gh t s ,  and the  
f i r s t  four  p a i r s  of runway l i gh t s  beyond the 
two opera t ing  t h r e sho ld  l i gh t s  w e r e  not l i t .  
The single s t r o b e  l ight  was l i t ;  however, 
i t s  b e a m  was  d i r e c t e d  4-l/ZO above the 
glide path angle  of 3 O .  As an a i r c r a f t  goes 
below the  b e a m  of the s t r o b e  l igh t  the 
e f fec t iveness  of t he  light is g r ea t l y  reduced.  
For example, a t  a point 50 f t  below its 
d i r ec t ed  beam, t h e  effective s t r eng th  of 
the b e a m  is r educed  by as much as 75%. 

The capta in  could not have  known that  
t he  approach l igh ts  and some of t he  t h r e s h -  
old and  runway l i gh t s  were  inopera t ive  
s ince  this in format ion  nad not been given 
t o  h im .  It  is a l s o  bel ieved tha t  he would 
not  have flown below his m i n i m u m  al t i tude 
had h e  not had some por t ion  of the runway 
l igh ts  in sight.  The B o a r d  conc ludes ,  
however ,  that the exis t ing l ight ing s i tua t ion  
w a s  a factor i n  caus ing  the  cap ta in  to 
imprope r ly  o r i e n t  himself  with t he  runway.  
Tlie Board f u r t h e r  c o n c l u d e s  t h a t  t he  
cap ta in  knew he was below the gl ide path 
throug5out the approach  but did not believe 
it to be c r i t i c a l .  

It should h e  noted tha t  although t he  
approach procedure was flight checked and 
approved by the Fl igh t  Standards Service 
of the F e d e r a l  Aviation Agency,  apparently 
no cons idera t ion  was given t o  t he  fac t  tha t*  
the AN/FPN-33 is not deemed  su i tab le  by  
the Aviation R e s e a r c h  and  Development  
Service,  the Aviation Fac i l i t i e s  Service, 
or  t h e  Air Traf f i c  Service of F A A  for use 
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as ar. FAA-operated l i r  traffic control 
facility. A finite valus in feet cannot be 
estimated accurately on a radar scope 
with the type of presentation provided for 
the AN/FPN-33. For this reason, the 
military services have. instructed their 
controllers to refrain from the practice of 
providing foot  v a l u e s  of displacement from 
centrelines of azimuth or elevation when 
utilizing precis ion radar equipment with 
this type of display, 

Furthermore, although the controler 
was directly involved in the control of 
civil air traffic under L~strurnent flight 
rslts, FAA ?id not enforce any require- 
ments for certification and area rating, 
current medical certificate, Class  II, or 

r:urrent proficiunc y in rad;..r ope ration or 
other aspects of air traffiz control. 

Probable Cause 

The probable cause of this accident 
was the absence of approach and runway 
lights, and the failure of the GCA control- 
l e r  to give more positive guidance to the 
pilot during the last stages of his approach. 

The Board has recommended to the 
Administrator that he take action to ensure 
that personnel and equipment used in GCA 
approaches m e e t  pertinent standards for 
such operations, 

ICAO Ref: AR/726 
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Circumstances 

F l i gh t  272 which w a s  flying the Polar 
route Paris-Haniburg-Anchorage-Tokyo 
landed in Hamburg a t  1224  h o u r s  GMT. 
While taking-off for Anchorage with a total 
of 41 persons a b o a r d  the a i r c r a f t .  including 
i6 p a s s e n g e r s ,  the pilot had difficulty 
holding the a i r c r a f t  on a straight heading 
along the runway and decided to abandon 
the take-off.  Eespite his efforts, the air- 
c ra f t  veered to the left, r a n  off the runway 
and f inal ly  came to r e s t  2 840  m from the  
s t a r t i ng  point in a d e p r e s s i o n  140 m from 
the runway.  It  w a s  severely damaged. 
Four  crew and six p a s s e n g e r s  w e r e  
s e r i ous ly  injured. 

Invest igat ion and  Evidence 

The A i r c r a f t  

The co-pilot also held a val id  a i r l i n e  
transport p i lo t ' s  l i c ence  and  had flown 
approximately 8 000 hours including about  
960 hou r s  on Boeing aircraft. He  had 
also flown approximate ly  5 000 hours as 
rad io  ope ra to r .  

The other c r e w  members aboard 
w e r e  a flight eng ineer ,  a nav iga to r ,  cabin 
attendants arid a relief crew. A l l  had  
valid l i c ences .  

The Runway 

The aircraft  w a s  taking-off from run- 
way 23 ( 2 3 3 0 ) .  The runway i s  2 923 m in 
length, is 4 5  m wide and is a t  a n  e leva t ion  
of 45 f t  arnsl, 

We ather 

A t  the time of the acc iden t  
I t  had ope ra t ed  a total  of 3 978 hours (1420 h o u r s  GMT) the following rneteoro- 

and had made 1 080 landings. logical condi t ions existed a t  Hamburg :  

The a i r c r a f t ' s  a c tua l  take-off weight 
was 133. 42 t ,  ( i .  e. within l imits),  and i t s  
aft t r i m  w a s  22. 470 MAC. T h e  a i r c r a f t  
should have been trimmed four  units heavy 
in the tail. (The manufacturer recommends 
3. 5 uni ts .  ) The  longitudinal trim was 
found to be 4, 5 o r  5 units, It is assumed 
that the t r i m  was  adjusted in a cco rdance  
with tested values. 

The Crew 

wind  280/18 kt ,  gusts up to 28 k t ,  
cloud cover 1/8 a t  4 000 f t ,  5/8 a t  
20 000 i t ,  vis ibi l i ty  25 km;  QNH 
1005.8 mb, ground temperature 19OC. 

Recons t ruc t ion  of the take-off 

The recons t ruc t ion  i s  based on 
statements of the c r e w ,  w i b e s s e s  inside 
and outside of the aircraft, and the findings 
of the inquiry.  

The pilot- in-command w a s  the  Fermission was gran ted  for take-off 
holder of a valid airline t r a n s p o r t  pilot's a t  1418:40 hours. The throttle l e v e r  w a s  
l icence which was  endo r sed  for Boeing 707 thrust f o r w a r d  and while the cap t a in ' s  
a i r c r a f t .  He had flown a total  of 14 000 r igh t  hand still r e s t e d  on i t ,  the engineer 
hours of which  401 h o u r s  had been i n  s e t  the four engines  at the  calculated EPR 
command on Boeing 707 's .  
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(engine pressure  rat io)  of 2.  45 in accord- 
ance with the instructions. The cap ta in  
operated the rudde r  pedals w i t h  his feet ,  
the nosewheel controls with his left hand 
and the throttle lever w i t h  his  right. To 
compensate for  the starboard headwind 
he steered a little left .  The co-pilot held 
the control column forward and applied a 
little bank on the starboard side because 
of the crosswind. As the aircraft gathered 
speed and the effect of the rudder became 
more marked the captain slowly released 
pressure on the left rudder pedal. When 
the co-pilot had called out a speed of 80 kt 
the captain released the nosewheel steering 
controls and took over the control column. 
The captain, having heard the co-pilot 
call ou t  100 k t ,  concluded that the aircraft 
had reached this speed within the pre- 
determined time. He stated that between 
I00 and 120 kt  the aircraft suddenly veered 
to the left, and that he brought i t  back by 
using the rudder,  which was difficult to 
move. Neither pilot coujd remember 
calling out 120 k t  or having heard i t  called 
out. The pilot made a check and ascertain- 
ed that acceleration had been czrried out 
withijl the predetermined period of 
37 seconds. 

Between 120 and 130 kt  the aircraft 
again veered left and the direction w a s  
again corrected, The resistance had 
increased, The yaw to the left persisted,  
and the captain realized that, despite 
great effort, the rudder pedal could no  
longer be actuated right, and he felt that 
i t  was jammed. The flight engineer noted, 
a t  this time, that the rudder Is  hydraulic 
pressure had fallen quickly from 3 000 to 
1 000 psi .  

At  approximately the  s a m e  time the 
captain began interrupted take-off proce- 
dures. H e  pulled back all four throttle 
levers ,  reversed thrust  on engines 3 and 
4 to stop the aircraft on the runway, and 
applied the brakes to the starboard under- 
carriage. 

According to the skid marks the 
nosewheel was pointing a t  about a 35* 
angle to the right of the longitudinal ax is  
of the aircraft ,  and the aircraf t  must have 

slid slightly left. The captain maintained 
that he had not  used the nosewheel steering 
to bring the aircraft back on heading. 

All the expert witnesses outside the 
a i rcraf t  said that t hey  aaw the nosewheels 
lift off the ground. The captain, however, 
stated that he had kept the aircraft 's  nose 
on the ground all the t ime.  From this, it 
was  assumed that in his efforts to make 
the rudder work the captain unconsciously 
pulled back t h e  control column.  Shortly 
after, both nosewheels broke off .  

Although the steps taken by him to 
correct heading had same effect ,  the yaw 
to the left persisted.  Thereupon he reversed 
thrust on all  four engines and applied both 
wheel brakes. The r e v e r s e  thrust  w a s ,  
however, violently interrupted when the 
navigator, who was not fastened in h i s  
seat, was flung against the pilots' control 
stand when the nosewheel undercarr iage  
broke off. 

Having rolled 2 360 rn, +;he aircraf t  
ran off the runway in a gentle curve to the 
left. In turn, the nose gear assembly, 
t h e  port undercarriage and finally the 
starboard undercarriage broke off. Finaily 
the aircraft came to rest in a depression 
1. 5 m deep and 30 m wide wi th  its fuselage 
broken into three parts .  (See Figures 10,lJ 
and 12). 

The Engines 

In engine No. 2 the thrust  reversal 
valves w e r e  found in the closed position 
while in the other three engines they w e r e  
open. The c r e w  had not noticed any signs 
of abnormality in the engines and the 
speeds of 100 and 120 kt w e r e  attained 
within the specific times. Since the SFlM 
flight recorder registered normal accelera- 
tion up to the abandonment of take -off, i t  
i s  reasonable to assume that t he  engines 
w e r e  functioning satisfactori ly,  asd the 
w h e e l  brakes could not have been on, a t  
l east  not noticeably, 

Rudder 

There  was no further trace of jamming 
of the rudder which the pilot had reported. 
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On the day of the accident there w a s  
a gusty crosswind which must have obliged 
the pilot to shift the rudder quickly and f a r  
over ,  (while moving at a low speed), after 
he had changed over from the nosewheel 
controls to the rudder .  If the rudder i s  
moved abruptly hard over when it i s  a t  
boost-on this can produce a marked de- 
crease in p r e s s u r e  in the auxiliary 
hydraulic system, as  noticed by the flight 
engineer during take-off. Great  resis t -  
ance i s  then felt in the rudder pedal and 
may give the impression that i t  is stiff o r  
even jammed. I t  must be assumed that the 
pilot knew of this feature from experience. 

In the November 1961 i s s u e  of the 
"Boeing Airliner1 '  under  the heading 
"Rudder Operation and Control" there is 
a further explanation. 

If the pressure  control valve comes 
to  rest in the central position, thus im- 
peding the supply of hydrau l ic  pressure 
to the rudder power control unit, the 
moment the pedal is pressed i t  ceases  
to be power-operated and has to be oper- 
ated directly. The rudder resistance 
unexpectedly increases and can easily 
give the impression that the rudder is 
stiff o r  jammed. The pressure required 
on the rudder pedals to achieve a 50 
extension of the rudder fin at 200 kt, fo r  
example, rises f rorn about 40 to 90 Ib. 
Also,  the pilot receives no warning that 
a switch-over will ensue, since the 
pressure through the pressure control 
valve m a y  remain a t  full right up to the 
moment when, as a result of pedal action, 
a steadier flow of hydraulic fluid through 
the rudder power control unit makes the 
pressure  in the system fall off sharply. 
The warning light cannot give any knowl- 
edge of t h i s ,  although it will flash when- 
ever the rudder i s  switched to direct 
operation. This w a s  not observed by any 
c r e w  member. 

The manufacturer has issued Service 
Bulletin No. 1482 recommending incorpo- 
ration of a bypass line which w i l l  ensure 
sufficient pressure to the rudder power 
control unit even when the valve switch 
functions unsatisfactorily. 

The Handling of the Aircraft 

It gave no indication as to the possible 
cause of the accident. 

The emergency brake had not been 
used. Its use would probably have resulted 
in the aircraft  leaving the runway even 
ear l ier  on account of i t s  leftward veer. 

The normal wheelbrake and reverse 
thrust were in order ,  and the pilot was 
justified in assuming that he would be able 
to stop the  aircraft  on the remaining 
portion of the runway, The accident would 
probably have been less critical if the 
navigator had not fallen on to the control 
levers and stopped the reverse thrust. 
The navigator said he had released h is  
safety belt to get a better view when he 
noticed that the take-off w a s  going wrong. 

The flight recorder showed that a 
change of heading occur red during take-off. 
The maximum speed registered w a s  155 - 
I 5 7  kt ,  but an  erroneous indication m a y  
have resulted from impact, T h e  speed, 
however, was  estimated to be approxi- 
mately I50 kt. 

Probable Cause 

The cause of the accident could not 
be determined. The pilot could not keep 
the aircraft  on the runway after abandoning 
take-off. 

ICAO R e f :  AR/760 
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No. 27 

Circumstances 

Civi l  Aviation, Iran, 

EP-ADK was flying the re tu rn  por- 
tion of a non-scheduled flight Tehran- 
Beirut-Tehran at a n  altitude of approxi - 
mately 13  000 to 15 000 f t  when it became 
lost  and is presumed to have flown OVeT 
Russian te r r i tory .  The aircraft was shot 
a t  by an unLdentified a i rc ra f t  as a resu l t  
of which No. 1 engine nacelle and the 
adjacent wing s t ructure  were damaged 
by gunfire. No. 1 engine caught f ire.  The 
fire was extinguished, and the propeller  
was  feathered. Due to a low fue l  indication 
on No. 4 tank, No. 4 engine w a s  stopped and 
the propeller feathered. In view of the 
exis t ing  conditions, an emzrgency wheels- 
up landing was carr ied  out.  Although the 
aircraft had been badly rlamagerl, none of 
the 3 crew aboard suffered any injury. 
The accident occnrred at 2216 hours G M T  
( 3  August), i. e. at 0116 hours local time 
(4 ~ u ~ u s t ) .  

Investigation and Evidence 

The Aircraft  -- 
The a i rcraf t ' s  cert if icate of air- 

worthiness was valid -3 21 March 1962. 
It had been issued a certificate of main- 
tenance (valid for 24 hours)  at Mehrabad 
Airpor t  (Tehran) on 3 August 196 1 at 
0800 hours local time. 

The airframe, engine and propeller 
log books were examined and found to be 
satisfactory. A major overhaul of the 
aircraft was completed on 2 8  March 1961 
since which timt the four engines had been 
changed. No recorcl was found of the com- 
p a s s  having been re-adjusted and checked 
following any of the engine changes nor 

was there any pilot report concerning an 
inaccurate magnetic compass. 

There  were no positive records and 
certifications concerning the radio equip- 
ment. 

The C r e z  

The ~ p t a i n  has flown a total of 
1 1  700 hours. Most of these were  on C-46 
and DC-4 aircraft. H e  has flown 7 000  
hours on DC-4's. His night flying expe- 
rience amounts to about 4 500 hours. 

The f i r s t  officer has flown DC-3, 
DC-4 and Viscount a i rc ra f t ,  the latter two 
types as co-pilot. He has flown a total of 
6 400 hours,  of which 1 645 hours were on 
t h e  DC,-4. H e  has a DC-4 type ra t ing  on 
his FAA (Fede ra l  Aviation Agency - U . S . A , )  
airl ine transport licence. Following h i s  
joining of Iranair in August 1955 a DC-4 
rating was requested by Iranair. The 
Government issued a temporary rating to 
Iranair, but this temporary rating was not 
entered i n  the pilot's licence. 

The second officer has flown DC-3 
and DC-4 a i rcraf t  as co-pilot, He was 
given transition training in the DC-4 in 
M a y  1961 for right seat take-offs and 
landings. Of his total of 900 flying hours,  
approximately 114 hours were  flown on 
th i s  aircraft type in the l a s t  90 days. H e  
had no former-experience on this  route, 
nor is he in possession of a DC-4 type 
rating o r  an instrument rating. 

Weather 

The following conditions prevailed 
over t he  flight's route: 
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From the Iranian border to Tehran 

1 to 3/8 Cu and Sc base 11 000 ft, top 15 000 to 
16OW ft, and 

1 to3/8Agbase16000ft,  topl9000ft;visibil i ty 
10 km In general, locally 6 k m  with haze; 
winds a t 1 5 0 0 0  to16000 ft; 270°, 1 0 0 1 5  kt 
veering to mO, 1 5  k t  near Tehran; tempera- 
arreat15000m16000f t ;Oto-X.  

Area between Saghez - Tehran and the Caspian Sea 

over the mountains, 3 to 5/8 Cb base 12 000 ft, top 
20 000 ft with local thunder showers, Upper winds and 
temperature similar to Tehran area. 

At the time and scene of the accident 

ceiling 

visibility 
wind direction 
wind speed 

temperature 
dew p i n t  

: 3to4 /8CumdScbase3000f t ;  4 to 

$/8Ac-As base10000m 12000 ft. 
: 6 t a 1 0 k m  
: variable 
: about 5 kt  
: 24C 
: m c  

Upper winds 

A comparison of the winds forecast 
for the f l ight  sec tor  Tehran-Mandali 
(0800 - 14002) as against those actually 
encountered when over Iranian t e r r i to ry  
during the return flight showed no serious 
change in conditions to  affect groundspeed 
nor ta cause a considerable deviation from 
the tracks-made-good, 

The captain stated that about 
750 BHP was applied during the major 
par t  of the re tu rn  flight whereas the f i r s t  
off icer  believed that it was in the order 
of 680 BHP. The only data available for 
determining the applied BHP was the total 
fuel consumption for the entire re tu rn  
f l ight ,  which lasted 7 h r  18 min, 

Assuming that the return flight 
started with 1 800 U S  gallons of fuel on 
board and based on the fact that a total 
quantity of 80 gallons was in the tanks 

after landing, calculations were  m a d e  
which showed a total consumption during 
cruise of 1 620  U S  gallons. Rased on a 
total f l ight  time of 7 h r  18 min, an aver- 
age cruise  consumption of 221 U S  gallons/ 
hour was maintained during the flight. 
As approximately 50% of the flight was 
flown a t  12  000 f t ,  the other 50% at 
15 000  ft and the average weight of  the 
aircraft amounted to 62 000 lb, an 
average B W  of about 670 was maintained 
during the entire-flight. From these 
data the conclusion i s  drawn that a con- 
siderably higher TAS than the planned 
180 k t  was maintained, In fac t ,  average 
power of  670 BHP and an average air- 
craft weight of 62 000 lb result in an 
average TAS of about 21 0 kt. 

Reconstruction and anaiysis of the flight 
up to the accident 

The aircraft departed Mehrabad 
Airport (Tehran) at 0815 hours GMT for 
a charter f l  igh t  to Beirut  (~ebanon) .  
Following i t s  arrival there a t  1304 hours, 
the captain left the airport to undergo a 
medical examination for renewal of his 
licence and instructed the f i r s t  officer t o  
supervise the refuelling and loading of 
the aircraft .  He asked that the four main 
tanks be filled to 450 US gallons each. 
This would give a total amount of 1 800 
gallons f o r  the re tu rn  flight to Tehran. 
The f i r s t  officer read the fuel gauges of 
the tanks to determine the quantity of fuel 
remaining and on this basis instructed the 
refuelling company to add various amounts 
to the individual tanks. None of the c r e w  
members actually dipped the tanks, The 
crew, when starting the return flight 
supposed that the aircraft had 1 800 US 
gallons aboard. 

The first officer compiled and 
submitted an EFR flight plan for the Beirut- 
Tehran segment of the t r ip.  No forecast 
for the return flight was available as these 
have to be requested six hours in advance 
for non-scheduled flights and such a re- 
quest had not been made by the Company's 
representative.  The first officer, there- 
fore, decided to apply the data pertaining 
to wind direction and speed appearing on 
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the  forecast obtaineu3 that same m ~ r ~ i n g  
from the meteorological section at Mehra- 
had. The time validity on said forecast  
was from 0800 to 1400 GMT. Thus, its 
validity had exp i red  at the time of 4 e p a  r - 
ture (1455 GMT) from Seirut for the return 
trip. In compiling the flight plan the first 
officer applied a true air speed of 180 kt 
fur  the cruise part of the flight. Company 
instructions in regard to BHP for cruising 
state that 680 BWP should be applied for 
cruising, Within the  aircraft weight brack- 
et  of  63 000 to 71  000 Ib,  applicattan o f  
680 BHP results in an average t r i le  air 
speed of 207 k t  at 12 000 ft pressure alti- 
tude and of 209 kt at 15 000 ft pressure 
altitude. The reason avhy the first officer 
used the low figure for cruising true air 
speed could not be determined. 

Based on a true air speed of 180 kt 
and the winds given in the Tehran forecast, 
the e stirnated elapsed times calculated by 
the first officer and entered in the flight 
plan were  erroneous, The elapsed times 
entered in the flight log during the flight 
gave a different picture, that can hardly be 
explained, 

According to  statements of the first 
officer, which were  confirmed by the cap- 
tain, the l a t t e r  resumed command when 
the aircraft reported its  position over 
Mandali. The time reported over Mandali 
was 1800 hours G M T ,  i. e ,  3 hours and 2 
minutee after  take-off from Beirut. This 
would result in an average groundspeed of 
17s k t  (including climb), The actual true 
airspeed maintained during the flight and 
the tailwind component that had been 
enconntered FIO not justify 1800 hours a s  
overhead timr: at Mandali. When the cap- 
tain resumed command, the f i r  st officer 
reported the a irrr?f t t s  position to him as 
"overhead M:lndaliM. The a i r c r a f t  at this 
time w a s ,  untloubted:y, over a city, but it 
i s  very doubtful that  the city was Mandali. 
The manner i n  which the flight plan was 
compiled and the fl ight log w a s  main ta ined  
did not provir:e a sound basis for naviga- 
tion with any depree  of accnracy. N o r  
wauld  the roi ~ p : ~ s l t i c t  c-f +hc Ili.cht c r e w  
dur ing  the f l i i h t  fron. sbesr:. ' I  I to hlan- 

dali  usarrant a correct conduct of the 
fl ight navigation and subsequent reporting. 

It is believed that the captain, not 
realizing that  he resumed command from an 
erroneous position, got himself into serious 
diff icul t ies  during the remainder of the 
flight. Also the next position, overhead 
Kermanshah, was not definitely recognized 
a s  such by the crew. (The second officer 
was flying this route for the first time. ) 
The crew stated that this  position was 
reported to Tehran "blindlyi'. It did not 
appear in the flight log and, therefore, no 
definite time over  Kermanshah could be 
determined. The next position was NDB 
Ramadan, 3 N M  north of the city, This 
position was reported to Tehran FIC via 
relay by an aircraft fiying in t h t  area. 
The time reported "overhead Hamadan" 
w a s  14042  which resulted in a groundspeed 
of 149 Ict from hhndali. This groundspeed 
w a s  not justified on the basis  o f  prevailing 
winds and true airspeed. From then on 
the aircraft, by further deviating from its 
intended track, at no time came within 
range of the Tehran VHF communication 
and air navigation f a c i l i t i e ~ .  

The remainder of the flight could only 
be reconstructed from starting with the 
point of the crash and working back on infor- 
mation supplied by the crew. It was deter- 
mined that the aircraft did cross the Elborz 
mountain range. During or immediately 
after crossing the range the crew, when 
trying to establish the aircraft's position 
with the aid of direction finding equipment, 
tuned in to a radio broadcasting station 
transmitting on or  about 900 kc /s .  The 
broadcast was in the Parsee language, and 
i t  w a s ,  therefore, assumed that the broad- 
casting station w a s  in Tehran. Receiving 
a definite indication on the direction of this 
station the captain started homing-in on it ,  
maintaining a heading of 3 3 0 ~ ~ .  This head- 
ing was maintained for about 45 minutes 
during which time i t  i s  assumed that the air- 
craft entered Russian territory. 

The captain then saw a lighted area 
which he could not recognize a n d  decided to 
t~; . rn  bac!; on a heading of 1 2 0 ~ ~ .  Shortly 
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after taking up the new heading the aircraft 
was fired on by an unidentified aircraft, 
No. 1 engine was hit and caught fire. The 
fire was extinguished, and the propeller 
feathered. All lights on the aircraft were 
put out, and it made a steep de~cent,  At 
the lower altitude the crew ascertained 
that the aircraft was over water and cor- 
rectly aasumed they were  over the Caspian 
Sea. A southweeterly heading w a s  taken 
up and subsequently the aircraft  Is position 
aver the Caspian Sea was determined. 
Due to a low fuel indication for No. 4 tank 
the captain decided to feather No. 4 engine. 
A heading of 1 2U0M was agaur taken up 
which resulted in a track which roughly 
paralleled the Caspian coast. Following 
manoeuvring at a low altitude to  select a 
suitable terrain, a forced landing was car-  
ried out. 

The Accident Site 

The landing was made on level and 
soft ground of a sandy nature. Clumps of 
reeds and rushes in the area reached a 
height of about 30 inches. The aircraft 
landed in a due east direction with its 
wheels retracted and skidded in a straight 
line for about 300 d. It then s lewed B around through 90 and almost immediately 
thereafter came to rest ,  with its nose 
pointing in a northerly direction, about 150 
to 200 yd from the edge of the Caspian sea. 

Wreckage - r e s u l t s  of technical 
exarnrnatiop 

No part of the aircraft broke away 
from the main structure either in flight or 
at the time of the forced landing, but exten- 
eive damage was sustained by the aircraft 
as a reault of the landing. 

Nothing was discovered during the 
examination which could be regarded as a 
contributory factor to  the forced landing 
other than the considerable damage which 
resulted from the reported attack by the 
unidentified aircraft, mainly on top of No. 
1 engine nacelle and on No. 1 engine itseif. 

With the exception oi Nos. 2 and 3 
auxiliary fuel tanks, all fuel tanks were 
empty; Nos .  2 and 3 auxiliary fuel tanks 
appeared to contain less than 10 US gallons 
each. 

The radio w a s  removed for inspection, 
bench tests and air to ground tests, All  
t e s t s  were satiafectory. The harness and 
associated aerials and compass loops were 
not removed irom the air craft for the above 
tests. The VHF aerials and loop w e r e  de-  
str oyed. 

Duty time 

Following a cafisideration of the duty 
time of the crew mernbers, it was conclud- 
ed that the captain was absent from the 
cockpit during a period oi about 1 hr 40 mia 
and that dur iag  this period the flight was 
conducted by the first officer, assisted by 
the second offices. 

The flight and duty time restrictions 
issued by the Government of Iran limit max- 
imum flight time o< members of the flight 
crew to 10 hours in any consecutive 24-hour 
period and duty time to 14 hours in any con- 
secutive 24-hour period for flights on which 
two flight c r e w  rnernbers are required. As 
the second officer was not in prirsession of 
a DC-4 type rating and w a s  not qualified for 
instrument $lying, the crew was ,  in fact, 
composed of two flight crew members and 
a student pilot. According to the flight plan, 
even i f  it had heen compiled correctly, 
these maximum flight and duty hours should 
normally not have been exceeded, However, 
the composition of his crew did not ja~t i fy  
the captaints absence from the cockpit for 
a period of 1 hr 40 min. 

Conclusions 

It i~ assumed that at an indeterminate 
time, probably when the captain was in the 
rear of the aircraft and the eecond officer 
~ccupied the left-hand seat and the first 
officer was navigating the aircraft from the 
right-hand seat, a navigational error was 
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made. It appears that when the captain 
r e tu rned  to the cockpit he w a s  informed by  
the f i r s t  officer that the town over which 
they were  pas sing was Mandali. The cor- 
rectness of this position w a s  taken for 
granted by the captain. This was an error. 
The place over which they were flying was  
possibly Khanagin, a town 36 NM north of 
the track. Thereafter, by a series of 
unjustifiable assumptions and inaccurate 
pinpoints, combined with incorrect inter - 
pretations of A D F  readings, a track wel l  
to the north of the correct one was main- 
tained. This track took the aircraft out of 
range of the Tehran area navigational faci- 
litie s. 

When the captain assumed he was 
over  Rude-Shur (radio beacon RU) he man- 
oeuvred the aircraft to bring it over 
Veramin (radio beacon VR - see Figure 13! 
Thus a false assumption, not justified by 
ADF readings, led to manoeuvres which 
were intended to bring the aircraft  over 
the Tehran area. After failing in this a t -  
tempt the captain horned on a broadcasting 
station which he assumed to be an Iranian 
station in Tehran, because of the broad- 
cast being m a d e  in the Parsee language. 
However, this assumption was wrong, 
The station appeared to be northwest of 
his position. He homed on this  tati ion for 
about 45  minutes maintaining a magnetic 
heading of 330°. This manoeuvre took him 
out of Lranian territory. 

Realizing he was on a wrong track 
he turned back onto a heading of 1 2 0 ~ ~ .  
The attack by the unidentified aircraft  fol- 
lowed. W e  then broke cloud and was able 
to establish his position. No, 1 engine had 
stopped because of damage incurred, and 
he stopped No. 4 engine and feathered i t s  
propeller. The successful crashlanding 
w a s  then cart  ii?d out or; the coast ,  6 nliles 
from Rud- i -S>r .  

Probable Cause 

The accident was attributed to faulty 
navigation, 

Recommendations 

As a direct result of this particular 
flight the Board put forward the following 
re commendations: 

1) that  the system of flight planning 
be regularized in accordance with 
accepted international standards; 

2) that the system of technical and 
navigation logging be thoroughly 
overhauled and instructions issued 
to ensure the maintenance of com- 
prehensive and informative pro- 
cedures; 

3) that the general standard of com- 
compiling and initiating pertinent 
documentation be improved; 

4) that captains be instructed not to 
absent themseive s for long periods 
from the cockpit. However, if 
exceasive fl ight and/or duty time 
makes additional c r e w  a necessity 
then all such crew members should 
be properly licensed; 

5) that captains should be adequately 
briefed concerning the ability and 
qualifications of m e m b e r s  of their 
cockpit crew; 

6) that Iranair should ensure that a 
flight, to be conducted in accor - 
dance with instrument flight rules, 
shail not be commenced unless 
valid meteorological information 
i s  available. 
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Circumstances 

The a i rc ra f t  departed London at 
1 329 hours G M T  on an (estimated) two and 
a half hour charter f l ight  to  Stavanger 
Airport, That same day ,  between the 
hours of 1624 and 1630 GMT, it  crashed 
about 18 N M  northeast of the airport on 
Holteheia, a steep mountainside running 
in a north-south direction. The accident 
s i t e  was at an altitude of 1 600 ft.  All 
persons aboar-l the aircraft  (i. e. 3 crew 
and 36 passengers) were killed. The 
a i rc ra f t  was destroyed. An intense fuel 
and oil fire followed the impact. 

Investigation and Evidence 

The Aircraft 

Its certificate of airworthiness,  
last renewed on 3 February 1961, was 
valid for  a period of one year ,  The air- 
craft had flown a total of 20  885 hours. 

The ai rcraf t ' s  cert if icate of main- 
tenance dated 29 July 1961 was valid until 
19 August 1961 o r  for  100 flying hours. 
O n  the day of the accident a preflight ins- 
pection 'Bt was carried out and certified 
on a pre-flight inspection record.  

The por t  engine was las t  over- 
hauled completely on 3 October 1956. 
Since that t ime i t  had run about 1 293 hours 
Immediately prior to the departure of the 
aircraf t  on its last flight an ignition rpm 
drop was experienced bn the right-hand 
magneto of this engine. The fault was  
rectified. 

The starboard engine had run a 
total of 1 156 hours s i n c e  last overhaul. 

A t  take-off the ai rcraf t  weighed 
15  084 kg, i.e. 338 kg below the maximum 
permitted. It was est imated that a t  
1622 hours on 9 August, the time of the 
l a s t  radio contact with the aircraft, the 
all-up weight would have been about 614 kg 
below the maximum permitted for landing. 
The aircraft's centre of gravity was 
within the prescribed Limits. 

The aircraft car r i ed  enough fuel 
for  5 hours  15 minutes of flight. 

Crew information 

The captain held a valid airline 
t ranspor t  pilot's licence endorsed i n  
Group 1 for Viking aircraft .  At the time 
of the accident his-total flying hours were  
approximately 8 0 0 0 ,  of which 3 730 hours  
w e r e  in  command ofvikings .  During t he  
9 0  days preceding the accident h e  had 
completed 283 flying hours, of which 169 
were on Vikings ,  During the 30 days  
before the accident he  had completed 114 
flying hours. 

Cunard Eagle Airways considers 
Stavanger Airport  as a "Category All 
airport, i. e, one with standard approach 
aids which present no hazard due  to terrain 
difficulties. Although the captain had not 
been to Sola before, h e  had considerable 
experience as a Viking captain on European 
routes and had completed 21 instrument 
approaches in Eu rope  during the preceding 
twelve months. The operator considered 
that he had shown his competency and 
familiarity with approach aids similar to  
those at Stavanger and that the ILS proce- 
d u r e  Qere presented no difficulty to normal 
approach o r  depar ture  procedures. H e  w a s  
authorized to operate as  a pilot-in-command 
to all Category r l  a i r f i e l d s  on route  within 
the European region. 
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No specific briefing for the flight 
was carried out, but the captain had access 
to all relevant informafion contained in the 
flight guide and topographical m a p s  carried 
on the aircraft and to information available 
at the Ministry of Aviation Briefing Roorn 
at London Airport, which included the 
hours of operation and availability of the 
Stavanger G CA , 

The co-pilot, at the time of the 
accident, held a valid senior commercial 
pilot's licence endorsed in Group 11 for 
Vikings. His totat flying hours amounted 
to 1 744, of which 262 were on Vikings as 
first officer. Inspection of the records 
showed that on 30 May 1961 he satisfac- 
torily completed a comprehensive training 
course and had satisfied the operato* of 
his  competence to act as a first officer on 
Viking aircraft. His  last instrument rating 
check was on 18 January and h i s  last 
competency check was on 2 2  May 1961. 
H i s  total flying time for the 90 days pre- 
ceding the accident was 255 hours, all on 
Vikings,  During the 30 days preceding the 
accident he had completed 94 flying hours. 
On the day prior to the accident he had 
completed 7 hours of flying. 

The air hostess had completed 163 
flying hours and was considered to be an 
above average hostess. 

All  crew  members had sufficient 
r e s t  prior to the flight. 

Weather - landing forecast for Stavanger 
Airport, -+& 
0600 - 1 5  00 hours 
surface wind 120°/20 kt, gusty - .  

visibility 3 NM 
cloud 3/8 stratus at  1 000  f t  

8/8 stratus at 1 5 0 0  f t  

becoming between 0900 - 1200 hours 
wind 210b/20kt,  austv - -  , 
visibility 11 NM 
cloud 6/8 cumulus at 1 800 f t  

temporarily between 0900 - 1500 hours 
visibility 4 NM in heavy showers 

5 18 cumulonimbus at 1 200 ft 

fl ctual weather at Stavangel- 

O n  the day of the accident a low 
pressure system reached southwest Nor- 
way. A trough passed the Sola area some 
time between 1200 and 1500 hours, following 
which the surface winds veered from south- 
southeast to southwest, occasioning rain 
and showers but wrthout significant change 
in the clouc! base. Most likely the wind at 
I 5 0 0  ft came from a direction of 2 3 0 ° ,  
with an average velocity of 5 0  kt. At  times 
it may have reached 60  kt. Cloud forma- 
tions were variable. 

The freezing level at Sola was about 
7 500 ft. Carburettor icing i s  hardly 
likely b have occurred. 

Atmospheric pressure given in the 
actual, reports from Sola was correct, The 
pressure was rising. This, occurring after 
the sub-scale of the aircraft's altimeter 
w a s  set ,  would result in too low an altim- 
eter indication, and the aircraft would be 
flying at a higher altitude than indicated. 

None of the meteorological stations 
in the Sola area reported thunder storms on 
9 August. Aircraft reported no special 
atmospheric disturbances in the area. The 
relatively large amounts of precipitation 
indicated that static m a y  have occurred for  
short periods. 

The actual weather observations 
from Sola for the period between 0830 and 
1745 hours are quite representative for 
the weather in the area. The half-hourly 
routine weather observations show a fairly 
strong and gusty surface wind from a 
southerly to southeasterly direction, with 
an average wind speed of 20 to 25 kt, with 
gusts up to 45 kt. The wind veered to the 
southwest around 1400 hours, with only 
small changes in velocities. 

The visibility at Sola was about 
10 lcm, before the passage of the trough, 
during which the visibility dropped to 2 km 
and increased again to 10 km after passage. 
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There was a well-broken layer of 
stratus cloud a t  about 500 ft, apart from 
a short period after 1700 hours when the  
stratus clouds covered nearly a l l  of the 
sky. Above these l o w e r  clour',s a layer of 
strato c u n ~ u l u s  was r e p o r t e d ,  with base 
varying from 1500 to 2500 ft .  

Win:! veloci ty  at 1 500 f t  at Stavanger 

A t  the t i m e  5-AHPRrI was near 
Sola, an SAS f l ight  w a s  holding at Rennesy 
LIT NDR at 6 000 f t  awaiting i t s  t u r n  to 
land. The S X S  pilot said tha t  a strong 
wind affected the Stavanger area and whilst 
on final approach to 1a1.d on runway 18 at 
1709 hours  he experienced 17"  por t  <!rift 
a t  a true airspee4 of I 5 0  kt. 

::it 1850 on the s a m e  day a Viking 
lan:!ed at Sola af ter  making  an approach 
by ';-:;A. This aircraft experienced 2 5 "  
por t  <!rift on final approach at a t r u e  a i r -  
speed of 115 kt. 

I t  was e s t a b l i s h e d  that the (mean) 
wind direction a t  the tim:: of the acc iden t  
was about 050°M, From this an:? the d r i f t  
a n g l e s  experienced b~ the two a i r c ra f t  
m z n l i o n c d ,  the wind at  1 600 f t  a t  about 
the time of the accir!ent proabbly v:as 
2.30" h2 at appro::imately 60  kt. 

Neither the f l ight  forecast  n o r  the 
verbal  briefing received by the crew pr io r  
to c?epartrxre from London A i r p o r t ,  nor 
the surface wind transmitted to the aircraft  
by Sola ATC: inr'icated that the wind veloc- 
ity in the area at t h e  a l t i tude  an:' time of 
the approach was as high as  subsequently 
deternl iner l  b j  an evaluat ion of the mete- 
orlogical s i tua t ion  an:! by reports from 
pi lo t s  that had operated in the Sola area 
during the cri t ical  period. If so regluested, 
a revised flight forecast issued by the 
nleteorological office at London as late 
as  1 1 5 5  hours wouil-? have been mzde ava i l -  
able to the c rew.  Cons d e r i n g  that the 
f l igh t ' s  depar ture  from London was post- 
poned about 5 hol:rs, * it i s  surprising that 
the captain did not seek to obtain n r ev i s ed  
forecast p r i o r  to l e a v i n g ,  as the perio.! of 
validity of the forecas t  in h i s  possession 

would expire before his e s t i m a t e d  time of 
a r r i v a l  at Stavanger. However ,  the re- 
vised fo recast  would not m.3terially have 
changed t h e  information already i n  the 
possessionof the crew. 

Stavanger A i r p o r t ,  Sola 

ILS procedure 

The ILS runway at Sola  has a mag- 
ne t ic  bearing of 185". The outer marker, 
incorpora t ing  a 75  M c  s fan  marker and a 
hlF locator on 352 k c  / s,  is positioned 
3 .  8 N M  from the  runway threshold. i\rhen 
approaching f r o m  the south the prescribed 
p r o c e d ~ ~ r e  is to cross the outer r n ~ r k e r  a t  
2 000 f t  on the QP!FT and f l y  north fo r  
I. 5 NILI, descending  to 1 500 ft on the  QFE, 
A 4 5 "  procedu re  turn is then made t.w the 
l e f t  and after  45 s e c o n d s  t h i s  is folloxved 
by a turn  to  the r i gh t  to r e jo in  t he  locatizer 
beam. The 45 seconds timing may be  
increased o r  :!ecreased according to the 
wi nrl conrli t icns.  On re-joining the local- 
izer the a i r c r a f t  descends to 1 300 f t  and, 
af te r  c r o s s i n g  the outer  marker, descent 
i s  continued or1 t h e  gl ide  slope to the  ap - 
proach m i n i m u m .  If,  for any reason, t h e  
f inul  s t a ~ e  of tlie approach must be &an+ 
oned, the aircraf t  shoulr! turn on to a 
!~eac!inz of 270' M and climb to 2 5 0 0  f t .  

Llonii.oring of radio equipment 

M o  f a i l u r e  occurred in the monitor- 
I n  equipl-nent for the  locator  and the L S  
r!ri\ing the t ime the aircraft  was making 
its approach.  

'l 'cst of ground radio aids 

Flight tests w e r e  carried out on 
the radio navigat ion aids which may have 
been used by the aircraft while  in t h e  
Stavanger area. : 'art icular attention was 
given to the TO locator and  the  ILS. 

Z O  l o c a t o r  (: at outer marker of the ILS 
to runway 18 at Stavanger) 

I t  was found that if t h e  aircraft 
radio compass was tunt d to a frequency 
s l ight ly  above 352 kc/s, interference from 

::: This delay had no Searing on  the acc iden t  
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the Danish radio beacon at ail lurn was 
experienced. This NDB ( O Z R )  i s  216 N M  
froin .TO on a bearing of 157" T and t rans-  
m i t s  on a frequency of 355 kc/s, The 
nominal range of this t ransmit ter  is 
200 NM whilst that of the 2 0  locator is 
25 NM, The degree of interference de-  
pended upon how much the receiver was 
out of tune towards the frequency of 
355 kc/s. Generally there  was no diffi- 
culty in tuning ZO and excluding the inter- 
ference,  but if the tuning was done when 
the a i rc ra f t  was c lose  to the beacon there 
w a s  a greater possibility of mistuning 
being undetected. N e a r  the beacon the 
field strength of Z,O was high enough to 
overcome the interference and give 
cor rec t  radio cr+rnpass inc!ications everi 
if i t  was mistuned as far as 355 kc/s. 
However, when the aircraft le f t  the vicinity 
of the beacon, due to the decrease in i t s  
field strength, the interference became 
effective and incorrect indications resulted. 
With the receiver mistuned towards the 
frequency of Billum it  was possible ta 
h e a r  the call sign of ZO as well as that 
of  B illurn. 

Civil aircraft are permitted t o  use 
Air Force-operated GCAts. An interna- 
tional Class l Notam, dated 1 2  June 1961, 
announced that the GCA at Stavanger 
Airport ,  Sola, during the period from 
1 July to 14 August 1961, was closed to 
all operations from Saturdays a t  1 1.00 hours 
to Mondays at 0600 hours. 

On 9 August, the GCA was available 
to  G-AHPM on 45 minutes notice, but no 
request for this service was n~acle by 
e i ther  the pilot o r  the Sola Tower.  

Reconstruction of the flight up to the 
accident 

Evidence showed that the aircraft 
le f t  Clacton at 1354 hours  and proceeded, 
at cruising flight level 9 0 ,  on a d i rec t  
track to the Stavanger Consol Station. 
During this p a r t  of the f l igh t  the aircraf.t 
was in radio contact initially with Preston 

Airways; l a t e r  with Stavanger Control. 
There were  indications that the VOX set 
in the a i rc ra f t  was tuned to the frequency 
of Kristiansand S; this facility may have 
been used by the crew to obtain ground 
speed checks on the latter pa r t  of the flight. 

At 161 1 hours  the pilot reported 
just coming up to LEG (Stravaneer/ 
Varhaug) Consol Beacon, and it is estim- 
ated that the time overhead the beacon was 
between 1612 and 1613 hours. Having 
previously been cleared to descend from 
4 000 to 2 000 f t ,  the a i rcraf t ,  at 161 3 hours, 
confirmed that i t  was descending and had 
passed 3 500 ft. From the evidence of 
the air traffic control officer at Sola i t  
appears likely that the ai rcraf t  passed 
overhead the airf ield,  northbound, at 
approximately 16 18 hours, At 1620 hours  
a QDM of 180" (corrected 184") was ob- 
tained by Sola Tower. It i s  estimated 
that the a i rc ra f t  was then almost on t h e  
centreline of the ILS and to the north of 
the outer marker .  

From the radio telephony conversa- 
t ion between Sola Tower and the a i r c r a f t  
i t  appears possible that some confusion 
existed regarding the radio beacon used 
when approaching Sola from LEC. Ini t ia l ly ,  
the LII (Xennesy) NDF; may have been tuned 
in on the radio compass and the change to 
ZC only made when the a i rc ra f t  had passed 
over the aerodrome northbound, Reference 
to the type of route chart  u s e d  by the first 
officer shows the LII NDB and not 2 0 .  
This is because the char t  i s  mainly con- 
cerned with route facilities and not landing 
aids. The voice on the radio was identified 
as that of the f i r s t  officer, and normally he  
would be concerned with the tuning of the 
various navigation aids. The last  surface 
wind given to the a i rc ra f t  was 2 0 0 ° / 2 5  kt .  
However, evidence indicates that at this 
t ime a considerably stronger wind existed 
at the 1 600 ft  level and the ai rcraf t ' s  maxi- 
mum angle of drif t ,  while on the procedure 
turn,  may have been as high as 2 6 " .  Al- 
though the captain had ample opportunity to 
a s s e s s  the drif t  as he f l ew northbound from 
LEC,  the drif t  on his procedure  turn may 
have been g rea te r  than he expected. 
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Nothing indicated the  occurrence 
.>uring f l igh t  of ahnorrnsl technical o r  
operational c i r c u m s t a n c e s  o r  incidents, 
which may have contributed to the accident 
In so far as i t  could be ascertained the 
flight proceeded normally up to a certain 
position north of the outer marker o r  ZO 
locator on the ILS beam to runway 18 at 
Stavanger Airport ,  Sola. 

From the position a t  1620 hours,  
when the a i r c r a f t  was just north of the 
outer marker, until i t  was seen by wit- 
nesses on the  ground ,  l i t t le  is known with 
certainty of i ts  t rack,  but i t  is reasonable 
to assume that the captain, at least  initially 
intended to carry out the ILS procedure 
laid down in his Aerad flight guide. 
According to witnesses the aircraft f iew i n  
from the w e s t  and crossed the coastline 
at a position approximately 9 NM to the 
e a s t  of the LLS centrel ine,  whence it made 
good a track of about 185' M for the l a s t  
4 N M  to the position of the crash. State- 
ments from two ground witnesses,  however, 
could be understoorl to indicate that the 
aircraft, at arounc! 1630 hours ,  m a y  have 
m a d e  an approximately 315 " por t  turn  on 
the eastern side of the localizer, This 
w-oul I mean that the planned ILS approach 
had been rliscontinued, The Commission 
was  of the opinion that an evaluation of  all 
other available ev idence  ma?e this unlikely, 

The C,ommisslon was of the opinion 
that the wea ther  conditions at Sola, i .  e. 
strong an". g u s t y  w n-Is, must be considered 
unusual for the  season. The instability of 
the air at Ille t ~ m e ,  causing turbulence near 
the ground, prohal>ly m a d e  landing and 
take-off more difficult  than normal. Also ,  
the gusts and ve r t i c a l  currents which the 
alrcraft encountered in the air over  the 
Stavanger area should not have been of such 
intensity as to cause ha2arJ.s to fl ight.  
During the same afternoon and evening 
eight other aircraft landed a t  Sola without 
any problems of note. 

The  Comtniss iun was  satisfied that 
a t  the t ime of the accident the weather 
conditions at Stavanges Airpor t  were above 
the o?era tor ls  weather minima for Sola ILS 
approach an? landing. 

A i r  traffic control 

The services rendered were in 
accordance with the procedures and regu- 
lations in force  at the time, 

Information transmitted to G-AHPM 
appears to have been correct .  The ATC 
officer checked the flight three times on 
h i s  VHF automatic direction finder. The 
control officer acted correctly by checking 
the ETA of the aircraft over LEC and in 
correcting the pilot when, a t  1618 hours, 
h e  reported estimsting the LII beacon in 
approximately two minutes. The Commis- 
sion noted that the c r e w  was not p rec i se  in 
reporting t imes  overhead the L E G  and ZO 
beacons. 

The ATC officer called t h e  a i r c r a f t  
a t  1629 hours without getting a reply. 
Normal time for procedure turn manoeu- 
vr ing  had then been exceeded, but the duty 
ATC officer, because of prevailing wind 
conditions, expected that  this approach 
would take longer. The normal time for 
an  a i rc ra f t  to complete the procedure turn 
and a r r i v e  back aver the outer marker, 
inbound, is about 6 minutes, Therefore, 
the ATC officer's call. at 1629 hours appears 
to have been within the 3 minute limit pres- 
cribed in ATC procedures. 

No request for GCA service was 
made either by the captain of the aircraft 
or by the ATC officer a t  Sola. The non- 
use of this equipment was not, in the 
opinion of the Commission, a contributory 
cause of the accident, but  the Commission 
believed that the accident to G-AHPM might 
have been avoided if the GCA station had 
been utilized either in its pr imary  function 
or for surveillance, The la t ter  utilization 
of the equipment would have enabled the 
A TC Officer to initiate corrective action 
a s  soon as the radar scope information 
showed t h a t  the a i r c r a f t  was astray. 

Technical aspects 

It was established that electrical 
power upas available on the aircraft. 
Certain of the radio and navigational aids 
were in use,  including the VHF,  t h e  radio 
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RECONSTRUCTION O f  CAST PART OF FLIGHT 

Unbroken lina: Aircraf ts initial approach Viking 3B, G-AHPM FIGURE 14 
Dotted 11 : Possible ttight pa* last minutes 9/8/61 
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No. 29 

Eastern Provincial Airways, DHC- 3 "Otter", CF-MEX, made a forced landing 
neax SBndre Strdmfjord, Greenland on 29 August 1961, Report dated -- 
Au use te* 

Cir carnstancs 

Nine minutes after taking-off on a 
charter flight frorn SQndre Strdmfjord, 
Greenland ta Egedesminde, Greenland, the: 
aircraft experienced a iuel leak which was 
followed by a severe fire. An immediate 
forced landing became necessary. In spite 
of the severe circumstances the pilot suc- 
ceeded in bringing the aircraft down on a 
small lake about 1 1  NM northeast of S b d r e  
Strdmfjord and landed it on the shore where 
i t  eventually was completely destroyed by 
fire. The pilot suffered severe burns dur- 
ing the approach and landing and later fatal 
burns from being trapped under the left 
float of the aircraft, which was in  flames. 
The mechanic, who was occupying the co- 
pilot's seat, suffered burns to his left leg. 
The four passengers were  not injured. 

Lnve s t i~at i  on and Evi d e s  

The Aircraft  

Its certificate of airworthiness was 
valid until April 1962. It had flown 750 
hours since new, including 15 hours since 
the last periodic check. 

Loading and Centre of Gravity Position 

The aircraft's dl-up weight at take- 
off was about 7 980 Ib. The approved max- 
imum all-up weight is 7 967 Ib. At the 
time of the accident the aircraft's weight 
was about 7 850 Ib. 

No centre of gravity calculations 
w e r e  made, and no balance sheet was pre- 
pared. Under normal Ioading conditions 
which existed in this case, it is virtually 
impossible to exceed the approved centre 
of gravity limitations. Thus, there was 

no reason to suspect that the aircraft's 
centre af gravity position was not withi11 
the pre ac  ribed limits. 

The Pilot 

He held a valid Canadian commercial 
pilot's licence and had flown a total of 
4 000 hours ,  including 1 500 on the DHC-3. 

Reconstruction cd the flight 

The aircraft departed Sbndre Strbm- 
fjord on a VFR flight at 1814 hours GMT 
carrying 2 crew,  4 passengers and some 
cargo, While taking-off the pilot advised 
the tower that his HF communications 
equipment was temporarily unserviceable. 
This discrepancy was soon rectified by the 
mechanic and five minutes aite r take - off the 
equipment waa reported to be operating nor- 
mally. 

Four minutes later, during climb, the 
pilot observed the fuel preasure had drop- 
ped to 2 psi. He levelled off, called the 
rnechanicbs attention to the malfunction and 
switched on the fuel booster pump. Immed- 
iately a strong smell of fuel was experienced 
in the cockpit, and the mechanic shut off the 
b ~ o s t e r  pump. The pilot changed course 
back to  the point of departure and advised 
on HF that he was returning to Sdndre 
Strdmfjord due to a gar l e a k ,  that the air-  
craft was 8 - 10 miles north of the beacon 
and stated that he would call when down. 
This was the last transmission frorn the 
aircraft. A few seconds later smoke appear- 
e d  in the cockpit, and the mechanic saw 
clear f i r e  through an opening in the control 
pedestal leading to the compartment below 
the cockpit floor. The fire warning system 
was never observed to operate. The engine 
was shut down at an altitude of about 3 000 ft .  
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T h e  f i re  extingui-sher was operated, and 
descent was immediately initiated. 

During t h e  d e s c ~ n t  the cockpit rapid- 
l y  filled with smoke and flames w e r e  
blazing t h rough  the rudder push rod funnels 
between the piles's feet. In order t o  m a i n -  
tain f o r w a r d  v i s ib i l i ty ,  he opened the left- 
hand cockpit drlor andleaned out. During 
the f ina l  part chi the descent  and during t h e  
landing he could not remain in his seat due 
to t h e  intense f i r e  a round  h i s  legs and 
C ~ r t n a ,  but he ~ucct.<.r!cd in br inging the a i r -  
c r a f t  5afely clc-l.~ t k 1 6 .  l a k r  whi le  aiariding 
outr ide the cot k p t ,  ;$hen the a i r c r a i t  hit 
t h e  beach the p i l o t  u:ae t h r o w n  forward on- 
to the turf wht re  h ~ :  ass pinned beneath the 
lef t  float, The rriccl~at~ic  and the four pas-  
sengers at tempted  unsuccessfully to f ree  
the pilot, for iifteeri minutes a f t e r  t h e  
landing. ?'he11 the i u - 1  tank ignited an.4 i t  
uras not until  I . ~ r t y  -i':ve minutc.5 l a t e r ,  
1.t'tlen the airc:: t i ;  i l i .bintegrated, that  the 
pilot. could be ,-:ric. . ( i  f r o m  t i i v  pol i t isr j  
u n d e r  t h ~ :  f !uj i  

L>sn~rig:- .  :i, :l. l l rcraf t  w a a  Vtr r>; .. ,.- 
t t ~ n s i v e  [ ~ L A  tt, :!-(I, : .  .:nYe f i r e  which CoiiLju - 
.d thc igni: , iut- ;,< t:.. ?.i.-I t a l tk .  

Pc~r I:> ; - , '  . i l . 4  inspt.; tinrk !,f ttle 
,am r . - ~ l c n g ?  i ::I: I ;.:ug, re ia t ivc lv  ~ t n ( ; r , ~ - i ~ -  

; ~ < c : l  by f i  rln a - , : I  t. ' ) - - :or~s ly  a d r a i n  plug 
t:iis 3 i n g  fro111 !hi' :. : :buret tor  preu3ur , :  
~ h a r n b c r  ~ 3 3  ~JUI~;;  L ~ L  the bottom of the 
t:rigine cnvi l in ,  ur~rl ; , -ncath the correnpond- 
irl,: L h i c . l d c A  i ~ . r ? - .  i:, the c a r b u r e t t o r .  N d  
tr3cc.s oT lor.i:.i:>< \G-. :.c' *e re  f ~ l l ~ l d .  in VI~ :V I  

(ji tile c+c~ndi:ir~.: -.: '. 14 plug arli i thi. c.li_l r r r J -  

pr)n:li~~g b o ~ . e  iLi t!.- . a r b u r e t t ~ r  huusir:g ;i,i 

c o r r ~ p a r e d  -+;it11 L: - 3 l .  Lilar plug i t 1  t h e  aarne  
t~t)~i. i ir .g,  i t  r11,?> ',r' ?afely a r s u t r l e d  t h s t  the 
;:t iri  p lug  :,.:l;i ..;b4 i , :  : l :  p r o p e r  place w h c r l  
ti)., fir(> t r r . ~ l c  ! > : - , a  .. ., ~ I I P  engine a c c e s s ( , -  
r i ~ s  ~ L ~ ~ I I I '  , ~ : ~ . - - ~ r ? r .  FInwever, i t  I I I U ~ I ~  ! 1 3 ~ ' e  
F.,P~:I it1 pl . ! b i -  ,, . n g i n e  rut)-up a 3  o t t ~ c r  
. c i y r x  fiit.1 . *.: : : :. bczcn nbscrver l  r u n r l n g  
g L ! l : l l  ,I?, , -  . 1 :  :,:, 

! .  , - ; ' -. ,,ut tly thc r ~ m f l 1 1 C ; t ~ :  r - 
, . I ~1 of :Ilk: ; j L ~ r : :  i t !  

question during engine operation reduces 
the fuel pressure to 1-314 p s i .  

I t  can t h u s  be concluded that t h e  fuel 
pressure  drop and consequent heavy fuel 
leak experienced on this fl ight occurred 
when the already loose plug fell from its 
bore. 

No records  on the nlaintcnance of the 
aircraft were  available, because the log 
books were destroyed with the a i rcraf t .  

Maintenance work wa3 carried o u t  c ) r ~  
t he  cabin heater system of the aircraft t h e  
day before  the accident, but, accord ing  to 
the m e c h a n i c ,  t h e  carburettar drain plug 
was not touched during t h i s  operation. 
Therefore,  it may be assumed that t he  
safety w i r e  vas omitted during the last over 
haul of the  engine and t h i s  d i ~ c r e p a r l c y  w a s  
not  detected by tho36 irk chargr of t h e  roll- 
t ine maintenance.  

h1:iin f!wl f i l ter  

Improper  it~4t-11!3tin;1 0: tnt. filt:hr 
e l e t n e n t  r e su l t s  i n  dcfur rna t i ! ,~~  n l  thr t=le- 
t n c n t ; ~ r , , ! i n h r e l  l e ~ t i * ~ * :  T i ~ c d e f t , r t r - r - ~ t i r i r .  
of the  llrul f i l ter  - I - r e n t  r ~ . f  C F ' - ? I E K  a *  
fc)urlti might irldicste that i t  harl  been irrlprcl- 
!)erly installed, n r  i: rriay ha;.r S e ~ n  :;~~ror:! 
by t l ~ e  h t h a t  to  w h i ~ - l >  t h v :  iilte:. w;ia ~ ~ h * ~ i o u s i i  
expclsrri.  

Lt c a n ,  t he r e fo re ,  lie C O H C I I L C ~ Y ~  t h a t  
C F - M E X  deve loped  a s e v e r e  fuel l eak  i11 

f r o n t  of the f i r e w a l l  and possibly a rrinderate 
hiel lenlc  in the c- ompartment h e n c a t h  the 
cockpi t .  

I t  w a s  not poss ib le  to point out a defi- 
nite source of igni t ion.  

?'tic, f i r e  i l l a y  tiavt. been s t a r t e d  fo r -  
\\-ard o f  the f i r e w ~ l l ,  the er lq i t~e  a c c e s s o r i e s  
corr~par tment  d i ~ ~ l a ~ i n ~  3 eve rr7 1 P U S  sible  
dour: P _ ;  af i g n i t i o t ~  atid a r r ~ o r e  !hall 3 ~ r f f i c i -  
r,rlt 5 ~ 0 p l y  of cornbust ion ni r ,  c r )~n ing  fr<,rrl 
the .;en? n t o r  coo l ing  trthe. 
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The f ire  warning system may have 
been inoperative at the time of the f ire.  
The fact that the system did not give warn- 
ing canno? be considered proof that no fire 
occurred forward of the firewall. The 
appearance of the firewall indicated that a 
blazing fire had existed forward of it .  
This fire could not have continued when the 
-air+rait was w the ground as at this time 
the engine was stationary, and the booster 
pump was switched off. Consequently, fuel 
was not fed to the carburettor, not even by 
gravity. 

According to the manufacturer, once 
started, the burning fuel could proceed aft 
and enter the compartment below the cock- 
pit where the fire would continue and fuel, 
possibly leaking from the fuel filter, would 
be ignited, 

The possibility of the fire originat- 
ing in the compartment below the cockpit 

was evaluated but appears to be rather 
remote as the fuel booster pump, which 
must be considered the only probable 
source of ignition, is- sealed. 

When the aircraft came to rest on the 
ground the fuel supply to the engine stopped, 
but the considerable amount of fuel which 
at that time undoubtedly was in the belly of 
the aircraft, continued burning, burned 
through the oil lines, set the oil on fire and 
eventually reached the fuel tanks, 

Probable Cause - 
The accident w a s  caused by an in- 

flight fire,  initiated and sustained by a 
severe fuel leak, The fuel leak was caused 
by the locking of a carburettor drain plug 
being omitted, thus permitting the plug to 
unscrew. 

ICAO R e f :  A R / 7 3 9  
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No. 30 

Trans World Airlines, 'inc. , Lockheed Constellation, Model 049, N 8651  1, accident 
9 miles w e s t  of Midway Airport, Chicago, Illinois on 1 September 1961. Civil  

Aeronautics Board (USA) Aircraft Accident Report ,  FX No. 1-00 11, 
released 18 December 1962. 

Circumstances - 
Scheduled, c'light 529 originated at 

Boston, Massacl!usetts for San F ranciaco 
and was to make five intermediate stops 
including one at Chicago, Illinois.  The 
trip to Chicago u as without incident. Fol- 
lowing a c r e w  change at Chicago the air-  
craft took off at ,1200 hours central daylight 
time on an IFR f .ig!lt plan for  Las Vegas, 
Nevada. It carned a crew of 5 and 73 pas- 
sengers.  Approximately f ive minutes later, 
during good wea:her, while climbing on the 
intended cGurse, the aircraft experienced 
loss of longitudinal control and crashed 
killing all occup ~ n t s .  The aircraft w ~ s  
des troytd. 

Investiptian and Evidence --- - - 

The F l i ~ h t  - 

At the timt: of departure from Mid- 
way Airport the aircraft was considered to 
be airworthy, and its  gross take-off weight 
of 94 794 Ib was well below the maximum 
allowable of 96 000 Ib. The 0200 weather 
at Midway was: scattered clouds at  10 000 ft; 
high overcast, visibility 3 miles in haze 
and smoke; wind south 8 kt, 

Radar contact was established with 
the night one minute and thirty-four 
seconds after the flight acknowledged take- 
off clearance and as the aircraft proceeded 
outbound in a right turn. At 0204 hours 
Flight 529 was ohserved on radar by the 
departure controller to be 5 miles west of 
Midway Airport proceeding on course. A 
Northwest Fl ight  (No. 105) was cleared for  
take -off on runway 22L at Midway and took 
oif immediately, The ground controller 
observed a flash w e s t  of Midway at this 

time and asked Flight 105 if they had seen 
it. Flight 105 advised that they had seen 
a f lash fire and would fly over the area. 
As Flight 105 reported over the fire, the 
radar range was noted to be 9 miles west  
of Midway, and the radar return of TWA 
F l i g h t  529 had disappeared from the scope .  
It w a s  later determined that Flight 529 had 
crashed at this site and that the observed 
ground fire waa the result of the accident. 

Witnesses 

Witnesses who observed Flight 529 
indicated that i t  was heading in a westerly 
direction and was apparently proceeding 
nornlally until l e s s  than two miles from the 
scene of the accident. A witness  located 
one mile south-southwest of the scene 
stated that the aircraft was flying low at 
that point on a northerly heading. No wit- 
nesses were  found who saw the aircraft at 
the moment o f  impact. 

Accident site 

Flight 529 crashed in an open field 
near Ninsdale, DuPage County, Illinois. 
The aircraft struck the ground in a slightly 
left-wing-low and nosedown attitude on a 
heading of approximately true north. The 
aircraft disintegrated, leaving debris o v e r  
an area 200 f t  wide and 1 100 it long, Five 
craters  were made, each approximately 
three to four feet deep, as a result of the 
four engines and fuselage striking the 
ground, 

Wreckage examination 

Investigation revealed that the portion 
of the horizontal stabi l izer to which the 
right vertical fin i s  attached had separated 
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from the a i rcraf t  prior to impact, having 
landed approdmately 400 f t  south of the 
main impact c r a t e r s ,  The stabilizer fail- 
ure occurred at Stabilizer Stations 240R 
and 230R of the frunt and rear spars, 
respectively. There was no evidence of 
fatigue on the spar caps, spar webs, skin 
material ,  or stringers. Examination did 

- disclose that there had been oscillatory 
loads applied to the four s p a r  caps and the 
two spar webs prior to and during separa- 
tion. The front spar  upper and lower caps 
had failed in tension and the interconnect- 
ing spar web had experienced a tensile tear 
f rom top to bottom. The fracture faces of 
both rear spar cap8 were brinelled by 
recontact after failure. 

There were several indications that 
the elevator had been at its maximum up- 
ward travel, The most significant evidence 
of this was in the deformation pattern im- 
pressed in the right rudder by the elevator 
outboard closing rib in a manner and posi- 
tion such that the elevator had to be  full up 
at the time the r ight  rudder was forced into 
it during the stabilizer separation. 

Examination of the wreckage reveal- 
ed no evidence of an in-flight explosion or 
collision with foreign objects. No evidence 
of electrical overheating of the DC and AC 
units was found. 

There was no evidence of any opera- 
tional failure o r  malfunction of any engine 
o r  propeller component. 

Measurements and readings were 
made of all trim actuators and their asso- 
ciated cockpit position indicators. The 
variations of readings within each of the 
t r im  systems prevented any determination 
of in-flight tr im positions. 

The two aileron boost assemblies 
and the aileron boost c u t  off valve were 
found in the boost "off1' position. The 
shift handle in the cockpit, however, w a s  
found in the boost "on" position. Since the 
shifting mechanisms are interconnected by 
long lengths of cable subject to being pul- 
led by fragmenting structure following 
impact, the position of the cockpit handle 
is considered to be the more reliable, b u t  

not positive, indication of aileron boost con- 
dition. Under functional testing, the com- 
ponents of the left aileron boost package 
functioned satisfactorily. The r i g h t  ailer~n 
boost package was too badly fire damaged to 
be ter ted. 

The position of the rudder boost shift 
handle count not be determined, but  all 
affected components of the boost package 
were in the boost "on" position. The com- 
ponents of the boost package functioned nor- 
mally when tested. 

The elevator boost: shif t  handle was 
found in the "onv position as was t he  boost 
package. The components were functionally 
tested individually and f mnd to operate sa t -  
isfactorily, commensurate with the impact 
damage suffered by the unit, except for the 
disconnection of one link of the  parallelo- 
gram. 

Examination of the parallelogram 
linkage of the elevator boost located in the 
extreme aft section of the fuselage reveal- 
ed a 5/16 inch nickel steel bolt t o  be mis- 
sing. This parallelogram linkage connects 
the pilot elevator input to the control valve 
of the elevator boost system. The bolt was 
n3t found in the wreckage despite a thorough 
search, including sifting of earth in the 
wreckage area. 

Detailed examination of the bolt hole 
bushings, grease deposits, scuff marks, 
scratches, chatter marks and internal 
thread-like scores in the bushings provided 
strong evidence to indicate that the nut of 
the missing b ~ l t  had not been properly in 
place for a considerable time prior to the 
accident. This evidence coupled with analy- 
sis of the loads that could be imposed upon 
the bolt a t  impact, and the effect of such 
loads on the grease deposits, established 
that the bolt was missing from i ts  installed 
position at the time of impact. 

The construction of the elevator boost 
mechanism is such that wherA this bolt 
became free  from its normal location there 
would be an almost instantaneous application 
of maximum eleva tor -up  control applied by 
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the elevator boost system. Under these 
circumstances the  boost system would no 
longer be under the control of the pilot and 
the only means by which control of the air- 
craft could be regained would be to change 
to manual operation of the elevator control 
system. The shift would: 

1) close the boost cut-off valve; 

2) open the bypass valve at the 
actuator; and, 

3) change the mechanical advantage 
of the direct pilot-to-elevator 
linkage, 

It would appear that recovery from 
such a malfunction would be a aimple and 
straightforward operation, However, there 
is a peculiarity of the system which can 
introduce a severe problem, 

That function of the shift-to-manual 
ope ration which changes the mechanical 
advantage of the system has the effect of 
lengthening the connecting ay stem between 
the control column and the elevator torque 
arm. That i s ,  the portion of mechanical 
linkage upstream of the shifting area (dual 
link rod) tends to move the control wheel 
aft, and that portion downstream tends to 
move the elevator downward, If the two 
hydraulic valves had operated properly, 
and there was no evidence in this case that 
they would not have, the elevator would 
have been f ree  to move downward assisted 
by airload hinge moment; however,  i f  there 
had been no forward pressure on the con- 
trol column, the column would have been 
free to move aft, and the shift to manual 
could have been completed. If, however, 
the crew had applied forward pressure on 
the column while trying to shift, the shift 
would have become increasingly difficult 
in direct ratio to the amount of forward 
pressure. 

The elevator had boost "on" limits 
of 40' up and 20' down, but is further 
limited with increasing airspeed by the 
boost hinge-moment maximum of 49 000 to 
54 000 inch-pounds, In the manual position, 

elevator deflection is reduced to 16' up and 
6' down because of the increase in mechan- 
ical advantage. Therefore, if the shift  to 
manual is started when the elevator is up  
more than 16', i t  must be at o r  leas than 
16" before the shif t  can be completed. 

From t h i s ,  it can be seen that when 
the bolt comes out of the parallelogram: 

1) The weight of the spool and two 
of the parallelogram links cause 
full pressure to be applied to the 
up-elevator side of the actuator. 

2) The elevator travels up to its max- 
imum hinge-moment. For the 
speed a t  which this aircraft  was 
assumed to be operating, this 
would be  leas than 40 but greater 
than 16' .  

3) The aircraft  enters an accelerated 
stall. As this stall decays toward 
a primary stall, the elevator angle 
increases to 40.. 

4) The captain or first officer, o r  
both, would normally apply high 
forward pressure on the control 
column in an  attempt to get the 
nose down. 

5) While this forward pressure is 
being applied, the c r e w  attempts 
to pull the shift handle. 

6) W i t h  the elevator at i ts  maximum 
deflection (maximum hinge - 
moment or 40', depending on 
speed) and held there by full 
hydraulic pressure and with for- 
ward (nose-down) force on the 
column, i t  becomes difficult, if 
not impossible, to move the sh i f t  
handle far enough to operate the 
shutoff and/or the bypass valves. 

7 )  With the aircraft stalled, or exe- 
cuting a s e r i e s  of stalls,  even 
though altitude i s  being lost, the 
nose must be lowered to effect 
recovery; hence, increased for- 
ward force results in a higher 
force required to pull the shift 
handle. 



8 )  Accelerated stall vibrations may 
cause empennage or rear fuselage 
damage. 

There can be no doubt in the subject 
case that the elevator waa at the 40' up 
position at same point &ring the empennage 
failure. The right outboard closing rib was 
crushed by, and left its impression on, the 
fin and rudder, Matching the parts showed 
cLear~ly the 40' elevator position. 

The Board also considered similar 
accidents and incidents to rnil i ta ay aircrafr 
of the same type. W h i l e  the initial causes 
were dif ferent ,  the results  w e r e  the same. 
The evidence from this  source supported 
the view that with extreme elevator def l ec -  
tion the ahif t  t o  manual control becomes 
nearly impossible when large forward cun- 
t r o l  iorces are applied. Also, these inves- 
tigations provided proof that accelerated 
stalls can produce structural failure in the  
empennage oi this type of aircraft. 

It was concluded that during the 
climbout from Midway Airport the bolt 
worked i ts  way clear of the parallelogram 
link, and this was followed immediately by 
full pressure to the up-elevator side of the 
actuator piston. The pilot13 natural 
response ta the resulting violent pitchup 
and accelerated stall prevented ~uccessful 
shift  of the elevator boost system to the 
manual position. 

The manner in which the bolt was 
lost is largely a matter of conjecture. The 
nut could have been left off at the time of 
installation in November 1960; however, 
this is not probable in view of the length of 
time which elapsed from November 1960 
until the occurrefice of the accident. T h e  
sheer nut could h v e  been over -tightened, 
thereby stripping the threads, but the loads 
on the bolt are such that even a stripped 
nut, i f  it  has a cotter k e y  installed, could 
hold the bolt in place, The mast probable 
reason, although i t  cannot be substantiated, 
is t h a t  the  cotter key  was omitted at  the 
t ime  of the ins tallation and 

tnat during the intervening months the nut 
backed off and allowed the bolt to come out, 
The immeQate valve-porting, the rapid 
onset of hydraulic pressure to the boost 
actuator, and the resulting maximum hinge 
moment on the elevator a s s o c i a t e d  with the 
loss of th i s  bolt prove conclusively that the 
loss could not have occurred prior to the 
climbout from Midway Airport. 

Probable Cause 

The probable cause of this accident 
was the l o s v  of a nickel  steel bolt from the 
parallelogram linkage of the elevator boost 
system, resulting in loss of control of the 
aircraft. 

Recommendations - - 
On 22 November 1961 the Board 

recommended t o  the Administrator of the 
Federal Aviation Agency that t h e  mechan- 
isrr~ for shift-to-manuaI in t h e  Constellation 
control boost system be modified so that  
the actions would be sequential rather than 
simultaneous. Specifically, under the 
recommended change ,the ahiiting action by 
the pilot would remain one continuous mo- 
tion of a handle but would, f irst ,  open the 
bypass valve; second, close the hydraulic 
shutoff valve and, third, shift the mechani- 
cal linkage, With such an arrangement, 
all hydraulic pressure in the bilost package 
w w l d  $t relieved prior to the mechanical 
shift action and would thus allow the co-m- 
plete shift-to-manual without restriction 
regardless of pilot-applied control forces.  

Qa 8 March 1962 the Administrator 
advised the Board that his A ~ C I ~ C Y  was 
having the Cons tellation Flight Manual 
amended to include "procedures for rning 
off the elevator boost with an uncontrollable 
elevator. The Administrator further 
advised that I n i n  view of the excellent s e r  - 
vice history achieved by this aircraft since 
certification in 1946, we believe there is 
insufficient justification ta require design 
changes to accomplish your total objective. I '  

Although turning off the elevator 
boost provides a poss ib le  means of regaining 
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c ~ n f r o l .  i t  appears hopeful to assume that reaisted by pushing on the control wheel. 
a p l o t  will  recall and execute suc~ess fu l ly  The Board, therefore, recommended on 
the flight manual instructions when con- 24 August 1962, that further consideration 
fronted unexpectedly with a violent struc- be given to modification of the shifting 
ture -damaging manoeuvre instinctively system. 

ICAO Ref: AR/737 



148 ICAO circular 6 9 - ~ ~ / b l  

Constellation, Model 049, N865 1 1 
1/ 91 6 1 

FIG. 15.-Elevator boost package. Bushing where 
bolt should have been is Indicated by arrow "A". 

FIG. 16.-Close-~p view before disassembly 
of busking against which bead of boll should 
have been. 
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No. 3 1  

Air France,  SE 210 111 Caravelle,  F- BJTB, accident near ~ a b a t - S a l 6  Airport,  
Morocco, 12 September 1961. Report released by The Minister of Foreign -. 

Affairs. Morocco. - 

Circumstances Crew Information 

After a normal flight from Orly A i r -  
port,  Par i s ,  Flight 2005, Paris -Rabat- 
Casablanca, reported over the Rabat - Sale 
Airport,  where meteoroIogica1 conditions 
w e r e  unfavourable owing to  thick, low fog 
which reduced horizontal visibility and 
ceiling. The pilot reported h i s  intention 
to attempt a break-through over the non- 
directional beacon; the control tower i m -  
mediately replied that that facility w a s  not 
i n  line with the runway, but the message 
w a s  not acknowledged. The aircraft crash- 
ed to the ground at 2109 hours GMT killing 
all 77 persons on board, including 6 crew 
m e m b e r s .  The a i rc ra f t  was completely 
destroyed by impact and  the fire which fol- 
lowed. 

Investieation a t ~ d  Evidence 

The Aircraft  

The aircraft's cert i f icate  of a i rwor -  
thiness was dated 23 May 1961, Since con- 
struction F- BJTB had c ompieted 688 hours 
of flying. It hadundergone the following 
inspections : 

T2 inspection: 31 August 1961 
block i t  : 7 September 1961 
T1 1 1  : 11  September 1961 

Loading and t r i m  

On take-off from Orly the aircraft  
had weighed 45 367 kg.  (The maximum a l -  
Lowed was 46 000 kg. ) The estimated 
landing weight was 37 408 kg for a n  author- 
i z e d  43 800 kg. Its cent re of gravity w a s  
within l imi ts .  

Aboard the a i rcraf t  were  6 crew mem- 
bers  - the pilot-in-command, a co-pilot, 
a flight engineer and 3 cabin attendants. 

The flight crew's experience w a s  as 
follows: 

He held a n  a i r l ine  transport pilot's 
licence and had logged a total of 10 6 9 3  hours,  
344 of which were on Caravelles. He had 
made 31 landings at the Rabatlsali Airport.  

He held a senior commercial pilot's 
licence and had  logged a total of 3 858 fly- 
ing hours, of which 988 were on Caravelle 
aircraft .  He had m a d e  3 landings at ~ a b a t /  
Sa16. 

Flight engineer 

He had a flight engineer's licence and 
had  flown 6 553 hours of which 173 were on 
the Ca ravelle. 

Weather 

On departure f rom Orly Airport the 
flight was provided wi th  landing forecasts  
for ~ a b a t l s a l e  Airport.  While en route, 
the f l ight  called the Air France unit at Casa- 
blanca at  2040 hours on the airline frequency 
and was given the following aeros for 
2030 110-ars. 

~ a b a t J S a l 6  : wind 3600 1 2  kt; visi-  
bility 500 m; fog; 
ceiling 718 at  300 m; 



Casablanca : wind 360' / 4  kt; v i s i -  
bility b km; ceiling 
7 1 8  s t r a tus  at  150 rn; 
variable 

Tangiers : wind 360' 112 kt; v i s i -  
bility 20 km; ceiling 
1 / 8  c i r r u s  a t  7 000 m 

T h e  a i r l ine  operat ions agent then suggested 
that t h e  pilot head for  Casablanca passing 
over Rabat i n  order to  get  the latest weath- 
e r  there and informed h im that  Tang ie r s  
was  a sure a l te rna te .  

The pilot acknowledged receipt  of the 
foregoing messages indicating t h a t  he 
would, a s  suggested,  head for Casablanca 
flying d i rec t  o v e r  RabatlSale. He also re- 
quested the fo recas t s  for  Marrakech Air- 
por t ,  which w e r e  rece~ved l a t e r .  

At 2046 hours the Casablanca Region- 
a l  Control  Centre, with which the a i r c r a f t  
had just made contact, gave i t  the l a t e s t  
observat ions f o r  RabatlSalG and Casablanca 
One minute l a t e r  the aircraft requested and 
received the new meteorological  observa- 
tion for Rabat f rom the  Casablanca ACC. 
At 2048 it received the latest observation 
for Tang ie r s  from the s a m e  control  cent re .  
The area control  cent re  notified the a i r -  
c r a f t ,  six minutes l a t e r ,  of information 
from Rabat/Sal& that visibility w a s  then 
500 m because of fog patches, increas ing  
at most to  1 km when at  i t s  best; the air-  
c ra f t  acknowledged the message. 

At 2055 the A i r  France agent contact-  
ed  t h e  a i r c r a f t  on the air l ine  frequency and 
reported,  with reserva t ions ,  the following 
information which had been obtained from 
Rabat lSa l i  by telephone: RabatlSali. field 
w a s  then clearing, with seve ra l  k i lometres '  
visibility and clear sky. These  l a t e s t  con- 
ditions a t  the field w e r e  due to the sporadic 
passage  of fog patches.  The a i r c ra f t  ack- 
nowledged. One minute l a t e r  the Casablanca  
control  cent r e  indicated that the Casablanca 
meteorological  s tat ion foresaw nei ther  a 
worsening nor a n  improvement a t  the field; 
the a i r c ra f t  acknowledged the message. 

Co~ldit ions a t  the aerodrotne a t  . - 

the t ime of the approach  and of - 
the accident  

The weather  repor t  t ransmitted t o  the 
a i r c r a f t  by Rabat/jal& control t o w e r  at  ap -  
proximately 2100 hours indicated: 

wind 360" / 2  kt;  horizontal visi-  
bility: 500 rn; ceiling 218 a t  300 m;  
QNH p r e s s u r e  1015 ~ n b ,  QFE 1005 mb 

The a i r c ra f t  was t h e n  over  Kenitra aero- 
drome ( P o r t  Lyautey), and the captain a s k -  
ed a t  once i f  the supporting pylons lor the 
antennae of the radio  stat ion,  s o m e  15 krn 
north of RabatlSalP, w e r e  clear. The con- 
t ro l l e r  indicated, in reply, that the anten-  
nae w e r e  not visible f rom the tower;  h e  
added that fog patches were drifting o v e r  
t h e  Rabat/SaI& field and that a t  the moment 
the  entire runway was c lea r .  

A few minutes l a t e r ,  a t  t he  request 
of the control  tower,  the a i r c r a f t  repor ted  
over the town of Rabat. On his own author-  
ity the controller informed the a i r c r a f t  that 
conditions had worsened.  This was later con- 
f i rmed by the  meteorological  observat ion 
for 21 10 hours which f o l l o w s :  

wind 360' 1 2  kt; visibility 500 rn; 
ceiling 818 at  30 m. 

The Flight 

The a i r c r a f t  departed Orly Airport ,  
P a r i s  a t  1826 hours GMT on a scheduled 
flight to Rabat,  Morocco. I t  c a r r i e d  enough 
fuel for four hours. 

Following a norma l  flight f r o m  Orly 
the a i r c r a f t  began its descent  at 2052 hours, 
est imating Rabat a t  2104 hours,  and w a s  
t r ans fe r r ed  t o  the control  tower (Rabat) a t  
2100 hours.  The re  was no  indication f r o m  
the c r e w  of any malfunction. 

The a i r c ra f t  then reported as  being 
over Kknitra  a t  an  altitude oi 15 000 f t ,  
descending a t  an indicated speed of 285 kt. 
At 2102 i t  passed a lmos t  over  K J  the non- 
direct ional  radio beacon o f  RabatlSali. 



Airport.  At d l 0 9  w h e n  u v e r  the town c r i  
Rabat, and having been rLutif;ed xf a 4ete;i- 
orat ion in the rne teoroiogical condi t ions ,  
the p i l o t  announced his intention of attempt- 
ing a bzeak-through by means of beacon KJ.  
T h e  tower immediately notified the a i r  craft 
that the beacon was not on the runway align- 
ment. That message was not acknowledged. 

The aircraft had struck the ground, 
probably in a slightly left bank, a t  the end 
c f  a left tur-,I. The landing gear collapsed, 
and the aircraft  bounced, touched ground 
again, then jumped a deep gully bordered on 
the left by a gorge,  and crashed against the 
opposite side.  The wreckage slipped to the 
left towards the gorge and broke up,  eject-  
ing seats and passengers. 

The wrezkage site was 8.4  k m  from 
the threshold ,)f runway 04 and 1 . 4  km t o  
the left of the extended centreline, The 
elevation of the accident s i t e  was 8 7 ,  5 m. 
This point is near a place called Douar 
Doum. 

Technical  exarninaiion 

Further to the examination of the 
wreckage which proved that the landing 
gear was down and locked, the flaps were  
down at 1 0 ° ,  t h e  airbrakes were "in" , the 
elevator t r im w a s  at zero ,  the master cut 
off switch w a s  "an" (salety cover locked), 
the autopilot control was "ready to engage", 
technical examination of recovered aquip- 
ment revealed the following: 

Engines At the time of the accident 
the two engines w e r e  at low 
thrust , probably idling, 
although a valid figure could 
nct be suggested. 

Servo Theelevator, rudderand -- 
cont ro ls  left aileron found practical-  

ly intact,  worked sat i s fac-  
torily at. the testing bench 
before they were  disassem- 
bled. Their correct opera- 
tion was confirmed after 
d i sas sen~b ly .  There was 
no s ign  of binding, even par-  
tial, in the distributcrs .  
The right a i l eron  s e r v o  con- 
trol. was so damaged on irn- 
pact  that i t  c o u l ~ !  no t  h e  
cxarrlincd. 

Alt imeters  V e r y  l i t t le  correct infur- 
mation could be  pained from - 
f rom the pilot's K o l l s m a r ~  
a l t imeter ,  which had been 
badly  d a m a g e d  by impact 
and fire. Aftc r examination 
of the stop mechanism the 
only conclusion w a s  confir- 
mation of the  setting in the 
area of 1005 rnb. 

The co-pilot's altimeter 
w a s  not as  badly damaged, 
and its setting showed a 
pressure reading of 1005 mb. 

Radio All  electronic components 
-eter w e r e  destroyed, but i t  can 

be stated that the radio alti- 
meter was turned on and set 
to 1 000 f t  on the sensitivity 
scale. The pre-selector 
was set to 50 ft; i n  spite of 
major damage, both the 
pointer and the swi tch  catch 
conf irm that setting. It can, 
therefore, be concluded that 
at the time of the accident 
the radio altimeter was on, 
set to 1 000 ft on the scale 
and to 50 ft  on the bIinking 
lights of the altitude p r e -  
selector. 

Discussion 

Meteorological conditions 

There i s  no doubt but that the p i l o t  
was aware of the unfavourabie conditions 
prevailing at the airport and around Rabat. 

This  type of weather, which is f re -  
quent on the coz.st, often a r i s e s  v e r y  quick- 
ly without the  possibi l i ty  of any forecast, 
even of short - term validity.  

According to the f i rs t  statement by 
the tower controller, the observation by 
the RabatlSale meteorological s e r v i c e  of 
the latest deterioration in conditions ("sky 
c o v e r e d  618,  ceiling 30 m") was telephoned 
to the control tower at 21 10 hours and re-  
transmitted to the aircraft at 21 12 hours 
during the  last conversation; it is,  however,  
certain (after exarnination of the flight re -  
corde r )  that thc accident occurred  at 
2 1 0 9 : 2 0 ,  and the  evidence s h o w s  the time 
uf the ohservaticrn to have been  2 110 hours. 
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It can, therefore ,  be considered that 
th i s  official message, indicating worsening 
conditions, was certainly transmitted t o  
the aircraft  but after the crash, and that it 
i s  probable that t he  controller indicated to 
the aircraft, during the last conversation, 
that the situation was rapidly becoming 
m o r e  unfavourable. 

At the time of the accident there w a s  
no  magnetic recorder for radio communi- 
cations in the RabatlSali. control tower. 

Progress of the flight from 
the air t raffic (control) point 
of view 

Since the cammunicatiorrs were not 
recorded, the  Commission re l ied  on the 
testimony of the controller who was  on 
duty in the RabatlSale tower on the night 
of 1211 3 September. 

It should be noted that as soon as 
radio contact was established, control 
indicated the runway in use, but no landing 
clearance was e i the r  requested o r  given 
in the course of the exchanges of communi- 
cation. 

Based on examination of the last pa r t  
of the flight, and following processing of 
the tape, it i s  almost certain that the con- 
t rol ler ' s  watch was 2 to 3 minutes fast at 
the time of the accident, which would ex- 
plain s o m e  chronological contradictions 
in the statement of events  m a d e  by him. 

Reconstruction of the final 
phase of the flight - analysis 
of flight recorder information 

ing  at each point the known speed vector i t1  

amount and direction. 

Such a reconstruction i s  t h e  more 
accurate when the wind is light, as  was the 
case on the night of the accident. 

The pilot practically followed the 
coast from Kgnitra ,  over  which  he passed  
at 2100 hours, at an altitude of s o m e  
15 000 ft and descending, at an  indicated 
airspeed of 285 kt. 

At 2 102 the aircraft  was approximate - 
ly over beacon KJ, about 800 m west  of the 
aerodrome. 

The aircraft  made a 360" turn and a t  
2107 h ~ u r s  was over the town of Sale at an 
altitude of 1 650 ft, at a n  indicated airspeed 
of 230 kt. 

The flight recorder was  recovered 
intact. All parameters were  perfectly 
legible. The only exception was that the 
tape speed was too slow* to permit a very  
accurate reconstruction of some parameters, 
par t i cu lar ly  the rate of descent.  

Between 2107 hours and 2108 hours 
the aircraf t  w a s  over the town of Rabat. 
At 2108 hours i t s  altitude was 1 240 ft, its 
indicated airspeed 190 k t ,  and its rate of 
descent 410 ft/min. 

From 2108 hours to 2108:32 the alti- 
tude remained at 1 200 f t ;  the outbound leg 
terminated at 2108 hours  when a 180" t u r n  
was initiated (heading at 2108 hours - 236 ' ) .  

From 2108:32 to 2109:21 hours, alti- 
tude, speed and heading varied in accordance 
with t he  following table: 

Neverthele5 s, the Test Flying Centre C a ~ r t ~ t t ~ < - ~ ~ t :  On the babla 01 t h ~ ,  rct ord i l l y  ~ I P L ,  i l  L I ~ A Y  b+. 

was  able to plot the flight patn of the air-  a s r u r l l r d  t1141 LL,tp.s w v r r  uxkcblrlrrl 1 1 1 '  
2108 hurlrs. a l t ~ t u d c  I 2-10 ii, ~ a > r l ~ c a t t - + l  ,,I r - 

craft up to the point of impact by construct- , I ~ V C ~ I  I Y U  k ~ ,  

* Flight recorders a re  now available wi th  t w o  speeds,  including one high speed io r  t h e  
take-off and landing phases. 



Configuration at impact 

During the last 20 seconds the air - 
craft 's landing gea r  was down, and the  
flaps w e r e  extended about l o 0 .  I t  was in 
corltinuous descent at a rate of I 200 to 
1 300 ftlmin. 

The question, therefore, arose as to 
what the aircraft's attitude was,  and what 
thrust was needed to propel it. 

Sud Aviation ca r r i ed  out a t es t  which 
showed that the  attitude was probably slight- 
ly negative, from - l o  to - Z O ,  and the en- 
gine thrust of the order of only a few 
hundred kilogrammes, that is correspond- 
ing to a rather fast idling of both engines. 

Those conclusions are  partly confirm- 
ed by the fact that the first tracks of the 
aircraft  on the ground were  m a d e  by the 
small front wheels, which touched ground 
before the main landing gear,  as the cen- 
t ra l  tracks of the front landing g e a r  s tar t  
at the s a m e  point as those of the main 
landing gear.  

Nothing could be checked regarding 
engine thrust as no engine parameters w e r e  
recorded. However, the technical exami- 
nation of the engines at the  Hispano Suiza 
plant seemed to ofier confirmation; in par- 
ticular, the pitch of the intake guide vanes 
and the  deposits on t he  engines w e r e  evi-  
dence of a condition close to idling. 

In this connexion, it should be pointed 
out that the positions of  the throttle controls 
on the pedestal were of no  value as  evidence 
of  conditions at the time of f i r s t  itnpact and 
during t h e  slide preceding the final c rash ,  
because the connexions between the throt t le  
controls and the engines w e r e  cut in the 
final break-up, 

The question whether the pilot at -  
tempted to  r e  -apply p o w e r  immediately 
a f t e r  the wheels touched ground, will never 
be answered  with certainty, because the 
time during which the aircraf t  r ema ined  
almost unbroken (a t  l eas t  as  r ega rds  en-  
g i n e s ,  cab in  and w i n g s )  was  of the order 

of 3 seconds at most, since it covered 
about 200 m. Engine pick-up from idle 
during that time could only have been very 
s l igh t ,  since t h i s  type of a i rcraf t  requires 
8 to 10 seconds to resume full power from 
idling. R e  - application of powe r would have 
been of no avail after the f i rs t  impact be- 
cause the landing gear collapsed on f i r s t  
contact with the ground. 

Hypotheses and Conclusions 

Eauiwment failure 

Failure of an essential structural 
eiement 

There was no evidence nor anything 
i n  the radio messages (the last of which was 
sent between 10 and 30 seconds before the 
accident) to support the theory of failure of 
an essential structural element or breakage 
of a vital part. 

Another reason for discarding this 
theory i s  that the speed during the final 
stage remained constant. 

Failure of servo-controls. 
cont ro l  gear or linkage 

The fact that the a i rc ra f t  struck the 
ground could, a t  f i r s t  sight, be taken as an 
indication of control or servo-control failure, 
but the  following reasons call for rejection 
of that theory. The reconstruction of the 
flight path, and the attitude of the a i rc ra f t  
at the time of impact show that all para- 
meters - bank, speed on course and gl ide 
path slope - were absolutely consistent; an 
aeroplane deprived of the use of a single 
control would not show such a regular pat- 
tern, and, i n  particular, a failure at  any 
par t  of elevator linkage would result in m a -  
jor and  rapid variations of the speed vector 
in amount and in slope; such variations 
would be  evident in the reading of the record-  
e r  tape. Such w a s  not the case, and all the 
above -mentioned parameters  w e r e  perfectly 
regular. 

Fai lure  of a servo-control, control 
g e a r  o r  linkage i s ,  therefore, excluded. 
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At the time of the accident the flaps 
were extended 10e,  as shown by an exami- 
nation of the position of the flap roller car-  

 ages on their screws. All carr iages  
were found at the 10' position. 

The position of the flaps confirmed 
the theory that the pilot believed he was a t  
a h igher  altitude; naturally i f  the pilot had 
believed he was on final approach, the flaps 
would certainly have been extended to a 
greater angle. 

Engine failure 

The testing of the engines in the 
workshop clearly showed that at the time of 
the accident, both engines w e r e  ope rating 
at low rpm, very close to the rate required 
for the speeds and rates of descent in the 
few seconds before impact occurred. 

Failure of airborne instruments 

Altimeters : manual set tin^ - 
devices 

The co-pilot's altimeter was 
found set  to 1 005 rnb, the pressure trans- 
mitted to t h e  aircraft  by the control tower.  
Examination of the pressure setting stop 
mechanism on the altimeter of the pilot-in- 
command showed a pressure setting in the 
area of 1 005 mb. 

Altimeters : mechanical, static 
or dynamic devices 

The destruction of machinery 
and pivoting units precluded any check on 
the possibility of a shift (by a gear jump) 
of the pointer showing hundreds of feet. 
Furthermore, the technical examination 
did not permit any estimate of the readings 
on the drum for thousands of feet. The 
theory, the refore, cannot be verified. 

Failure in static gene ration, 
causing simultaneous aberration of both 
aitirnete rs on the instrument panel, cannot 
occur, since each altimeter is connected 
to different porta right and left, on the 
sides of t he  fuselage, and i t  is impossible 

for both double ports to ice at the s a m e  
time; furthermore, at Rabat the temperature 
near the ground excludes the possibility of 
icing. 

However, the pilot and co-pilot 
can still operate a valve to swi tch  from the 
fuselage static ports t o  one, near the lower 
door, wi th  better de-icing, and, as a final 
resort ,  there is always the possibility ol 
connecting with a static port on the engine 
nacelle, where de-icing i s  assured by rea-  
son of the engine temperature. 

As for the (SFIM) flight recorder, 
its static port i s  on the artificial feel an- 
tenna, which is also under an engine nacelle. 
There wa6 nothing abnormal in that a rea ,  
especially a s  the flight recorder continued 
to ope rate after impact. 

Radio altimeter 

The setting of the radio altimeter 
to "on*' and "low altitude rangei* appeared 
to indicate that the crew had intended to use 
i t .  

If the lamp setting to  50 f t  was 
intentional, that also would indicate an in- 
tention to watch  the altitude on final ap- 
proach. 

It may be noted that at the rate 
of descent of the aircraft, it required only 
2 to 3 seconds from lighting to touchdown, 
which seems to confirm the assumption 
that the pilot believed himself to be higher 
than his actual altitude, 

Miscellaneous incidents 

Battery explos* 

This has  never occurred aboard a 
Caravelle, and, in addition, aircraft  of 
this type a r e  equipped w i t h  Saft iron-nickel 
batteries, in which the electrolyte, a soda 
solution, has none of the disadvantages of 
the sulfuric acid in lead acid batteries. 
Furthermore, the battery compartment i s  
well ventilated and far enough from the 
crew for complete protection in case of an 
explosion. 
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Explosion in flight 

The accounts of wi tnesses ,  some 
of whom saw o r  hea rd  the a i r c r a f t  almost 
up to the time of impact ,  and the examina- 
tion of the wreckage and of the f l i g h t  re- 
corder, appear to rule out the theory of 
explosion i n  flight. 

F i r e  in the cabin could only h a v e  
been electric o r  electronic, slow-spreading 
i n  i t s  early stage; the c r e w  would cer ta in ly  
have reported i t  by radio, and the engineer 
was provided with a cabin  ext inguisher  that 
was effective for  that type of fire - a very 
unlikely theory. 

T h e  engines were  idling, the refore, 
the actual conlpression ratio w a s  low,  and 
the ratio of exhaust t o  intake temperatures 
a l s o  remained low. 

Other equipment 

At no t ime,  e i t he r  while in contact  
with CasablancaIthe conversation was re- 
corded) o r  w h i l e  in contact with Rabat jSal i  
tower,  did t he  c r e w  repor t  any malfunction 
or d i f f i c u l t y ,  e i t h e r  of a ~nechanical nature  
o r  with radio equipment. 111 par t icu lar ,  the 
main electric s w i t c h  was found locked, with 
i ts  guard i n  place. 

The  possibility of sudden failure in a 
circui t  o r  in technical  equipment during the 
final phase  appears  unlikely, s ince the 
flight recorder  was s t i l l  working after the 
impact. 

Personnel  fai lure 

Phvsical failure 

This possibility was considered 
groundless ,  because of the presence  of both 
a pilot and a co-pilot aboard the aircraft .  

E r r o r  in ins t rument  reading - 

The aircraf t ' s  approach procedure, 
as recons t ruc ted  f r o m  the S F l M  flight r e -  
c o r d e r  and  from test imony,  s eemed  in line 
w i t h  a no rma l  at tempt to break through and 
land. Taking into account the speed  on the 
flight path, the vertical speed, the heading 
and its variat ion,  the rate of t u rn ,  and i f  
t h e  altitude parameter  had  been good and 
followed suitably in its development, i. e,  
increased by 1 000 f t ,  the aeroplane ' s  flight 
pa th  would have in tersec ted  the ground on 
the aerodrome or very near. in front of the 
approach end of runway 04 in use. 

The t h e o r y  of an  error of 1 000 ft 
appears probable but could not be verif ied.  

. Probable Cause 

111 the opinion of the  board of inquiry 
of a l l  the theor ies  listed above, those related 
related t o  ma te r i a l  fa i lure  appear the l ea s t  
likely. On the other hand,  the t h e o r y  re- 
garding a n  e r r o r  i n  ins t rument  reading ap- 
p e a r s  m o r e  probable than the o thers .  

The refore, the  Board explained the 
failure: 

1 )  by t h e  fact that reading of the 
Kollsman window a l t ime te r ,  wi th  
which this  Caravelle was equipped, 
m a y  be del icate,  a s  demonst ra ted  
by some systematic t e s t s  c a r r i e d  
out by h igh ly  trained c r e w s  of 
var ious  European a i r l i nes  ; 

2) by t he  possibility that the pilot 
made that e r ro r  of I 000 f t  a t  the 
beginning of t h e  descent, retain- 
ing i t ,  then gave h i s  full at tent ion 
to reading t he  pointer ,  which 
seemed to him to  be of prime im- 
por tance ,  in order to  bring in the 
aircraft at the minimum a u t h o r -  
i z e d  altitude. 

ICAO Ref :  A R f 7 2 3  
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No. 32 

Northwest Airlines, 1nc. , Lockheed Electra,  L- 188C, N 137US accident at 
O'Hare~nternati;onalxhica~o, Illinois, on 1-/ September 19bl. -- - 

Civil Aeronautics Board (USA) ~ i r m c c i d e n t  R e  or t  
File No. 1-0018, released 13 December - 

Circumstances 

Flight 706 originated in Milwaukee, 
Wisconsin, and was a regularly scheduled 
flight from Milwaukee to Miami, Florida, 
with intermediate stops at Chicago, Illinois, 
Tampa and Fort Lauderdale, Florida. 
While at OIHare Airport (Chicago) the ai r -  
craft was routinely serviced and checked, 
and a scheduled crew change was made, 
At approximately 0855 hours  central day- 
light time, while taxying from the ramp, 
the flight was cleared for take-off, and 
shortly thereafter t he  aircraft  departed, 
Take-off from runway 14R and initial climb 
appeared to be normal, but at approximate- 
l y  200 ft a shallow turn to the right con- 
tinued into a gradually increasing bank of 
about 85 to 90.. While in the turn, the 
c rew made a short, garbled transrnieaion 
indicating alarm. Daring the latter part 
of the turn a gradual descent began and, 
two minutes after take-off, the aircraft  
struck the ground i n  a slight nose down 
attitude. All 32 passengers and the c r e w  
of 5 sustained fatal  injuries, The aircraf t  
was totally destroyed by impact and eubse- 
qllen? fire. 

Investigation andEvidrnc e 

The Flight - 
N o  witnesses w e r e  found who ob- 

served the actual lift-off. N 137US was 
observed after lift-off, 3 000 to 4 000 ft 
down the runway a t  an estimated altitude 
of 50 to 75 f t  and in a normal climb attitude 
At the 8 000-foot marker the altitude of the 
aircraft  was estimated to have been about 
100 f t ,  which i s  a slightly lower altitude 
than Electra aircraft  normally attain at 
this point during take -off. Five witnesses 

noted a change in engine sound during this 
portion of the flight. Between the 8 000 and 
9 000-foot runway marker the aircraft  was 
observed to commence an apparently coordi- 
nated right turn with  a slowly increasing 
rate of bank. When the bank angle was 30 
to 45*, the crew made a short garbled t rans-  
mission. Immediately thereafter, a t  a bank 
angle of 50 to b o g ,  the aircraft  began to lose 
altitude. The maximum altitude attained in 
the entire turn was 200 to 300 ft.  

The right wing struck powerlines 
adjacent to the Chicago Northwe stern R a i l -  
road tracks and severed the lines at an 
angle of about 70' from the horizontal, 
causing a bright bluish flash. The aircraft  
then continued in a direction of about 271 
magnetic and, when in a bank of about 85" 
and a nose-down attitude of about l a* ,  the 
right wing of the aircraft struck the rail- 
road embankment 20 ft above the general 
terrain. Continuing to roll about its longi- 
tudinal axis, the aircraft  cartwheeled,  the 
nose crashing into the ground 380 ft beyond 
the point of first impact, and landed right 
side up. It then slid taiI f i rs t  another 820 f t ,  
The aircraft  disintegrated throughout its 
path, and wreckage was strewn over an 
area 200 ft  wide and 1 200 f t  long. Evidence 
of ground f ire was found at various points 
along this path. 

Impact occurred on airport  property 
about 3 800 f t  abeam and to the right of the 
end of runway 14R. 

Most witnesses indicated that the 
flaps w e r e  down to s o m e  degree at take-off 
and that the landing gear was retracted af ter  
lift-off. All  agreed that prior to impact 
with the powerlines t he r e  was no fire or 
smoke seen. Nothing was observed to 
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separate or fall from t h e  a i r c r a f t ,  no  birds 
were seen in the fl ight path, and no abrupt 
pul lup or violent manoeuvre prior to the 
s t eep  bank was observed. 

Weather 

At the t ime of the accident  the con- 
ditions w e r e  as fol lows:  

sky clear;  visibility 6 miles ;  
smoke and haze ;  wind south 
a t  8 kt; temperature 59'F; 
dewpoint 52'F; a l t ime te r  30.40. 

N 137US and its c r e w s  - 
The crew members who operated 

this a i rcraf t  on ita flights just prior to the 
accident teatified that no operational pro- 
blems w e r e  encountered and that no mech- 
anical discrepancies were  noted during 
these flights. The aircraft  was considered 
to  be airworthy.  

All  c r e w  m e m b e r s  of the  subject  
flight were certificated and qualified to 
opera te  the a i r c ra f t ,  and i t  was dispatched 
in accordance  with company operating p r o -  
cedures. 

Flight recorder 

Parts of the flight r e c o r d e r  w e r e  
found strewn along the ent i re  wreckage path. 
Due to the forward location of the r e c o r d e r  
in t he  fuselage, high impact loads had 
cracked and sheared the cast s t a in l e s s  
steel magazine and fragmented the record 
foil contained therein, That  pa r t  of the foil 
bearing t h e  record  of the final take-off was 
not recovered ,  with the reault that no  use- 
ful information was obtained from the 
recorder. 

Technical inve- t ~ t i u n  -- 
All four engines and propel lers  had 

separated from the a i r c r a f t  and w e r e  found 
along the wreckage  path. The power plant 
accessaries w e r e  examined and bench- 
t e s t ed  where poss ib le ,  but no evidence o f  
operational disrress  was noted. Tt lz  r r  w a s  

no evidence of operational d i s t r e s s  in the 
lubrication and  scavenge systems of any 
engine, and the compressor and turbine 
bearings were adequately lubricated. All  
fuel pumps were in good condition. The 
engines were all rotating at impact, The 
propel le r  blade angle for all propellers was 
in a range compatible with the flight idle 
pasition, and was the most reliable indica- 
tjm of the operating characteristics of the 
engines at impact. 

Investigation of that part  of the elec- 
trical s y s t e m  which remained after impact 
and subsequent f i r e  revealed no indication 
of loss of e l ec t r i ca l  power during flight. 
Examination of the rudder, elevator, and 
wing flap systems showed no signs of failure 
or malfunctions. Upon impac t  the flaps 
ware  in take  -off position, the e leva tor  t r i m  
tab was set at 10. nose up, and the rudde r  
tab at 0 ' .  The actual position of the aileron 
t r i m  tab could not be determined,  but the 
aileron trim cockpit control was positioned 
at 0". All  landing gear  was in the retracted 
position. 

Some of the  flight instruments w e r e  
recovered, but most  were damaged to such 
an extent that no useful information could 
bc determined. 

Components of the aileron primary 
cont ro l  s y s t e m  w e r e  damaged and broken 
innumerous places. Impact marks made 
on the inboard closing r ib  of the right a i ler-  
on indicated that the r ight  aileron was 
deflected upward 3",  corresponding to a 
flight control position of right wing down. 

The rudder and elevator boost units 
w e r e  found in the llengaged't position; the 
a i l e ron  boost  unit w a s  found i n  the "disen- 
gaged" position. However, because of the 
possibility of cables pulled due to break-up 
forces, i t  could not be de termined to what  
position the boost unit cont ro ls  had been 
actuated by the c rew p r io r  to impact. A 
compiete disas sernbIy and inspect ion of 
the aileron boost  unit followed. Measu re -  
tnents of the actuating piston, which had 
s e i z e d  i n  thc: c ~ l i n d e r  due to f i r e  damage, 
represented r l  :light control movement of 
r i g h t  wing r1rv.n. 
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I t  has long been accepted that a flex- 
ible cable, as  used in the aileron primary 
control system, has a tendency to unscrew 
from a connector. The National Bureau of 
Standards, in 1941, conducted tests which 
showed not only that a cable would unscrew 
from a connector, but that i t  could exert  
enough torsional force to actually break the 
soft  brass ,  cadmium-plated safety wire  
then being used by the aircraft industry, 
After breaking the safety wire, the con- 
nector would spin free of the turnbuckle. 
Further tests by L o c k h e e d  using cable and 
slack absarber parts identical to those 
instal led in the co-pilot's side of the sys- 
tem, with vibration applied to simulate 
flight conditions, and without safety w i r e  
installed, showed that the cable had a natu- 
ral tendency to, and did, unscrew £from its 
fitting. 

Another ground test by Lockheed and 
witnessed by Board investigators was one 
which simulated failure of the left wing 
down aileron cable  in an Electra. W i t h  
hydraulic pressure applied, boost engaged, 
and ailerons in neutral, the cable, identical 
to t h e  aileron cable missing from the 
wreckage of N 137US, was severed with a 
p a i r  of cutters.  The person holding the 
control wheel felt only a slight pulse when 
the cable was c u t  and was not otherwise 
a w a r e  of what had occurred. When the 
cable severed, an immediate signal was 
imparted to the boost input calling for right 
wing down. Measurements showed that the 
trailing edge d t he  aileron had moved six 
i n c h e s  above its normally faired position. 
When the control wheel was then moved to 
the left wing down position, the slack i n  the 
left wing down cable caused the cable con- 
nectors to hang  up on aircraft  structure. 

In this accident, it i s  believed that 
the left wing  down cable did separate.  
With the  left wing down cable separated it 
was  not possible for the pilot to apply oppo- 
site aileron to bring the right wing up. 
Then,  if the cable connectors did hang up, 
the ailerons would not have returned to  
neutral, worsening an already unmanage- 
able situation. Since witnesses observed 
the bank to the r i g h t  to increase steadily, 

and since the right aileron was found in a 
position of right wing down, there  is further 
reason to conclude that the cable s t ruck  in 
the right wing down position somewhe re 
within the aileron c o n t r o l  s y s t e m .  Other 
recovery techniques such as  use  of rudder, 
asymmetrical power, and aileron tabs 
might  have been effective in overcoming the 
steepening bank, had sufficient altitude been 
available. 

The Aircraft Logs - Maintenance 

From 27 June to 1 1 July 196 1,  eight 
aiIe r o n  control discrepancies w e  r e  entered 
in the aircraft 's  logs. They reported slug- 
gish feel in aileron boost; delayed reaction 
i n  aileron boost; sticking o r  binding of aile - 
r o n  boost; boost pulses in aileron controls 
at all speeds.; ailerons erratic a t  a l l  speeds. 
Most of the corrective actions recorded 
indicated the performance of ground checks; 
one entry showed replacement of the boost 
valve and hydraulic filters; but one log car- 
ried only the barren entry, "noted". Dur-  
ing this period of time the aircraft  continued 
to be dispatched on a total of 29 flights, 

On 11 July 1961 the aircraf t  w a s  
placed in the Northwest Airlines mainten- 
ance facility at Minneapolis, Mintlcsota to 
undergo a layover check. Since the aileron 
controi difficulty was still manifesting itself, 
i t  was decided to also replace the aileron 
boost assembly. Concerning the latter task,  
the t h e n  current  company maintenance poli- 
cies r equ i r ed  that t h e  Lockhaad Electra 
maintenance manual, which prescribed the 
steps for the removal and replacement of 
the a i leron boost assembly, be followed by 
those performing the work. 

T h i s  particular aileron boost unit 
change on N 137US was the f i rs t  such job to 
be performed on an Electra aircraft  by the 
car r ier ' s  line njaintenance personnel prin-  
cipally involved. The foreman w h o  super- 
vised the unit removal testified that he be- 
lieved this w a s  t he  f i r s t  boost  package 
change in w h i c h  line maintenance w a s  in- 
volved. During July 1961, three shifts w e r e  
operated throughout each &-hour  period. 
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Red U n i t  Inoperative Tags 

A N o r t h w e s t  Air l ines maintenz~ce 
manual required that red unit inoperat ive 
tags be attached t o  pert inent  cockpit con- 
trols to prevent operat ion of cont ro ls  when 
such act ion is undesirable o r  dangerous 
during the performance of various mainten- 
ance  operations, and t o  prevent r e l ease  of 
an  a i r c r a f t  for dispatch when uncompleted 
work  remains i n  an  inconspicuous place.  
This  d i rec t ive  a l s o  p re sc r ibed  that upon 
c'ompletion of the task, provided i t  has been 
sa t i s fac tor i ly  performed, an  inspector will 
sign the tag and remove i t  from the aircraft. 
A huotation from this direct ive emphatical-  
l y  s ta ted  "under N O  c i r c u m s t a n c e s  sha l l  
the tans be removed from the a i r c ra f t  be - 
fore they are proper ly  signed by an Inspec- 
tor. " The direct ive further requi red  t h a t  
a r e c o r d  of the use of the red &it inopera- 
tive t ag  be t r ansc r ibed  to a m o r e  perman- 
ent  type of work control card to which the 
red tag mus t  be stapled. 

Removal of the malfunctioning aileron 
boost unit was accomplished by two mechan- 
ics of Shift 2 on the night of 11 July. They 
t es t i f ied  that they had followed the-manual  
prescribing the steps to be followed in 
removing the unit.  However ,  upon further 
questioning, the mechanic who  did mos t  of 
the work admit ted that he did not follow the 
manual  exactly s t ep  by s tep .  In accompl ish-  
ing h is  task  he removed the safety wi re s  
from the connectors  a t  the forward ends of 
the pilot's and co-pilot 's s lack  absorber 
units and unscrewed them to relieve cable 
tension, thereby facilitating the removal  of 
the boost unit. ) 

Installation of the new aileron boost 
unit was performed by two mechanics on 
mt 3 d&ing the ni&t of 1 1  - 12 July. 
Testimony establ ished that nei ther  mechan- 
i c  had followed the manual  step by step, 
r e fe r r ing  to i t  only when a problem was 
encountered; and that neither  had read the 
removal  instruct ions to de termine  what 
components had been unsafetied, discon- 
nected, o r  rendered  inoperat ive in the 
removal  of the boost unit. 

Although both m e c h a n i c s  test i f ied that 
they checked each  other's work a i t e r  com- 
pletion of  t h e  instal lat ion,  nei ther  one could 
reca l l  having m a d e  a specific check to 
ensc re  that the previously loosened cable 
connectors  w e r e  properly threaded into the 
s lack  a b s o r b e r  terminal blocks, the cable 
tension checked, o r  the connectors resafe- 
tied. Their crew chief,  who  also had not 
read  the manual  for this  job, then made a 
c u r s o r y  inspection of the work, performed 
an additional operat ional  check  of the con- 
t ro ls  and s igned off  the job a s  completed in 
the a i r c r a f t  log. Although the c r e w  chief 
believed that he had done so, h e  could not 
positively recall  having requested a n  inspec-  
tor to inspec t  the installation. Test imony 
of the two mechanics and the i r  chief indi- 
cated that the unit change was  completed 
nea r  the end of t h e i r  shift  and that they did 
not pass any information concerning the 
unit change to the next shift  (Shift 1 ) .  

On the morning of 12 July when Shift 1 
reported for work,  N 137US was rolled out 
of the hangar and prepared for a t e s t  flight. 
The a i r c r a f t  log a t  this  t ime reflected the 
following entries: the a i l e ron  booster  a s s e m -  
bly change signed off by the two Shift 3 
mechanics and their c r e w  chief ,  a layover 
check completed, a preflight completed, and 
pas t  log entries examined. An inspector ' s  
s ignature did not appear  on any pa r t  of the 
log. After  reviewing the log, the Sh i f t  1 
c r e w  ch ie f  then signed the "Released for  
Flight" block. W e  test i f ied that when r e -  
viewing the log en t r i e s  h e  a s sumed  that the 
aileron boost  change had been properly 
signed off and inspected.  He a l s o  s ta ted  
that the red tags had been removed i r o m  the 
cockpit and the pink cards ,  which serve as  
a permanent  r eco rd  of the use  of t he  red 
tags, were on a desk nea r  t h e  front of the 
airplane. Although a sea rch  of a i r c r a f t  
records  was made, no  evidence of the use 
of these tags  w a s  ever found. T h e  Shift 1 
c r e w  chief could not sa t i s fac tor i ly  explain 
why he had released the a i r c ra f t  for flight 
without the appearance of an inspec tor ' s  
s ignature opposite t h e  a i le ron  boost change 
ent ry  on the log sheet.  
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The aircraft  was  flown on a test 
flight on 12 July 1961. After the test flight, 
a minor discrepancy concerning the aileron 
boost disconnect indicating light was enter- 
ed in the aircraft log, but was signed off 
as satisfactory. N o  subsequent aileron 
system discrepancies appeared in the a i r -  
craft logs of N 137US. 

Supervision - responsibility 

Evidence indicates that the amount 
of supervision devoted to th i s  aileron 
booster assembly change fell considerably 
short of meeting the safety minima desired 
and expected in a task of this nature, Tes- 
timony also established that there was a 
decided lack of coordination between main- 
tenance supervisors and the Inspec tion 
Department. Although several basic mana- 
gerial controls existed at the time which 
would have assured the proper completion 
of th i s  task, the testimony indicates that 
little attention was given to assure  job con- 
tinuity between shifts and to  the use of Unit 
Inoperative Tags ; and that company policy 
requir ing an inspection of t h e  completed 
installation was not complied with. 

The testimony indicates that  all in- 
spection personnel concerned believed that 
responsibility for a follow-up inspection 
notice rested upon line maintenance and not 
upon the Inspection Department. At the 
public hearing the re appeared to be differ- 
ences  of opinion on the part of the car r ie r ' s  
maintenance and inspection personnel as to 
whether i t  w a s  the responsibility of line 
maintenance supervisors to give notice, or 
the Inspection Department to follow -up  to 
ensure that the aileron boost change was 
proper ly  inspected upon completion. 

The Board believed that  a memoran- 
dum dated 21 June 1957 clearly placed the 

primary responsibility for follow-up inspec- 
tion on the Inspection Department; and that 
the m e m o r a n d u m  and the ca r r i e r ' s  main- 
tenanc e manual, taken together, also made 
i t  imperative that maintenance personnel 
secure a n  inspection of the completed instal- 
lation. The Board, therefore, concluded 
from the testimony that maintenance and 
and inspection personnel showed an igno- 
rance or disregard of published directives 
and instructions. 

The training of Northwest Airlines 
line maintenance personnel on the Lockheed 
Electra appeared to have been sporadic and 
inadequate in scope, particularly with r e f e r  - 
ence to flight control systems. Although 
the changing of t h i s  aileron boost unit pro- 
vided an excellent opportunity for advanta- 
geous use of. the existing on-the-job training 
programme, this potential went unrealized. 

The aircraft  logs recording the cor-  
rective actions taken indicate that little 
effort was made to  analyse the cause  of the 
discrepancies reported by pilots on the logs 
of N 137US from 27 June - 1 1 July 1961 and 
to correct them. This type of operation 
reflects a casual attitude on the par t  of the 
maintenance personnel toward a potentially 
hazardous condition, which w a s  also evident 
in the replacement of the aileron boost 
assembly. 

Probable Cause 

The probable cause of this accident 
w a s  a mechanical failure in the aileron 
primary control system due to an improper 
replacement of the aileron boost assembly, 
resulting in a loss of lateral control of the 
aircraft  at an altitude too low to effect 
recovery. 

ICAO ;<el: AR1738 



182 ICAO Circular 69-AN/61 

Electra, L-188C, N137US 
17 /9 /61  

AILERON P R I M A R Y  CONTROL SYSTEM 
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No. 3 3  - 
T q ,  

DC-6B, SE-BDY, accident a t  Ndola, Federation of Rhodesia and Nyasaland on 
17 September 1961. Report dated F e b r u a r y  1962 released by the Director of Civil 

Aviation, Federation of Rhodesia and Nyasaland. 

Circumstances 

The aircraft, carrying the then 
Secretary-General of the United Nations, 
10 other passengers  and 5 c r e w ,  departed 
Leopoldville, the Congo, at 155 1 hours 
GMT for Ndola in the Federation of 
Rhodesia and Nyasaland. Shortly after 
arriving in the vicinity of Ndola the a i r -  
craft crashed,  at 2213 hours, in the bush 
9-1/2 miles from the airport, A l l  aboard 
the aircraft died a s  a resul t  of the acci- 
dent. 

Investigation and Evidence 

The Aircraft  

SE-BDY had been bought second- 
hand by Transair ,  and delivery of it w a s  
taken in the  United States of America. On 
the morning of 17 September the aircraft 
left  Elisabethville for Leopoldville. It 
w a s  hit by bullets fired from the ground 
at Elisabethville. A f t e r  a careful search 
a t  Leopoldville , the only damage found 
w a s  to-an exhaust pipe on one  of the 
engines. This damage w a s  repaired, 
routine pre-flight checks were carried 
out, and the fuel and oil tanks w e r e  filled. 
The fuel on board was suff icient  to give 
the a i r c r a f t  a n  endurance of approximately 
13 hours. Al l  the required inspections 
had been carried out ,  and all the modifica- 
tions prescribed by the manufacturers and 
the Swedish  Aviation Authori t ies  had been 
put into effect. The aircraft w a s  s e r v i c e -  
able when  it lef t  Leopoldville. 

Crew information 

The  c r e w  w a s  made up of t h r e e  
pi lots ,  a radio operator and a f i ight  
eng i r~ee r .  

The flying experience of the crew 
was  a s  follows: 

Total Experience on 
hours DC-6andDC-6B 
flown aircraft - 

Pilot-in-command 8 000 h r s  1 3 5 0  hrs 
Co-pilot 2 700 hrs 720 hrs 
Reserve captain 7 100 hrs  360 hrs 
Flightengineer 1370krs 1 3 7 0 h r s  

The pilot-in-command was also a 
skilled navigator. The radio ope rator w a s  
aboard the flight as  i t  was anticipated that 
the SecretaryGeneral might require long- 
range communicat ion s. 

Navigational aids 

Non-directional radio beacons ex is t  
at Ndola, Abercorn and Kasama. The one 
at Ndola was in operation a t  all relevant 
times. Those at  Abercorn and Kasama 
w e r e  switched off at 1600 hours as  there 
had been no request to keep them on. It 
w a s  not known in Salisbury t h a t  the a i r -  
craft would be on a route anywhere  near 
Abercorn and Kasama until 2040. 

A l l  ordinary means of communication 
existed between the aircraft and Salisbury 
and Ndola, and these were effective until' 
the aircraft reached Ndola and ceased to 
communicate. 

Weather conditions 

The last routine weather observation 
taken prior to the accident w a s  made by 
the meteoroIogical officer at Ndola at 
1900 on 17 September. The weather was  
fine wi th  slight haze and no cloud. Visibil- 
ity was  five miles and surface wind was 
1 1O0M with a speed of 10 k t .  
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Thirty- six minutes before the acci- 
dent, at 21  37, Ndola A i r  Traffic Control '  
transmitted the following information to 
SE-BDY: surface wind 120M, speed 7 kt, 
GNH 1021 rnb, CFE 8 7 7  mb. From visual 
reference Ai r  Traffic Control also advised 
that visibility was 5 - 10 miles with slight 
smoke haze. A t  2210 the QNH was again 
checked by the aircraft  with A i r  Traffic 
Control, and a confirmation of 1021 mb 
w a s  given. 

I t  w a s  a clear night, and the airport  
lights w e r e  clearly seen. 

Preparations for the flight 

The purpose of the trip to Ndola was 
a meeting between the SecretarycGeneral 
of the United Nations and the President of 
Katanga. As part of the arrangements for 
the meeting, a CC-4, 00-RIC,  w a s  to leave 
Leopoldville for Ndola before SE -BDY and 
was then to depart Ndola for Salisbury 
p r io r  to the arr ival  of the Secretary- 
General a t  Ndola. 

Security measures were  taken at 
Leopoldville to make i t  appear that 0 0 - R I C  
was actually carrying the Secretary- 
General. Apart from the c r e w ,  few knew 
of the plans to use SE-BDY , and no one 
except the c r e w  of SE-BDY appeared to 
have any knowledge of the route proposed 
or  flight levels to be used. 

W itmesses testified that, from 
discussions with the captain of SE-BDY, 
they had learned of his decision not to 
file a flight plan and to maintain radio 
silence throughout the flight for security 
reasons. Following a suggestion of the 
Ai r  Traffic Control Officer, Leopoldville, 
the captain filed a departure plan for 
destination Luluabourg. 

N o  evidence was found that any 
briefing was carried out a t  Leopoldville 
before departure. 

There was  no evidence that special 
secur i ty  arrangements for S E - R D Y  w e r e  
arranged. It was  left unguarded for two 

o r  three hours before departure. The 
main doors had been locked and the ladders 
removed. 

0 0 - R I C  did not take off until 1504, 
and the departure of the Secretary General 
w a s  thereby delayed until 1551. After 
taking-off and clearing Leopoldville tower  
frequency, radio silence was apparently 
maintained until SE-BDY called Salisbury 
FIC at 2002, wh i l e  still outside the FIR, 
and requested 00-RICts estimated time of 
arrival. 

Meanwhile 00-RIC had flown to Ndola 
via V i l l a  Henrique de Carvalho in full 
radio contact and with navigation lights on 
throughout the flight. A normal flight plan 
w a s  filed and a departure signal was made, 
The aircraft  arrived a t  Ndola at  2035 with- 
out incident. 

Reconstruction of the flieht 

The information available for a re- 
construction of SE-BDY ' s  flight was vague 
and incomplete. As stated, there w e r e  no 
communications recorded  with the a ircraf t  
until it called Salisbury FIG a t  2002. The 
aircraft gave Salisbury FIG its destination 
as Ndola and estimated time of arrival 
there as 2235  hours. I t  reported at 2040 
to Salisbury that i t  w a s  over Lake 
Tanganyika at 2035 and w a s  flying on 
advisory route 432 at 17 500 f t  to avoid 
Congolese territory. At  2049 the arrival 
time ofOO-RIC at Ndola w a s  passed to 
SE-BDY, and a t  2108 the a i rcraf t  reported 
abeam Kasarna a t  2106, estimating  dol la 
at 2147, and requested permission to 
descend to 16 000 it ,  which was  granted. 
At 21 15 SIC-BDY was asked its intentions 
on arrival a t  Ndola but, apart f rom saying 
that it intended to take off almost i m m e -  
diately,  rio other information was given. 
A t  2132 Salisbury FIC instructed the a i r -  
craft to contact Ndola on V H F  1 19. 1. 
Radio conta.:t was m a d e  with Ndola Tower 
a t  21 35 wher. the a i rcraf t  g a v e  i t s  ETA 
Ndola a t  2220  hours. 

At 21 37 Ndola gave the aircraft  the 
weather, the CNH and C?FE sett ings and 
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asked at wha t  time i t  wished to commence 
its descent. One minute later the aircraft 
requested descent clearance for 21 57 and 
w a s  given permission by the tower to de- 
scend to b 000 f t  on CNH and to report  the 
s tar t  of i t s  descent. SE-BDY reported 
abeam Ndola at 2 147 and at 2210 reported 
"lights in sight, overhead Ndola descend- 
ing, confirm CNH". T h i s  was bone, and 
the aircraft  was  also asked to report  when 
reaching 6 000 ft. 

Ndola and i t s  A i r p o r t  

The land at the crash site is 4 300 f t  
asl. I t  then falls to 4 200 ft, r i s e s  again 
to a height which, from a very low altitude, 
would obscure the airport lights and then 
falls gently to the runway. 

By a i r ,  Ndola is 970 NM from 
Leopoldville , 1 1 5  NM from Elisabethville , 
230 N M  from Kolwezi,  147 NM from Lusaka 
and 333 NM from Salisbury, 

I t  would seem that the aircraft 
s tar ted  its descent at 2157 and w a s  at Ndola Airport has  been a recognized 
6 000 f t  when  overhead Ndola, The air- airport for many years.  It has a runway, 
craft's r e f e r e n c e  to "descending" at tha t  which can be used by all aircraft except 
time m a y  well have r e l a t e d  to the descent large modern jet aircraft. Its runway is 
below 6 000 ft. Although requested to 4 160 f t  asl. The surrounding country on 
inform the control tower when reaching the whole is flat, but there are some small 
6 000 ft ,  n o  such  report w a s  received, hills in the vicinity. Between the runway 
and there was no further radio communica- and the site of the crash, there i s  no 
tion with  the aircraft. significant change in the country. 

The Commission considered the The Approach Procedure - Ndola 
evidence showed that the a i rc ra f t  approach- 
ed at about the correct height above the The instrument approach procedure 
airport  in order  to commence i ts  landing for Ndola consists of initial approach at 
approach (6  000 f t  amsl - I 840 f t  above 6 000 f t  altitude on a track of 280° until 
aerodrome l eve l ) .  It f lew towards the 30 seconds after the NDB has been passed. 
Mdola non - directional radio beacon The procedure turn is then made to the 
situated 2,  5 miles west  of the airport. right at the s a m e  height. On completion 
Witnesses stated that i t  appeared to be of that  tu rn  and when on the inbound track 
lower than normal over the beacon area of 100° to the NDB the aircraft  descends 
and beyond. Runway lights and high to 5 000 f t  over the NDB, thereafter 
intensity approach lighting, set  at maxi- descending to the critical height of the 
mum, were on at  the time. aerodrome, 

From the evidence it w a s  concluded Eyewitness evidence established that 
that the accident  occurred at 2213 hours. SE-BDY crossed Ndola Airport at about 

6 000 ft altitude on a bearing close to 280°. 
The Accident Site (see Figure 18) It also  established that the a i rc ra f t  then 

turned to the rieht. A s  insufficient time 
w 

The wreckage of SE-hDY was furu~d elapsed, according to the evidence, between 
early in the afternoon of 18 September, this turn and the crash, for the a i rcraf t  to 
9- 1/2 miles short of Ndola Airport 's  run- have gone away for any substantial distance 
way, on a bearing of 2800T. It had hit and then returned, the Commission w a s  
trees at an altitude of 4 357 ft as1 at a satisfied that the pilot continued h i s  
shallow angle when slightly turning to the approach by a subsequent turn to the left  
left  at normal. approach speed. The to reach the place of the accident. 
swath  c u t  i n  the trees gave a clear indica- 
tion of the heading ol the aircraft. When the aircraft hit the t rees  i t  

was descending at an angle of descent of 
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l e s s  than 5 O ,  a normal  angle. The fact  
that the nosewheel doors were not detached 
in the a i r  by great speed indicates clearly 
that there had not been any considerable 
dive towards the ground followed by a 
flattening out to the angle of descent above. 

Consideration of statements of the sole 
survivor 

The sole survivor,  who died la ter ,  
was very incoherent. He seemed to think 
that what happened, happened as  they 
w e r e  just about to land. He made refer- 
ence to "great speed" of the aircraft .  
Considerable evidence indicated that 
SE-BDY was flying at a normal speed until 
i t  had passed over Ndola. Therefore,  the 
grea t  speed referred to could only relate 
to some t ime during the approach pro- 
cedure. The impression of speed may  
have been given when the a i rcraf t  was 
passing through the t ree  tops. He also 
mentioned that there  was an explosion and 
then a c rash  then l a te r  on said that there 
w a s  a crash followed by an explosion. 
Undoubtedly, there was an explosion after 
the a i r c ~ a f t  hit the ground. The possibility 
of an  explosion causing the crash i s  dis -  
cussed la ter  on. 

The survivor also said that 
M r .  Hammarskjold "changed his mind or 
said 'Turn back"'. Apart  from anything 
connected with the c rash ,  nothing indicated 
that M r .  Hammarskjold was  likely to have 
changed his plan to land. The f i r s t  impact 
with  the t r ee  tops probably gave the impres- 
sion to Mr.  Hammarskjold that there w a s  
some obstruction to thi landing and he then 
shouted words such as "Go back". 

The surgeon-in-charge said of the 
survivor that in view of his  condition his 
statements were  not necessarily correct  
and could only be taken as indicative. 

Conclusions reached following wreckage 
examination 

Following a su rvey  of the accident 
=ite  i t  was  clearly shown tha t  the a i rc ra f t  
hit t r ees  a t  a normal angle of descent. 

The measurement frorr, the f i ra t  tree 
damage to an anthill which the a i rcraf t  
struck, and from which i t  cartwheeled 
to res t ,  showed an overall  angle of 5O of 
descent. It is clear that w i t h  damage to 
the a i rcraf t  and loss  of speed this  angle 
must have been slighter initially. There- 
fore,  i t  can be said that the trees were h i t  
when the a i rcraf t  was descending at  an 
angle of descent of less than jO. There 
was no sign of f i r e  except in t h e  las t  400 ft  
of the wreckage  trai l .  

F rom the wreckage examination the 
following a r e  some of the conclusions 
reached: 

A .  The engines were under power a t  the 
time of the crash.  

2 .  The landing gear w a s  fully lowered 
and in the locked position. 

3 .  There  was strong indication from 
the way in which the flap control 
quadrant w a s  bent around its lever  
that there was  30' of flap a t  the 
time of impact. 

4. Nothing was found to indicate that 
any of the controls were  not operating 
before the accident. F r o m  the nature 
of the fire i t  was obvious that there 
was plenty of fuel. 

5. The landing lights were  not extended. 

6. Examination of the radio equipment 
showed no apparent pre-accident 
failure. 

7. Nothing was found to indicate that 
the a l t imeters  were not operating 
properly before the accident. The 
barometric settings on the three 
instruments corresponded approxi- 
mately to the setting given to the 
a i rcraf t  by the controller a t  Ndola. 

8. Very careful examination of the 
wreckage w a s  made to t r y  to discover 
any s ign  of the aircraf t  having been 
hit by a bullet o r  other projectile. 
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Microscopic examination of the one 
hole found showed no presence of 
any metal foreign to the adjoining 
metal. A spectrographic examina- 
tion disclosed no sign whatever that 
a bullet had come into contact with 
the metal. The hole might have been 
caused by the tearing out of a small 
bolt. 

9 .  The plastic radar nose cone when 
first found did not show signs of 
penetration by any projectile. 

The one possible examination which 
was not made was the remelting of a l l  the 
fused metal recovered from the point 
where f i re  occurred in order to see 
whether any projectile could be f a d .  
The metal had all been broken by hammer  
and steam hammer into pieces about 
8 inches square and a few inches thick. 
It w a s  decided that the melting of all this 
wreckage was not justified. 

In addition to examination of the 
actual scene of the accident a search  was 
made of a large  a r e a  over which the a i r -  
craft m u s t  have flown before the accident. 
Nothing was  discovered which might have 
come from the a i rcraf t .  There  was no 
sign of f i re  in the area. 

Possible cau jes  of the accident 

Damaee to SE-DBY at El i sabe thv i l l e  

The damage sustained a t  Elisabeth- 
ville w a s  not considered by the Commissim 
to have contributed in any way to the crash. 

Sabotage 

The a i r c r a f t  was in the charge of 
employees of Transai r  at Leopoldville 
except for a period when they went to 
lunch. During that time i t  was locked 
and the ladders w e r e  removed. This left 
the undercarriage w e l l s  access ib le  for 
the deposit of an explosive machine.  
Examination of the wreckage  and the 
victims showed nothing to indicate tha t  
a bomb had exploded. 

No one could have timed an explo- 
sion for arrival at Ndola when that destina- 
tion was known to v e r y  f e w  people, and no 
one except the pilots could possibly have 
known that the flight would las t  a s  long as 
i t  did,  considering the route selected. 

N o  grounds were found for attributing 
the accident to sabotage. 

Route flown and crew fatigue . 
There was nothing to suggest that 

the securi ty precautions had anything to 
do with  the crash. The flight was m a d e  
for the greater  pa r t  by dead reckoning. 
The captain was  a n  experienced navigator, 
and the route taken, via Lake  Tanganyika, 
w a s  not difficult to fly. Radar aboard the 
a i rcraf t  could have been used to determine 
when that lake was  reached had visual 
conditions been difficult. 

When the co-pilot boarded the a i r  - 
c r a f t  in the afternoon, he indicated that 
he was tired. The captain appeared to be 
f i t  and relaxed before take-off. The f l ight  
to Ndola was  long, but it should not unduly 
have t i red  a pilot. Some s t ra in  m a y  well 
have been associated with the f l ight  in that  
a most important person  was abobrd, and 
precautions had to be taken to conceal the 
route. 

It w a s  not considered that fatigue 
contributed to the crash. 

Erroneous  communication from the 
'ground a t  Ndola 

Nothing suggested that incorrect  
information was given to the aircraft ,  
ei ther by Salisbury or Ndola .  

Use of inappropriate approach char ts  

Ndola - Ndolo 

Pilots  in T ransair receive individual 
i ssues  of the Jeppesen Manual containing 
approach char t s .  I t  includes one fo r  
Ndola showing the instrument approach 
procedure.  One of these manuals was  
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found i n  the wreckage - the Ndola chart 
was missing. However, the chart needed 
for a landing i s  usually removed. In 
Leopoldville a bound manual of United 
States Air Force approach charts was 
freely available to pilots. Although Ndola 
has been an airport for years the 1961 
issue contained no approach cha r t  for it. 
H o w e v e r ,  i t  did contain a chart for Ndolo, 
an airfield which w a s  abandoned for large 
aircraft  in 1959. Thi s  airfield i s  located 
6 miles from Mjili Airport at Leopold- 
ville; i ts  elevation above sea level i s  
951 f t .  Three of these manuals were 
found in the wreckage and one was found 
open, folded back and showing the Ndolo 
chart. Reference  m a y  have been made to 
i t  i f  the Ndola chart was not found in the 
Jeppesen Manual. 

In one of the U. S . A .  F. Manuals 
found, the elevation of Ndola Airport  was 
written i n  green ink on the Ndolo page. 
There were also two barometric pres-  
sures, one the standard and the other the 
approximate figure for Ndola a t  that time 
of year. The book was sent to Sweden 
for comparison w i t h  the writing of the 
three pilots, but i t  did not correspond. 
I t  was accepted that the writing w a s  not 
tha t  of one of the three pilots. 

It was not considered that the captain 
would have thought that the Ndolo chart 
applied to Ndola. A week before in 
Elisabethville , and shortly before he took 
off from Leopoldville, the captain dis- 
cussed the elevation of Ndola and showed 
that he knew i t  was about the same eleva- 
tion as  Elisabethville, 4 187  f t .  Apart 
from that, the Ndolo approach i s  shown 
as being from the opposite direction, with  
the beacon to the east and not to the west  
of the runway. The clearance to 6 000 f t  
by the controller, the sight of lights 
some 2 000 i t  and not over  5 GOO f t  below 
him as he passed over the airport  would 
have indicated to a pilot of his experience 
that he was not about to land a t  an eleva- 
tion of 951 ft. Also, the instrument 
approach procedure for Ndolo is a de- 
scending procedure w i t h  passage over the 
beacon a t  4 000 f t ,  losing height to 2 500 f t  

on completion of the turn. Such an approach 
would obviously be impossible to an a i r -  
port known to the pilot to have an elevation 
of over 4 000 ft. 

I f  there was incertainty with  regard 
to the elevation of Ndola's runway it might 
be expected that an inquiry would have 
been m a d e  to the control tower, However,  
about a week before, the pilot, in conversa- 
tion with a major at Elisabethville, had 
stated that he thought i t  quite unnecessary 
that the tower should remind a pilot of the 
airport elevation, or give certain other 
information. 

The Commission did not consider 
that the pilots were misled by the Ndolo 
chart, but there may not have been a 
Ndola chart aboard the aircraft. 

Mechanical failure 

There w a s  no indication that a 
mechanical failure of the aircraf t  caused 
or contributed to the accident. 

Defective altimeters 

The three alt imeters were examined 
by the Civil Aeronautics Board and by the 
manufacturers in the United States of 
Arne rica. 

There was nothing to indicate that 
any defect in the altimeters caused or  
contributed to the accident. 

Internal f ire during the flight 

Two hand fire extinguishers dia-  
covered in the wreckage were in a dis-  
charged state. They could have been 
discharged in the fire on the ground, how- 
e v e r ,  this could not be said with certainty. 
If fire occurred i t  must have occurred in 
the last few miles of flight. Post-mortern 
examinations indicated that among those 
persons on the flight deck and also among 
those in the cabin there were some with 
no carboxyhaemoglobin percentage. The 
percentage found in the bodies of the 
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pilots was such that they could not have 
been SO affected by it as to be incapable 
of action, In these circumstances 
experienced pilots would have certainly 
taken obvious steps in case of fire. 

If there had been a f i r e  causing 
sudden explosion, so that either or both 
pilots w e r e  incapacitated or the aircraft 
w a s  put out of control, i t  must have been 
of such a nature that some evidence would 
have bean found on the ground, either a t  
the wreckage site or in the other area 
searched. 

There was no reason to suspect  
internal f i re  as  the cause of the crash. 

Incapacitation of the pilots 

This w a s  suggested a s  a possibility 
in the report  of the Board of Inquiry. 
The Commission, however, could find 
nothing to support it, 

All  three pilots had passed the 
medical examinations. The possibility 
of incapacitation by natural causes of any 
of them w a s  considered most unlikely.  
Post-mortem examination indicated no 
disease in any of the pilots. The chances 
of simultaneous incapacitation were,  in 
the view of the Commission, so remote 
that that possibility was dismissed, 

Action from the ground or by other 
aircraft 

The possibilities of SE-BDY having 
been shot at from the ground or by another 
aircraft w e r e  carefully examined by the 
Commission, but no evidence was found 
to support either. 

Pilot error  

In support of the view that the Ndola 
instrument approach procedure was  not 
carr ied ~ u t  are  the facts  that  the aircraft  
did not pass over the airport  exactly on 
the course i t  should have taken as it 
proceeded to the non-directional radio 
beacon and for 30 seconds thereafter. 

It f lew over  a house 3/4 of a mile to the 
north and slightly to the west of t he  beacon. 
At that stage, to make the amount of noise 
that  one witness heard, i t  must have been 
below 6 000 ft, the correct altitude in an 
instrument approach. I t  then approached 
a house seven miles to the northwest of 
the airport. T h e  procedure turn would  
not have taken it so far out, nor would 
the a i rcraf t  have appeared to be so low. 

The Commission con sidered the 
evidence established that, whether o r  not 
the decision was  influenced by chart 
manuals, the ai rcraf t  was being brought 
in by a visual descent approach procedure. 
It was a clear night, all the l igh ts  of the 
airport  were a t  maximum intensity, the 
aircraft  had reported that i t  had seen them 
and had been told that there w a s  no other 
traffic. 

The altitude of the aircraft  as i t  
crossed over the airport was  considered 
by the Commission to be about 6 000 ft a s l ,  
based on the evidence of eyewitnesses. 
The absence of a report  from the aircraft ,  
as requested, on reaching 6 000 ft, may 
well have been because the a i rcraf t  had 
already reached that altitude when the 
request w a s  made. It  i s  certain that the 
aircraft  started its descent soon after it 
passed over the airport. 

in the country w e s t  of Ndola there is 
bush. After the lights of NdoIa were flown 
over,  and as the descending turn was made 
to the right, there would be blackness 
ahead. If,  in the course of the turn, the 
aircraft  c a m e  far too low, the slight r ise  
in the ground between the place of the c r a s h  
and the airport  would obscure the l i g h t s  of 
the runway and of Ndola a s  the aircraft  
came back to a course on which those 
lights might otherwise have been seen to 
port. 

Failure to recognize the dangerous 
altitude of the aircraf t  i n  relation to the 
airport elevation, and the slightly h igher  
elevation of some of the country to the 
w e s t ,  i s  unexplained, i n  view of the appar- 
ent correct settings of the three alt imeters 





departure from the rules applicable to 
internationai c i v i l  aviation. " 

"The Commirsion regrets, however, 
that before the take-off from Leopoldville, 
information was not given t o  a responsible 
official of ONUCrof the route which the 
pilot intended to  follow. It also believes 
that special security measures should have 
been taken to guard the SecretaryC;eneral's 
aircraft at N'DjiU airport  before the take- 
off. Though it has no reason t o  believe that 
either of these omissions was a contribut- 
ing cause of the c r a s h ,  it considers that 
both were potentially dangerous. 

Possible causes of the crash 

"The Commi8sion has carefully 
examined all p o ~ s i b l e  causes of the acci- 
dent. It has considered the possibility of 
sabotage o r  of attack and the material or 
human failures which could have resulted 
inanaccident. It has foundno evidence 
t o  support any of the particular theories 
that have been advanced nor has it been 
able to exclude the possible causes which 
it has considered. In this comexion it 
notes that the United Nations and the 
Swedish  observer^ who p a r t i c i p a t e d  in the 
work o f  the Rhodesian Board of lnvestiga- 
tion also expressed the opinion that it was 
impossible to exclude any of the  sible 
causes which they considered or to estab- 
lish an order of priority among them. " 

"With respect t o  sabotage it has 
noted that the aircraf t  was without special 
guard while it was at NIDjili A i r p o r t  in 
Leopnldville and access to it was not 
impossible. The Comrni~sion is aware 
that there are many possible methods of 
sabotage. No  evidence of sabotage has 
c o m e  to its attention but the possibility 
cannot be excluded. 

*'The poss ib i l i ty  of attack from either 
the a i r  or the ground has also been fully 
examined. The C~mmission has found no 
evidence t h a t  an attack of any kindoccurred. 

It has also noted the opinion of experts that 
it i s  improbable that the plane would have 
been in the apparently n o r w l  approach 
position indicated by the c r a s h  path and 
wreckage analysie had it been under attack. 
Nwertheles s , it cannot exclude attack as 
a possible cause of the crash. t t  

"The Commission has also considered 
various possibilities of material  failure, 
including technical o r  structural defects, 
altimeter failure or fire in flight. A thorough 
analysis of that par t  of the wreckage capable 
of being exmined was made by technical 
experts, including m e m b e r s  of theRhodesian 
Board of Invsetigation and United Nations 
and Swedish Observers. The altimeters 
were examined in the United States by the 
Civil Aeronautics Board and the manufac- 
turer. No  evidence of material fai lure of 
the aircraft was found, but this possibility 
c-ot be excluded, mainly because of the 
destruction of a major part of the aircraf t  
by fire. I t  

"The Commission also considered 
various possibilities of human failure, It 
found no evidence that any of the pilots had 
been incapacitated. It camot, however, 
completely exclude this possibility as some 
forms of incapacity might not be revealed 
by a post-mortem examination. It a lso 
considered Mrious possibilities of pilot 
error ,  including the use of a wrong instru- 
ment approach chart or a misreading of 
altimeters. It noted that the Rhodesian 
inquiry, by elirntnating to its satiskctian 
other possible causes, had reached the 
conclusion that the probable cause of the 
crash was pilot e r r o r .  The Commission, 
while it cannot exclude this possibility. 
has found n o  indication that this was the 
probable cause of the crash. 

"The Commission considered the 
possibility that during the course of a 
visual o r  semi-visual approach or through 
the use of an instrument procedure 
involving a descending turn, the aircraft 
might have come below the accepted safety 

United Nations ' Organization in the Congo. 
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margin of 1 000 ft above ground level. 
On soma landing charts, information 
concerning exact elevations in the approach 
area is not provided and should the air- 
craft have descended below the accepted 
rnargin a momentary distraction, either 
from inside or outside the aircraft, might 
have caused the pilot t o  lose the remainder 

of his margin of safety. TheCommission, 
however, has found no evidence that this  
could have been a possible cause of the crash .  

"The Commission considers i t  its 
duty to  record that i t  has examined the 
various rurnours that have come to  its 
attention concerning the cause of the crash 
and has found no evidence in their support. 



D C - b B ,  SE-BDY 
17/9/6 1 FIGURE 18 

MAP OF COUNTRIES A N D  ROUTES 
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No, 34 

Starways Limited, Douglas Skymaster C-54A-DC (DC-4), G-ARJY 

h l r  the Mi.nistry of Aviation united  Kingdom). 

Circumstances 

G-ARJY was flying a chartered non- 
scheduled trip from Speke Airport, 
Live rpool to Tar  be s Airport ,  Lourde s 
where passengers were to embark for 
Dublin, Ireland, Following a normal flight 
to Lourdes the aircraft  w a s  refuelled. The 
amount taken on appeared to be sufficient 
for the flight to Dublin. The aircraft was 
carrying 4 crew and 69 passengers. Take- 
off for Dublin was a t  1710 hours, and the 
flight to Dublin Approach was uneventful. 

At 2035 the aircraft reported to 
Dublin A i r  Traffic Control and was informed 
of the local weather and of the runway in 
use. Subsequently, at 2058, it w a s  cleared 
to land on runway 24, and the captain stated 
that he intended to make a visual approach. 
Shortly thereafter, at 2104 the flight 
reported having difficulty and that  it w a s  
losing power. The captain abandoned the 
approach, swung the aircraft abruptly to 
the left and made a successful emergency 
wheels-up landing away f rorn the airport, 
There was  no fire. Although some occu- 
pants were slightly injured and shocked, 
there were no fatalities o r  serious injuries, 

lnve stigation and Evidence 

The Aircraft 

G-ARJY1s certificate of airworthiness 
w a s  validuntil 3 July 1962, The certificate 
of registration, issued by the Ministry of 
Aviation ( U .  K. ) , was dated 1 7  February 
1961. 

Since manufacture, the aircraft  had 
flown 3 1  458 hours. 

The maximum take-off and landing 
weights for the aircraft  w e r e  the same, 
i. e . 63  000 lb, At the time of the accident 
the approximate weight of the aircraft was 
57 978 lb. 

The Flight Crew 

The c r e w  consisted of the captain, a 
co-pilot and two stewardesses. 

The captain's airline transport pilot ' s  
licence was valid at the time of the accident 
and w a s  endorsed in Group 1 for DC-4 air- 
craft. H i s  instrument rating w a s  renewed 
on 19 August 1960. H i s  las t  competency 
check was in May 1961. 

His total number of flying hours 
amounted to 6 049. H i s  experience on the 
DC-4 was as follows: 

within the past 
90 days 

321 hours by day 224 hours by day 

81 hoursbynight  56 hoursbynight 

( 356 hours in corn- (all  in command) 
mandl 

The co-pilot's commercial pilot's 
licence w a s  valid at the time of the accident. 
His last instrument rating was in October 
1960, and his las t  competency check w a s  on 
24 April 1961. 

He had flown a total of 14 000 hours 
on DC - 4 ' s ,  Viking s, Dakotas and military 
aircraft. His experience on the DC-4 was 
as  follows: 
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within the past  
90 days  

3 200 hours by day 245 hours by day 

1 000 hours by night 60 hours by night 

Weather 

The weather  conditions en route and 
at Dublin are not considered to have had 
any bearing on the accident, 

Reconstruction of the flight 

Since the evidence available at an 
early stage in the investigation indicated 
that fuel management would be chiefly in 
question, events leading to the accident 
will be followed up with emphasis on this 
aspect. 

The total fuel capacity of G-ARJY 
w a s  1 878 U. S .  gal, distributed in four 
tanks only. The two inner tanks held 
508 U. S. gal each, the two outer tanks 
431 U . S .  gal each. The Starways OPS 
Manual states that the first officer i s  
r e  sponsible for pre -flight checks on the 
aircraft, The comprehensive pre-flight 
check l i s t  includes the checking of fuel and 
oil contents w i t h  dipstick. This was done 
a t  Speke (the Starway s base) by the engineer 
responsible for certifying in spection of the 
a i rcraf t ,  and his check w a s  accepted by 
the captain subject to verification by 
reading of contents gauges. On the 
preceding flight 17 September) the captain 
had entered several defects relating to 
No, 2 engine in the technical log. Clear- 
ance of these defects and balancing of 
generators necessitated engine running, 
which was carried out after fuelling for a 
period which cannot be established but 
which Is not likely to have used more than 
10 iJ. S. gal per engitw except on N o  2 ,  
for which a ntaxirr-urn use of 30 U. S. gal 
ha 5 been e stimated. The captain assumed 
a round figure of 1 800 V. S. gal for  
starting the flight. 

T h e  fli1:ht from Speke to Lourdes 
took f o u r  hours and live rrlinutes. The 

captain assumed a round figure of 250 U. S. 
gal per engine as the fuel consumption for 
this flight and asked the refuelling agents 
at Lourdes to  put 100 U.  S .  gal in each tank. 
Refulling was carried out by the agents, 
and the contents of the tanks w e r e  dipsticked 
by them. The figures for tank s Nos.  1, 2, 
3 and 4 w e r e  230, 370, 330 and 320 U. S. 
gal respectively, ( i ,e.  a total of 1 250 U. S. 
ga l  in all tanks.) These f igures  were 
reported to the captain, who took note of 
them. No further fuel checks were made a t  
Lourdes with the exception of the inspection 
of contents gauge readings which was done 
by the pilot and co-pilot, during the pre- 
starting check. On this check the co-pilot 
estimated the total fuel contents as about 
1 280 U. S. gal. Both pilots noticed that 
No. 1 tank gauge showed less than the others 
but did not cgnsider the tank contents low 
enough to take ateps to alter the position. 
According to the dip figures, the to ta l  fuel 
was ample for the planned flight. The 
captain did not consider the possibility of 
Na. 1 tank running dry before completion 
of the flight, 

The flight plan time for the Lourdes- 
Dublin trip w a s  three hours and forby 
minutes. The captain relieved the co-pilot 
of the responsibility for supervising refuel- 
ling at Lourdes, He assumed a total fuel 
figure of 1 200 U, S. gal for load sheet 
preparation, enough for a four hour flight 
with diversion from Dublin ta Shannon and 
reasonable r e s e r v e s ,  assuming n o r m a l  
operation. 

The Lourdes-Dublin flight w a s  made 
under instrument flight rules at a c r u i s e  
altitude of 6 000 and 6 500 ft until some 
10 minutes before arrival at  Dublin, when 
descent w a s  commenced. Operation was 
normal throughout the flight. No cross -  
feeding was carried out. When on thc 
downwind leg ot the Dublin Airport circuit 
the approach check was  carr ied  out. 'This 
includes checking of fuel  contents, ensuring 
that main tank selector v a l v e s  are "orl" 
and cross  -feed v a l v e s  "off" and switching 
or1 of e lec t r i c  fuel booster pumps. The  c o -  
pilot st:~ted that he noted No.  1 fuel tank 
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gauge read 80 U. S. gal and that the needle 
was flickering, The captain also looked 
at the contents gauges and noted that all 
tanks totalled about 400 U. S. gal, H e  
thought that No, 1 tank read abut 80 U. S ,  
gal. 

As the aircraf t  turned on to final 
approach, a loss of power occurred on the 
port side,  and the captain noticed No. 1 
engine manifold pressure and fuel pressure 
dropping. H e  opened Nos.  1 and 2 cross-  
feed cocks, assuming that fuel starvation 
had caused the failure of No. 1 engine, and 
told the co-pilot who then noticed the fuel 
pressure warning light on for No. 1 engine. 

As the turn was completed, and about 
5 to 6 seconds after opening Nos, 1 and 
2 cross-feed valves, No. 2 engine lost 
power with accompanying loss  of manifold 
and fuel pressures and lighting of the fuel 
pressure warning light, causing the air-  
craft to swing sharply to port. The captain 
using dl his efforts to control the aircraft 
and keep on track to the runway, told the 
co-pilot to open all cross-feed selector 
valves. This was done, but there w a s  no 
restoration of power to either port  engine. 
Power on the good engines had been 
increased to 35 inches, 2 550 rpm after 
the first failure and now had to be increased 
to take-off rating on Nos. 3 and 4 to avoid 
lo sing air  speed and sacrificing height. In 
this condition and with both port  propellers 
ttwindrnillingl', control of the aeroplane 
was becoming critically difficult even with 
the co-pilot assisting: w i t h  fu l l  right rudder 
it  was left off the line of approach 
with the nose swinging to port, Some time 
(which could not be determined exactLy) 
after the opening of Nos 3 and 4 cross- 
feed valves, the already serious situation 
was further complicated by symptoms of 
power failure from the starboard engines, 
The time interval involved here was 
considered to be dependent on the physical 
layout of various par ts  of the fuel system, 
particularly the length of the cross-feed 
line between por t  and starboard tanks and 
also on the extent of mixing of a i r  and 
fuel in the lines, 

A f t e r  the second power failure (No,  2 
engine) the aircraft 's  height above the aero- 
drome was estimated by the co-pilot as 
300 f t .  I t  is certain that maintenance even 
of partial control in the extremely adverse 
circumstances existing (double power failure 
on the one side w i t h  failed propellers wind- 
milling) involved a high rate of descent; a 
forced landing was , therefore , inevitable. 
The captain allowed the aircraft  to swing 
further to the left. I t  made a turn of 
increasing steepness to clear a hangar and 
was so low that the port wing appeared to 
be "hedge clipping". An engineer and 
another aircraft worker i n  the vicinity 
heard t'backfiring" and l '  splutteringu no i se s  
from the engines - confirmation that ab- 
normal operation had already spread to 
the starboard power  units. The captain was 
able to straighten up the aircraft  and made 
a successful belly landing with the landing 
gear raised. The aircraft came to a stop 
on the Dublin-Belfast Road without suffering 
extensive impact damage. 

Emergency dril l  for crash landing 
was carried out by the flight crew. Although 
the emergency lighting system could have 
been manually operated by means of a cock- 
pit switch, this system was  not used. 

The airport crash and fire services 
were a t  the scene in about three minutes, 

Discussion 

When the aircraft  came to rest  the 
captain closed the tank-to-engine fuel 
selector valves but left the cross-feed 
valves in the open positions. Inspection of 
the cockpit about 45 minutes after the 
accident confirmed these valve positions. 

Weather conditions prevented a check 
on tank contents until about 0800 hours the 
day after the accident. The foIlowing dip 
readings were then obtained: 

No. 1 tank No. 2 tank No. 3 tank No. 4 tank 

nil 120 U . S .  230 U. S. 106 U. S. 
gal gal  gal  
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Although these readings were  subject to 
error in view of the right wing down and 
tail up position of the aeroplane, i t  was 
ascertained with reasonable certainty that 
No. 1 tank was in fact empty of fuel. Fuel 
samples were taken from various points 
of the circuit; no fuel contamination was 
found, which could have caused engine 
power failure, 

Complete drainage of al l  tanks was 
undertaken and supervised. Comprehensive 
tests on the selector valves, fuel lines 
and tanks during and after the draining 
process led to the conclusion that  the lack 
of f u e l  in No. 1 tank had not been due to 
any defect in the fuel system and that, 
with croas-feed valves closed, no appreci- 
able transfer of fuel from one tank to 
another could have taken place. 

Tests on the electrically-operated 
fuel contents gauges showed No. 1 tank 
gauge to be reading low ( 10 U. S. gal) with 
60 U. S. gal in the tank, The electric fuel 
booster pump for No. 1 engine was found 
to operate satisfactorily. Final drainage 
of fuel from all tanks produced the follow- 
ing quantities: 

N o . 1  nil 
No. 2 131U.S. gal 
No, 3 208U.S. gal  
No. 4 8 3 U . S .  gal - 
Total 422 U. S.  gal 

Assuming normal engine operation 
and fuel management, the flight f rom 
Lourdes to Dublin ( 3 hr 5 5  min) could 
reasonably have entailed a fuel consump- 
tion of 230 U . S .  gal par  engine. If this 
i s  applied to the tank dip figures obtained 
at Lourde s, the final draw-off figures 
given above are reasonably what can be 
expected for tanks 1,  2 and 4 but more 
than 100 U. S.  gal high for tank 3.  

The excess of fuel found in No, 3 

c )  a mistake in carrying out refuelling 
instructions at Lourdes. 

Under (a) it i s  considered that tests made 
and information available exclude the like - 
lihood of a system defect having a significant 
bearing. In regard to (b), the flight crew 
state that cross-feeding had no par t  in their 
fuel management procedure during flights 
on the day of the accident. The possibility 
of an error in refuelling and/or taking dip 
readings at Lourde s cannot be excluded ( in 
view of inconclusive results of inquiries 
made at Lourdes). 

The fuel content of No. I tank a t  the 
commencement of the Lourde s -Dublin f l ight  
(230 U . S .  gal as dipped by Esso employees 
at Lourdes) was such that, using the fuel 
calculation methods recommended in the 
OPS Manual, there would be barely sufficient 
fuel in that tank for the Lourdes-Dublin leg 
of the flight plan (3 hr 40 min - 210 U. S. gall 
without "balancingv of tanks in flight by 
cross-feeding. The "expected" surplus of 
20 U. S.  gal would not only have been 
inadequate for flight to the alternate had 
this been necessary, o r  for  holding for  a 
reasonable time, but could have been used 
up in the time taken to make two abort ive 
landing attempts at  Dublin. The actual flight 
ova rran the flight plan time by 15  minutes 
so that the emptying of No. 1 tank in the 
circumstances, and a t  the time of f i rs t  
engine failure, w a s  a foreseeable occurrence 
almost without any intervention from factors 
such as  inaccuracy in tank dipping o r  high 
fuel consumption by No.  1 engine. 

It i s  considered that shortcomings in 
fuel management w e r e  the major contributory 
factor in this accident. 

The dip reading for No. 1 tank a t  
Lourde s should immediate1 y have aroused 
suspicion a s  being a "wrong f i g u r e "  due 
either to incorrect use of the dipstick, 
engine or  fuel system defect, or to the tank 

tank could have been due to: not having been refuelled. 

a) a fuel system defect, I t  is considered, having regard to 
checks made during the investigation on 

b) cross-feeding in f l ight ,  o r  the contents gauging s y s t e m ,  that proper 
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in-flight checks of fuel tank contents (and 
consumption) would have made obvious the 
need to ''balance" the fuel system. The 
captain accepted re sponsibility for manage - 
ment of the fuel system during flight, and 
his evidence is that he did not maintain a 
fuel/distance graph be cause the aeroplane 
was not equipped with fuel flow meters. 
Neverthele as, application of known engine 
fuel consumption to dip figures and gauge 
readings should inevitably have alerted 
him to the possibility of No. 1 tank becoming 
exhausted before the end of the flight. 

The emergency action carried out on 
failure of No. 1 engine, to res tore  fuel 
supply to that engine, was incorrect. The 
position of the electric fuel booster pumps 
in the physical layout of the fuel system i s  
such that, if cross-feeding has to be 
resorted to as an emergency measure 
consequent on lack of fuel in any tank, it  
is essential to close the tank selector valve 
of that tank as soon as possible, and prefer- 
ably before opening the cross-feed valve s 
imrne-y concerned. If this i s  not done 
air will  be drawn into the fuel system from 
the empty tank by the combined suction 
effect of engine-driven and electric (booster) 
pumps and, i f  the cross-feed valves are  
open, not only will  the in-drawn air prevent 
re storation of fuel supply to the failed 
engine but i t  will also induce fuel starva- 
tion, through aeration, in any engine to 
which open cross-feed valves allow access. 
It was concluded that failure to close the 
tank selector valve for No. I fuel tank 
whilst operating the cross-feed system 
was in fact the immediate cause of the 
multiple power failure which led to this 
accident. 

It was concluded from statements by 
the crew that they were unaware a t  the 
time of the accident of the vital necessity 
of isolating a suspect tank when cross-  
feeding in emergency. It is considered 
that this was largely because their previous 
experience of DC-4 type aeroplanes had 
been confined to models, other than the 
four-tank C-54A, in which different fuel 
system layouts, especially i n  regard to 

render cross-feeding possible without the 
closing of individual tank selector valve s. 
The lack of knowledge shown by  them in this 
most important matter of the fuel system 
was certainly contributed to by deficiencies 
in the information made available to them 
by the Operator. 

The OPS Manual for this aeroplane, 
although marked G -AR JY on the cover, 
appears to have been, except for a small 
number of amended or added pages, that 
used for all the DC-4 type aeroplanes 
operated by the Company before the acquisi 
tion in February 196 1 of G-AR JY . The 
technical information on the fuel system 
appears to apply to these other aeroplanes 
and not to have been amended for the C- 54A. 
It i s  considered inadequate in essential 
items, including those discussed in relation 
to cross-feeding. No clear cut warning i s  
given in the manual as to the danger involved 
if the selector valve of an empty tank i s  not 
promptly closed when cross-feeding in 
emergency rather than as  a fuel manage- 
ment procedure. 

The captain gave two reasons for not 
attempting to feather the propeller of the 
failed No, 1 engine. He did not think that 
No. 1 tank had run dry but that momentary 
starvation had occurred through movement 
of fuel in the turn. He was confident that 
his action in opening Nos, 1 and 2 cross- 
feed valves would assist recovery by allow- 
ing No.  1 engine to draw fuel from No. 2 
tank, Had he feathered the propeller as 
soon a s  No, 1 engine failed, there i s  little 
doubt that a successful landing could have 
been completed without difficulty. I t  would 
be improper to consider his decision an 
error of judgement since it was based on 
the expectation that the engine would pick 
up again almost immediately, o r  at any 
rate soon afkr  he had operated the appro- 
priate cross-feed valves; an expectation 
which would have been fulfilled i f  the fuel 
controls had been correctiy used. H i s  
choice of emergency action, incorrectly 
carried out, led to such a critical deteriora- 
tion in the situation that he had neither time 
nor opportunity to reconsider it. 

electric booster pump position, would 
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Fuel records 

Provision for recording of fuel amounts 
is made in Starways Technical Log in total 
form, not for individual tanks. Space is  
provided for entering fuel brought forward 
from previous flight, fuel added for start- 
ing the day's flights, and total at take-off. 
There is also space for en route additions, 
and for carry-forward figure in U. S .  , 

gallons, Although this scheme does not 
provide a ready means of checking con- 
sumption on individual engines, it would, 
if properly used, allow a general fuel 
consumption check an an aeroplane as well  
as a useful check on accuracy of both 
contents gauge and dipstick indication B. 

However ,  in the case of this aircraft the 
usefulness of the record was nullified by 
careless and inaccurate use, (Omissions 
were found, and some entries were 
questionable). 

Attempts to check fuel consumption 
for the aircraft during its period of opera- 
tion by Starways met with failure, partly 
because of lack of record in the technical 
log and partly because there appears to be 
no reliable measurement of fuel loaded on 
the Company l s  aeroplane s at Speke, 

Erne rgency Lighting 

Control of the emergency lighting 
system in the aeroplane w a s  possible by 
means of a manual switch in the cockpit 
a s  well a s  by an inertia (impact-operated) 
switch, All other DC-4 type aeroplanes 
of the Starways fleet are fitted with 
emergency lighting of which the manual 
control switch is located in the passenger 
compartment. The stewardess has the 
duty of switching them on in an emergency; 
this duty is  included only in her erne rgency 
check list. 

The OPS Manual for G-ARJY was not  
amended as i t  should have been in this 
respect. (Ditching and Crash Landing 
Drills), None of the flight crew members 
w a s  apparently aware of how to operate 
the emergency lighting. Disembarkation 

of passengers was accomplished success- 
fully without Lighting on t h i s  occasion; but 
had the circumstances of the landhg been 
more serious the hazard to passengers 
would have been substantiauy increased by 
the absence of lighting. 

Probable Cause 

The accident was attributed to in- 
correct management of the fuel system by 
the flight crew which resulted in partial 
Loss of power and control and a forced 
landing outside the airport, 

Recommendations 

Operator 's pilot training methods 

a) greater emphasis should be 
placed on the Importance of 
comprehensive knowledge of 
the fuel system of al l  aero- 
planes in use; 

b) techniques at present used in 
relation to emergency action 
after engine failure should be 
re-considered taking into 
account in particular the stage 
in flight at which the emergency 
occur S. 

2.  Operator's methods of keeping 
fuel records 

The attention of the Operator should 
be drawn to his responsibility for ensuring 
proper use both by maintenance engineers 
and flight crew of the Technical Log fuel 
records. 

Re-de sign of the Technical Log to 
analyze fuel information in terms of 
individual tanks would, it i s  considered, 
reduce the likelihood of errors in fuel 
management in flight by alerting flight 
crew members to the state of individual 
tanks, facilitate proper maintenance by 
making fuel consumption checks simpler; 
and possibly lead to greater economy in 
ope ration. 
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3, Ope rational information made the actual capacities of fuel tanks and the 
available to the Operator's accuracy of dipsticks; and to ensure that 
employees any difference in design or layout affecting 

operation (e. g. in relation to fuel sy sterns) 
Particular care should be taken, is fully covered in relevant parts of the 

especially in the case of an aeroplane of Operations Manual before the aeroplane is  
older type which has seen considerable put into service. 
service, to establish by physical test 

ICAO R e f :  AR/753 
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Turkish Air l ines ,  Fokker F-27, TC-TAY,  accident at Ankara Airport, 
Turkev. on 23  Seatember 1961. E'indinss released bv The Minister , - . . " 

of Communications , Turkey. 

Circumstances 

The flight was scheduled Nicos ia-  
Adana - Ankara. Nu nle chanical difficulties 
were  reported en route. W h i l e  approach- 
ing Ankara, the aircraft descended from 
flight level 165 to 9 0 ,  was cleared t o  land 
and reported to  Esenboga Tower {Ankara), 
At 180 1 Z the pi lot  reported leaving the 
Ankara radio range. h e  minute later the 
aircraft crashed and burned, fatally 
injuring 4 crew and 24 passengers. One 
passenger survived the accident with 
minor injuries. The accident site was  
18 k m  from the left s ide of the extended 
centreline oi runway 03. 

h v e  stigation - Findings 

T h e  crcy7, rr1e:nbers w e r e  p r o p e r l y  
l icensed. 

out satisfactorily and at the required 
times. The centre of gravity  of the air - 
craft w a s  within limits, and its gross 
weight was  below ths maximum allowable 
for this flight. 

All ground radio navigation a ids  in 
the area were serviceable. The pi lots  
reported nothing out of the ordinary. 

Air -ground communications were 
carried on according to normal procedures, 
and communications w e r e  recorded in the 
tower on tape recorders. 

The aircraft's actual position was 
not on the line between the Ankara range 
and the air navigation beacon where i t  
should Rave been. 

Prohahlo Cause 
-"--- 

The aircraft had a valid certificate During the approach to the airport 
cjf airworthiness, and maintenance on the the aircraf t  was not in the normal pa t t e rn  
aircraft  and inspect ions  had been carr ied  and was below the normal altitude. 

ICAO R P I :  AIG/ACC;RF:p ; G E K  , 'No.  .!.? - '! 11r key 



202 ICAQ Circular 6 9 - A N / 6  1 

American Airlines. Inc . .  Boeinn 7 2 0 - 5 .  N 7545A overshot runwav 

Circumstances 

Flight 44 originated at San Francisco, 
California far Boston, Massachusetts with 
a scheduled en route stop at OtHare Air- 
port, Chicago, Illinois. The flight to 
Chicago was  routine. Deparmre from 
Chicago was at 0918 hours eastern day- 
light time. Aboard the flight we re 63 pa s- 
sengers and 8 crew.  A t  approximately 
1 105 hours while making a precision radar 
approach and landing on rrmway 4R at 
Boston, the aircraft overshot and d i d  into 
Winthrop Bay where it came to rest  on a 
heading of 150' magnetic at a point about 
420 ft beyond the end of the runway. 
Although the aircraft sustained major 
damage, no one was seriously injured. 

Inve stigation and Evidence 

Flight personnel 

The captain held an airline transport 
pilot's licence with ratings for DC-6, 
DC-7, Boeing 707 and Convair 240 air- 
craft, H e  had lagged approximately 2 2  000 
hours of pilot time including approximately 
1 800 hours on the Boeing 707-720 aircraft. 
H e  had successfully completed a proficiency 
check on 29 Mav 1961 and a line check on 
3 May 1961. 

The co-pilot carried out the instru- 
ment approach and landing on the subject 
flight from the right-hand seat. H e  pos- 
se ssed an airline transport: pilot's licence 
with a rating for Convair 240 aircraft and 
w a s  promoted to first officer on the Boeing 
707 on 15 March 1959, H e  also held a 
flight engineer's certificate. H e  had flown 
a total of about 12 000 pilot hours, 2 000 
hours of which were in the Boeing 707, 

He passed a line check on 22 and 2 3  May 
1961 and a proficiency check on 16 May 
1961. 

Weather 

At 104 1 hours the weather bureau 
observer at Boston Airport reported a 
partial obscuration, due to the iact that 
4/10 of the sky wae obscured by fog, and 
there was  a measured 300-ft ceiling. At 
1057 withLr:ss than ~ / 1 0  of the sky obscured, 
the ceiling was  reported as measured 
300 f t  with no partial obscuration. At 
1 1 1 3 the weather report contained a partial 
obscuration and a measured 400-ft ceiling. 
Thus, between 1041 and 11 13 the ceiling 
had i.mproved by 100 ft but the obscuration, 
caused by the fog moving h and out, had 
decreased a t  1057, but increased thereafter 
as indicated by the 11 1 3  report. The 
observer stated with respect to the 1 1  1 3  
observation that he had noticed the runway, 
and it was beginning to fade rapidly in fog 
which was moving in all around, as the 
outer markers w e r e  being obscured by the 
fog. Thus, while the amount of obscuration 
had incraased,the total amount was apparently 
less than 10/10 and did not require a special 
weather report. 

Discussion of the flight (based on 
e 

Be£ ore departure f ro;n Chicago the 
crew was aware that the ILS at Boston w a s  
inoperative and the weather there was below 
authorized landing minima. As the flight 
approached Boston the crew accepted a 
PAR iprtcision approach radar) approach. 

Both the captain and co-pilot testified 
that the approach was commenced at a speed 
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of 144 kt, which was 10 k t  above the 
reference speed for the estimated gross 
landing weight of the aircraf t ,  and the gear 
was lowered and full flaps extended. 

They were  both familiar w i t h  the 
instrument approach procedure for Boston 
Airport, and both had previously made ILS 
and P A R  approaches at that airport. They 
also w e r e  a w a r e  that their company's 
operating manual specified that instrument 
approaches should be made slightly above 

The c r e w  testified further that power 
was  reduced just prior to touchdown; that 
touchdown was smooth and normal: that 
touchdown w a s  believed to be at 134 k t  
approximately 1 100 ff beyond the normal 
P A R  touchdown point*+. 

The first officer, who f lew the entire 
approach, stated that as he applied thrust 
he saw the captain activate the speed brakes; 
however, the captain did not recall extending 
them, 

but never below the glidepath until-reaching 
the "slot" (interpreted to be over the The crew also stated that there war 
middle marker) a t  which point the aircraft a slight delay in response to the application 
should be on course and on the glidepath. of the No. I engine reverse thrust; that 
(One hundred feet above the glidepath at there appeared to be inadequate decelera- 
the middle marker was not excessive tion of the aircraft ,  and that no brake anti- 
according to the company's Director of skid reaction was felt on the brake pedals 
Flying Training). although brake application was heavy, 

They further stated that they were 
aware of the fact that the glideslope was 
fairly steefl  and were familiar with the 
lighting systems at that airport. They 
said they f i r s t  saw the runway when 
passing the middle marker at an altitude 
of 300 to 350 ft; that the approach was 
normal with only slight power adjustments; 
that altitude as  well as sink rate w e r e  
principally controlled by aircraft  attitude, 
They said further that they did not see any 
of the lights in operation at that time, 
namely the approach lights, the strobe 
lights, the threshold lights, or the runway 
lights; that they did not see the approach 
end of runway 4R, the crossing runway, 
the intersection taxiways, the painted 
markings on the runway, identifiable land- 
marks o r  objects nearby, or  the far end 
of the runway. 

The captain stated that there was no 
flare o r  float, 1 ha t  they determined their 
position from t r i ?  iqforrr-ation supplied to 
them by the ?Art contaaller and that the 
f i r s t  time they were  visually aware of 
their  position the runway w a s  when the 
end of the runw.Ly suddenly appeared 
before them s e ~ ~ e r a l  seconds before they 
entered the waie r .  

Analysis 

In reviewing the transmission made 
by the PAR controller a t  Boston, i t  was 
found that the aircraft war 200 f t  above the 
glidepath at the outer marker and consistently 
above the glidepath during the final approach. 
Also, that when the aircraft was over the 
P A R  touchdown point i t  was 25 f t  high. Tire 
marks indicated that the actual point of 
touchdown was 3 165 ft beyond the PAR 
touchdown point, witnesses indicated that 
the aircraft flared and floated from a point 
in the vicinity of the central taxiway, where 
i t  was first observed to the point of initial 
touchdown, In giving consideration to the 
3 165 f t  distance that the a i rcraf t  floated, 
reference was made to Boeing Aircraft 
performance data for a 720-B aircraf t  in 
the same approximate configuration a s  that 
of Flight 44. 

From this i t  was deduced that a 
distance of 1 830 ft would be covered, 
assuming a flare at 25 f t  above ground made 
a t  Vref plus 10 ( 144 kt) and floating while 
allowing the a i rc ra f t  to decelerate to 134 k t  
a t  touchdown. Also a distance of approxi- 
mately 1 200 f t  would be covered in dissipat-  
ing 10 kt of excess speed while  airborne, 

: The glide- li-mpe pru jec t i rm angle i s  normally adjus ted  by FAA to 2.  5O to 3O above 
horiz,ontaI,  rhr puhliL.lsetf angle for Boston i s  3.  030. 

>. .., -,-,- The F-'PLf-: t , :r~rlo~\ -. r.l(>!i:t z t  Rostoli i s  341 7 r't f r o m  the npproac h end of the runway, 
leaving h( ,  , .  :: + , i .  . . ! I . ' .  :>lrluay (L:un\i-a;. !i i; ta 10 021 Ct long). 



204 TCAO Circular 69- AN/^ 1 

Ib can be. assumed, therefore, that, i f  the . 

flare was initiated at  25 f t  and if  touch- 
down was at referenced speed ( 134 kt),  the 
airspeed at time of flare must have been 
approximately 154 kt  - to account for the 
3 165 ft of distance, -Y 

Tire marks indicated that after 
contacting the runway and rolling a distance 
of 124 ft, the aircraft again became almost 
airborne for an additional 6 14 ft  leaving 
just a trace of the left main gear tire 
mark on the runway, Heavy tire marks 
then appeared again at a point 2 700 f t  from 
the end of the runway toward which the 
aircraft continued and rolled off into the 
bay. The speed at touchdown must have 
been fast a s  indicated by the nature of the 
tire tracks, the total distance travelled, 
and the fact that the captain stated, with 
reference to speed during landing roll, 
"I was aware that we were probably a 
little faster than we should have been. " 
Considering all these facts, it is concluded 
that the speed at touchdown was at least 
1 3 4  kt. ' 

Prior to the initiation of the final 
approach Flight 44 was given the Boston 
weather at 1055 which included the follow- 
ing: Partial obscuration, ceiling measured 
300 f t  overcast: visibility one mile in fog, 
runway visual range more than 6 000 ft. 
During the time Flight 44 was making its 
approach, visibility deteriorated rapidly 
in the approach area from more than 
6 000 f t  to a s  low as 2 200 ft, as shown by 
the RVR (runway visual range) transmis- 
someter record, 

Two Air National Guard jet pilots, 
who w e r e  lacated near the approach end 
of runway 4R stated that they could hear, 
but not see Flight 44, as it passed over- 
head and that jus t  prior to this both the 
ceiling and visibility had been fluctuating 
considerably because of fog moving in 
from the bay. 

The local controller testified that 
he fir s t  observed the aircraft as i t  broke 

out of the..overcast at a point about 200 f t  
southwest of the central taxiway (approximate 
vicinity of PAR touchdown point) and that it 
flared and flr-+t.ed before disappearing from 
sight into the fog near taxiway A. When he 
next saw the aircraft it had emerged from 
the fog and w a s  rolling on the runway. 

The weather observer on duty during 
this period stated that the base of the over- 
c a s t  ceiling was quite uniform and that at 
1057, and again at 1113, the ceiling was 
meaeured at 400 ft with a partial obscura- 
tion beneath. 

The captain and first officer testified 
that they fir st saw the runway when over 
the middle marker at an altitude of 300 ft, 
However, it is significant that neither the 
captain nor the fir st officer could recall 
seeing the approach end of the runway, the 
approach Lights, the threshold lights, 
taxiways, crossing runways, or the far end 
of the runway at this time or at any time 
during the final approach, I t  was not until 
the aircraft had emerged from the fog, 
touched down, and was rolling down the 
runway that the c r e w  saw the far end of the 
runway, 

The Board believed that the visibility 
was below the required RVR minimum of 
4 000 ft during a portion of, if not during 
the entire final approach, The Board also 
believed that fog conditions obscured both 
the approach and far end of the runway, 
and that this prevented the captain and 
first officer from determining the aircraft's 
relative position to either end of the runway, 
the PAR touchdown point, or the PAR 
threshold. 

Paragraph 482, 2 of the FAA Facility 
Operations Manual on page 7230. 1 states 
a s  follows: "When R V X  an the instrument 
runway is 4 000 f t  or less,  RVR shall be 
reported by the local controller or PAR 
controller on the initial contact and sub- 
sequently as required to each pilot intending 
to Land straight-in on the instrument runway. " 
The manual, however, contains no provis ion 

.. - -. 

* With the surface wind conditio~~s existing at the h e ,  there was no significant difference 
between the airspeed of the aircraft and its groundspeed. 



- -- ICAO Circularm 69-AN/b 1 - 205 

for relaying RVR information to the PAR 
controller a t  those locations where the RVR 
indicator is not immediately available tor 
his use. Such a condition existed at the 
Boston Tower where the phys ica l  location 
of the RVR indicator in the I F R  room 
pr ecludcd reference by the PAR controller. 
However,  the instrument was  immediately 
adjacent to the approach control position. 
T h e  rapid deterioration of R Y R  , which 
commenced between 1057 and 1100, should 
have been called to the attention of American 
44 by the approach controller since any  
significant change during this period could 
have iniluenced the pilot's decision to 
attempt a landing, 

Again according to the Crewf s 
testimony, they did not see the approach 
threshold of the runway, nor did they  
observe any other markings which could 
be used for visual reference, Normally, 
the ILS/PAR touchdown point i s  located 
approximately 1 000 ft from the end of the 
runway, and the threshold coincides with 
the actual physical end of the runway. 

In making an approach to runway 
4R the aircraft, i f  on the glidepath, is 
apptox'imately 192 ft high when crossing 
over the physical end of the runway, At 
an installation, with a 2. 5O glidepath, an 
a i rc ra f t  i s  approximately 50 f t  high when 
crossing the-phy sical end of the rbnw ay , 
and the pilot is about ready to flare for 
touchdown. A t  such an installation, the 
end of the runway serves as the primary 
reierence point f o r  the piht in anticipating 
the point of touchdown during daylight 
conditions. At night the thre ahold lights 
serve to mark the-physical end of the 
runway. A t  Boston, however, there is 
no such positive and distinguishing 
reference. The ILS/PAR touchdown point 
on runway 4 R is located 3 417 ft  in from 
the physical end of the runway. The P A R  
threshold, marked by threshold lights 
extending outward from both sides of the 
runway, i s  2 500 ft ifl from the actual 
physical end of runway threshold.  The 
threshold l ights ,  extending outward from 
each edge of the runway, do not provide 
the same definite visual reference that is 

given by sighting the end of the runway. The 
crossing runway 9-27 and the central taxiway, 
however, do pravide a means of establishing 
reference to the location of the ZLS/PAR 
touchdown point. Thus ,  while a pilot m a y  
have difficulty in picking up the physical 
end of runway 48 in making an approach 
under minimum ceiling and visibility 
conditions, during daylight he should be 
able to orient his position relative to the 
intersections made by runway 4-27, and 
the central taxiway a s  they cross  runway 4R.  

In the case of Flight 44, the approach 
was continued without such reference being 
established. Moreover, the approach was 
being made at a speed somewhat faster than 
normal. Furthermore, considering the 
location of the PAR touchdown point and 
the speed of the aircraf t ,  the approach can 
be considered as high from the middle 
marker to over the P A R  touchdown point. 

The aircraft fir s t  touched down 
3 165 ft beyond the PAR touchdown point 
with only 3 438 f t  of runway remaining, 
Boeing t es t  data indicate that using spoilers, 
brakes, and reverse thrus t  a 720-13 aircraft ,  
wi th  a gross  weight of 176  000 lb, in a 
calm wind on a sea  level standard day on a 
dry runway at a speed of 134 kt can be 
stopped in 2 393  ft .  This figure wag 
established under optimum conditiofis, 
without the clement% of surprise or 
emergency. According1 y, the Board 
concludes that touchdown w a s  at a speed in 
excess of 134 k t  o r  that m a x i m u m  stopping 
capability wa3 not utilized. 

Probable Cause 

The Board determined that the 
probable cause of this accident was the 
captain's decision to land i n  variable 
weather conditions precluding adequate 
orientation relative to location along the  
runway. 

A contributing factor was the failure 
to provide the f l i gh t  with information 
concerning the deterioration of runway 
visual range values. 

ICAO R e f :  A R , ! ~ ~ Y  
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Swissair,  SE 2 10 Caravelle, HB-ICW accident at Basle -Mulhouse Airport and a t  

of the Federal Board of Inauirv into Aircraft Accidents. Switzerland. 

Circumstances 

At 0407 hours GMT on 26 September 
the Caravelle carrying 5 crew members 
and 24 passengers departed London, Eng- 
land on Flight  701 to Zurich, Switzerland. 
Because of poor visibility a t  Zurich the a i r -  
craft was diverted to Basle where, although 
dense low-hanging fog existed, an instru- 
ment approach was carried out on runway 
16. Before reaching the middle marker 
the aircraft straightened out to horizontal 
flight at the prescribed minimum altitude. 
A s  the co-pilot could not see the runway, 
the pilot-in-command attempted to locate 
i t  and let the aircraft  drop below the mini- 
mum safety altitude momentarily so that 
the aircraft m a d e  contact with the ground 
some 125 m before the runway threshold.  
The  right leg of the main landing gear was 
torn off. The time of the accident was 
0517 hours GMT. 

After a baulked approach the flight 
went on to Geneva and landed there at 
072 1 hours where further slight damage 
was incurred during an emergency landing. 
No injuries w e r e  sustained by the occupants. 
There was no f i re .  

Investigation and Evidence 

The Aircraft 

The aircraft's registration was valid 
until 31 December 1961. 

Its maximum authorized flight weight 
was 46 000 kg,  and the maximum authoriz- 
ed landing weight  was 4 3  800 kg. During 
t h e  approach to Basle Airport the aircraft 
weighed 38 600 kg, and i ts  weight on land- 
ing at Geneva was 32 000 kg. 

At the time of the  accident i ts  centre 
of gravity was within the prescribed limits. 

Following the accident n o  technical 
deficiencies were found in the aircraft or 
i ts  equipment. Examination of the instru- 
ments' readings also showed them to be 
satisfactory. 

The crew 

Testimony of the pilot and co-pilot 
during the investigation contributed con- 
side rably in determining their actions 
during the flight,  particularly during its 
critical phase. 

The pilot-in-command held an airline 
transport pilot's licence valid until 15 De- 
cember 1961. He had flown a total of 
3 226 hours including 107 hours during the 
two months preceding the accident and 8 
hours  during the 48 hours pr ior  to it. 
Conversion training to the type in question 
was carried out in the spring of 1960 and 
since then he had flown 750 hours on the 
Caravelle . 

The co-pilot, a transport pilot, held 
a Class I commercial pilot's licence valid 
to  2 8  January 1962. His  total flying hours 
amounted to 1 134 hours .  He had flown 
about 476 hours on the Caravelle. 

Basle-Mulhouse Airport 

The accident occurred in the flat gras- 
s y  approach area of instrument runway 16 
which i s  2 370 m long, 60 m wide and has 
a threshold elevation of 252 mlmsl .  The 
former automibile route C .  D. 12 bis from 
Blotzheim to La Chausge runs perpendicu- 
larly to the runway centreline approximate- 
ly 125 m before the beginning of the runway. 
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On e i ther  side of this  road the re  are gentle 
slopes which drop about 10 cm; on the air-  
po r t  side there is an unbanked water  ditch 
60 cm deep and approximately 1 m wide a t  
the top. The width of t he  road including 
ditch and slopes i s  about 6 m. The aircraft 
collided w i t h  the ground on this road approx- 
imate ly  125 m to the right of the runway 
centrel ine.  

Geneva-Cointrin A i rpo r t  

Runway 23 was used f o r  the landing 
in Geneva. It is 3 900 m long and 50 m wide  
wide. The runway l i ghts  are spaced at 
30 m in terva ls  along the edges of the run- 
way.  T h e  large rotating antenna of the 
observation radar i s  positioned 250 m from 
the northwest  (r ight)  edge of t he  runway and 
2 600 m from the beginning of the runway. 

Weather situation 

On the morning of 26 September,  an 
extensive flat high pressure zone prevailed 
over Cent ra l  Europe; the weather was gen- 
erally fair,  cloudy in places with patches 
of low- hanging fog in the lowlands. 

At 0420 hours th ick l o w  -hanging fog 
was al ready present  at the Zurich-Kloten 
Airport .  

At Basie -Mulhouse the weather  pic- 
ture  w a s  developing as  follows: 

(landed the re  at approximately 
0517 hours} 

0500 sky obscured, sl ight  wind 
from S S W ,  4 - 718 s tratus  clouds 
at 100 m coming from the south, 
visibility 800 m; 

0504 sky obscured, S j 8  stratus at 
100 m, slight wind from SSW, 
visibility 800 m; 

0510  wind turns to the south and 
intensif ies  to 2 kt, accumulat ion 
of low-hanging fog; 

051 2 runway visibility 1 000 m; 

0514  runway visibility 500 m; 

05 16 runway visibility 250 m; 

0600 runway visibility 200 m. 

Geneva weather : 
(landed t h e r e  a t  0721 hours) 

0520 visibility 7 km, 218 cloud 
formation at 8 000 f t ,  618  a t  
10 000 f t .  

The situation did not c h a n g e  appre-  
ciably in the ensuing hours.  

Navigation aids and approach procedures  - 
Basle A i r ~ o r t  

Instrument runway 16 is equipped with  
high intensity lights and with an ILS instal- 
lation. The middle m a r k e r  is located 
0.58 N M  ( 1  080 m) and the outer marker 
3.74 N M  (6 950 m) before the touchdown 
point. The Sierentz EN radio beacon is 
adjacent t o  the outer marker ,  and t h e  Horn- 
berg MN radio beacon is approximately 
5 N M  no r th  of it in order to mark an off- 
l imi t  zone t o  t he  nor th .  

The ILS approach procedure for an 
approach to runway 16 is as follows for an 
approach from the direct ion of Paris: 

- approach to S ie ren tz  BN radio 
beacon at not less than 2 500 f t / m s l  

- when over  the Sierentz BN radio 
beacon tu rn  (away from the a i rpo r t )  
towards the Homberg MN radi i  bea- 
con at  2 500 f t l s l  

- delay left turn over  the Homberg 
MN radio beacon aligning on the 
ILS landing course  indicator 
(landing course i 59) .  

- continue flight at 2 500 f t / m s l  up 
t o  ILS glide path  

- descend towards the  touchdown 
point along the ILS beam as  shown 
by both indicators, a l t i tude  check 
at outer marker: 1 880 ftlmsl, at 
middle marker:  1 040 ftlrnsl. 
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The foregaing procedure presupposes At 0512 when Basle w a s  advising 
visual  contact with t he  runway a t  1 086 f t /  Flight 701 that the runway visual  range was 
msl at the latest, that is, even before t h e  reduced to  about 1 000 m, the a i r c r a f t  ove r -  
middle marker is overflown. f l e w  radio beacon BN at  a n  altitude of ap- 

proximately 3 600 f t  and began i t s  approach 
W i t h  respect to instrument approach-  procedure turn to the left of the a i rpor t .  

es,  the S w i s s a i r  flight opera t ions  &anual 
states tha t  the approach procedure m a y  be At 0514 Basle reported that  the v i s i -  
initiated and c a r r i e d  through and a landing bil i ty  had reduced to  500 m, and the runway 
attempted only i f  the officially reported 

- 
visual range  was  about 300 m. This is the- 

visibility va lues  applying to the runway f i r s t  report  which indicates c lear ly  a reduc- 
uti l ized are  not l e s s  than the  Swissa i r  min- tion of runway visibility below the minimum 
imum values.  The absolute minimum value of 800 rn, The co-pi lot  acknowledged 
values as laid down in the manual a re  200 ft the message, however, he did not appear to  
cloud base and 800 m visibility. T h e s e  have rea l ized  its impor tance .  For undeter  - 
s a m e  minimum values are a l s o  specified mined reasons  the pilot-in-command does 
in the Swissa i r  approach c h a r t  for Basle.  not seem to have hea rd  the repor t  

The manual also specif ies  that a At the end or' t h e  left turn the pilot- in-  
baulked landing must be in i t ia ted  without command maintained an  altitude of 1 800 f t .  
delay when visibility a t  the end of the ap- The aircraft was flying towards the airport  
proach drops below the min imum values but was s t i l l  somewhat to  the left of the 
given in the approach cha r t .  

The approach to Basle (based on rad io  mes- 
sages and the fliaht r eco rde r )  

landing beam which i t  now began to  approach 
gradually. 

The aircraf t  continued until it reached - - 
the ILS landing beam at a speed of approxi- 

HB-ICW, Flight 701, established con- m a t e l y  130 kt .  Basle then notified i t  of the 
tact with Basle control tower a t  0504 and la tes t  weather  repor t :  
repor ted  overflight of the Luxeuil radio 
beacon and descent to 8 000 ft. "Actually all the fog coming from 

the south is going t o  t h e  nor th ,  
0506 - Basle advised the flight of and the whole runway is obstructed, 

the latest weather  as follows: and . . , . . we do not expect improve- 
ment  before one hour. " 

wind calm, s k y  clear, 
vis ibi l i ty  800 m with Despite this  unfavourable report the 
patches of fog. . . commander decided to continue the approach 
runway visuai range 2 000 m, in  the belief that t he re  w e r e  possibly only 
and actually 7 / 8  s t r a t u s  a t  individual patches of fog; he adjusted the 
100 m but staled that they landing flaps to 2 0 ° ,  extended the landing 
could see  a l l  the runway. gear  and throt t led power to 5 700 rpm. 

Shortly t he rea f t e r  the c r e w  of S w i s s -  
a i r  Flight 705, which had just landed in 
Basle, reported to Flight 101 the i r  obser- 
vations of t h e  weather 'conditions during 
the i r  approach.  Flight 705 reported 7 / 8  
coverage a t  about 200 f t  and that they "just 
broke out on descent. " 

At 0510 F l i g h t  701 was  cleared to 
descend to  2 500 f t  and requested to report 
over MN. 

A t  051 5:40 the aircraft  reported over -  
flight of the outer  m a r k e r  ( 3 .  74 NM before 
the touchdown point). Flying a t  a speed oi 
approximately 140 k t  it was still somewhat 
below the ILS glide path, however the pilot- 
in-command allowed it to descend a l i t t le  
fur ther  in  order to en te r  t he  glide path with- 
out abrupt transition. By 1516:20 the a i r -  
craft. had reached the gl ide path some 
2 - 11.2 N M  before  the touchdown point  and 



w a s  descending with suff ic ient  a c c u r a c y  
towards  the ILS ind ica tor  w i t h  speed  main-  
tained a t  135 - 140 kt and a rate of descen t  
of about 300 f t t rnin.  At  th i s  n -~omen t  the 
a i r c r a f t  plunged in to  a fog bank. 

In a cco rdance  with the u s u a l  p r o c e -  
dure the co-p i lo t  called out the a l t i tude  as 
the  a i r c r a f t  approached the min imum.  
When the min imum was r eached  the pilot 
l e v e l l e d  off and  i n c r e a s e d  engine speed 
from 5 700 t o  6 200 rpm. Both p i lo t s  noted 
that the needles of t h e i r  a l t i tude  ind ica tors  
r ema ined  a t  1 100 f t .  

At 0517:05 the  a i r c r a f t  overflew the 
middle m a r k e r  a t  cons tan t  speed and 
somewhat  below the minimum a l t i tude  of 
1 085 f t  (50 - 60 m above ground) .  The 
pilot intended to fIy somewhat  f u r t h e r  a t  
this a l t i tude  and  to delay the baulked 
landing p rocedu re  for, i f  the runway were 
then to appear ,  i t  would s t i l l  be possible to 
land. 

The meteoro log ica l  s e r v i c e  reported 
runway vis ibi l i ty  a t  200 m. 

On looking ahead the  co-p i lo t  r epo r t ed  
that nothing could be seen. The pilot 
not iced tha t  the a i r c r a f t  was  veering s l igh t -  
l y  t o  the r igh t  of the runway cen t r e l i ne  and 
d i r e c t e d  the co-p i lo t  t o  scan s o m e  5 O  to the 
le f t .  T h e  a i r c r a f t  was moving i n  hor izonta l  
fl ight,  but the trim cont ro l  was s t i l l  ail- 
justed for de scen t .  A s  the scanning possi- 
bi l i t i es  ahead  and  t o  the left are more 
favourable f rorn the lef t -hand s e a t ,  the  
pilot allowed h i s  a t t en t ion  t o  b e  m o m e n t a r -  
ily d i s t r a c t e d  from the  i n s t r u m e n t s  and 
glanced outs ide h imse l f .  In s o  doing the 
a i r c r a f t  again descended impercep t ib ly  for 
about 10 seconds at a n  average r a t e  of de - 
scent  of not l e s s  than 1 000 f t /m in  (5  m / s e c ) .  

At 0517:20 the  pilots saw a brownish  
g r e e n  patch a p p e a r  suddenly in the dense  
fog. Immedia te ly  t h e r e a f t e r  the a i r c r a f t  
incl ined s l ight ly  to the r igh t ,  and they fe l t  
the hard shock  of contact  with the ground. 
The a i r c r a f t  immed ia t e ly  passed from hori- 
zontal  configurat ion to c l imb couiiguration, 
and tht: pilot  promptly began the baulked 
landing procedure .  As t h e  a i r c r a i t  w a s  

apparen t ly  a i rwor thy ,  he decided to c u n t i n u e  
to Geneva .  

He did not inform t ra f f ic  con t ro l  that 
the a i r c r a f t  had contacted t he  ground  
although he r ea l i z ed  that i t  must  h a v e  sus- 
ta ined some damage. 

Contac t  with the ground at Basle occur- 
r ed  before the r oad  CD.  12,  app rox ima te ly  
1 2 5  m to the r ight  of the cen t r e l i ne .  

T h e  marks showed that at the moment 
of contact  with the ground t he  a i r c r a f t  was 
p rac t i c a l l y  hor izonta l  deviating a t  a very 
s m a l l  ang le  away from a d i r ec t i on  p a r a l l e l  
t o  the runway cen t r e l i ne .  They also indi- 
c a t e d  tha t  the entire contact  - a t  a speed of 
approximate ly  130 k t ,  co r r e spond ing  t o  
240 k m / h  o r  65 mlsec was of hardly one 
second dura t ion .  

At  Bas le  A i r p o r t  the f i r s t  knowledge 
of contact  with the ground was obtained 
through a m e m b e r  of the meteoro log ica l  
staff who not iced the  marks and small frag- 
m e n t s  of the a i r c r a f t  while walking along 
the road a round  0600 hours.  About one hour 
l a t e r ,  as  the fog lifted, the r ight  m a i n  land- 
ing g e a r  was also found, 3 2 0  m beyond the 
road, 200 m beyond the  runway t h r e sho ld  
and 90 m to  the right of the runway. 

As the  c r e w  flew on t o  Geneva they 
s t i l l  d id  no t  have a clear i dea  of the extent  
of the damage sustained.  

They only obse rved  the following 

- heavy v ibra t ion  at 7 650 rpm 
which, however ,  when r educed  
to 7 000 r p m  subs ided  t o  a t o l e r -  
able l eve l ;  

- ex t e rna l  damage  to the right 
power un i t ;  

- loss of the i nne r  landing f l a p  
s egmen t  on the r igh t  wing; 

- darnage to the u n d e r c a r r i a g e  
and to the hydrau l i c  s y s t e m ,  the 
ex ten t  ol which could n o t  be 
a s c e  rtainetl. 
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During the climb phase following the 
baulked landing the c r e w  advised the opera- 
tions control  of Swissair a t  Kloten that  they  
had noted a maIfunction i n  t he  hydraulic 
system. 

The flight continued as follows : 

0533 - a f t e r  the pilot had a s c e r -  
tained t h a t  the a i r c r a f t  
responded to the cont ro ls  
up to a speed of 150 kt, 
the a i r c ra f t  overf lew 
Berne at an altitude of 
9 000 f t  

0540 - Geneva traffic control  was 
advised that the aircraft 
had an underca r r i age  mal- 
function and  reported a n  
ernergenc y situation 

0555  - a i r c r a f t  overflew Geneva 
Airport a t  low altitude to 
allow traff ic  control to 
make a visual observat ion 
of the undercarriage damage. 

The pilot was advised that  the nose- 
wheel w a s  a l l  r i g h t ,  the left wheels w e r e  
extended but probably not locked, and the 
right wheels were not extended. He then 
decided to remain in the air near the a i r -  
po r t  for about another  hour 

- i n  order to continue his ef fcr t s  
to extend the undercarriage 
correctly while Swissair obtain- 
ed more detailed information; 

- to consume as much fuel as 
possible;  and 

- to make possible thorough and 
well  -considered prepara t ions  
aboard for  the landing. 

At 0701 the pilot received informa- 
tion that two wheels of the a i r c r a f t  were  
found at Basle. 

At about 0?15 hours the approach t o  
runway 23 a t  Geneva was begun. Waving 

overflown the runway threshold at  a speed 
of about 140 kt and a t  a height of about 5 m, 
the pilot placed the a i r c r a f t  ve ry  gently and 
accura te ly  on the runway, having act ivated 
the brake parachute immediately p r i o r  to 
touchdown. The touchdown point w a s  about 
1 300 rn beyond the runway threshold. The 
parachute maintained the aircraft on a 
s t ra ight  line for  a distance of 1 000 m. As 
the speed dec reased  the  a i r c ra f t  vee red  
towards the  right. Some 1 000 m after 
touchdown the r igh t  wing t i p  made contact 
with the ground. The a ircraf t  then began 
t o  swerve to the r ight ,  crossed the edge of 
the runway, destroying three  runway l ights  
and brushed the large rotating antenna of 
the observation r a d a r .  It finally c a m e  to 
a stop 2 550 m beyond the runway threshold 
and 230 m to the right of the runway at an 
angle of 270" from the landing direction. 

As a resu l t  of repeated efforts t o  
act ivate the  landing gear, the hydraulic 
system had prac t ica l ly  ceased  to function 
during the flight; consequently, at the 
moment of landing only one auxil iary sys -  
t e m  was s t i l l  operative f o r  powered opera- 
tion of the flight cont ro ls ,  the nosewheel 
s teer ing  mechanism,  wheel brakes and 
landing aids w e r e  no longer operat ive.  

Slight additional damage t o  the right 
wing was incurred during +he landing at 
Geneva. 

Discussion of possible causes of che 
accident 

N o  deficiency in the a i r c r a f t ,  its 
equipment o r  in ground installations could 
be ncrted which might  be considered as con- 
t r ibutory f ac to r s  in the accident.  

The conduct of the ground personnel  
can also be el iminated as a contributing 
factor. 

T h e  c r e w ' s  behaviour was then con- 
sidered during the c r i t i ca l  phase beginning 
at 0514 hours.  

The s t r e s s  imposed on the c rew dur- 
ing such approaches by operations connected 
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with the piloting and prepara t ion  of the'air- 
c r a f t ,  checking of ins t ruments  and main-  
taining radio communicat ions,  is ext remely  
s e v e r e .  

The causes of the accident are to  be 
found pr imar i ly  in the behaviour of the a i r -  
c r a f t ' s  commander  with r e spec t  t o  the 
aecisive phase, as follows : 

- f i r s t ,  the decision in favour of 
Basle as f i r s t  a l te rna te  aerodrome 
in substitution for  Zurich,  although 
the weather  forecast in Basle was 
not favourable and despi te  the f i r s t  
recommendation of the operat ions 
control to s e l ec t  Geneva where 
safer  weather  conditions prevai led.  
The decision w a s  justifiable on the 
bas i s  of the r epor t s  then avai lable,  
and the landing i n  Basle would have 
caused  less inconvenience for a l l  
concerned than the landing in Gene- 
va. Nu immediate danger  would 
have the reby been entailed. 

- The bas i s  for  th i s  decision was 
modified substant ial ly by the wea- 
ther  repor t  of 0506107: although 
t h e  values for ceiling and visibility 
recorded by the traffic control 
w e r e  still c lear ly  above the mini-  
mum values,  never the less ,  the 
report following thereaf te r  from 
Flight  705 showed that  the cei l ing 
of 7 1 8  at 200 ft  was actually already 
a t  the c r i t ica l  l i r ~ i t .  Despite th is ,  
continuation of the flight, at least 
up t o  the beginning of-the approach 
procedure, was still Justifiable and 
involved no  immediate threa t  ot 
danger ,  although at this  point close 
attentivn to weather developments 
and readiness  fo r  a possible deci-  
s ion to d iver t  to Geneva w a s  essen- 
t ial.  

- The approach procedure, i n  the 
s t r i c t  sense of the term, began with 
overflight of rad io  beacon BN a t  
0512 hours,  while the detailed wea- 
t h e r  report received at  the same 
t ime indicated a runway visibility 

of 1 000 m,  which w a s  c r i t i ca l ly  
c lose  to the minimum value of 
800 m. Continuation of the ap- 
proach was s t i l l  justifiable and no 
immedia te  danger was involved; 
however ,  the situation had now 
become cruc ia l  and requi red  ex- 
treme attention and readiness  for  
a quick decision. The fact  that the 
pilot allowed the a i r c ra f t  t o  descend 
below 2 500 f t  before  reaching the 
glide path indicates inaccuracy but 
is without consequence fo r  f u r t h e r  
developments; the approving 
"Rogerit t ransmi t ted  by the t raff ic  
control  in reply to h i s  r epo r t  of 
0 5 12 : 30 announcing beginning of 
the approach curve  gave him 
grounds to  cons ider  t h i s  descent  a s  
authorized.  At th i s  point (05 14 hours) 
came the  important  and justifiably 
repea ted  weather  report f rom traf - 
fic control  to the effect that run- 
way visibility had dropped below 
the 800 m minimum value. Although 
the co-pilot acknowledged this  re - 
port, i t  s e e m s  to have escaped the 
attention of the commander .  This 
is not v e r y  understandable under  
circumstances which requi red  
attention. 

- At 0515 hours it was reported that  
the en t i re  runway was covered with 
fog and that,  for the moment,  no 
improvement w a s  expected. This  
repor t  contained no numer ica l  
values. However, although the 
pilot had not noted the repor t  of 
0514 hours, the tex t  of th is  l a t e s t  
message and t h e  other  c i r cum-  
s tances  should have  induced h im 
to inquire specifically whether 
meteorological  conditions had not 
fallen below the minimum values.  
He continued h i s  approach without 
doing so. Here a l s o  h i s  behaviour 
did not entail  immediate danger, 
but he was now approaching t h e  
l imi t s  of safety. 

- At 0517 hours ,  he definitely went 
beyond these  safety l imi ts .  His 



e r r o r  was made when he turned 
h is  eyes and his  attention away 
from the instruments to $can out- 
side, In so doing the aircrait lost 
altitude and collided with the 
ground shortly the reaftes'. The  
time he spent scanning oatside was 
longer than he originally intended. 
Instead of scanning outside. he 
would have exercised better judge - 
ment i f ,  a t  this  moment, he had 
decided to perform a baulked 
landing manoeuvre, U p  until then 
to co-pilot had not even once 
observed  the glow of the a p p r o a c h  
lighting system, the aircraft  was 
no longer exactly on the  approach 
centreline, and t h e  runway length 
of 2 370 m afforded only a slight 
reserve length for a delayed 
touchdown . 

The co-pilot's behaviour 

- In the final phase, he too no longer 
checked the instruments. He had 
to divide his attention between 
checking the instruments, particu- 
larly the altitude and speed indica- 
tors,  and scanning outside to look 
for the runway. Both cannot be 
done simultaneously, only alter- 
nately, He was not watching the 
instruments for a period of 10 to 
12 seconds, although neither opera- 
tion should have required more 
than 3 to 5 seconds. 

- At 0514 or 051 5:30 hours at the 
latest the co-pilot should also have 
realized that the  weather prevail- 
ing over the runway had now fallen 
below the required minima and 
that, consequently, the approach 
should not be continued fur ther ,  at 
least not without again speciiically 
r cque sting the visibility values . 
He  should also have brought this 
to the attention of the pilot-in- 
command. If,  in spite of the 
repeated message, he still had not 
correctly understood the content 
of the 0514 hour report, the cir- 
cumstances should have dictated 
t h a t  h e  obtain definite clarification. 

In this connexion it should be empha-  
sized that the co-pilot is not only the a s s i s  - 
cant and subordinate of the "flying pilotH, 
but one ui his essential duties c o n s i s t s  in 
observing the pilot. H e  musf be continuous- 
ly ready t o  d r aw  the pilot's attention to  
oversights and even to intervene actively 
himself in emergencies.  The fact that this 
principle m a y  be very delicate and difficult 
to apply in actual experience, owing to dif- 
fe rences in grade and age, does not in a n y  
wise affect i t s  validity. 

Fatigue 

The crew had performed several 
hours of duty and flight service at the time 
of the cr i t ica l  occurrence. Although, i n  
this case, there is no question of o<.er - 
fatigue, a certain normal fatigue m a y  w e l l  
have been a contributing factor. An indica- 
tion of the presence of such fatigue is to be 
found in the lack of accuracy displayed in 
initiating the approach procedure - th i s  is 
in direct contrast to the alertness and pre -  
cision shown by the same crew in dealing 
with the ensuing emergency. 

Diversion to Geneva and emergency 
landing 

After the  Saulked landing i n  Basle it 
would have been appropriate for the pilot t o  
have reported the ground contact to Basle 
traffic control, He could have done th i s  
even after leaving the Basle control area 
especially after he had noted damage to the 
aircrakt which could have and actually did 
leave scattered fragments a t  Basle in the 
vicinity of runway 16. Apart  from the safety 
of other  a i rcraf t ,  this would have also clari-  
fied h i s  own situation more rapidly. 

It would also have been appropriate i f ,  
at  the v e r y  outset, the pilot had advised the 
Swissair ope rations office not only concern- 
ing the malfunction of the hydraulic system 
but also concerning the  origin of this  mal- 
function. This could have brought about a 
more prompt clarification oi the  situation. 

Apa r t  from these two oversights, the 
bekaviour of t h e  crew was ,  in every respect, 
appropriate f rom the time of ground contact 
at: Basle t o  the time of evacuation of t h e  air- 
craft at Geneva. 
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Probable Cause altitude in  the absence of t h e  requisite con- 
ditions for so doing, he neglected momen- 

The ground contact at Basle was tarily to watch the-instrumGnts and thus 
attributed to the fact that a f ter  the  pilot-in- al lowed the aircraft t o  descend below the 
command and t h e  co-pilot had given insuffi- safe minimum alt i tude.  The c rashlanding 
cient attention to weather developments  and in Geneva was the direct consequence of the 
and after the pilot-in-command had con- damage sustained at Basle.  
tinued the approach down to the minimum 



n p r h ~  Aviation Ltd.. C-47B. G-AMSW. accident near Mount Canigou, Pvrenees -- - -  - I  . . . - - - -  . - - -  
on I October 1961. Report relehsed by the Inspectorate General of Civil 

Aviation, Ministry of Public Works and Transport, France, tn Le 
JournaI Officiel (No. 9,19 62). This summary is  based on the 

translation of the final report  published as C. A. P. 179 by 
the Ministrv of Aviation, United Kingdom. 

Circumstances 

The aircraft was coming from Gat4 
wick, England, and after reporting over 
Toulouse at about 0030 hours GMT it head-  
ed directly for Perpignan, France, at 
flight level 75. It was expected over the 
aerodrome at about 0112,  and i t  was seen 
shortly before 0100 by var ious witnesses 
in the ~ r a d e s  area, during intermittent 
rain and wind of variable force. It struck 
the mountain side in level flight in the 
Canigou  assi if at about 0100 hours. The 
wreckage, located at an elevation of 
2 200 m at 1350 on the same day by a 
Search and Rescue Constellation, w s s  
destroyed by the impact and by fire. 
There were no survivors, Three crew and 
3 1  passengers were aboard the flight. 

Investigation and Evidence 

The Aircraft 

The aircraft's certificate of airwor- 
thiness was  valid until 23  March 1962. 
Its total flying time up to the last  flight 
was r 3  658 hours 35 minutes. 

Examination of the records revealed 
no serious incident entailing major struc- 
tural  repair of the airframe. 

Since last general overhaul the Nos. 
1 and 2 engines had flown 681 hours and 
5 l hours respectively. 

On 24 September 1961 the automatic 
direction-finder receiver was  changed at 
Palma following a failure in flight. This 
new equipment had subsequently t o  be 
repaired at Gatwick on 1 October 1961 
(power supply connections), The re  were 
also failures of the Decca equipment on 
10 August 1961 (receiver) and on 16 Septem- 
ber 1961 (power supply). 

At time of take-off the weight of the 
aircraft  was 12 561 k g ,  i. e. below the 
maximum authorized weight of 12 700 kg. 
Its centre of gravity was  within limits. 

According to the aerations Manual 
the fuel required was 500 Imperial gallons, 
The fuel aboard the aircraft was 440 Impe- 
rial gallons. It  was placed an the aircraft  
in accordance with the irlst~uctions of the 
captain and although adequate for the flight 
Gatwick - Perpignan, was 275 l i tres 
(60 gal) less than the requiredby the 
Operations Manual. 

C r e w  information 

Both the pilot -in-command and 
co-pilot were  considered to be good and 
competent pilots. 

The pilot-in-comn-iand held an airline 
transport pilot's licence valid until 9 Decem- 
ber 1961 with a rating for Dakota C-47 air- 
craft in Group 1 .  His last instrument rating 
check was on 16 July 19bl. 

H i s  total flying hours amounted to 
5 624. On the C-47 he had flown: 

a s  co-pilot by day : 600 hours 
by night: 50 hours 

as  aircraft  by day : 2 712 hours 
commander by night: 320 hours 

during the last 90 days: 299 hours 
45 minutes 

During the last  s ix  months (after fol-  
lowing the direct route Wmoges - Perpignan) 
he had l anded  twice at Perpignan (once by 
day and once by night). He had flown about 
1 670 hours  with this airline as aircraft  
commander on the C-47. 
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The co-pilot also held an airline 
transport p m i c e n c e  valid until I4 
December 1961 with a rating for Dakota 
C-47 a i r c r a f t  in Group 1. H i s  last  instru-  
ment rating check was on 25  October 1960. 
He had flown a total of 2 267 hours includ- 
ing the following hours on C-47 aircraft: 

as  CO-pilot by day : 1 589 hours 

as aircraft 
commander I '  : 175 hours 

During the last 90 days he had flowr! 
320 hours 35 minutes as co-pilot. 

During the last six months (on a 
route not via Toulouse), he had made five 
landings at Perpignan (one by day and four 
by night). 

He joined this Company in March 
1959 with about 500 hours of flight t ime,  
and flew with  the Company for one season. 
H e  then rejoined the Company in March 
1960 and f l ew as co-pilot, logging about 
1 500 hours on C-47 aircraft up until the 
date of the accident. 

The operations manual of the airline 

It constitutes both a route manual 
and an operations manual. 

In the part of the Manual dealing xt i th 
en route information, the following is  g ivcn 
for flight from Gatwick to Perpignan: 

Traffic : Gatwick-Perpignan 

Non-traffic stop 
Route : A W Y  

Dist. NM : 597 
Time : 4 . 4 0  

Alternate : Toulouse 

Dist. N M  : 100 
Time : 0.45 

Total time : 5.25 

Pre-determined safety heights are 
not given, but the following formula is  
included in the Manual: 

"The safety height for a particular 
route must be at least 1 500 it above the 
highest obstacle within 25 N M  either side 
of the intended track  or 25 WM beyond 
either terminal or alternate aerodromes. 

When flying over the sea, the aircraft 
must not be below 1 000 ft at any time, 
except for the purposes of taking-off and 
landing. 

When operating in the v i c i n i t y  of high 
ground, the minimum altitude to be flown 
must be increased to 2 000 f P  above the 
highes t  obstacle within 25 N M  either side 
of the intended track. 

Airways flights wi l l  conform to the 
route guides issued by the Company unle s s  
otheru~ise instructed by Air Traffic Control. 
The above limits apply in instrument meteu- 
rological conditions only, but care must be 
taken to see that the s e l e c t e d  fl ight level 
conforms to the quadrantal height separation 
rilles. I '  

No indication is  given of the specif ic  
charts to be used with the formula. 

The Manual also contains a chapter 
dealing with allowable deficiencies, As 
regards the flight instruments, take-off  
with a single directional gyro is permitted 
even in instrument meteoro log ica l  conditions 
o r  at night. 

F i n a l l y ,  the performance curves for 
thc nattglas Dakota 4 i t s e l f  are given in a 
separate log-book kept with the case con- 
tnining the aircraft certificates. 

5J::t:~orological information - 
The forecast prepared a t  Gatwick 

1, ;rs for a Gatwick-Perp ignan-Pa lma or 
P 3rcelona route. 

I t  included the terminal forecasts, 
p t q . 3 r e r l  a t  1800 2 and valid for the period 

Sector Fuel W e i g h t  : 1 697 
Gallons : 520  
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from 1800 Z on 6 October to  0300 Z on 7 
October, were the latest which Gatwick 
could have had at the time when the flight 
forecast was  handed over. 

The terminal forecasts received 
from Perpignan were as fol lows:  

period 0000 - 0300 Z 
surface wid 160°/18 kt, gujtr 25 kt; 
surface visibilityt 7 NM; cloud: 4/8. 
bnoe 2 000 £t (800 m) stnd 7/8, base 10 000 h 
(3 000 m) 

with intermittently: 
rain; visibilityr 5 NM, c l a d :  4/8. base 1 200 ft 
(350 m) pad 8/8. b w  9 000 ft (2 700 m) 

terminal forecasts - Toutouse 
nuface w i d  d:&le. 7 kt; 
mrfacc visibility: f 1 NM (20 km) nipidly 
becoming 6 NM batween 0000 and 0300 Z 
c h Q  $18, baa 4 000 ft [I200 m) a d  

7/13,  be^ 1 000 ft (300 m) 

rapidly becoming between 0000 and 0300 2: 
4/8, base 1 000 ft (300 rn) and 
6/8, base 3 000 ft (900 m) with rain. 

Briefing 

During the briefing the Gatwi ck fore - 
caster gave the latest observations avail- 
able received from Toulouse and Perpignan, 
i. e. those for 1900 2. 

Toulouae 1900 Z 

&ace wid: 200°, 2 kt 
surface visibility: 4 NM (8 km) 
cloud 818, base 4 000 ft (1 200 m) 

Pervicnan 1900 Z 

swiacc w i d :  280°, 8 kt 
surface vbibilityt 11 NM (20 krn) 
cloud 118 cumulonimhw, b- 2 600 h (800 m) 

7/8, b u r  11 000 f t  (3 300 m) 

The Gatwick forecaster stressed the fact 
that the route, which passed to the west  o f  
the Massif Central, would be situated be 
between an active thunderstorm disturbance 
over the eastern half of France and a fresh 
weak disturbance coming from the west.  

The forecaster has indicated that he 
was not asked by the captain for the wind 
at flight level 75 on the Gatwick-Perpignan 
route. He added that the captain was par- 
ticularly interested in the 700 mb chart. 

In conclusion, the flight forecast 
given to the crew was complete and contain- 
ed the late st meteoro1ogical information. 
Nevertheless, the forecast winds below 
10 000 ft (3 000 m) w e r e  not included lor 
the sector between 48 N and Perpignan. 

0000 Z meteorological obser- 
vation at Perpignan 

At 0025 Z the aircraft received, at 
its request, from Toulouse approach control 
the following information: 

- surface wind 320°, 18 kt 
- visibility 1 5  km 
- rain - cloud 5/8 at 900 m 

8/8 at 3 000 m 

The Flieht 

Pre-flight preparations 

The flight was arranged by Derby 
Aviation under contract with a J-london travel 
agency and was to transport tourists by air 
from Gatwick to Perpignan. 

The aircraft was given a pre-flight 
check on 6 October for its flight to Perpi- 
gnan. 

Crews have to 30 their own pre-flight 
planning. The aircraft is equipped with a 
navigation bag with the necessary maps, 
route guides, and plans. h addition, the 
airline prepsres  standard navigation logs 
for particular routes and the s c  documents, 
which do not include niiriimum safe altitudes, 
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are intended to serve as guides, but they 
are not- mandatory. 

It is not certain whether the c r e w  
had these logs ,  but before departure at 
about 2000 Z the co-pilot went to the 
"briefing" room of the aircraft ,  where the 
usual aeronautical information was avail- 
able to him, and then completed the A i r  
Traffic Control flight plan at the Aero- 
drome Flight Clearance Section. 

The route shown on the flight plan 
mentioned Gatwick, then Dunsfold, and 
finally Perpignan directly via FIR (this 
route did not conform to the navigation 
logs of the airline, but it could be used 
by the air craft commander at his discre- 
tion). With an estimated elapsed time of 
4 - 1 / 2  hours , an endurance of 6 hours and 
a true airspeed of 140 kt, the flight plan 
gave Toulouse Blagnac as an alternate 
aerodrome. 

The two crew members appeared to 
be in good health and sp i r i t s  according to 
witnes aes who saw them before the take- 
off. 

Reconstruction of  the flight 

The flight departed Gatwick at 2043 
hours and short ly thereafter indicated he 
was flying at flight level 75 and estimated 
flight over the French coast for 2132 Z. 
It actually crossed the coast at 2136 Z. 

During the exchange of cnmmunica- 
tions with Paris Control the aircraft indi- 
cated specifically that it would leave the 
a i rway  at Limoges in order to fly direct 
to Perpignan. At 2253 2, G-AMSW report- 
e d  that it was over Amboise at 5 2 ,  at flight 
level 7 0 ,  and estimated i ts  passage over 
the FIR boundary for 2319 Z and over 
Limoges f o r  2340 Z. At 2119:40 Z G- 
AMSW contacted Bordeaux Control. After 
recapitulating its flight data and in ~ a r t i -  
cular its estimated time of arrival at 
Limoges at 2338 2 ,  it stated that it wished 
to fly to Limoges, then Toulouse, and 
from there t o  fly direct to Perpignan. 
Bordeaux replied that the d i rec t  route to 

Perpignan pas sed  over Carcassonne. 
Bordeaux Control at 2321 2, in order to 
be certain that no doubt remained about the 
route to be followed by the aircraf t ,  explain- 
ed that the Lirnoges to Perpignan route via 
Carcassonne was practically direct and 
that in view of the existence of a radio 
beacon a t  Carcassonne i t  seemed preferable 
for G-AMSW to fly over Carcassonne. It 
then asked the aircraf t  to give an estimated 
time of arrival at Carcassonne and to change 
to flight level 75 over Limoges. The a i r -  
craft replied that it would not change i t s  
flight level at Limoges for it wanted to fly 
Limoges - Toulouse - Perpignan. Bor- 
deaux Control then accepted the Lirnoges- 
Taulouse route, 

The aircraft  reported having passed 
Limoges at 2336 Z and estimated passage 
over the boundary of Toulouse control a rea  
at 0020 Z and over radio beacon FOU at 
0040 2. Bordeaux Control explained that 
the upper limit of  Toulouse CTA was at 
flight level 65,  and asked the aircraft to 
call again over FOU. G-AMSW acknow- 
ledged receipt. 

The aircraft  advised (at  0009 2 )  i t  
wanted t o  go on flight level 7 5  after Tou- 
louse. At 0010 Z and aga in  at 0019 Z the 
tape recorded two calls of G-AMSW to 
Bordeaux Control which did flot reply; 
there was heavy interference during the 
first of these calls. 

From 0022 Z to 0027 2, G-AMSW 
entered into cornmunicatian with Toutouse 
Approach Control on  frequency 12 1. 1 Mc  .'s. 
It indicated that it had been unable to con- 
tac t  Bordeaux Control and asked for t he  
latest meteorological reports for Perpig- 
nan, The latter were then passed to the 
air craft. 

At  0030 Z the a i rcraf t  again made 
contact with Bordeaux on 120. 1 MC/S,  

repor ted  "check passing Toulouse" and 
gave an estimated time for passage abeam 
Carcassonne a t  0052 Z a t  fIight level 75. 
Bordeaux then asked for the estimated 
time of crossing the boundary between Bor - 
deaux and Marseilles F I R S ,  The aircraf t  



confirmed 0052 2. The aircraft was then 
cleared to climb to flight Level 7 5  , and 
Bordeaux asked for confirmation of  the 
estimated time for crossing the FIR bound- 
ary. G-AMSW confirmed 0052 2. Zt 
should be noted that the aircraft gave the 
same estimated time for abeam Carcas- 
some and for cror sing the FIR boundary, 
No further contact was made with the air- 
craft. Except for the cornmudcations with 
Toulouse, it was the CO-pilot who made the 
radio communications with the ground. 
No language difficulties were encountered. 

Examination of the wreckage 

The aircraft struck the northwest 
side of Pic Barbet, a northeast spur of 
Mount Canigou at a flight level  of very 
nearly 7 5, The impact point Was about 
40 km from Perpignan aerodrome and 150 
km from Toulouse, At the accident site 
the mountain side slopes at about 60 to TO0. 
It i s  very rugged, with boulders, crags 
and even cliffs, which make access difficult, 
and the ground is covered with dense vege- 
tation in the form of rhododendrons 60 c m  
high, and wooded, sometimes only sparsely, 
with pine trees, From evidence at the 
scene of the accident, it was ascertained 
that at time of impact the aircraf t  was fly - 
ing straight and level on a heading of about 
1 4 B O T .  (heading from Toulause to the place 
of the accident: 141°T. j 

General condition 

The aircraft was partially disinte- 
grated by the shock of impact. The port 
wing, which was wrecked, part of the fuse- 
lage and the starboard wing, which was 
l e s s  damaged, remained practically at the 
point of impact. The remainder of the 
wreckage was flung 50 rn higher up the 
mountain side, but the rear part of the 
fuselage and the ta iL,  which were little 
damaged, dropped back a little way behind 
the initial point of impact. 

The two engines and their propellers 
were  separated from their mountings, the 
lower cylinders broken and the connections 
and accessories smashed, while the 

reduction geara followed the propellers 
which broke away from the engines, After 
being flung further up the mountain side, 
the two engines fell back again and the 
starboard engine was etopped by the main 
wreckage while the port engine came to a 
standsti l l  under the trees about 100 m lower 
down. 

Fire broke out immediately aiter t he  
crash and the tanks, the centre section and 
the forward part of the fuselage, as wel l  as 
the wreckage of the crew compartment, 
were seriously damaged by the fire. The 
pilot's position and instruments were com- 
pletely destroyed by the crash and the fire, 
The  flap^ and undercarriage were in the 
retracted position at the time of the acci- 
dent. The elevator and rudder tabs were 
in the neutral position, The two engines 
were developing power at time of impact. 
From examination at the scene of the acci- 
dent, the appearance of the engines did not 
reveal any indication of mechanical failure 
before the accident, The ground fire was 
caused by the rupture of the fuel tanks. 

The observation8 of the wreckage 
showed no evidence of any structural failure 
or of fire during flight, No sign of a light- 
ning strike was noticed, No part of the 
aircraft broke away before the impact and 
all the control surfaces, in particular, 
were in position, The Decca equipment 
was probably not in operation at impact. 
The radio compass was functioning and set 
to a frequency corresponding to that of Per- 
pignan. There was no evidence to indicate 
a radio failure although such a possibility 
remained after 0030. 

Discussion of Evidence 

Meteorological Situation - General 
During the night of 6 to 3 October, a 

depression was located between Ireland and 
Corflwall. It was extended towards the 
southeast by a pronounced trough, a s  far as 
the Gulf of Lions where a secondary was in 
process of formation. In front of this 
trough the winds were southerly, whereas 
behind it they were blowing from the west. 
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There were twa disturbances in this 
trough, both with a NNW-SSE alignment. 

On 7 October at 0000 2, the f i rs t  
disturbance was aligned along Dunkirk, 
Geneva and Ajaccio, and was,  therefore, 
far to the east of the Gatwick-Perpignan 
route. The second disturbance, on a smal- 
ler scale  than the first, was aligned at this 
same time along Pieppe , Clermant -Ferrand 
and Montpellier, Both gave rise to a num- 
ber of thunderstorr~s over the western 
slopes of the Massif Central, but at the 
time of the flight of G-AMSW, the re  were 
no reports of thunder storms by the meteo- 
rological stations situated along the a i r -  
craft '4 route. 

The greater pa r t  of the flight was 
made behind the second disturbance, for 
the aircraft passed through the weaker p a r t  
of the disturbance between the French 
coast and Chateaudun. 

F r o m  the standpoint of cloudiness 
and altitude of the cloud layers, the fore- 
cast prepared by Gatwick was approximate- 
ly correct  and corresponded well to what 
was observed by the meteorological sta- 
tions and by those aircraft  from which a 
report  i s  available. 

The surface visibility along the route 
also conformed to the forecast. 

It i s  difficult to make a comparison 
for the upper winds, for G-AMSW f lew 
sometimes at flight level 70 and sometimes 
at flight level 7 5 ,  and the lowest level for 
which the Gatwick forecast gave the wind 
was 10 000 ft, 

Assuming that the winds at flight 
level 7 5  had the same direction as  at 
10 000 ft, and that their force was 5 kt 
lower, the forecast would have given: 

Gatwick to 48 N 180O/3C! k t  
48 N to 45 N 180°/25 kt 
45 N to Perpignan variable 10 then 

240° / 20  kt 

According to  the upper air char ts ,  
the real winds  appear to have been the fol- 
lowing at flight levels 70 and 75: 

Gatwick - Chateaudun 160°/25 kt 
Chateaudun - Limoges 2 0 0 ~ / 2 0  kt 
Lirnoges - Toulouse 290°/30 kt 
Toulouse - Perpignan 290°/25 kt 

The considerable difference from the 
wind6 forecast, from Lirnoges onwards, is 
explained by the fact that this part  of the 
flight was made behind the second disturb- 
ance referred to previously and not in front 
of it, For the same reason, the upper a i r  
temperatures w e r e  slightly lower than those 
forecast. 

The terminal forecasts corresponded 
approximately to the real  conditions: over- 
cast  with intermittent rain, but without 
very low cloud or bad visibility. On the 
other hand, the surface winds w e r e  WNW 
instead of SSE at Perpignan. The cause 
was the same as that given above. 

At the accident site 

On account of the rugged nature of 
the terrain,  the local meteorological con- 
ditions may have been quite different from 
t h o ~ e  recorded a t  the nearest  meteorologi- 
cal stations: Perpignan, Carcassonne,  
Toulouse (the stations of St. Girons and of 
the Pic du Midi do not provide a night s e r -  
vice) and cannot be known with certainty. 

From the statements of witnesses 
and the summary indications p r ~ v i d e d  by 
the auxiliary climatological stations of 
Pyrenees-Orientales, and also from the 
reports of other aircraft ,  it may be esti- 
mated that: 

The Tet Valley was covered by 
a continuous cloud layer,  with 
i t s  base at about 2 700 to 3 000 rn 
and top at about 5 000 to 6 000 m, 
giving slight intermittent p r e  - 
cipitation: rain i n  the valley, 
snow above 1 600 to 1 800 m. 
There was no low cloud i n  the 
valley, but the top of the Pic du 
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Canigou must have been covered 
in cloud. 

The wind was slight or nil in the 
valley, but strong from the north- 
we st  near the peaks. 

Thunders torrns 

G-AMSW does not appear to have 
encountered thunderstorms on its route. 
On the other hand, there was probably 
considerable static interference. 

The aircraft, flying at flight level 
70 or 75, was always in temperatures 
close to OO. The absence of temperature 
inversion above the flight level excludes 
the possibility of freezing rain and con- 
siderable icing. It is highly probable that 
there was no icing of the aircraft. 

Turbulence 

The existence of local mountain tui- 
bulence was possible at the time of the 
accident, but only in the immediate vicin- 
i ty  of the mountains. 

Conclusions 

At the time of the accident the weath- 
er was very cloudy if not overcast ,  with 
some slight rain, but there was no particu- 
lar meteorological phenomenon of excep- 
tional intensity. 

The ground visibility was  good, and 
there was no very Iow cloud. 

The only factor wh'ich could have 
affected the flight appears to be the west- 
northwest direction of the wind on the 
second half of the route, giving a tailwind 
instead of the expected wind from star- 
board causing port drift. 

Observations 

Flight plan 

1 )  It was not completed in accordance 
wi th  the dir sctions given in the 
French regulations as regards the 
route to be followed under instru- 
ment flight rules, directions 
reproduced for the greater part 
from ICAO Doc 4444-~A~/501/7. 
In this part of the flight plan, in 
fact, only the point of departure, 
the radio beacon of  Dunsfold and 
the point of destination Perpignan, 
the estimated elapsed times 
between these points ( 4  minutes 
and 4 hours 26 minutes respective- 
ly) and the cruising level ( 7 5 )  are 
shown. 

According to the directions, it was 
mandatory to indicate the points 
at which airways were crossed, 
and i11 addition the points at which 
FIR boundaries were crossed and, 
if necessary, certain radio fixes 
ought also to have been indicated. 

2 )  The direct route from Dunsfold 
to Perpignan passes through the 
FIRS of Paris, Bordeaux and 
Marseilles in succession, the 
portion of the route inside Bor- 
deaux FIR being very short. 
Probably because the points of 
crossing these FIR boundaries 
were not shown on the flight plan, 
Gatwick ATG did not address this 
departure plan to Bordeaux area 
control centre. 

These two irregularities had no 
effect on the course of the flight from the 
standpoint of the co-ordination ensured by 
telephone between the various French air 
traffic services units. 

It may also be noted that, a s  opposed 
to the British regulations, the French 
regulations require the filing of a flight plan 
when the flighf is  to be made in instrument 
flight rules conditions. 
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Communications between the 
aircraft  and around stations 

Control he definiteIy used the formula 
"abeam Carcassonne". 

The poor technical quality of the 
communications between the aircraft and 
Bordeaux Control led to difficulties in 
understanding a t  times. The quality of 
reception of other aircraf t  by Bordeaux 
Control was good a t  about the same time, 
It was clear, however, that ultimately the 
control services and the aircraf t  com- 
mander were in agreement on the route to 
be followed and the altitudes to be as surned. 

Because of thie poor quality, no con- 
clusions can be drawn with regard to pos- 
sible deterioration in the functioning of the 
aircraft equipment used for communica- 
tions on the mobile service. At no time 
did the c r e w  appear to show any anxiety 
on this subject. Only on two occasions 
did it ask for repetition of the messages 
from Bordeaux Control. Also, at the 
time of the contact established on 121. 1 
M/cs with Toulouse approach control, the 
quality of the recording shows that the 
functioning of this airborne equipment 
seems to have been normal, at any rate 
on this frequency. 

Navigation 

With  regard to the aircraf t 's  nav i -  
gation, a certain number of differences 
from the estimated times given by the air- 
craft commander were noted {see Recon- 
struction o f  flight). During the last 
contact with Bordeaux Control, G-AMSW 
gave 0052 Z both for the passage abeam 
Carcassonne and for the crossing of the 
FIR boundary. 

Carcassonne radio beacon i s  located 
exactly on the FIR b ~ u n d a r ~ .  The theore- 
tical direct route marked on a map shows 
that between the passage abeam ca rcas -  
sonne and the crossing of the FIR boundary 
about three minutes should have elapsed. 

This coincidence in the estimated 
time does not mean that the pilot had 
f inal ly  decided to f l y  over Carcassonne, 
for  during the last contact with Bordeaux 

Navigational aida 

The whole of the flight from  ond don/ 
Par i s  FIR boundary to Toulouse was nor- 
mal. During none of the R/T contacts did 
i t  report  any irregularity in the functioning 
of the navigational aids. 

The functioning of the M F  radio bea- 
cons of Carcassonne and Perpignan gave 
rise to no comment by the services respon- 
sible for their maintenance, for the period 
o f  time of interest  for the flight of G-AMSW. 

It is estimated that the range of Per- 
pignanls radio beacon is about 60 NM, 
British c rew member8 statements indicated 
that its range is only 20 NM, another eati-  
mated that its usual range is about 75 N M  
and that this radio beacon is very good by 
day and night, although be had never had 
occasion to use it in bad weather conditions 
or with heavy ~ t a t i c  interference. 

Carcassonne radio beacon is less  
powerful. It i s  estimated that i t s  range is 
about 25 NM. 

It should be recalled that the use of 
M F  radio aids is governed to a relat ively 
large degree by the irregularities of p r o -  
pagation due to night effect and to orogra- 
phical conditions, by  the degree of 
interference due to atmospheric conditions 
(static, icing, etc,  ) and by the qual i ty  of 
the airborne receiver, 

Regarding the Decca chain, the main 
aerial of Aurillac station was struck by 
lightning on 6 October a t  1807 Z, The 
result  was a maladjustment. The repairs 
were completed, and the station was again 
performing normally at 200Q 2. Between 
2000 Z on 6 October and 0300 Z on 7 Octo- 
ber no irregularity of functioning was 
reported. 

The  use of this navigational aid i n  the 
Toulouse-Perpignan area must not be con- 
sidered as  absolutely reliable, although 
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certain pilots claim that they obtain the 
correct degree of  accuracy on decometers. 
(Flight log use is in any event trot to be 
recommended). This a rea  i s  in fact s i tua t -  
ed on the edge of the limit of acceptable 
accuracy on the British maps published for 
this purpose. 

It is believed that the pilot-in - com- 
mand was fully informed of the conditions 
governing the use of and the possibilities 
afforded by the radio aids in this area,  

A coding e r r o r  in the Channel Islands 
sector of the chart gives reason to think 
that the crew must have switched off the 
flight log when they realized that i t  was 
not possible to u s e  it. In consequence, the 
pilots may well have also had doubts about 
the satisfactory functioning of the deco- 
 meter^, 

In the absence of any VOR airborne 
receiver, G-AMSW could not u s e  the VHF 
omni-directional range of Toulouse 
(TO-117.7 Mc/s) .  

Choice of route 

At  2319 2, at the time o f  the f i r s t  
R/T  contact with Bordeaux Control, the 
pilot reported that he wished to fly via 
Limoges - Toulouse - Perpignan. Perhaps 
he decided to abandon the direct Limoges - 
Perpignan route, either because of the bad 
weather conditions to the east, o r  because 
of the possible doubt regarding the use of 
the Decca, 

In spite of the insistence of the con- 
troller who suggested to him that he should 
take the practically d i rec t  route from 
Limoges to Perpignan via Carcassonne, 
the pilot refused, and the cnntroller finally 
gave h i s  agreement to the route requested. 

Of three possible routes, the pilot 
chose the third,  Limoges - Toulouse - 
Perpignan, 218 NM, but the reason for 
this choice is not apparent. 

Safe altitude for the chosen route 

Mount Canigou (altitude 9 138 ft o r  
2 785 m) i s  inside the limit of 25 NM from 
Perpignan; consequently, the correct appli- 
cation of the formula f o ~  safe altitudes 
specified in the Operations Manual deter- 
m i n e ~  a minimum altitude of l l  500 ft. 

While it i s  the responsibility of the 
aircraft  commander to ensu re  that a flight 
i s  made a t  a safe altitude, i t  was found 
that application of this formula to the dif- 
ferent types of maps and charts, which may 
have been on board G-AMSW, can result  in 
calculations of safe altitudes varying 
between 1 500 f t  and 11 500 ft.  

Reconstruction of the navination 

According to the navigation plan 
reconstructed and the radio t ranscr ipts ,  
the estimated time of arrival of G-AMSW 
was very close to 2340. In fact, the a i r -  
craft had fixed i ts  reporting point "past 
Limoges" as 2336 hours. 

After having discarded the pos sibility 
that the aircraft  may have used a~lother 
route than the one intended, the Commis- 
sion then considered attempts to recon- 
struct the navigation on a Limoges - 
Toulouse route and then on a route from 
Toulouse to the accident site. 

Passage at Toulouse 

The aircraft arrived at 0030 Z, i. e. 
10 minutes ahead of i t a  estimated time of 
arrival, It i s  legitimate to think that the 
navigator had used a head wind from 
Limoges, without drif t ,  whereas in actual 
fact h4 had been subjected to a crosswind 
with a drift of about 11° to port and a tail- 
wind component of about 6 - 8 kt. This 
unexpected drift, which was  grobably nil 
at Limoges, increased to 11 n e a r  Toulouse, 
and gives reason to think that the aircraft  
had to bracket the track indicated by i ts  
radio compass during the flight from 
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Limoges to Toulouse. AS a result 10 
minutes before i t s  estimated time of 
arrival over  Toulouse and at the time 
when it arrived in the vicinity o f  the town, 
G-AMSW could perfectly well have been 
several kilometres off i ts  route; i t  may, 
therefore, logically be thought that the 
aircraf t  probably passed in the vicinity of 
Toulouse ("pas sing Toulouee") and not 
over Toulouse "over Toulouse"). 

It might normally have been thought 
that the pilot, after having passed Toulouse 
would have navigated by QDRs using a back 
bearing an the radio beacon FOU for a 
track covering a distance of 90 to 100 km 
(probable limit of the night range of the 
radio beacon), before going over to 
"homing" on the Perpignan radio beacon 
FOP. 

In the absence of evidence, it is 
impossible to know whether such a pro- 
cedure was adopted by the crew.  

Abeam Carcassonne 

The fl ight was asked to call abeam 
Carcas sonne (CS), but the call was not 
heard by any ground station. It may have 
been out of range  a t  the estimated time 
f o r  this call. At the estimated time the 
aircraft m a y  have had some difficulty in 
identifying the Perpignan radio beacon. 
This would have taken the attention of the 
co-pilot and might explain the absence of 
communication with the ground. 

Toulouse vicinity to accident site 

In conclusion (and subject to the 
reservation that on the hypothesis of cor- 
rect  functioning of the radio compass, i ts  
indications m a y  have been difficult to 
interpret, wrongly interpreted or even 
disregarded) the following points may 
give an explanation of the course of the 
navigation: 

The aircraft, when it had passed 
Toulouse and in the immediate vicinity of 
that town, went on to a heading with the 

intention of following the direct Toulouse - 
Perpignan track (without flying over Car- 
cas soma). 

It i s  not known whether the radio 
compass, the only really effective naviga - 
tion aid on board, was used. It seems pro- 
bable that the crew placed more reliance 
on navigation by dead reckoning than on the 
indications of the radio compass, 

If the crew calculated its course by 
using the forecast wind (about 240°/25 kt) 
which gave it a drift to port of about 10°, 
whereas the known reconstructed wind was 
approximately 290° /25  kt and therefore 
causing no drift ,  then the course would have 
become the effective track ( 137O true). 

U parallel lines arc drawn through 
FOU and throught the place of the accident 
on a bearing of 1 3 7 O  true,  they are found 
to be about 8. 5 krn apart. 

In consequence, in order to intercept 
the track leading to the place of the acci- 
dent, the minimum error in relation to a 
position over FOU would have been a pas- 
sage by G-AMSW of about 6.5 km to the 
west  of FOU, followed by the assumption 
of a heading (137' true) 7 5  seconds later,  

Although this reconstruction seems 
to offer a perfectly acceptable solution, in 
the absence of evidence to the contrary, 
including in particular precise information 
of the kind which could be provided by a 
flight recorder ,  the Commission cannot 
consider it as  definitive, 

The possibility of a failure of the 
single magnetic compass has in particular 
been considered. The whole of the evidence 
before the Commission, however, seems 
rather to point to normal functioning, 

Probable Cause 

The accident was attributed to a navi- 
gational error, the origin of which it was 
not possible to determine for Iack of suf- 
ficient evidence. 

ICAO R e f :  AR,/717 
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No. 3 9  

Circumstances 

A f t e r  unloading 500 kg of news- 
papers a t  Capodichino, the empty a i rcraf t  
w i t h  a pilot and a flight mechanic aboard 
took off a t  0850 hours local t ime for the 
return VFR flight to Ciampino Airpor t ,  
Rome. The take-off and climb-out were 
normal. Twenty minutes la ter  the pilot 
informed Capodichino tower that he was 
returning because the right engine had 
failed. At this  time he was at 1 000 ft  
over  G r a z z a n i s e .  A t  0914 the a i rc ra f t  was 
on a heading of 1 20°, a t  700 f t  and maintain- 
ing altitude fa i r ly  well .  Thereafter the 
flight did not respond to any calls. It 
crashed at approximately 09 15 hours near 
Parete, 1 3  km to the west-northwest of 
the  south end of the Capodichino runway. 

Several periodic inspections of the 
aircraft were  car r i ed  out by Transavia in 
September 1961, and the a i r c r a f t  w a s  about 
due for  the 150-hour inspection. 

The right engine had been replaced on 
19 August following an in-flight failure. 
Since that t ime the new engine had flown 
about 100 hours. 

At the time of the accident the a i r -  
craft was empty and weighed 4 11 1 kg, i. e .  
approximately 8070 of the maximum author- 
i zed  (5 050 kg). 

Its centre of gravity a t  the time of 
the accident was considerably forward  of 
the permissible forward l imit  and approxi- 
mately 30% beyond the optimum position. 

Both c r e w  members were  instantly k i l l ed ,  
and the ai rcraf t  was destroyed. There w a s  Following the accident, the Board 
no fire following impact. calculated how m~lch ballast would have 

been required i n  the furthest tai l  compart- 
Investigation and Evidence ment to br ing the centre of gravity back to 

its mean position. or a t  least to the maximum 
The Aircraft  

The aircraft 's  certificate of air-  
worthiness was valid until 21 Cacember 
1961 and only i f  assoc iated  with Manual 
CA 754 "Description and Piloting Reguia- 
tions for Pratt & Whitney El-985-AN- 14B 
engines ". The manual was  not found in 
the aircraft. 

Since manufacture the a i rc ra f t  had 
flown a total of 695 hcurs. Since i t s  l a s t  
overhaul by the manufacturer a n d  the las t  
inspection by the Italian Aeronautical 
Registry i t  had flown 153 hours. The a i r -  
craft's log book showed 148:45 hours 
instead of the 153:05 hours a s  shown in 
the maintenance log book. 

forward position. Instead of the 20 kg on 
board, 291 o r  11 3 k g  respectively would 
have been required. 

Crew information 

The pilot of the a i r c ra f t  held a pilot 
certificate and licence ( third c lass)  which 
was valid until 28 October 1961. The rat ing 
entered on h i s  l icence for the SM-102 was 
dated 2 August 1961. His total amount of 
flying experience amounted to 3 306 hours. 
On the subject a i r c ra f t  type he had flown a 
total of 82  hours, all within the last 90 days. 

The flight mechanic's licence w a s  
valid until 11 October 1962. H e  had had 
considerable military and civil experience 
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in this capacity. Transavia had hired him 
in June 1961 as flight mechanic for the 
company's SM- 102's.  H i s  flying time 
totalled 69'. hours which excluded his time 
flown prior to 1943, the record of which 
had been lost. During the last 90 days he 
had completed 105 flying hours on the 
SM-102. 

He  had recently been involved in a n  
emergency landing while on a commercial 
flight from Milan to Rome during which he 
was  aboard as a pilot in training. At that 
time he was carrying out the duties of 
first pilot. N o  technical investigation 
appea r s  to have been m a d e  of this accident. 

Both the pilot and the mechanic were 
considered to be highly competent airmen, 

Weather conditions 

On the morning of the accident it was 
clear and sunny with very little scattered 
cloud, n o  wind and perfect visibility. The 
pilot had iiled a VFR flight plan and could 
not, therefore, fly higher than 1 000 ft 
( 3 0 0  m) above the ground. 

Fifteen minutes before the accident 
occurred the conditions of the a i r  a t  Naples  
at ground level were as  follows: 

relative humidity $270 
temperature 12') 
dew point 9O 

A s  is generally known from the 
SM- 102 manual and from the Pra t t  & Whibe 
Manual R-98 5-AN- 1, there i s  a possibility 
of icing in the carburettor in the above 
conditions of humidity and temperature , 
and therefore the use of hot air i s  recom- 
mended as a precaution. 

The pilot had noted the weather 
conditions and was familiar with  them as 
he was returning to Rome from which he 
had j us t  come. 

Reconstruction of the flight 

Based on the evidence available the 
f l ight  was reconstructed as follows. 

The aircraft  took off at 0850 hours.  Two 
minutes later i t  w a s  en route to Ciampino 
and flying normally at 1 OOG ft for approxi- 
mately eleven minutes. It had flown about 
14 k m  beyond Grazzanise airfield. At 
about 0903 hours the pilot noticed a decrease 
in power on the rightengine and decided to 
return to Capodichino. H e  avoided a landing 
a* Grazzanise Airport* and passed over it 
at 0910 when he first made radio contact 
with  Capodichino advising that the right 
engine had failed and that he would arrive 
over the a i rpor t  at 09 18. He continued the 
flight thereafter without feathering the 
right propeller or putting i t  on minimum 
pitch. A t  approximately 0913 - 0914 hours 
he again contacted Capodichino and reported 
that he was  at 700 f t  and maintaining height 
fairly wel l  on a heading of 120". Not more 
than one o r  two minutes la ter ,  a t  about 
0915 - 1916 hours, the aircraft crashed to 
the ground in a dive angle of 30°, about 
13 km from the south end of Capodichino 
runway. 

Eyewitne sse a 

The only eyewi tnesses  to the accident 
were  two peasants who observed the aircraft  
during t h e  las t  seconds of flight only, shortly 
before impact with the earth. They said 
that they looked u p  upon hearing the sound 
of the approaching aircraf t ,  therefore at 
least on; engine must have been functioning. 
They did not hear o r  w e r e  unable to distin- 
guish backfiring o r  other irregularities in 
the operation of the engine or  engines. They 
stated that the aircraf t  was approaching "as 

y i f  it intended to dive1', i. e. with its nose 
pointing towards the ground. The condition 
of the wreckage confirmed their statements. 

Technical investigation 

The aircraf t ,  which was virtually 
intact,  was found on a heading of 120° with 
its flaps and undercarriage retracted, near 
Parete in a clearing surrounded by trees. 
There were  no traces of skidding or scraping 
on the soft ground. A number of ta l l  t rees  
(approximately S m) located 1 5  - 20 m 
behind the tail of the wreckage were not 
hit by the aircraft  before i t  struck the 
ground. Also ,  a small tree (a little higher 

;: 26 k m  from Capodichino. 
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than 1 m and less than 1/2 rn from the 
right stabilizer) was not hit. This indicates 
that the aircraft ,  after striking the ground 
at a 30° angle, fell on its tail and rotated 
around the engines, which had struck the 
ground f i rs t  and acted as a fulcrum. The 
occurrence of a downward couple, which 
caused the aircraft to settle on i t s  tail, 
and of stresses causing buckling of the 
fuselage, indicated that at the time of 
impact the angle of incidence and hence 
the flight configuration we re very close to 
the stall configuration. 

The coincidence of the orientation of 
the longitudinal axis of the wreckage with 
the 1200 approach heading to Capodichino, 
a s  radioed by the pilot, and the horizontal 
position of the wings at  the time of impact 
indicated that the stall which occurred 
along this approach heading was a straight 
stall, o r  a t  least a stall that was corrected 
by the pilot's action on the rudder before 
the crash. 

The extent and nature of the distor- 
tions of the left propeller blades indicated 
that the left engine was turning more 
rapid1 y than the right one. It was not 
possible to determine the rpm at impact. 
Indications were that a t  impact the pro- 
peller was on minimum pitch and was not 
capable of providing the necessary thrust 
to support the aircraft  in flight. 

The extent and direction of the dis- 
tortion of the blades of the right propeller 
indicated that the right engine was not 
operating and that the propeller also struck 
the ground on minimum pitch. It may be 
assumed that the right propeller, far from 
providing any thrust, was on the contrary 
generating additional drag because it was 
on low pitch and windmilling, 

The Board was unable to determine 
the number of r p m  required for  maintaining 
the SM-102 in f l ight  on one engine, with 
propeller at minimum pitch. 

No specific irregularity was found 
with respect to the aircraft ,  the engines 
and the propellers. 

Examination of the wreckage did not 
reveal any failure in the control systems, 
The Board, however, admitted the pos- 
sibility of a sudden increase of the minimum 
l i f t  speed and controllability of the aircraft 
as a result  of: 

a) asymmetric power configuration 
with right propeller drag; 

b) centre of gravity too far forward 
necessitating an unduly high 
excursion of the rudder, which 
could not be obtained unless the 
aircraft  were moving forward a t  
a certain minimum speed below 
which even "full stick back" could 
not ra ise  the nose of the aircraft. 

It was stated by the Chief Pilot, 
Transavia, that with the aircraft empty 
and the centre of gravity fully forward, the 
SM-102 had already flown without any dif- 
ficulties and that even during landing the 
difficulty of settling the aircraft and the 
pre a sure on the wheels were not significant 
and, therefore, not considered dangerous. 
The fact remains that i t  is impossible to 
equate the landing performances with more 
or less  power output and at a speed much 
higher than the stalling speed up to a few 
inches f rom touchdown (not to mention 
lowered flaps) wi th  the performance cor- 
responding t o  asymmetric power near the 
cri t ical  power requirement for sustained 
flight such as obtained at the time of the 
accident. 

Carburettor icinq 

The Board gave careful consideration 
to the temperature and humidity conditions 
existing at the time of the accident which 
were conducive to carburettor icing. 

It w a s  determined that hot a i r  was 
aot supplied to the engine o r  that, i f  supplied, 
it was cut off before the aircraft fell. The 
actuating cylinder s operating the hot a i r  
intake shutters were both found in the 
"closed" position. A s  i t  was a warm sunny 
day the pilot could easily have been led to 
disregard the danger of icing of the car- 
burettor. 





The low altitude atwhichthe a i ~ c r a f t  , 

was flying precLuded prompt recovery 
from an involuntary and severe stall. 

The pilot and mechanic had not 
strapped themselves in to  their seats with 
the result that they suffered fatal skull 
fractures. 

There may have been psychological 
reactions, difficult to evaluate, which 
were  due to the fact that the mechanic had 
only recently bfen hired and that he had 
been involved ill another accident on 
6 September, which had nearly cost him 
his job. Therefore, he might have been 
more inclined to display ability to the point 
of recklessness rather than to be over- 
cautious (failur.2 to land at Grazzanise). 

Recommendations 

The Board pointed out that the 
following recommendations, suggested by 
this accident, a r e  not necessarily related 
to the accident a s  cause to effect, 

Safety equipmci~t for crew m e m b e r s  

Al l  flight crew members should be 
urged o r  obliged to use seat belts and 
shoulder harne i s e s  and to unfasten them 
only when absohutely necessary to perform 
duties on board. 

Al l  civil . ~ i r  carriers engaged in 
cargo transport (without passengers) 
should be urged or  obliged 

a) to ins'all shoulder harnesses i n  
additi*)n to lap belts in all the 
seats normally used by f l ight  
c r e w  members; 

b) to car-ry parachutes on hoarrl 
since :he practical  and psycholog- 
ical rt:asons for not ca r ry ing  this 
equipment in the case of passenger 
flights do not apply in the case of 
cargo Rights. 

The carriage o .  this equipment is all the 
more justified In the case of aircraft such 

as I-NINI, which are "authorized to fly by 
night and under I F R  except in icing con- 
ditions ". 
W a r m  a i r  to the carburettor 

Pilots should be reminded of the need 
to supply hot air to the carburettors, within 
and outside of clouds, even as  a preventive 
measure and on the sole basis of the ther- 
mometric indications, whenever there i s  
suspicion of extreme air humidity. 

I t  should be ensured that the regula- 
tions for the supply of hot air to the car-  
burettors are actually included with the 
necessary explanations and emphasis: 

a) in the pilot's training manual for 
the aircraf t  and in the pilots ' 
check list: 

b)  in the examination programmes 
for the aircraft type rating. 

Balancing of aircraft 

It i s  recommended that: 

a) Certificates of Airworthiness and 
other a i rcraf t  documents such as 
Pilot Manuals and Check Lists 
should specifically emphasize, 
even a t  the cost of repetition, the 
need for carrying ballast in  the 
tail of those transport aircraft 
(passengers or cargo) ,  whose 
centre of gravity position m a y  be 
too far forward from the specific 
o r  desirable limits when flying 
empty; 

b) The examinations for pilots ' air- 
craft type ratings, and the regula- 
tions concerning approval of the 
load and t r i m  sheet by the airport 
authorities should stress not only 
the hazards of aft loading, but 
also the hazards of fore loading. 

Asvrnmetric f l ight  at reduced nower 

I t  w a s  also recommended that: 
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a) the operating rules (Aircraft b) the theoretical and practical tests 
Flight Manual and Pilot Check and examinations for the SM- 102 
Lis ts)  be checked and completed type rating, particularly as regards 
as regards asymmetric flight with asymmetric flight with reduced power ,  
reduced power - SM-102; be reviewed and supplemented. 

ICAO Ref:  AR/705 
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No. 40 

KLM, Douglas DC-8, PH-DCE, accident on landing at Lisbon Airport, Portugal, 
on 29 October 1961. R e ~ o r t  released bv the A i r c r a f t  Accident Investiaation - -  . - , - -  

Board, The Netherlands. 

Circumstances Crew Information 

A t  approximately 1529 hours local The c r e w  m e m b e r s  al l  held valid 
time, PH-DCE, while carrying out a land- licences. 
ing at Lisbon Airport, Portugal, struck a 
lamp of the approach lighting system about The pilot -in -command had logged a 
35 m before the beginning of runway 23 and total of 15 296 hours at the time of the acci- 
waB slightly damaged. The crew of 12 and dent, He had flown a total of 379 hours on 
the 85 paBsengers aboard were unhurt. the DC-8 of  which 42. 30 hours were flown 

during the month p r io r  to the accident. 
hve  stigation and Evidence 

The co-pilot, who was in the left-hand 
The Aircraft 

It has valid certificates of airworthi- 
nea s and maintenance. 

During the landing at Zurich Airport 
earlier that day the engines had been 
switched over to negative thrust during 
which the jet pipea of enginee 2 ,  3 and 4 
were damaged; the  damage sustained by 
engines 2 and 3 w a ~  negligible so that these 
engines could still be used; however, the 
damage to the jet pipe of engine No. 4 was 
somewhat greater. It was still we l l  pos- 
sible to switch this engine over to negative 
thrust, but it was not considered advisable 
owing to the possibility of further damage. 
Before the take-off from Zurich on the 
subject flight the pilot-in-command con- 
sulted with the co-pilot and the flight engi- 
neer and decided that during the landing at 
Lisbon negative thrust might be applied to 
engines 2 and 3 but that it would only be 
applied to engines 1 and 4 in case of emer- 
gency. Apar t  from this damage, the air- 
craft could be considered airworthy, and 
upon landing at Lisbon the landing weight 
and centre of gravity were wel l  within the 
l i m i t s  prescribed in the airworthiness ce r  - 
t i f icate .  

B e a t  during the flight from Zurich to Lisbon, 
had logged 8 474 hours as of the day of the 
accident of which 159 hours were flown dur- 
ing the month prior to the accident. He 
stated that he had carried out about 10 land- 
ings a-~ a DC-8 during the 6 to 7 months 
p r i o r  to the accident. Four of these landings 
had been performed on a DC-8 equipped with 
JT-4 engines. PH-DCE was equipped with 
JT-4A-9  engine^. His most recent landing 
with a DC-8 was performed at Madrid in a n  
aircraft  equipped with  ST-3D turbofan 
engines, During his training as  a DC-8 
pilot and up to 2 0  August 1961, he had alwaya 
flown DC-8s equipped with JT-4 engines. 

Weather 

The weather conditions at the time of  
and place of the accident were as follows: 

wind: 2 2 0 ° / 9  kt;  cloud: 4/8 Cu and 
Sc 360 m (1 200 ft); temperature: 
14- l/z°C; visibility: more than 16 krn. 

'fhere was no rain o r  turbulence during the 
approach or landing. Rain had fallen 
before the landing procedure was initiated. 
The weather did not have an unfavourable 
influence on the approach and landing. 
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The landing runway, wi th  respect  to 
i t s  length, was i n  conformity with the 
legal regulations and the KLM stipulations 
for DC-8 aircraft. It was wet at the time 
of the landing. The co-pilot w a s  familiar  
with the runway. He had previously land- 
ed a i rc ra f t  on i t  which were not DC-8s.  

The Flight 

Flight K L  77 1 (scheduled) departed 
KIoten A i r p o r t ,  Zur ich ,  Switzerland at 
1213 hours local time for Lisbon, Portu-  
gal, and progreased without incident, 

At 1517 hours the aircraft passed 
the AR beacon at  Alverca located 8 NM 
before the beginning of r u n w a y  23. A nor-  
mal visual approach could be made, The 
ra in  had stopped. 

Acting on the pilot-in-command's 
instructions,  the co-pilot performed an 
ILS approach in order to maintain his skill 
in the performance of th i s  type of landing. 
Upon approaching the ILS glide path, the 
pilot-in-command, on the command of the 
co-pilot, extended the landing gear and 
positioned the wing flaps a t  35O.  This w a s  
done a t  an altitude of roughtly 570 m 
(1 900 ft). According to the pilot-in-com- 
mand, a t  first the a i rc ra f t  flew somewhat 
above the ILS glide path; however, near 
the beacon 4 N M  before the runway thresh- 
old, the aircraft was w e l l  stabilized on the 
I s  b e a m  and was somewhat less than 15 m 
below the ILS glide path. 

As soon as the a i rcraf t  had descend- 
ed to a height of 180 m (600 ft), the pilot- 
in-command directed the co-pilot to 
suspend the ILS procedure and to continue 
the approach visually. At  this t ime,  ac- 
cording to the I I S  indicator, the a i rc ra f t  
wa,r flying along the centrelice, Actually, 
however, i t  was slightly to the Ieft of the 
centreline. 

At this point the co-pilot w a s  flying 
deliberately be low the ILS glide path in 
order  to appro1r.h the runway a t  a smaller 

angle  < l t ~ d  to touch down on the r t i nway  he- 
fore the point a t  which  the touchdown is n o r -  
mally niade when the ILS glide path is  
followed, In the meantime the a i rc ra f t  wae 
again brought back to the centreline. 

At a height of roughly 90 m (300 f t )  
the wing flaps w e r e  extended fully. The 
speed which, until then, had been approxi- 
mately 146 kt ,  dropped to 14Q kt and there- 
after to about 134 kt. The rate of descent 
of approximately 350 ft/tnin did not 
decrease appreciably; no ballooning w a s  
noted uor was there ally abrupt change in 
attitude. 

Earlier in the approach, the cockpit 
check had been completed in accordance 
with the relevant check l i s t  except for 
poaitioning of the spoilers. Just pr io r  to 
landing the flight engineer reported that 
this still  remained to be done and appropr i -  
ate action was then taken. 

In the meantime the aircraft had 
reached a point where i t  had "to be flared 
out" in order to c a r r y  out a normal landing. 
It was straight before the runway, although 
low, and was not drifting; the speed was 
135 kt, The co-pilot's efforts to f lare  out 
the a i rc ra f t  promptly and correctly were 
not entirely successful. The aircraft drop - 
ped rapidly,  and the r ight  main landing g e a r  
then collided, 35 m before the runway 
threshold,  with a lamp of the approach 
Lighting system; 5 m far ther  on the left 
landing g e a r  struck the eloping ground in 
front of the runway. 

The pilot-in- corrirnand did not ifiter- 
vene during this manoeuvre. 

After colliding with the lamp and the 
ground, the aircraft continued in horizontal 
f l ight ,  The wheels of the main lattding gear 
rolled lightiy over the sandy grclcnd 1cat.ing 
ail irirliatinct rnar k., The. airc.rar"t glitlzd out 
above the runway  and swerved  slightly to 
the left; this tendency was immediately cor - 
rected by the co-pilot. 'The pi lo t  - i ~ - c o t z l -  
n ~ a u d  [ l i rected him to nlaintain t h r =  -1irc raft 
on a straight line. T h e  a i r c r a f t  larldzrl i r ~  a 
[ l ~ t  !>cb<itioti. During the: I I ~ , ! : ~ ~ : !  r> , I ,  !11e 
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co-pilot first kept the nose high (so that 
the aircraft ro l l ed  f irmly on the main 
wheels) thereafter, he al lowed the nose to 
sink. A s  soon as the nose wheel had 
touched the runway, the co-pilot, obeying 
the pilot in command's order, ~ e i z e d  the 
nose wheel steering conFro1 and applied 
strong negative thrust to engines 2 and 3. 
Engines 1 and 4 remained a t  low poritive 
thrust. 

The aircraft continued i ts  normal 
run-out. The decelerationnoted, due to 
braking and to negative thrust, was nor- 
mal. The aircraft left the runway at the 
inter section with  runway 32, that is, a t  
a distance of 1 500 m from the runway 
threshold. 

Discussion 

The manner in which the flight w a s  
performed by the co-pilot was considered 
by the pilot-in-command to be entirely 
satisfactory. After suspension of the ILS 
procedure the co-pilot brought the aircraft 
below the ELS glide path with the intention 
of making a short landing. On this runway 
the I S  reference point is 275 m beyond 
the threshold. The pilot-in -command was 
in agreement with this inaamuch as the co- 
pilot's intention to make a short landing 
had his  approval, However, the procedure 
of the co-pilot waa in conflict with the air- 
line rules which stipulated (and rightly s o  
in the opinion of the Board) that touchdoull 
must be made at a point in the vicinity of 
the ILS reference point, In departing from 
these rules the co-pi lot  had acted in con- 
flict with  good piloting procedure and this 
reproach applies alao to the pilot-in-com- 
mand since he could and should have pre - 
vented the co-pi lot  from cammitting the 
above-mentioned breach of good procedure. 

The pilot-in-command and the co - 
pilot justified their  intention to make s u c h  
a short landing by referring to the follow- 
ing factors: 

a )  the runway was v e r y  short for 
aircraft  such as the DC-8; 

b) the runway slopes down a t  the end; 

c) after the end of the runway the 
ground sloped sharply downwards; 

d) the runway was wet with rain ao 
that it was not possible to brake 
sharply; 

e) it was preferable not to apply 
negative thruat to engines 1 and 
4 because of the damage to the 
jet pipe on engine 4, 

Although these factors did influence the 
crew in taking their decision, nevertheless, 
they provide insufficient grounds for a 
decision which implied the assumption of an 
increased risk a t  the moment of landing 
when the speed of the aircraft was greatest, 

The following observations are made: 

a) Runway 23 at Lisbon is 2 080 m 
long which according to the regulations was 
adequate under the given circumstances for 
a landing following the normal procedure, 
h this connexi~n it was pointed out that the 
air craft actually has been able to leave the 
runway at the intersection with runway 32, 
that i s ,  at a distance of about 1 500 m from 
the landing runway threshold. 

b) and c) This particular runway can 
be sectioned into four parts according to 
the slopes appearing, as follows: 

part 1 - 5 m running upwards over 
a length of 1 045 m; 

part 2 - 3 m running upwards over 
a length of 467 rn; 

part  3 - 3 rn running downwards O V b r  

a length of 358 m; 
part 4 - practically horizontal over 

a length of 210 m. 

The runway, taken as a whole, has an up- 
ward slope of 5 m, so that  it^ average 
slope is positive and amounts to 0 .  2570. 
The runway slope, therefore, was not un- 
favourable but in fact had a decelerating 
effect on the aircraft. A l s o  it follows from 
the foregoing, that i f  the ILS flight path had 
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been followed during the approach, the 
whole of the runway could have been scan- 
ned by the pilot-in-command and the co- 
pilot until shortly after the aircraft had 
crossed the threshold. 

The Board noted that both the pilot- 
in-command and the co-pilot had an exag- 
gerated conception of the influence of the 
differences in elevation of the order of 
magnitude obtaining in thia came with 
respect to the length of the landing run. 
More consideration should be given to t h i ~  
subject during the training of aircraft 
pilots. 

d) and e) In conformity with the legal 
regulations, and having regard to the 
prevailing wind, a runway length of 1 8b5 m 
was required. This requirement takes no 
account of the ume of engines with negative 
thrust. In accordance with the KLM regu- 
lations based on the use of full negative 
thrust on the inboard engines and very 
minimum negative thrust on the outboard 
engines, a runway length of 1 595 m was 
required under the given circumstances. 
Therefore, apart from the circumstance 
that, in case of emergency, negative thrust 
could also be generated from the outboard 
engines, the runway length could be con- 
sidered as adequate with the application of 
negative thrust to the inner engines alone. 

The foregoing facts and data which 
must have been known to the pilot-in-com- 
rr-and and co-pilot should have restrained 
them from acting in disregard thereof and 

from allowing themselves to be influent-ed 
by  factor^ of a psychological nature, such 
as the fact that runway 2 3  at Lisbon had the 
reputation among pilots as being "tight" 
for DC-8 type aircraft and the fact that the 
runway sloped downwards over a certain 
length. 

As the co-pilot himself admitted at 
the Board sersion, he had made an error 
of judgement during the approach and flare- 
out. It could not be ratisfactorily eetab- 
lished whether the inopportune flare -out 
performed by the co-pilot could have been 
corrected by timely intervention of the 
pilot-in-command, 

Probable Cause 

The accident was attributed to the 
fact that the co-pilot committed an error 
of judgement in performing a landing which - 
departing from the directives prescribed 
hi5 company - he wished to make closer to 
the runway threshold than wae nece esary 
under the prevailing circumstances. 

The pilot -in -command should have 
prevented the co-pilot from disregarding 
without need the directives concerning ap - 
proach. On the other hand, the additional 
error of judgement committed by the co- 
pilot concerning the moment of the flare-out 
is  attributable to the pilot-in-command; 
because of  hi^ higher degree of respunsibi- 
lity, the pilot-in-command 's dereliction 
with respect to his  approval of an exceesive- 
ly low approach m u ~ t  be considered more 
serious than the co-pilot's error itself. 

Sc hcduIed Lnt ernations1 Landing 
Undershoot 
Pilot - improper training or 

supervision, flight 
ICAO R e f :  AIC/ACC/REP/GEN/No. 2 - The Netherlands 
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No. 4 1  

Brit ish European Airways Corporation, Vickers Viscount 736, G-AODH, damaged 
on landing at &'rankfurt/Main Airport, Germany, 30 October 196 1. Report, dated 

8 June 1962, on the inquiry carried out by the Lhref Inspector of Accidents, 
Federal Hepubllc of bermany. Released as L. A, I?. 186 by the Ministry 

of Aviation (United Kinedom). 

Circumstances 

The aircraft was on a scheduled ser- 
vice (charter flight) from Berlin to Frank- 
f u r t / ~ a i n ,  ~ e r m a n ~ .  Aboard were a 
pilot-in-command, a co-pilot, 2 stewardes- 
s e s ,  11 passengers and one child. The 
flight proceeded normally until the final 
approach at its destination. During a mis- 
sed ILS approach in poor visibility the air - 
craf t  struck the ground alongside rznway 
25 and was badly damaged while rolling to 
a stop. Two of the sixteen occupants were 
injured. The accident occur reda t  1748 
hours GMT. 

Investieation and Evidence 

The Aircraft 

It was registered in the name of Brit- 
ish United Airways Ltd. and was classified 
under "Transpor t  Category (Passenger)", 
The aircraf t 's  certificate of airworthiness 
was valid on the day of the accident. 

Crew Infg~rrnation 

The pilot-in-command had f lown a 
total of 12 303 hours including 2 378 hours 
as captain on the Viscount. His airline 
transport pi lot 's  licence was valid on the 
day of the accident. He had made 30 land- 
ings a t  Frankfurt. 

His co -pilot, who held a valid corn - 
mercial pilot 's licence, had flown with 
him for 9 days on the Frankfurt-Berlin 
service.  

The Flight . , and Landing 

G-AODH departed Berlin a t  164 1 
hours G M T  and proceeded normally until  

the t ime of the final approach. The lights 
of Frankfurt could be plainly seen during 
flight over the southern par t  of the town. 
On finals, the co-pilot, as instructed,  
called out the individual heights during 
descent to a height of 200 ft. 

The pilot-in-command reported the 
final of the approach as-follows: 
"At 200 f t  the first officer called out '200 
f t t .  1 was watching the instruments, par- 
ticularly the altimeter, which showed 200 
ft. The recommended approach speed for 
our weight, about 50 400 lb, was 12  1 kt, 
but 1 had been maintaining 125 consistently. 
I always u s e  a l i t t le  extra speed on an 
instrument approach to eliminate sink in 
the case of overshoot, I opened the throt- 
tles a little and eased the nose up,  confirm- 
ing that we were still at 200 it. At the 
same time the ILS needle deflected to the 
right about one dot, and GCA warned us 
that we were drif t ing to the left. I turned 
5O to the right, Almost immediately the 
f irs t  officer called out 'The runway is betow 
us'. Still expecting 600 yd RVR (runway 
visual range) I looked up from the instru- 
ments and out and down, I took it for  grant- 
ed that the f i rs t  officer had seen the runway 
lights. A11 I could see, however, was a 
glow. 1 called out to him 'Where are the 
lights? ' and then we struck the ground". 
The pilot-in- command thought he had main- 
tained a height of 200 ft. 

Findines at the accident site 

The aircraf t  touched down in line 
with the normal point o f  touchdown, but 
about 40 m to the lef t ,  alongside the runway 
(approximately halfway between the left run- 
way boundary and the glide path aerial sys- 
tem) and had come to a standstill 490 m 
further on. 'rouchdown, according to the 
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marks on the unpaved ground, was very  
hard, first of all with the left under car- 
riage, then with the nose landing gear, 
and, 22.2 m beyond the first point of im- 
pact, the right undercarriage hit the 
ground, The propellers had also left 
impact marks on the ground from the f i r s t  
touchdown point onwards in the same order 
as the impacts of the landing gear; thi- is 
a sign that the aircraft failed to round out, 
and the undercarriage had collapsed. No 
fire broke out. Between 1750:50 and 
1751:04 hours a message was received 
from the aircraft ,  on the ground, that i t  
had crashed to the left of the runway, 

Weather minima 

The airline's weather minima for 
instrument approach to the runway in use 
at Frankfurt and for t b i a  landing direction 
are: 600 yd visibility and 200 ft critical 
height. 

The 1720 hour weathe* report was 
p a ~ s e d  to the aircraft a s  follows: wind: 
calm; visibility:O, 1 NM; runway visibility: 
0,  3 NM; fog in patches; 1 / 8  cloud at 
10 000 i t ;  visibility varying between 200 
and 800 m. The aircraft  was given the 
QNW value 1017 mb. 

At 1742 hours another aircraft 
making an approach on the aame frequency 
was given visibility am 0. 1 NM, fog, To 
the question whether visibility was con- 
stant or  variable this aircraft was inform- 
ed that the officially reported vihiibility 
was 0.  1 NM and that the aircraft should 
stand by for runway visual range. This 
transmission was also  heard by the c r e w  
of G -AODH. 

Discussion 

After the accident, the runway l ights  
could not be seen from the aircraft ,  
although they w e r e  on at maximum ixten- 
sity and were only 50- 60 rn from the air- 
craft. 

The request to overshoot (at 1747 
hours) was missed by the two pilots, as 

their attention was focused on the surface 
visibility to be expected. The pilot-in- 
command, whilst on final approach, had 
seen neither the runway lighting system 
nor any single light of this system. The 
co-pilot's call 'the runway is below us '  
probably led the pilot-in-command to 
assume that the aircraft was on the centre- 
line and that the co-pilot was better able 
to assess  their position visually than he 
himself was. The flight instruments (al t i -  
meters  and vertical speed indicator) had 
obviously not been sufficiently watched by 
either of the two pilots during the final 
phase of the approach. Apart from the fact 
that he flew below the critical height, the 
pilot-in-command had the choice between 
the reading on his I= needle which had 
previously shown him to be left of the run- 
way centreline and the warnings of the 
radar control, on the one hand; and the 
remark called out to him by his co-pilot 
on the other, He decided to  go by the latter. 

During the period 1452 - 1736 hours, 
13  aircraft carried out GCA approaches 
and a further 20 aircraft  made ILS radar 
approaches. None of these aircraft  report- 
ed unsdtisfactory functioning of the ground 
approach aids. The crew of G-AODH con- 
firmed, after being questioned, that on the 
ground and in the aircraft the approach aids 
were in working order. By order of the 
Bundesanstalt far Flugsicherung on 31 
October 1961 an ILS check flight was car - 
ried out under. VMC in aircraft  FAA DC-3, 
N-28, The deviations fell within the per- 
mis sible limits. 

Within the scope of this inquiry it was  
felt that the fact- that the decrease in the 
runway visual range to below 0. 3 NM was  
not reported to the aircraft constituted a 
deficiency. It would have been an addition- 
al warning for the pilot-in-command. 
Measures to r e m e d y  t h i s  deficiency have 
In the meantime been taken by the German 
Meteorological Service. 

Probable Cause 

The pilot-in-command, during the 
ILS approach, f l ew below the cri t ical  height 
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and, in a surface visibility which was in- factor was that at the critical moment the 
adequate, struck the ground alongside the  assistance given by the co-pilot to the 
runway, It is probable that a contributing pilot-in-command was erroneous and mis- 

leading, 

lCAO R e f :  A~'735 
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Panair do Brasil S, A , ,  DC-7, PP-PDO, accident at Recife Airport, 
Pernambuco, Hrazll on 1 November 1961. Report released by  

the brazilian Air  Ministry ISIPAerl. 

Circumstances 

The aircraft ,  coming from Lisbon, 
Portugal with a stop at Ilha do Sal, con- 
tacted Recife Control Tower at 05052. 
While flying a t  night in good visibility the 
flight received instructions for landing and 
was to call again on the "wind leg". 
Reporting as requested, authorization for 
landing w a s  given, and the aircraft  was 
asked to notify when on "final". Thirty 
seconds thereafter i t  collided with high 
(84 m) ground to the right of the centre- 
line of the runway in use, 2 720 m from 
the runway threshold. The aircraft was 
destroyed by fire. Thirty-eight passen- 
gers and 7 crew memhrs  were killed. 

Investigation and Evidence 

Crew Information 

The pilot -in-command had a total of 
16 243 hours flying experience, 1 004 of 
which were on the DC-7 and 4 796 hours 
were night flying. 

The first  officer Fad logged a total 
of 20 944 hours including 193 hours on 
DC-7 aircraft, 930 hours on DC-6's and 
6 620 hours of instrument flight. 

The pilot-in- command and the fir s t  
officer held valid IFR ratings and were  
physically fit, and both were familiar with 
the topography of the area where the acci- 
dent occurred. 

Weather 

Weather bulletins i s  sued before, at 
the time of, and after the accident do not 
reveal any conditions which might have led 
to the accident, 

Lighting and runway lights 

The threshold and runway lights were  
all in operation. The night in question was 
dark, and there was  no moonlight, 

Obstruction lights on the 
approacl: area 

Referring to the elevations of the ap- 
proach area to Runway 15, as shown in 
'Figure 20,  it is noted that there are  five 
points above that area (A, 3 ,  C, D, E) , which 
measure 16, 10 m,  24.40 m, 2 2 . 9 0  m 
2 6 . 0 0  m and 2?,80 rn, respectively. In 
accordance with  Annex 14, Pa r t  IV ,  para- 
graph 3. 1. 1. these five points should be 
marked. However, only two points (A and 
B) have obstruction l ights  instalIed, and on 
the night of the accident only the light in B 
was operating. 

It is observed that at the impact 
point,  if  the aircraft  had performed an TFR 
approach, i t  should have been a t  an altitude 
of 210 m as it had practically reached the 
critical point in the pattern. Performing a 
v i s u a l  approach, it should have begun the 
long final approach and should have been a t  
the minimum altitude of 160 m. 

The Aircraft Analysis of Statements of 
Survivors and Witnesses 

The aircraft's maintenance reports 
for the 30 days prior to the accident give Survivors who could te stify (this 
no indication as to the possible cause of included two stewards) were unanimous in 
the accident. stating that the flight was normal up until 

the time of the accident. 
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Eyewitnesses stated that the aircraft 
f lew too low. One of the wi tnesses  was 
approximately 7 km from the aerodrome, 
i. e .  far from the traffic area, 

Through reconstruction of the flight, 
it was concluded that the pilot performed 
a direct entry into the "base leg", flying 
too low and out of the regular* traffic pat- 
tern. in spite of the fact that he reported 
"wind leg". 

Wreckage examination 

A s  the aircraft was destroyed by fire, 
little wreckage remained to be inves t iga ted .  

However, in view of the arrangement of 
the existing parts, it was concluded that 
the aircraft was  intact before impact. 

Probable Cause 

The accident was caused by pilot 
errors, i .e .  improper evaluation of d i s -  
tance, flying a non-standard traffic pat- 
tern by night and failing to observe altitude 
minima during the final approach, 

A contributing cause was the impro- 
per night marking of obstructions along the 
approach path towards runway 15,  

ICAO Ref:  ATG,'AcC/REP/GEN/N~, 8 - Brazil  
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No. 43 

Silver City Airways Ltd. , Brlstol  170-32 ,  G-ANWL, accident  on 1 November 1961 
a t  Le Clos Hoguet, 314 of a mile northwest of the Guernsey  Airpor t ,  Channel - 
Islands. Report ,  dated October 1962, released by the Ministry of Aviation 

(United Kingdom) as C. A. P. 187. 

Circumstances  

The a i r c ra f t  was making a daylight 
scheduled vehicle and passenger public 
transport flight from Cherbourg,  France 
and during a n  a t tempt  to land a t  Guernsey 
in condit;ions of low cloud the  captain 
missed  h i s  approach.  H e  opened up the 
engines  to go round again,  but the a i r c ra f t  
failed to gain height. Veering to the right 
it flew a sho r t  distalice wi th  the starboard 
propel le r  rotating slowly until  the s t a r -  
board wing s truck  the ground, and the air- 
craf t  cartwhee led .  The passenge r  cabin 
broke away from the main wreckage which 
caught fire. Both pilots w e r e  killed. T h e  
s teward  and a l l  7 pas senge r s  aboard were 
ser ious ly  injured..  The accident  occurred  
a t  1416 hours GUT.  

Znvestigatior~ and Evidence - 
T h e  Ai rc ra f t  

Its cert i f icate oi' a i rwor th iness  was 
val id  a t  the time of the accident.  

The engines had been maintained in 
accordance with an approved maintenance 
schedule, and both had undergone a 
Check If inspection on 1 1  October 1961. 

An engine ground run,  including a 
check of the operat ion of the propel le r  
auto-coarsening system, w a s  c a r r i e d  out 
on the morning of the day of t h e  accident ,  

W h e n  the a i r c r a f t  took off from 
Cherbourg on its last flight i t  c a r r i e d  a 
payload of J cars and 7 passengers and 
sufficient fue l  for the flight.  At the time 
of the acc iden t  the tutai all-up weigh t  was 
approximately I 050  ki los  less than the 

permitted maximum, and the position of the  
centre of gravity was within the p re sc r ibed  
l imi ts .  

The Crew 

The captain held a valid airline trans-. 
port pilot's licence endorsed in Group I for 
Bristol  170 aircraft and a current  i n s t ru -  
ment rating. He was  approved as a type 
rating examiner for Bristol 170 a i r c r a f t  and 
a s  an instrument rat ing examiner .  H e  had 
flown a total of 8 143 h o u r s  of w.lic!. 471 had 
been on Br is to l  170 a i r c ra f t  during the six 
months prior to the accident. 

The f i r s t  officer was also well-quali- 
fied and had flown a total of 3 31 5 hours of 
which 486 had been as co-pilot on Br is to l  170 
a i r c ra f t  dur ing  the s ix  months p r i o r  to the 
accident.  

The Flight  

The c rew were car ry ing  out a s e r i e s  
of flights between Cherbourg,  F r a n c e  and 
the Channel lolands. Departure from Cher - 
bourg was at 1344 hours and ten minutes 
l a t e r  the a i r c r a f t  reported cross ing  the 
French c o a s t  a t  2 000 ft. The Guernsey  con- 
t ro l l e r  cleared the flight to descend to 1 000 f t  
on the ae rodrome  QFE and gave the visibil- 
ity as 3 NM with slight d r i zz l e ,  418 cloud a t  
300 f t  and 818 a t  500 ft. The captain was 
also reminded that the r a d a r  was unservice- 
able  and was asked to  r epor t  when over the 
non-directional beacon. Shortly thereaf te r  
the captain advised t h a t  he was flying in b ro -  
ken cloud and requested and rece ived  clear- 
ance f o r  a visual approach.  

The controller offered assistance with 
radio bearings, and a s e r i e s  of QDMs was 
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commenced. At 1410 hours the controller 
heard t he  aircraft overhead, and one min- 
ute later the captain radioed that he would 
go round again since he had descended to 
h i s  crit ical  height and llcouldnlt see a thingt1. 

He then received the latest Jersey 
weather r e p o r t  ( f o r  1400 hours) which was:- 

surface wind 2 4 0 e M ,  14 kt 
vis ibi l i ty  13 miles 
cloud 218 at 800 f t ,  818 

at 1 000 f t .  

Shortly a f t e r  commencing h is  second 
approach, the captain asked for the height 
of the w a t e r  tower situated one mile east 
of the aerodrome near the extended centre- 
l ine  of the runway. M e  was told "six zero 
feet above the airfield1*. (An aircraft on a 
3' approach slope would clear this tower 
by 300 ft). 

As the Guernsey weather conditions 
had deteriorated, the controller, at 1422 
hours, advised the captain as fol lows:  

visibility 1 600 yd 
cloud 5/8 at 100 f t  

8 /8  at 200 f t  

One minute later the captain reported 
that he had crossed the coast (about 2 to 3 
miles from the aerodrome). It i s  evident 
from the subsequent QDMs that the aircraft 
then veered to the north of the normal ap- 
proach path, and it is considered that this 
was a deliberate manoeuvre by the captain 
to maintain visual contact with the ground, 

Shortly before 1425 hours the captain 
reported that he had the  aerodrome in s ight ,  
and no further QDMs were  requested or 
given. 

The runway on which t h e  aircraft  was 
to land is 4 800 ft long and is aligned 100/ 
280'M with high intensity bi-directional and 
low intensity omni-directional lighting. At 
this time all of t he  approach lights w e r e  a t  
3070 brilliance, and the runway lights w e r e  
a t  100%. 

The controller f i rs t  saw the aircraft 
when i t  was northeast of t he  aerodrome and 
making an "St' turn in an attempt to line up 
with t h e  runway. At a height of about 30 ft  
the aircraft  began to flare out as i f  to touch 
down. However, when it reached a position 
about 1 400 ft along the runway, the engines 
w e r e  opened up and the controller cleared 
the aircraft to climb ahead to the aerodrome 
beacon. Almost immediately the aircraft 
swung to the right and flew s lowly towards 
the northwest without gaining height., Its 
flight continued straight and level for about 
l / 2  mile, and w i t n e s s e s  north of the aero- 
drome noted that i ts  starboard propeller was 
rotating slowly. It then banked steeply to 
the right, and the starboard wing struck the 
ground. 

Examination of  the wreckage 

Examination of the wreckage  r e v e a l e d  
that  the flaps were in the retracted position, 
and all  trims w e r e  approximately zeutral. 
There was no evidence of fire i n  the air. 
The marks on the ground and i~ispection of 
the power units showed that at the time of 
impact the port p r o p e l l e r  w a s  rotating under 
power w h i l e  the starboard propeller was al- 
nrost stationary. The port p r o p e l l e r  was 
set  to an angle of 28O, a pitch anglc  cons is -  
tent with take-off power, and the starboard 
propeller was in the feathe red position. 
The master switch for the automatic pitch 
coarsening system was in the l lontl  posit ion 
and 'caged'. 

The engine and p r o p e l l e r  control quad- 
rant had been distorted on impact ,  and the 
boost and rpm levers w e r e  in the fully for- 
w a r d  position immediately  before impact. 

The engine fuel and oil systems1 cocks  
were  ttonl' , the fuel cross  feed cock w a s  
"off", and the idle cut off levers  were set 
to "run". Samples of fuel taken from t h e  
starboard fuel collector tank w e r e  clear and 
free from water and sediment. . 

N o  evidence of defec t  o r  of malfunction 
w a s  found during the examination of the air- 
frame and flying controls. 
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Subsequent examination by ihe manu- 
f a c t u r e r s  oi t h e  propel le r  and i ts  cocstant  
speed unit and of the starboard englne re-  
vealed nu evidence oi  any  f a i lu re  o r  rnal- 
function. 

Sys tern 

In order  to reduce the d r a g  of a pro-  
peller in the event of a n  engine lai lure dur- 
ing take-ofi' a sys t em i s  installed in the 
Series 31 and 32 Br is to l  170 type aircraft 
which  automatically moves the propeller  
blades of a iailed engine to the lully coarse 
position. The sys t em incorpora tes  two 
units, one f o r  each  engine, which are 
known a s  engine cut out swi tches .  Each 
unit is act ivated by s microswitch which is 
operated by a diaphragm. The diaphragm 
is sensitive to the diiierenct betweer, the 
dynamic pressure p r c l d ~ ~ e d  in the p: :-spelier 
s l ips t ream an<i that cue to t he  speed of t h e  
a i rc ra i t .  The sys terz~  functions 01:l>~ when 
the  boost and rpm levers are at or close to 
the maximum power t a k e  -off position. 

When th t  engines are run each unit 
takes up one ci two positions - 

a) 'High differential' whenever the 
excess of propeller s l ips t ream 
pressure r i s e s  to a value equiva- 
lent t o  4. 5" H z 0  or m o r e .  

b) 'Low differential '  whenever the 
excess of propeller s l ips t ream 
pressure falls t o  a value equiva- 
lent to 2.5" H z 0  or less .  A 
tolerance of - + 0. 5" is permissible. 

During a take-off, values of pressure 
differential wcl l  in excess of the nominal 
4 ,  3" are no rn  l l ly  present thus e n s u r i n g  
that  both units are at 'h igh  differential1 . 
A titonlatic pitL 11 coarsening will t h e n  take 
place if one 01 Lhe units falls to the ' l ow 
differential '  pt,sition. 

The auto-coarsening system also in-  
corporates an onloff  master switch, The 
flight rna~,uaL a l ( f  the subject aircraft atates 
that  the switch is normally wired to the Ion1 

position. In fact  a guard (or  cage) provided 
the necessary security. The Company's 
ope rations manual prescr ibes  a pre-flight 
c,heck of the operation of the auto-coarsen- 
ir,g sys tem and requires  t ha t  if a fault in the 
system becomes apparent the master switch 
should be switched 'off#.  Neither  document 
imposes any restr ict ion on the use of the 
sys tem after take-off. 

Further examination - the starboard 
engine cut  out swi tch  unit 

Tes t s  ca r r i ed  out on the unit showed 
that i t  was not operating within  the pre- 
scribed limits. The pressure required to 
move the switch t o  the high differential 
position varied between 5.1" and 5. 9tt  H z 0  
whilst  the switch moved to the ' low differen- 
tial' position a t  3. 8". It is considered un- 
likely that these  discrepancies could be 
detected during the functional t es ts  pre- 
scribed by a Check '-4' inspection. 

Strip examination disclosed the pre- 
sence  of a small amount  of glutinous mat te r  
impregnated with metallic swarf.  There 
was also evidence of 'pick-up1 between t h e  
moving parts of the mechanism. The back- 
ing spring of the unit was found to be non- 
standard in dimensions and rat ing and had 
been adapted from a longer spring by cutting 
and filing, leaving one end improperly fin- 
ished.  Also, the microswitch was fitted 
with a rubber cowl contrary to t he  rnanufac- 
turer's drawing. It w a s  not possible to 
ascertain when or by whom these were f i t ted 

Observations - automatic 
pi tch coarsening 

The propel le r  auto-coarsening sys tem 
is designed to operate during t h e  take-off 
phase  when the  boost and r p m  l e v e r s  are 
set for rnaxlmurn power. Both units a r e  
thcd at 'high differential1,  the system is 
t:lectrically armed by the position of the 
control levers  and in the event of an engine 
failure auto-coarsening takes place when 
one unit falls to f low differential ' .  

Auto-coarsening could occur, however, 
under other circumstances. During a n  
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approach to land, when the engines are 
th ro t t l ed  back, the decrease of propeller 
slipstream would result in both units fal- 
ling to the 'low differential' position. A 
badked landing procedure subsequently 
initiated late in the approach sequence near 
the ground, or  in an emergency, might re- 
quire rapid selection of maximum power 
and rpm. In such circumstances the chance 
of both units returning to  'high differential' 
simultaneously i s  remote, a n d  the risk of 
inadvertent auto-coarsening would be pre- 
sent. Operation of either unit outside i ts  
specified range, or sluggishness, would 
increase this risk. 

On the subject flight, there i s  little 
doubt that  the captain initiated a baulked 
landing procedure, possibly with some de- 
gree of urgency. The r e l e v a n t  material 
evidence is that the engine and propeller 
controls were at the maximum power posi- 
tion a t  the time of the accident and that the 
starboard auto-coarsening unit was function- 
ing outside the prescribed differential val- 
ues. It i s ,  therefore, considered that 
auto-coarsening of the propeller occurred 
when the captain opened up the engines, 
The captain would have had no indication 
that th i s  was not the result of engine failure. 

Some 520 000 hours have been flown 
by the Bristol 170 Series 31 and 32 aircraft 
and until t h i s  accident nothing had occurred 
to suggest that there was any inadequacy in 
the maintenance schedule requirements or 
of the ope rating techniques. This accident, 
however, has shown changes to  be desirable. - See follow -clp action. 

Control Speeds 

According to the Flight Manual the 
minimum control speed on or near the 
ground was 79 kt,  and the take-off safety 
speed was 90 k t .  

During the landing flare of t he  subject 
aircraft  the airspeed should have been de- 
c teasing from about 8 4  t o  65 kt and since 
the engines were opened cp while the f lare 
was in progress the airspeed at that time 
was probably in the region of 70 kt. When 
the loss of t h r u s t  from the starboard engine 
occurred,  the refore, the captain was not 
only unable to maintain directional control, 
but he also had  insufficient height to put the 
nose down in order to accelerate to a speed 
at which control could be regained. 

Probable Cause 

The accident was due to the malfunc - 
tioning of the automatic pitch coarsening 
unit of the starboard propeller. This de- 
prived the captain of the necessary degree 
of control of the aircraft  at a critical stage 
of the flight. 

Fo l low -up Action 

A Special Recommendation Mainten- 
ance (No. 80) detailing a n  overhaul procs - 
dure for the pressure differential (engine 
cut out) s w i t c h e s ,  and a flight manual 
amendment requiring the  s y s t e m  to be 
switched "off" after the take-off for the 
remainder of the flight have been issued by 
t he  A i r  Registration Board to prevent any 
risk of a repetition of this type of accident. 

ICAO R e f :  AR 1740 
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No, 44 

Trans W o r l d  Airlines, Inc., Boeing 720B, N 793TW, accident 
near Albany, N e w  Yark on 5 November 1961. Civil 
Aeronautics Board [USA) Aircraf t  Accident Reaort 

A 

F i l e  No. 1-0025, released 13  J d y  1962. 

Circumstances 

Flight 66 was a scheduled non- 
stop flight from Los Angeles, California 
to Boston, Massachusetts carrying 7 c r e w  
and 34 passengers. While cruising at 
25 000  ft near Albany, New York ,  the 
No. 1 engine failed because of  the disin- 
tegration of the low-pressure turbine 
section. Fragments from the turbine 
section penetrated the left wing, No. 2 
engine pylon and the fuselage, resulting 
in a ruptured wing fuel cell and l o s s  of 
cabin pressurization. An emergency was 
declared,  and a let-down to a lower 
altitude was effected. The flight continued 
to Boston and landed without further 
incident. No one was injured. 

Investigation and Evidence 

C r e w  Experience 

The two captains aboard the air- 
craft held a valid airman cert if icates and 

were replaced. The only discrepancy noted 
during teardown was the loose f i t  on the 
rear compressor  rotor oi l  sealing tube. 
At this time heatshields were  installed 
around the No. 4 and No. 5 bearing com- 
partments in o rde r  to reduce the transfer 
of heat to the engine oil and to improve 
oil scavenging. The high compressor 
centre tube was nickel-plated at each end 
to increase the interference fi t  in order 
to reduce galling and possible bleed 
leakage into the bearing compartments, 
In addition, the No. 1 bearing support was 
reworked in order to improve stress 
distribution and design configuration. 

On 19 October I961 the engine was 
run in  the TWA test cell  and found to have 
been acceptable. Maximum breather 
pressure was 4.3 in. Hg., and vibration 
w a s  negligible. Oil filters were  checked 
and found to be clean. On 22 October the 
engine w a s  installed on N 793TW in the 
No. 1 position. After that date only minor 
maintenance was performed on the engine. 

currently effective airline t ranspor t  
ratings. The pilot-in-command had flown The Flight 
a total of 1 3  277 hours including 2 16 hours 
on Boeings. The co-pilot had a total of Flight 66 left Los Angeles a t  
15 230 hours to his credi t  of which 57 were 1141 hours eastern standard time for Boston 
in Boeing 720 aircraft. Its weight was within the maximum allow- 

able and was distributed within the centre  
Engine No. 1 of gravity limitatians. 

Engine No. 1 w a s  removed from 
flight status on 12 September 1961 because 
the oil breather pressure was in excess of 
the 10-in, Hg. limit. The total engine time 
w a s  then 347 hours. The engine was 
repaired and several modifications as  
recommended by Pratt and Whitney were  
incorporated. Also, the No. 4 bearing, 

The f l ight  was cleared to proceed 
under  instrument flight rules at 27 000  f t  
(mean sea level), and a normal climb to 
this altitude was completed in 17 minutes. 
After levelling off and for about 15 minutes 
thereafter a slight vibration was noted in 
the N1 and N2 tachometer needles of  the 
No,  1 engine. This vibration o r  ''nervous 

turbine nozzle case and t u r b i n e  0. D. seal needle" as the pilot-in-command described it 
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then ceased and did not recur for the 
remainder of the flight. The flight pro- 
g ress ed normally until reaching Cleveland, 
Ohio at 1504 where turbulence was encoun- 
tered, and descent was  made to 25 000 ft. 
In the vicinity of Albany, New York, at 
about 1536 hours, a muffled explosion was 
felt and heard by the crew, an3 the air- 
craft commenced a yaw to the left, The 
autopilot was immediately disengaged, and 
the aircraft was brought back to a normal 
flight attitude, The flight engineer then 
advised that cabin pressure was dropping, 
The crew went on emergency oxygen and 
activated the seat belt sign. A i r  Traffic 
Control was contacted, and the flight 
-ass cleared to descend to and maintain 
9 000 ft. 

I t  was noted at this time that the 
utility hydraulic system and the No. 1 
generator had failed. The No. 1 engine 
was then shut down, and an off-airways 
gear-up descent was initiated using oily 
the inboard spoilers. The second officer 
then advised that the turbine section of 
the No. 1 engine had disintegrated and 
that the exhaust section was oscillating 
quite severely. The firewall shutoff valve 
to the engine was actuated. The aircraft 's 
speed and rate of descent were reduced. 
A s  the aircraft  passed through 19 00 0 ft, 
the cabin pressurization warning horn 
sounded, and the oxygen flow light came 
on, A t  that t ime the airspeed was approx- 
imately 200 kt, and the descent was 
continued at this slower speed. 

Westover and Pease A i r  Force 
Bases were  alerted in the event that the 
condition of the aircraft would not permit 
continuation of the flight to Soston. An 
inspection made fromthe cabin revealed 
that the left wing and No. 1 pylon were 
badly damaged. One turbine fragment had 
penetrated the fuselage from the left, 
approximately head high, directly above 
seat 16-A. The fragment struck the right 
side above seat 16-F anA dropped to t he  
floor. There was sufficient residual heat 
remaining in the fragment to burn a hole 
one inch in diameter in the ff oor carpeting. 

The captain elected to continue to 
R oston because of favourable weather 
conditions, runway length, and available 
emergency equipment at that location. 
The cabin attendants were  thoroughly 
briefed by the captain on emergency pro- 
cedures, and the passengers werc advised 
of the emergency. A l l  emergency gear 
and flap extensions were made over water,  
and a normal approach to a landing on 
runway 2 2 L  was effected with ground 
emergency equipment standing by, ' Trim 
w a s  adequate to compensate for the yaw 
effect of the inoperative No. I engine and 
the total loss of fuel from the damaged 
outer left wing tank. On roll-out, steady 
braking was applied, reverse thrust was 
applied slowly to the Nos. 2 and 3 engines, 
and the aircraft cleared the active runway 
by turning left on runway 15. A t  this time 
normal braking pressure had been depleted, 
2nd airbrakes were  used to bring the 
aircraft to a full stop on runway 15. The 
passengers deplaned in a normal manner 
through the forward compartment door. 

lnsnection of the Aircraft 

Ground inspection of the aircraft  
revealed that several oxygen masks and 
containers had fai led to function properly 
when a cabin pressure altit-ude of 10 000 ft 
was reached. During the depressurization 
the oxygen mask container latch failed to 
function for seats 6-C and D, 10-A and B,  
and 25-A and B, However, no passengers 
occupied these seats. All passengers 
domed their oxygen masks successfully. 
The oxygen mask container doors in 
lavatories B forward, and C and D in the 
aft  cabin opened, but the masks failed to 
drop out. It  appeared that these masks 
had been stored imprope~ly and were  too 
tight in their containers. 

Investigation revealed that the No. 1 
engine pod was ruptured in the vicinity of 
t he  turbine. The turbine exhaust case and 
reverser mechanism rver e completely 
separated froin the engine but had remained 
attached to the pylon mount. Approximately 
8 0 %  of ,the turbine nozzle case was torn away 



and missing. The only portion of 2 1 t h  low- 
p ressure  tcrbine section remaining was 
 he forxrard mount flange of the sccon:! 
stage turbine d isc  which w a s  st i l l  attached 
t o  i ts  mating flange on the loup turbine 
shaft. A section (approximately 1/6) oi  
the second s tage  turbine disc w a s  recov-. 
ered from the left wing j u s t  inboard of the 
No. 1 engine pylgn where  it hacl irnbeddecl 
itself, The remainder of the disc was not 
recovered. Approximately one-half of 
the third s tage  turbirie disc was rccovererl 
on the ground  n::rr Albany. The rema i n e r  
u l  the d isc  had lirll been recovered ,  No 
portions of the fourth stage turbine disc 
and/or blades have  been recovered.  

There w e r e  numerous holes of 
various s izes  in the left wing and fuselage 
which accounts for the relatively rapid 
depressurization of the cabin. The outer 
left wing tank was punctured in severa l  
places. T h e  left spa r  was torn through 
approximately one-fourth o f  i t s  width. 
Fuel  lines, hydraulic lines, and electrical 
leads to the No. 1 engine w e r e  severed. 
Skin punctures were found in the No. 2 
engine pod, the l owe r  left  wing surface,  
and the left side of the fuselage. Several 
of the nozzle guide vanes along with second 
and third stage turbine b l a d e s w e r e  found 
in the wing, the No. 2 pylon, and the 
baggage compartment. One root section 
of a third stage turbine blade was found 
in the cabin section adjacent to row 16. 
The r e a r  hub had separated from the 
fourth stage turbine and was lying in the 
No. 6 bearing support. 

Events leading to the fai lure o f  No.1 engine 

The sequence of events culminating 
in the failure of the engine began at the 
main s t ra iner  assembly in the pressure  
oil Line within the intermediate case .  The 
main oil f i l ter  became clogged with carbon 
deposits and began to b y p a s  contaminated 
oil. A downstream " las t  chance" s t ra iner  
filtered the oil just before delivery to the 
low compressor thrus t  bearing and seal  
(No. 2 ) ,  intermediate housing bearing 
( ~ 0 . 2 - 1 / 2 )  and high compressor front  
support bearing and seal  (No. 3). Carbon 

accumulatioris collected in th i s  I1la.;t chance" 
5 t rainer cho.':cd off the oi l  supp1:- and 
starved the bearings, The No. 2 thrust 
bearing overheated, mater ia l  strength 
faded, -and plastic yielding conmencet! 
under the forward Load of the iow-pressure 
spool, allowing the low-pressure com- 
pressor and turbine assenlblies to movz 
forward. The blades of the compressor 
began to rub against the trailing edge of 
the s ta tor  vanes. Inner race wear pattern 
and roller interference with the No, 1 seal 
pliite indicatetl h a t  the iront slipport 
bearing (No. I )  then fa i l ed  fr?m th rus t  
loading induced by excessive forward axial 
movement of the front  hub. L o s s  of rigid 
front radia l  location allowed wobbling in 
the f ront  compressor as shown by uneven 
blade tip rub. Vibrations induced in the 
inlet case precipitated fatigue failure of 
the No. 1 ail jet. The No. 2-1/2 bearing, 
mounted on the rear hub of the front com- 
p r e s s o r ,  was pounded by the wobbling as 
shown by the damaged balls; however, the 
intermediate bearing housing continued to 
rotate. The No. 3 seal plate integral with 
the intermediate bearing housingthen wore  
down the No. 3 seal. A photomicrograph 
of the No. 3 seal  plate indicated the presence 
of a temperature above 1400°F. The No. 3 
bearing, also mounted on the rear hub of  
the front  compressor, failed and allowed 
the high compressor  to wobble slightly. 
This was evidenced by blade tip rubbing 
and knife-edge sea l  wear. The  No. 4-1/2 
bearing moved forward with the low shaft 
and continued to turn freely, leaving traces 
of the new roller path. Metallic deposits  
began to form on the convex faces of the 
f i r s t  nozzle guide vanes from compressor 
blade vane shavings. Large axial clear- 
ances obviated any rubbing of the rear of 
the high turbine disc by the low turbine 
assembly. 

Thus, the engine was  in the process 
of sustained self-destruction, The time 
element involved for this deterioration was 
approximately 10 seconds. Prior to the 
explosion, the stewardess,  who was seated 
in the las t  row was looking out of the window 
toward the No. 1 engine. Noting red b u r s t s  
coming from the engine tailpipe, she turned, 
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remarked on this conditicn to another 
stewardess seated next t~ her, turned hack 
again and witnessed the No. 1 pod burst. 
The red bursts were the initiation of the 
failure, evidenced by the compressor 
blades rubbing tbe vanes. 

The immediate cause of the final 
explosion was the deterioration of the No. 2 
bearing, where the steel balls were  now 
fused to the inner race. As the front 
compressor rear hub rotated in the bearing 
the frozen inner race was both grooving 
and heating the journal of the hub. The 
strength rapidly diminished until the torque 
Load from the driving turbine, transmitted 
by the low shaft, began to exceed the hub 
yie ld  point. The ultimate strength of t he  
hub was reached. The hub sheared through 
the thinned, overheated bearing plane 
under torsional loading and uncoupled the 
low turbine from the low compressor. 
Since the low compressor was no longer 
absorbing the energy that the low turbine 
was  exiracting from the gaspath, the low 
turbine assembly began accelerate. T h e  
turbine disc  centrifugal loading increased 
with the square of the angular velocity, 
until the ultimate strength of the d i s c s  was 
reached,  and they burst through the engine 
casing and nacelle panels. Meanwhile, the 
low compressor was slowing down and was 
pushed rearward by the inlet airstream. 
The blade trailing edges then began to rub 
the vane leading edges. G i l  filters contin- 
ued W fill up with metallic particles from 
the break-up of the damaged bearings. 
The high rotor assembly was  still rotating 
freely, Only the rear of the high turbine 
blades was  damaged and shifted forward 
by the exploding low turbine assembly. 
A hardne a s check of turbine blade leading 
edges indicated no excessive engine over- 
temperature. 

Examination of the carbon deposits 
on the low turbine drive shaft, which 
passes through the centre tube, indicated 
that very slight bleed air leakage occurred 
in the front and moderate leakage in the 
rear of the centre tube. This leakage, 
coupled with earlier carbon accumulation 
and-the high temperature environment of 

the No. 4 - No. 5 bearing areas and tower- 
shzft strut, produced enough carbon to 
contaminate the oil  system, causing t he  
main oil filter assembly to clog and by - 
pass. It should be noted that on 11 October 
1961, Pratt and Whitney Aircraft wired 
all airlines concerne2: "If installation of 
heat shielding being accomplished without 
complete overhaul, recommend thorough 
cleaning of diffuser case and No. 5 support. 
Suggest daily check 2.s required in sub- 
sequent operation. " H O W ~ V ~ ~ ,  testimony 
of TWA personnel, indicated tha t  the subject 
engine had ?robably been rebuilt beyond 
this stage when the above information was 
received, It is, therefore, relatively 
certain that the subject areas were not 
cleaned of carbon deposits prior to re- 
assembly at overhaul. In addition, although 
the main oil filter was removed prior to 
the critical flight, it was not d i s a s s e m b l e d  
and was given only a cursory examination; 
therefore; any internal ac cukulations could 
have gone unnoticed. Examination of the 
diffuser case showed a heavy carbon 
deposit around me brea*er tube and the 
towershaft packed with carbon. Exarnina- 
tion of the No.  5 support also revealed 
carbon on the inner walls. An analysis of 
oil samples indicated no significant dis- 
crepancies. 

The theory was raised that the two 
seals between the rear compressor front 
hub and the No. 2-1/2 housing were omitted 
during the previous TWA repair and modi -  
fication. This wz?s based on the condition 
of the hub seal grooves, one clean and the 
other with some white deposits. If this 
were the case, twelfth-stage bleed air 
would have leaked through this opening 
and started breaking down the cil within 
the No. 2 area. It i s  believed that a m u c h  
greater accumulation of carbon sludge 
would have been present in the intermediate 
area, had the seals  been omitted. The 
deposits which were Pound can b e  attributed 
to the heat transfer through t he  No. 3 dia- 
phragm which is subjected to twelfth-stage 
bleed air. A hardness check of the grooves 
indicated that the hub had been subjected 
to temperature high enough to destroy the 
aforementioned seats during the failure 



ICAO Circular 69-AN/61 249 

sequence. Bleed air could then have blown 
the grooves clean before or after any resi- 
r!ce was able to have been deposited. 
Although not conclusive from the evidence, 
it appears unlikely that the two seals in 
question were omitted. 

Turbine disc rupture - general 
The catastrophic potential of tur- 

bine d i s c  rupture has been a matter of 
concern to the industry for a number of  
years. Recognizing this problem, the 
Administrator of the Federal Aviation 
Agency has  required certain design fea- 
tures and proof testing of turbine engines 
in order to protect against this type of 
failure. In addition, the manufacturers 
have devoted much time and effort toward 
assuring turbine disc integrity. Despite 
these precautions, this failure and other 
turbine disc ruptures have occurred on 
engines in commercial service.  

Vibration equipment 

In view of the time element involved 
in the destruction of this engine, i t  is 
be l ieved  that warning could have been 
given to the crew by vibration equipment 
ancl would have allowed for engine s h ~ t -  

down pr io r  to the turbine failure, Excess-  
ive vibration would have been immediately 
noted by pick-ups as soon as the No, 2 
bearing failed, Although the s ta te  of the 
art does not allow absolute vibratory 
l imits to be established at this t ime,  a 
relative control can be maintained by which 
any abnormal shift from an accepted engine 
vibration base line can be utilized for 
troubleshooting and shutdown before 
extensive engine damage occurs. 

Re commendation 

T o  provide sufficient warning 
against such failures the Board has rec- 
ommended to the Federal Aviation Agency 
that suitable instrumentation, such as the 
vibratory sensing equipment mentioned 
above, be installed in commercial turbojet 
aircraft. 

Probable C ause 

The probable cause of this accident 
was oil starvation of the No. Z bearing 
which caused i ts  failure. This precipitated 
the fracture of the low-pressure compres- 
sor rear hub and the overspeeding and sub- 
sequent disintegration of the low-pressure 
turbine section, 

lCAO Ref:  ~ ~ / 7 1 9  
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No. 45 

Circumstances 

While attempting a landjng a t  
Byrd Field, following loss of power on 
three engines, N2737A overshot the 
extended centreline of runway 33 and 
crashed afid burned at 2124 hours easterfl 
standard time one-half mile to the left of 
the final approach path and one mile from 
the threshold of the runway. Seventy-four 
passengers and three flight crew members 
died a s  a result of carbon monoxide poi- 
soning. The captain and flight engineer 
escaped from the burning wreckage. The 
aircraf t  was totally destroyed. 

Investigation and Evidence 

Flight 20 1 /8 was being made in order 
to transport ne ~ l y  inducted m e m b e r s  of 
the U. S, Army to Columbia, South Carolina 
for training. The passengers were  to be 
picked up at Newark (New Jersey), 
Wilkes Barre, {Pennsylvania), and 
Baltimore, (Maryland). The crew con - 
sisted of two captains, a flight engineer, 
a student f l ight  engineer and one stew- 
ardess. The captain who was to assume 
command had flown 4 433 hours, Z93hours 
of which were in the L-049. The other 
captain, who had more seniority, war to 
act  a s  co-pilot. H e  had 17 841 hours to 
his credit of which 352 hours were on the 
subject aircraft type, 

The aircraft  departed Columbia for 
Newark at 1514 hours. As the a i rc ra f t  
left the ground the flight engineer noticed 
a drop on the No. 3 fuel pressure gauge. 
The student engineer opened the NO. 3 and 
No, 4 crossfeeds to ensure positive pres- 
sure  on the right side. The pressure drop 
did not occur again. The captain was not 
informed at this time of the drop in fuel 

pressure nor of the fact that the crossfeeds 
ware  opened. On reaching the cruise a l t i -  
tude of 9 500 ft the crossfeeds were closed. 
The landing at Newark wa8 c ~ m p l s t e d  at 
1737 hours. Two thousand three  hundred 
gallons of fuel remained a t  this time. 

Prior  to the departures from the 
two following stops, i. e. Wilkes Barre and 
Baltimore, the flight engineer opened the 
Nos. 3 and 4 crossfeed valves in order to 
prevent the drop in fuel pressure which had 
occurred out of Columbia, Also, at these 
two stops engines Nos. 3 and 4 were kept 
operating while Nos.  1 and 2 were shut down, 

Shortly after taking-off from Baltimore 
the co-pilot filed a flight plan as follows: 
"direct to Columbia, a t  4 500 ft VFR, true 
airspeed 218 kt, estimated t ime en route 
2 hr 10 min with 5 hr 30 minof fuel aboard. " 

The captain-in- command te stified 
later that he flew the entire flight from the 
left  pilot's seat and that the student engineer 
occupied the engineer 's  station. including 
a t  time of take -off from Baltimore. The 
latter par t  of this statement was denied by 
the flight engineer, who said that he and  lot 
the student engineer w a s  at t h e  engineer's 
atation at  the time of the take-off. 

Shortly after passing the Brooke Omni 
the captain said the aircraft  yawed to the 
right, and the fue l  p ressure  warning lights 
for engines 3 and 4 came on, At this time 
the flight engineer went to reassume his 
station which was occupied by the student. 
The No. 3 and 4 fuel pressure warning 
lights w e r e  on, and No, 3 engine had stopped 
rotating, No. 4 engine was surging between 
1 500 and 2 000  rgm, The engineer opened 
all f o u ~  crossfeed valves and checked to 
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see that  the fuel selectors were positioned 
for tank to engine feeding. He  also turned 
on ail four fuel boost pumps and advised 
he was going to try to s h r t  engines Nos. 3 
and 4. The fuel gauges at this time were 
al l  in a position which indicated fuel. 

A few minutes later No, 4 engine 
appeared to be partially running so the 
captain told the engineer to feather No, 3 
engine and concentrate on No. 4, The 
engineer was not able to res tar t  No. 4 and 
was going to try No, 3 and shut down No.. 4. 
He told the student engineer at this time 
to open the midship fuel cros sfeed valve. 
The co-pilot asked that the valve not be 
opened - there was good pressure on 
No. i and 2 .  Therefore, the crossfeed 
valve was not opened, The captain te st - 
fied that he knew nothing of this until after 
the accident and a s ~ u m e d  that the valve 
had been opened. At this point the engi- 
neer advised the captain that he could not 
get No. 3 or 4 started as a result  of which 
the aircraft was turned toward Richmond 
for a landing. 

The captain checked that both engines 
Nos. 3 and 4 were  feathered, and there 
was no rpm indicated on them. The air- 
craft was retrirnmsd. 

The stewardess was told of the 
engine difficulty and informed the passen- 
gers. No crashlanding was anticipated 
and, therefore, the stewardess was not 
told to give emergency evacuation instruc- 
tions. 

The controller at Richmond advised 
the flight that all runways were  available 
and that the wind was north-northwest at 
15 kt with gusts to 22 kt. He requested 
that the flight advise him on base leg of 
the runway chosen and asked if standby 
emergency equipment was desired.  The 
co-pilot replied in the affirmative. The 
captain a s k e d  the co-pilot to fly the a i r -  
craft while he checked the flight engineer's 
station. 

When south of the city the captain 
advised the controller that they would use 
runway 3 3 .  The a i r c ra f t  was  maintaining 

altitude and had "a healthy airspeed". Their 
heading was  about 900 and the in-range 
check had been started when the co-pilot,  
who was still flying the aircraft, turned Left 
to  runway 02, and lowered the landing gear 
handle, The captain looked down, saw a 
lighted runway, but thought they were  too 
high and possibly a little too fast to be able 
to land on it. He then notice the gear was 
not down, Looking back a t  the f l ight  engi- 
neer either putting the hydraulic crossover 
switch into the emergency position or 
checking that it was in the emergency posi- 
tion. He recycled the landing gear up. 
There was no change in the indicator. At 
about this time it was apparent that the 
landing attempt would have to be abandoned, 
and both the captain and the co-pilot called 
for full power on engines Nos. 1 and 2. At 
this time the captain felt that the a i r speed  
and altitude were still sufficient to reach 
runway 33 but that they would have to make 
a right turn to the runway. 

Just prior to the airplane's starting 
i ts  right turn the controllers heard a trans- 
mission to the effect that the aircraft was 
losing another engine and was not able to 
get its gear down. The captain took over 
the controls and started the right turn. He 
lost sight of the runway and again turned 
over the controls to the co-pilot, who was  
in a better position to see the runway out  
of the right side of the aircraft .  

A continuous right turn was made 
until the captain could see the runway again 
when the engineer stated that they were  
losing engine No, 1. The captain got back 
on the controls again, and the turn was  
continued, The re was a continiling decrease 
inpower on No. 1 engine. Somewhere 
during this turn,  again without the captain's 
knowledge, the landing gear handle was 
placed in the down position, and the captain 
recalled seeing the student engineer assist- 
ing to pump the gear down with the hydraul ic  
hand pump. During the final approach he 
remembered seeing two green l ights  indi- 
cating two of the three landing gears were  
down. 

The aircraf t  w a s  slightly t o  the left 
of the extended runway  centrel ine a n  final 



approach, when the airspeed began todecay 
rapidly. The captain realized they would 
not reach the runway and pulled back on 
the control column. His  las t  recollection 
of airspeed just as the aircraft  stalled 
into the t rees  was that it indicated bet- 
ween 90 and 95 kt. 

The aircraft was in a right bank of 
approximately 100 when it f i rs t  hit the 
trees 50 It above the ground. I t  then 
passed through a clear area about 100 ft 
in length, then ,nto a section of larger 
t rees ,  which bx aught it to a stop in about 
100 ft. It struck the ground in a level 
longitudinal attitude. 

Evacuation 
& 

The engineer opened the door to the 
airplane cabin, and the cockpit immedi- 
ately filled with dense smoke. As he 
opened the c r e w  exit door on the right 
side of the cockpit the captain opened t h e  
pilot's sliding window and left the air - 
plane. When the captain left the aircraft  
the engineer and co-pilot were a t  the crew 
exit door prestmably preparing to jump. 
After  clearing the aircraft it was corn- 
pletely engulfed in flames, and the cap- 
tain did not believe that anyone else could 
possibly have gotten out of the aircraft .  

The f i re ,  which o c c - ~ r r e d  after 
impact, completely destroyed the entire 
cabin area. Subsequent investigation 
showed that many of the paBsengers had 
left their seats after impact and had 
attempted to evacuate the aircraft. The 
student engineer apparently had gone to 
the cabin immediately before the crash to 
ass is t  as  a cabin attendant. Both he and 
the stewardess were in the cabin with the 
passengers. The largest group of pas- 
sengers was fol~nd near the main cabin 
entrance door, which either had been 
jammed by the ground impact or by trees  
and debris, which were piled up against 
the fuselage. There was no  evidence that 
attempts had been made to use any of the 
emergency over-the-wing window exits. 
The charred remains of what appeared to 
be the emergency escape slide retaining 

bar were found lying across the bottom of 
the main cabin door opening. No positive 
evidence of impact injuries to the pas sen- 
gers was found. The cause of death in all 
cases  was established as suffocation caused 
by carbon monoxide poisoning. 

Technical investigation - conclusions 

h preparing for the flight several 
aircraft discrepancies required mainte- 
nance. The testimony of Imperial 's Chief 
Flight Engineer concerning the maintenance 
work done on N 2737A prior to i ts  departure 
was  both contradictory and vague. F i r s t  
he testified that he per sonally had obtained 
two electrical brushes from another airline 
for installation in the Nos. 2 and 3 fuel 
boost pumps. He said that one of the brushes 
had to  be cut down to fit. The other brush 
he said was an approved type for this unit. 
H e  later testified that this second brush 
"appeared" to be of a suitable type, After 
hearing testimony which denied that he had 
been given two brushes, the Chief Flight 
Engineer again changed his testimony and 
said he had gotten the second brush f rom 
the student engineer of this flight. 

No. 2 fuel boost pump was recovered 
and found to be fitted with a brush of improp- 
e r  type. This confirmed subsequent testi- 
mony of the flight engineer that he had 
manufactured the brush. I t  is a lso believed 
that this brush was the only brush obtained 
and that either no repair was made to the 
No. 3 boost pump or that only temporary 
repair was effected so as not to delay the 
flight. 

The entire fuel system was extensive- 
ly damaged as a result of ground impact 
and fire, 

There was no evidence of in-service 
failures or malfunctions of engines 2 ,  3 
and 4. Examination of the engines after 
disassembly revealed complete internal 
failure of No. 1 engine prior to the crash 
due to failure of the master  rod and bearing 
followed by complete disintegration of the 
connecting rods. N o  evidence was found of 
a n y  in-flight fire on any of the engines. 
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Examination of the four propellers 
revealed that each assembly remained on 
i t s  engine a t  impact. There was adequate 
lubrication of the reduction gear assem- 
blies up to the time of ground impact, and 
no evidence of operating dis t ress  was 
found. 

There was no evidence of failure of 
the primary or secondary flight controls, 

Analysis 

The momentary fluctuation of fuel 
pressure on the take-off from Columbia 
an the No. 3 engine is symptomatic of a 
boost pump failure. Such failure would not 
cause the engine to stop because the 
engine-drives fuel p u m p  will  continue to 
supply sufficient fuel to the engine. When 
this fluctuation occurred the student engi- 
neer opened both No. 3 and No, 4 cross- 
feeds. In this configuration fuel from the 
No. 4 tank would be supplied to the cross- 
feed manifold under pressure by the No. 4 
boost pump. Even though the No. 3 fuel 
tank se1ect;or valve remained open, no fuel 
could flow from the tank. The higher 
pressure in the crossfeed manifold sup- 
plied by the No. 4 boost pump would hold 
closed a check valve between the manifold 
and the No, 3 fuel tank. Thus engines 
Nos, 3 and 4 would both be operating on 
fuel exclusively from the No, 4 tank pro- 
vided the No. 4 boost pump remains 
operating. 

The engineer stated very positively 
that the fuel system was returned to the 
normal tank to engine configuration after 
reaching their cruising altitude. I t  w a r  
the Board's opinion that the greater part 
of the flight was conducted with the cross-  
feeds open and the boost pumps on. Such 
opirlion is based upon an analysis of the 
conduct of the entire flight and also the 
testimony of the various witnesses. 

The possibility of fuel contamination 
as a causative factor w a s  thoroughly 
explored daring the investigation, 

The Board found that the truck which 
had serviced Nos. 3 and 4 fuel tanks, was 
contaminated, however, it was felt that the 
amount of contamination was not sufficient 
to cause a complete loss of fuel pressure  
a s  reported. It is not likely that following 
several hours of normal operation, conta- 
mination would, either by restricting the 
flow or causing malfunction of a component, 
without warning and simultaneously, cause 
the loss of fuel pressure in, two separate 
fuel systems, 

Using the same engine powers and 
rates of fuel consumption as outlined i n  the 
carrier ' 8  operating manual relative to 
flight planning, and operating engines 3 and 
4 on cross feed from the No. 4 tank the 
majority of the flight, i t  was calculated 
that 800 gal of fuel in the No. 4 tank would 
have been exhausted approximately at the 
time which the crew indicated the loss of 
power occurred, 

The indications of operating diffi- 
culties described by the crew, namely a 
sudden yaw to the right and sudden loss of 
fuel pressure on Nos, 3 and 4 engines 
simultaneously, are also indicative of fuel 
exhaustion or starvation. Engine surging 
soon followed by complete power loss such 
as occurred here would also be expected. 

From the foregoing, i t  was clear to 
the Board that the 10s s of power on engines 
Nos. 3 and 4 was not the result of a mal- 
function or mechanical failure of the engines. 
It is equally clear that fuel contamination 
w a ~  not a cause of the engine stoppage. It 
wag the Board's conclusion that fuel exhaus- 
tion brought about by improper fuel manage- 
ment caused the stoppage of engines 3 
and 4, 

The procedures followed by the flight 
engineer in attempting to res tar t  the two 
engines indicated the lack of knowledge and 
the inability to diagnose the results of the 
inoperative fuel boost pump and determine 
appropriate corrective action. Had the 
proper procedures been followed, there is 
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no reason why the Nos. 3 and 4 engines 
could not have been restarted. 

When the first contact with the 
Richmond tower was made at 2112 hours, 
Nos. 3 and 4 engines had been feathered, 
and the decision had been made to land at 
Richmond, The c r e w  was experiencing 
no unusual problems in operating the air - 
craft  on its two remaining engines, In 
point of fact the aircraft  flew satisfac- 
tory for a t  least  8 minutes after this call 
was  made. 

A s  the aircraft was proceeding to 
Byrd Field the decision was made to land 
on runway 33. The tower was so notified, 
and it must be assumed that both pilots 
w e r e  aware of this intention. It is clear 
that both captains were issuing orders, 
and both were attempting to command the 
flight. The senior captain had elected to 
ac t  a s  co-pilot, yet,  during the emergency 
he issued orders to the other crew mem- 
b e r s  as captain. Confusion prevailed in 
the cockpit due to lack of c rew co-ordina- 
tion and the issuing of conflicting orders. 

N 2737A was equipped witha hydrau- 
l ic  crossover valve (normally operated 
from the cockpit by a switch) which would 
permit hydraulic pressure from Nos. 1 
and 2 engine-driven pumps (the primary 
hydraulic system) to be supplied to the 
landing gear. 

This valve and i t s  motor were 
recovered and showed no evidence of nlal- 
function. The valve was in the closed 
position. In addition, the No. 2 hydraulic 
pump was operable, It was the Board's 
conclusion that the c r e w  did not open the 
hydraulic cros5over valve and also that 
the c r e w  was unaware that the a i r c ra f t  
was  equipped w i t h  this  valve. Had th i s  
valve been operqed the landing gear would 
have extended i n  20 to 25 seconds. 

From the location of the wreckage 
i t  is apparent Ulat the landing pattern waa 
poorly executed. It  i s  believed that when 
the airplane was on its base leg the bank 
angle was steepened in an attempt to avoid 
overshooting the extended centreline of the 
runway. This increased angle oi bank and 
increased rate of turn bled off airspeed, 
and the air craft began to sink. To try and 
a r r e s t  the sink rate the co-pilot called for ". . . all the power you got. " By this time 
the No. 1 engine was destroying itself as  
a resul t  of the overboosting during the 
emergency. I t  failed completely. With 
only one engine delivering power i t  was 
impossible to maintain f l ight ,  and the air-  
c ra f t  stalled into the tree s. 

Company operations - general - 
From a study of a l l  the information 

available to the Board it was concluded that 
this flight crew was not capable of perform- 
ing the function or assuming the responsi- 
bility for the job they presumed to do. The 
Board further concluded that the manage- 
ment personnel of the airline should have 
been a w a r e  of the manner in which company 
operations were being accomplished. It is 
believed that the sub-standard maintenance 
practices of the company's employees were 
condoned by management. 

The Federal Aviation .4gency, which 
is charged with the responsibility of inspec- 
tion for compliance with Civil A i r  Kegula- 
tions and minimum safety standards b y  all 
a i r  carr iers ,  conducted extensive inspec- 
tions of the company's operations and main- 
tenance prac t ices  and procedures over a 
period of almost a year pr io r  to the accident. 
Numerous improper operational procedures , 
and maintenance practices were found. The 
company did take s o m e  corrective action 
when specific i t e m s  were pointed out. H o w -  
ever,  it was also evident that the company 
management did not make satisfactory 



efforts on their own to improve the overall Probable Cause 
operations and maintenance standards of 
the company, but only corrected those The probable cause of this accident 
items which the Federal Aviation Agency was the lack of command co-ordination and 
pressed. decision, lack of judgment, and lack of 

knowledge of the equipment resulting in loss 
of power in three enginem creating an e m e r -  
gency situation which the c r e w  could not 
handle. 

ICAO Ref: ~ ~ / 6 9 5  
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No. 46 

Northeast Airlines, Inc. , Vickers Viscount, N 6592C and National Airlines, Inc. , 
douglas DC-6B, N 82ZBH, ground collision at Logan International Airport, Boston, 

Massachusetts. 15 November 1861. CivZ Aeronautics Board IU S. A. 1 Aircraft 
Accident Report, File No. 1-0021, released Zl August 1962. 

Circurrls tances 

At approximately 1710 hours eastern 
standard time, 47 minutes after sunset, 
a ground collision occurred between a 
National Airlines DC-6B (Flight 429) 
attempting a take-off on runway 9 and a 
Northeast Airlines Viscount (Flight 120) 
during i ts  landing roll on runway 4R.  
There were n o  serious injuries to the crew 
or the passengers of the DC-6, however, 
four passengers on the Viscount received 
minor cuts and abrasions while deplaning. 
There  was major damage to both aircraft. 

Investigation and Evidence 

Northeast F l i ~ h t  120 

I t  originated at Washington, D, C.and 
i t s  destination was Boston, Massacllusetts 
with an intermediate stop a t  New York, 
N. Y. ft w a r  ~chedu led  to a r r ive  atBoston 
at 171 2 hours. Four  crew members were 
aboard and a number* of passengers. 

Departure from New York for Boston 
at 1615 hours was carried out under visual 
night rules. 

The flight to Boston was normal and 
a t  about 1707 Boston Tower cleared Flight 
120 to land on runway 4R. A t  1708: 41  the 
controller advised the flight as follows: 
"No need to acknowledge, your turnoff i s  
down at runway 33, the central 's (i. e. 
central taxiway) closed. ' '  The co-pilot, 
sitting in the right-hand seat, w a s  f lying 
the aircraft ,  and the captain was operating 
the radio and performing the duties 
generally assigned to the co-pilot. A 
normal landing was made, with touchdown 
at a point about 1 000 f t  past the threshold 
of runway 4 R. 

At approximately 1709: 36 hours, i. e.  
17 minutes af te r  the end of civil twilight, 
while on the landing roll on runway 4R, 
Northeast 120 (the Viscount) and National 
429 (the DC-6D) collided at the intersectiion 
of runways 4R and 9. The speed of the 
Viscount at the time of collision was 
estimated to be 80 kt. A f t e r  the collision 
i t  lurched to the left, Full  right brake, 
rudder,  and aileron were applied, but this 
did not correct the swerve to the left as 
the aircraft  veered through the rutrway 
lights and came to r e s t  approximately 
1 000 ft beyond the runway intersection and 
approximately 90 f t  to the left of runway 4R. 
The aircraft  was damaged ii such a manner 
that the left wing outboard from the No, 1 
engine nacelle and the empennage aft of 
Station 73 I were severed from the aircraft. 
Although fuel pmred from the ruptured 
tanks, there was no fire. 

The Viscount was properly secured 
by the crew except for No, 1 engine which 
could not be shut down. 

A majority of the passengers evacuated 
the aircraf t  through the forward passenger 
door on the left side. About 12 passengers 
deplaned by climbing from the severed 
empennage with the aid of a rope notwith- 
standing the fact that they were  advised by 
the first officer that the forward  door w a s  
available for exit. 

Testimony indicated a lack of concern 
o r  awareness of passengers to a dangerous 
situation. More concern was evidenced 
regarding the recovery of personal effects 
than to the urgency for rapid evacuation of 
the aircraft. Neither urging nor explana- 
tion by c rew m e m b e r s  seemed to convince 
the passengers that an emergency existed. 

c: Not stated in the CAB report. 
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Statements by the crew of the 
Northeast Viscount 

When approaching the outer marker 
the c r e w  overheard the local controller 
clear American 291 for  "immediate take- 
off or  hold runway 9 ,  traffic a mile and a 
quarter on final runway four right". It 
was this clearance which alerted them to 
the fac t  that runway 9 was in use for a i r -  
craf t  taking-off. They stated further that 
they saw American 29 1 taxi into position 
on runway 9 ,  commence its take-off, and 
cross the intersection of runways 9 and 
4R. In addition, they also observed a t  
least two other aircraft ,  one on either side 
of runway 9 in the runup position. Neither 
the captain nor co-pilot of the Viscount 
heard a warning message from the control 
tower nor did they see the DC-6B in time 
to take evasive action. 

National Flight 429 

The DC-6Bqs flight originated at 
Boston. Its destination was Norfolk, 
Virginia with five intermediate stops. I t  
carried a crew of 5 and some* passengers. 
An instrument flight rules flight plan was 
filed for a flight to the N e w  York Inter- 
national Airport. The aircraft 's  scheduled 
departure from Boston was for 1700 hours, 
anb it was to arrive at New Y o r k  at 
1810 hours. 

The aircraft  contacted the Boston 
Ground Controller at 1700:05 hours for 
taxi instructions and was told that runway 9 
was the take-off runway. As i t s  I F R  flight 
plan could not be found, National 429 
proceeded to the south side of runway 9 
where the aircraft  was positioned a t  a 
45-degree angle to the runway for com- 
pletion of the pre-take-off checklist and 
changed to the clearance delivery frequency 
of 121. 7. American 425 and American 
421, previously behind, were cleared to 
take off. 

After receiving i ts  EFR clearance 
National 429 switched to the local control 
frequency of 118.3 Mc/s a t  about 1708: 33 
and requested take-off clearance. Three 

seconds later the Local controller instructed 
the flight to "taxi into position and hold 
runway 9". National 429 acknowledged this 
transmis sion. Believing a take-off clear - 
ance had been received, the captain turned 
on landing lights and manoeuvred the air- 
craft into the take-off position on runway 9 ,  
where he stopped and there transferred 
control of the aircraf t  to the f i r s t  officer 
who commenced the take-off. The collision 
occurred at 1709:36 hours. A t  the time of 
collision the speed of the DC-6B was 
estimated to be 60 kt. The captain took 
over the controls and tried unsuccessfulLy 
to maintain directional control of the air- 
craft. It swerved to the left  and c a m e  to 
rest about 800 f t  beyond the runway inter- 
section and about 150 f t  to the l e f t  of the 
runway. Despite ruptured fuel tanks, there 
was  no fire. 

Although evacuation was for the most 
part orderly, some passengers had to be 
forcibly encouraged to exit the aircraft. 

Statements by the crew of the National DC-6B 

The captain and first officer stated 
that the local controller ' 8  response to their 
request for take-off clearance w a s  "National 
429 cleared for take-off", and that there 
was no doubt in their minds he had cleared 
them for take-off. The flight engineer in 
relating his version of the clearance 
testified that he heard the local controller 
say: "cleared for position and take-off". 
He stated tha t  while he thought the clear- 
ance unusual, the deviation from standard 
phraseology was insufficient to overcome 
the impression he also had that National 
429 was cleared for take-off. The tower 
recording of the clearance, the testimony 
of the local controller, and the co-ordinator, 
all indicate that National 429 was instructed 
to taxi into position and hold runway 9 .  

The captain and f i rs t  officer of Flight 
429 testified that they did not hear any 
warning message from the local controller 
prior to the collision and that they did not 
see the Northeast aircraft  i n  time to take 
evasive action. 

+ Number not stated i n  CAB report. 
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Statements by Ai r  Traffic Control 
personnel 

might have interfered with the control tower 
holding instructions to the DC - 6B. 

Five air traffic control specialists The Board conducted a ser ies  of 
were occupying the various opgrating communication tests to determine the con - 
positions in the Boston Tower a t  the time ditions under which the Boston Tower 
of the collision - a co-ordinator, a local recorder will function, and the effects of 
controller, a ground controller, a clear- simultaneous o r  overlapping transrnis sions 
ance delivery controller and a flight data from the control tower and aircraft  on the 
controller. same frequency. 

During the interval betwe en the 
issuance of holding instructions at approxi- 
mately 1708: 36 and approximately 1709: 32,  
apparently no one in the control tower 
observed the positioning of the DC-6B on 
runway 9 or the attempted take-off. The 
local controller stated that when he first 
observed the DC-6B it was two or three 
seconds before the collision and all he 
could g e t  out over the microphone was 
"check the traffic". The co-ordinator 
stated that when he f i r s t  observed the 
DC-6B rolling down runway  9 he turned to 
the local controller to warn him, but at 
that moment the local controller was 
making the transmission "check the traffic". 

The other three control specialists 
saw only the collision, which occurred 
approximately four seconds after the 
warning message. There were no tower 
transmissions made to either a i r c r a f t  
during this interval. No attempt was made 
to warn  the Viscount. 

Other aircraft  in the area at 
the time of the accident 

Simulating as nearly a s  possible the 
conditions existing at the time of collision, 
a National DC-6B aircraft  was placed in the 
same position a s  that occupied by National's 
Flight 429 on the south side of runway 9 and 
an Allegheny Airlines Convair 440 was 
placed in the same position as that occupied 
by Allegheny 307 on the north side of run- 
way 9. 

It was determined that when the main 
tower transmitter was  in u s e ,  a transrnis- 
sion from the Allegheny aircraft  made 
simultaneously with a control tower trans- 
mil sion produced a sharp squeal in the 
receiver of the National aircraft ,  and that 
when the tower microphone was  keyed, no 
transrnis sions except the controller ' s  w e r e  
received and recorded i n  the control tower. 
However, when the tower standby trans- 
mitter w a s  in use, transmissions from the 
Allegheny aircraf t  blocked the control 
tower's simultaneous transmissions but 
were received in the National aircraft .  
When the tower microphone w a s  keyed, no 
transmissions except the controller's were 
received and recorded in the tower. 

Another aircraft, Allegheny Flight Control tower maintenance personnel 
307, was  holding on the north side of were interrogated, and it was determined 
runway 9 when the DC-6B started to take that, to the best  of their recollection, the 
off. Flight 307 m a d e  two transmissions main transmitter was in u s e  at the time of 
to the Boston Tower (on 118. 3 M c / s )  the accident. However, i t  is possible that 
indicating that i t  was ready for take-off. the standby transmitter might have been 
The f i r s t  transmission was made a t  approx- operated a t  intermittent periods during 
imately the s a m e  time that the local con- that day without  the tower logs reflecting 
troller issued instructions to the DC-6B to i ts  use. 
taxi  into position and hold. The local 
controller did not acknowledge the f i r s t  A study was also m a d e  of thephrase- 
transmission nor was i t  recorded on the ology used in the tower transmission 
tower tape. This raised the possibility coupled with 'a  possible omission of certain 
that a transmission from Allegheny 307 words therein and the substitution of any 
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and a l l  of  Alleg!iany 307's transmissior~s. 
However, an a ~ ~ l y s i s  of the resrllts ied to 
the conclusion that the compos i te  me s sage, 
a s  possibly heard by the c r e w  of the 
DC-6B, could not have been misconritrued 
as a clearance for take-off. Thus, neither 
the testimony of the c r e w  of the DC-6B nor 
the results of the tests overcome a p i e -  
ponderance of the evidence which indicates 
that the DC-6B was given a holding c lear-  
ance instead of a clearance far take-c~ff.  

I t  was estimated that the crew the 
DC-6B,  a f t e r  positioning the aircraft for 
take-off ,  had alrprox~rnately 850 ft  of run- 
way available f,,r acce lerat ion  prior to the 
point at which the collision occurred. The 
time for an aircraft of this type to acceler- 
ate to approximately 50 k t  in 850 f t  i s  
computed to be apprbximately 1 3  aeconds. 

The local controller Is  warning to 
check the traffic was transmitted approxi- 

" - 
mately nine seconds after the take-off 
roll had begun and approximately four 
seconds before the collision. In the absence 
of regulatory or procedural requirements, 
i t  cannot be determined with certainty at 
what point in time within the 13 seronds 
the local controller should have clulr.cted 
the failure of the DC-bB to comply with 
holding instructions. However, two facts  
are evident. There were both detection 
and warning within nine seconrls after the 
DC-6B commenced i t s  take-off. Whether 
the warning given by the local controller 
was sufficient to discharge his duty to  
prevent collision requires further examina- 
tion. The control tower recording tape 

indicates that the warning message was 
not addressed to the DC-6B or to the 
Viscount .  At  the time of transmission 
both were  in dangerous positions. Although 
the local controller stated that he directed 
the warning massage to the DC-6B,  the 
crew of that aircraft and the Viscount 
testified that they heard no warning. This 
testimony is gf ven credence by the fact that 
the warning message did not identify the 
addressee. The crews of both aircraft  
would nor rnally be alerted to danger only 
by a warning which was specifically directed 
to them,. Since the warning message was 
not d irec ted  to anyone, i t  is considered to 
have been deficient in that respect. 

Probable Cause 

This  ground collision occurred as the 
result of commencement of take-off by the 
DC-6B without clearance. 

Contributing factors w e r e  the failure 
of tower personnel to provide adequate 
surveillance of the active runways and to 
issue an appropriate warning me ssa5e to 
the pilot of the DC-6LI alerting Iiilll to the  
impending traffic conflic t i .~n. 

A s  a r e s u l t  of thi3 accident theRoard 
recommended to the F e d e r a l  Aviation 
Agency that consideration be given to 
requiring that all re stricttve clearances 
or instructions issued by air traffTc cont ro l  
be acknowledged by pilot repetition. 

ICAO Ref:  AR/721 
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No. 47 

Indian Airlines Coraoration. Vickers Viscount Series 76813- V T - D M .  accident at 
A - . .. . - - , - -- -- - , - - - -  - - - - -  

Colombo Airport, Ratmalana, Ceylon, 15 November 1961. Report released by 
The Director of Civil Aviation, Ceylon. 

Circumstances 

During the landing at Ratmalana 
Airport, Ceylon following a scheduled 
flight from Madras, India, the aircraft 
touched down about one third down the 
runway and swerved off to  the left with 
its wheels in the "up1' position. The air- 
craft was sub stantially damaged. None 
of the 6 crew m e m b e r s  or 36 passengers 
aboard was injured. The accident took 
d a c e  at 0851 hours GMT. 

Investigation and Evidence 

Aircraft Information 

VT-DIEI1s certificate of airworth- 
iness  was valid until 31 October 1962. It 
had been maintained in accordance with 
the approved inspection schedule, and no 
abnormal repairs or replacements were 
carried out since the last major (Check IV) 
inspection of 31 August 1961. Since that 
time it had flown 780 hours and made 
2 6 3 landings. 

At departure from Madras i ts  gross 
weight, 58 190 lb,  was well under the max- 
imum permissible of 6 3  000 lb. Its  land- 
ing weight at Ratrnalana was about 53 100 1b. 
The centre of gravity was within the limits 
specified for take-off and landing. 

The Crew 

It was made up of the pilot-in- 
c omrnand and co-pilot (both captains with 
considerable experience), a radio officer, 
a supernumerary maintenance engineer 
and two air hostesses. 

The flight times, in brief, of the 
pilot and co-pilot are as f o l l o ~ s :  

pilot co-pilot 

on single and 
mu1 ti -engined 
aircraft 11 942:40 hr 11 184:55 hr 

on instruments 492:lO 8 17 

Both pilot and co-pilot held valid 
'lBtl licences. The former had no previous 
accident record, however, the latter was 
involved in an accident to  a DC-4 aircraft 
at Madras Airport in September 1958 
following which he was trained in emerg- 
enc y op6ration s. 

- 

Weather Situation - General 

It was clear up to 0700 hours but had 
become cloudy by 0800. Half an hour later 
there was a thunderstorm and a 5M (Danger 
Met) was originated as the visibility decreased 
to 1 300 yd, which was below the minimum 
of 2 miles specified by the international 
standards for issuing a 5M and also below 
the Indian Airlines Corporationt s minima 
of one mile visibility and 500 ft cloud base 
for landing Viscount aircraft by day at 
Ratmalana. The first record of improved 
visibility was given in the 1000-hour Aero, 
which recorded a visibility of 5 miles. 
However, according to the meteorological 
observer on duty, the improvement in visi- 
bility did not last long enough to warrant 
issuing a 5B until 1130 hours when t h e  first 
improvement Met 5B was issued. The 5M 
originated by the meteorological office at 
0830 hours cmld not, however, be passed 
on to the aircraft a s  the message was r e -  

,,*led by the air traffic control officer at 
the tower at 0904, i. e. aho~bt 13 minutes 
after the acciderd o c c u r ~ e d .  



264 ICAO Circular 69-AN/bl 

Weather picture - special observation - The Flight 
at the time of the accident (085 1 hours) 

The flight originated at Madras at 
W i d  : light/variable, according to 0704 hours and waa uneventful up to the 

the anemograph the wind was 
about 2 kt varying from nor- 
therly to easterly. 

Visibility : 1 mile over the northeast end 
of  the runway and 1 - 2 miles 
over the southwe s t  end of the 
runway. 

Weather : moderate thundershower. 

Cloud : 3/8 Cb base 1 500 ft; 7/8 As 
base 9 000 ft; 4/8 St base 600 ft. 

Dry bulb : 79, Q ~ F  

Wet bulb : 74. 6'~ 

Pressure : 1008. 3 rnb (station level) 

Additional information provided 
stated that the tbunder~hower increased in 
intensity immediately after the landin and 
visibility temporarily decreased to 1 7 2 
mi le  or  less. The thundershower gradual- 
ly decreased in intensity and by 1500 hours 
(Ceylon standard time) there was a drizzle 
with visibility about 4 - 6  miles.  

Therefore, visibility at the time of 
landing was marginal but met the minima 
requirements of one mile over the south- 
welt  end of the runway, though the 5M for 
visibility was still in exiatenct. 

At 0845 (i. e .  six minutes before the 
accident) the aircraft was advised by air 
traffic control that the weather at the air- 
port was improving. An entry in the log- 
book at this time indicates that visibility, 
as received from air traffic control, was 
one mile. According to the air traffic 
control officer, this improved candition 
exieted until the aircraft landed. Both the 
pilot and co-pilot stated that the runway 
was visibIe when they were about 3 miles 
from RatmaIana, and they decided to make 
a VFX landing. 

time of its arrival over ~atmalana .  

While en route it had received, at 
0802, the 0700 hour weather report for Rat- 
rnalana, The aircraft at about this time 
was flying at flight level 16. The 0800 con- 
ditions at Ratmalana w e r e  also passed on 
to  the flight at 0832 hours. They were as 
follows: "wind 2B0/05; visibility I 3  miles; 
clouds 2 Cb 1 600 and 3 As 800. " VT-DIH 
then changed over  to Approach Control on 
119 .7  Mc/s ,  and when the aircraft reported 
to the control tower shortly thereafter it was  
told of heavy rain and 1/2 mile visibility. 

It reported pas sing Katunayake , as 
requested, and was cleared to descend to 
circuit altitude (800 ft) for Ratmalana as 
the weather there was improving. Visibility 
was 1 mile, cloud 5/8 St 800 ft and QNH 
29.80. At 0848 the flight reported passing 
Colombo City (8 to 10 miles from Ratmalana) 
and was cleared to report downwind for run- 
way 04. There was slight ra in ,  and the 
runway surface w a s  wet. Soon after it r e -  
ported "runway in sight1* it was cleared at 
0850 to land on runway 22.  The surface 
wind at this time was  calm. The pilot re- 
ported the aircraft's undercarriage "down 
and lockedM. 

The aircraft was seen approaching 
hi her than usual and touched down about 
183 of the way down the runway. Immediate- 
ly  following the engines were heard to open 
up. The aircraft flew parallel to the run- 
way, in a slight tail-down attitude, with its 
propellers striking the surface, finally land- 
ing on its belly after swerving to the left at 
an angle of about 30° and crossing the bound- 
aTy fence, 

Accident site - aeneral observations 

The first t013.chdown point, a s  estimat- 
e d  by the air traffic control officer on duty 
and the assistant rrletsorological officer, 
who were watching t he  aircraft when it lard- 
e d ,  was between 2 000 tlnd 2 4130 f t  from the 
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beginning of runway 22. The crew mem- 
bers agreed with this estimate. 

The first visible marks  on the run- 
way w e r e  those of NO. 3 propeller cutting 
the ground followed by those of No. 4 pro- 
peller. 2 902 and 2 942 ft respectively 
from the beginning of the runway. A little 
ahead was a straight dragging mark of the 
starboard nacelle door. There were no 
wheel marks before or after the propeller 
marks. 

It was lowered by the emergency hand pump 
after moving the landing gear selector valve 
in the hydrauf ic cupboard t o  down position. 
and it was found that the undercarriage came 
down eaeily and locked properly. Examina- 
tion of the under carriage proper did not re- 
veal any defect that could have caused i ts  
collap se while  landing. 

Statements of Crew Member B 

The Pilot 

The  next marka were thoee of the 
port propeller of No. 2 engine, 3 179 ft 
from the beginning of the runway. A little 
ahead ware the straight dragging marks of 
the port nacelle door and the nose wheel 
doors. Again there wa8 no evidence of 
either the port wheel or the nose wheel 
mark prior to the marks left by the wheel 
doors. A11 these marks then disappeared 
for about 538 ft after which the propeller 
marks appeared again, first on the port 
side a d  then on the starboard ~ i d e ,  The 
distance between the propeller  cut^ was in 
the beginning about 2 ft 6 inches to 2 ft 8 
inches ,  and the cuts were at right angles 
to the direction of landing. These marks 
faintly became parallel to the path of the 
a i rc ra f t  which indicated that the propellers 
had stopped rotating. Pieces of propeller 
along with those of fuel tank breather, 
aerial mast, e t c ,  were also found in this 
a rea ,  indicating that the fuselage and nacel- 
les started touching the ground a s  the pro- 
pellers lost their speed and started 
dragging along, From this point onwards 
the aircraf t  had continued on i t s  belly leav- 
ing a clear t ra i l  over the side strip through 
the fencing and acroas the road. 

Wreckage examination 

"A little after passing Colombo Ci ty ,  
about 3 miles from Ratmalana , there was 
slight rain, and having sighted the runway, 
I decided to make a VFR landing. I joined 
the right base leg in the usual manner and 
while  coming in to align on runway 22 I 
found I had overshot slightly to the right 
before reaching the threshold, I made cor- 
rections and came over on the middle of the 
runway. Over the threshold 1 was slightly 
higher than normal, but I had aligned myself 
perfectly". 

'(While I was turning on finals, I asked 
for 68%  flap^ from my co-pilot and then 8570 
flaps, When I directly aligned myself I 
throttled back and asked for landing flaps 
(100%). The CO-pilot complied with my 
orders. While I w a s  aligning myself on run- 
way 2 2 ,  my co-pilot said: 'You can't make 
it captaint. I said: 'Don't worry I can make 
it1. Then I closed the throttles fully, and 
got full landing flaps, As the aircraft was 
slightly high, I pushed the stick forward and 
when I was almost touching down, l eased 
the stick back to do a smooth landing, Dur - 
ing this process the aircraft floated slightly 
and landed a little farther down the runway 
than usual, which in my opinion at that 
time may have been about I. 500 Str1. 

The aircraft  sustained extensive dam- 
age  to its airframe and engines. 

On jacking up the air craft it was 
observed that the undercarriage was 
retracted and locked in the "up" position. 
The main undercarriage hydraulic system 
could not be worked due to the breakage of 
the nose gear steering shut-off valve line. 

"During the process of landing, I 
touched down and the aircraft bounced 
slightly. At this moment X found that the 
throttles were fully opened without m y  in- 
structions, and as I was confident of doing 
a safe landing, I throttled hack again immcd- 
iately. As I pulled the throttles back, I 
heard the landing gear warning horn sound- 
ing,  Evidently, the undercarriage had also 
been selected 'up1 without my knowledget1. 
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"I promptly opened the throttles 
again and found the propellers hitting the 
ground and the aircraft sinking. There- 
fore, I immediately closed the throttles 
again. The aircraft at this time had start- 
ed veering off the runway to the left in 
spite of my efforts to make the aircraft 
straight ". 

The pilot stated that the ai rcraf t  had 
functioned satisfactorily throughout the 
flight, and he had considered the weather 
"all right for landingt1, No instructions 
had been given by him to his co-pilot to 
operate the throttles or to re t rac t  the 
undercarriage at any stage during the 
landing and indicated that the co-pilot had 
done so on his own initiative, 

The Co-pilot 

He frankly admitted that he opened 
the throttlee and retracted the under- 
carriage at the time of landing. Explain- 
ing why he acted in this manner, he stated: 
"The aircraft slightly overshot on the turn 
and the captain corrected the turn and tried 
to align himself on the runway. In so 
doing. the aircraft slightly shifted to the 
right again, but before this,  I informed the 
captain that he could not make it and that 
he should go round, the reason being that 
he was on the higher side than normal 
though away from the threshold. Thie 
would mean that a steeper approach would 
have had to be made, and the epeed of the 
aircraft would thereby increase. The cap- 
tain replied that he could make it. The 
captain then aligned himself with  the run- 
way and having closed the throttles asked 
me for full landing flaps, which was ear - 
ried out accordingly by me. At this point 
the aircraft was jus t  before the tlireahold, 
the height being about 7 0  to 100 ft.  As 
anticipated by me, the aircraft  continued 
 it^ steeper than normal approach with the 
speed also higher than normal and touched 
down approximately in front of the control 
tower on the runway. When it touched 
down there was a ballooning effect, and E 
immediately applied full power and 

inadvertently my hand went to the under- 
carriage selector, which I selected 'up1, 
A s  I was about to select flaps to 43$, the 
captain closed the throttles, and it was far 
too late for me to do or say anything, When 
I opened the throttles the a i rc ra f t  became 
airborne. '#hen the throttles were closed, 
the aircraft  started sinking". 

Analysis 

It was confirmed that the aircra'ft first  
touched down on its main wheels about 2 000 
to 2 400 ft from the beginning of the runway, 
Subsequent markings indicated the propel- 
lers w e r e  next to contact the ground while 
the undercarriage was retracting and the 
nacelle doore were closing during the bounce 
after first touchdown. The path of the a i r -  
craft, a s  seen by the ground marks, made 
it clear that the aircraf t  was properly align- 
ed with the runway even though the aircraft 
did not touch down at the beginning of the 
runway. 

After carrying out the final check 
prior to landing the pilot reported to  the 
control tower that the undercarriage was  
'down' and locked. N o  emergency of any 
kind had been reported by him. The state- 
ments of the pi16t and ~ o - ~ i ~ o t  showed that  
the undercarriage was re t rac ted by the co- 
pilot by operating the landing gear melector 
switch just after touchdown. The position 
of the undercarriage selector. which was 
found i n  the 'downf position at the time of 
the wreckage examination, i a  explained 
when he said: "1 put it down once again 
hoping against hope that the aircraft  might 
come on its wheels and thereby be more 
effectively controlledit. This was,  of course, 
too late as the aircraft was already travel- 
ling on its belly. 

The sequence of operations carried 
out by the pilot and co-pilot during landing . 
indicates lack of co-ordination. The pilot 
was  confident that he could make a st iccess-  
ful landing, while the co-pilot interfered 
with the contr 31s and initiated an over shoot 
action without any instructions from the 



ICAO Circular 6 9 - ~ ~ / 6  1 267 

captain. The factors prompting the co- 
pilot to do so were: 

a) high approach and faster touch- 
down speed than normal; 

b) delay in touchdown; and 

c )  ballooning effect felt by him on 
touchdown. 

Under the ambient conditions of a 
tempzrature of 27OC, tailwind 2 kt and an 
uphill gradient of 0. 3%, the landing dis - 
tance required from a height of 50 ft to 
stop the aircraft  when i t s  weight is 53 100 
Ib as estimated at time of landing is about 
2 800 f t  according to the f l i ~ h t  manual of 
the aircraft.  he wet runway increases 
this figure by 1570 i. e. to 3 220 ft, A ~ s u m -  
ing the touchdown speed to be about 5% 
higher in this case, the landing distance 
would be further increased by about 105, 
thus bringing the estimated landing distance 
to about 3 540 ft from 50 ft height. The 
aircraft touched down about 2 200 ft from 
the beginning of the runway which is 6 013 
ft long, 168 f t  wide and has 400 ft of stop- 
way made of gravel, The length available 
after the aircraft  had touched doum was 
thus sufficient to bring the aircraft  to a 
safe stop, The above calculation supports 
the decision of the pilot to continue the 
landing in spite of his high approach and 
fast touchdown, 

The final stages of the landing (as 
reconstructed) w e r e  - 

- higher than normal approach; 

- the landing was continued. The 
pilot, cornpenrating for the exces  - 
sive height, puahed the stick for- 
ward and f lared out for touchdown; 

- touchdown about 2 200 ft from the 
beginning of the runway at a higher 
than normal speed; 

- on touching down the aircraft bal- 
looned slightly. The co-pilot 
opened the throttles and retracted 
the undercarriage; 

- subsequent action by the pilot, i. e. 
closing the throttles and poa sibly 
extending the landing gear, was too 
late to avoid the accident. 

Probable Cause 

The co-pilot interfered with the con- 
trols ,  and initiated over shoot action without 
any instructions from the captain, by open- 
ing the throttles and retracting the under- 
carriage at the critical stage of landing just 
after touchdown, The action of the co-pilot, 
however wel l  -meant, was both unauthorized 
and unwarranted. 

Recommendations 

Dia semination of meteorological 
infor mation 

The general weather conditions after 
0800 on the day of the accident were  poor. 
There was a thunderstorm at 0830 hours 
when the v i~ ib i l i ty  was reduced to 1 300 yd 
and a 5M was iesued,  During the existence 
of 5M, which lasted up to 1130 hours, the 
weather had sometimes improved temporar- 
ily. According to the meteorological office 's 
observation, at  the  time of the landing, visi- 
bility was "1 mile over  the northeast end  of 
the runway and 1 to 2 miles over the south- 
we s t  end of the runway" and furthex infor - 
mation available read "thunder shower 
increased in in ten~i ty  immediately after 
landing and visibility temporarily decreased 
to half mile or l e s s t1 .  Although it can be 
said that visibility at the time of landing met 
the IAC minima of one mile, the fact 
remains that a 5M listing the visibility a s  
1 300 yd, which is below the IAC minima, 
was current at the time, and this warn not 
passed to the aircraft  becauae of delay in 
relaying the information to air traffic con- 
trol. In the absence of any operational con- 
trol by LAC at Ratmatana, it was the 
responsibility of the pilot to exercise opera- 
tional control, and he m a y  have decided to 
hold or divert if this information had been 
received by him. 

According to the pilots, the visibility 
at the time of the approach to land was about 
3 miles. However, the slant visibility has  
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no relationship to  the horizontal surface 
visibility. This accounts for the wide 
divergence between the estimates of visi- 
bility as given by the pilot and by the mete- 
orological authorities. 

The procedure of handling the 5M 
messages and for informing the incoming 
aircraft of the latest position regarding the 
weather thus Beems to  be unsatisfactory. 
It is, therefore, necessary that the delay 
in handling 5M and 5B rnessageB should be 
cut down and more expeditious methods 
adopted immediately, 

Automatic recording of R/T 
messages 

During the investigation it also came 
to light that there is no method of recording 
the air -ground conversations in the tower, 
and the way in which the logbook is main- 
tained gives scanty information regarding 
the same, The importance of providing a 
means of recording the R/T messages in 
accordance with modern standards of .aero- 
nautical practice cannot be overstresaed. 

it i s ,  therefore, recommended that 
the tower should be provided with suitable 
equipment as early as possible. 

ICAO R e f :  A ~ / 7 0 6  
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Viscount 768D, VT-DIW 
15/11/61 

F I G U R E  2 4  
FINAL POSITION OF AIRCRAFT AFTER THE ACCIDENT 
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No. 48 

Bay of Plenty Airways Ltd. , Aero Commander 680S, ZK-BWA, 
accident on Mount Ruapehu, New Zealand, 21 November 1961. 
Report No. 25/ 3/1192 dated 14 February 1962, released by the e 

Circumstances 

At 1117 hours Flight 92 departed 
Wellington Airport on a scheduled flight to 
Rotorua. The flight cleared Wellington 
Control Zone and later reported its posi- 
don at Foxton and cart of Ohakea, No 
further messages ware received from the 
aircraft, and no distress call5 were heard, 

A t  1155 hours the aircraft was 
sighted over the northeast slopes of Mount 
Ruapehu. A few aeconds later the star- 
board wing, complete with engine, separated 
from the fuselage, As the rest of the 
structure plunged towards the ground an 
explosion occurred, and the fuselage burst 
into flames. The aireraft crashed on the 
face of the mountain, and the pilot and five 
pasnengers died instantly. 

The accident occurred at an altitude 
of 7 300 f t  amsl, 1 276 yd from Te Heu 
Heu Peak. 

Investiaation and Evidence 

The Aircraft 

I t  war registered h New Zealand in 
September 1958. The aircraft had been 
inspected by the Airworthins s a Division 
of the Civil Aviation Administration and 
was issued a temporary Certificate of 
Airworthiness, which was fully validated 
on 30 January 1959, The Caxtificatc of 
Airworthiness was valid at the time of the 
accident. 

While flying the aixcraft in the 
U. S. A. the captain had subjected i t  to an 
extremely heavy landing which necessitated 
structural repairs before the aircraft 
could again be flown, 

Throughout i t s  life in New Zealand 
the aircraft was maintained in accordance 
with the manufacturer's maintenance 
schedule and appropriate in speetion checks 
were undertaken at the prescribed periods. 
The most recent annual inspection and a 
prescribed 5 000 - hour structural cheek 
was begun on 2 3  September 1961 and 
completed on 1 October, 

At the time of the accident the air- 
craft had flown a total of 5 040 hours since 
new and 303 hours since its last  complete 
overhaul. It had accumulated 4 0 7 3  hours 
while in service with Bay of Plenty Air- 
ways. The number of landings it made 
when used by its original owner could not 
be determined, but the great majority of 
them ware made on paved runways.  he 
number of landings made by ZK-BWA in 
New Zealand was estimated as approxi- 
mately 11 440, of which 70% were  on Eraas 
airfields, the remainder on paved airport 
runways. 

The Pilot 

By January 196 1, when the pilot last 
renewed his commercial pilot 'a licence, 
his flying time had reached a total of 
3 618 hours and, although it was not pos- 
sible to  obtain precise figures, it  is 
probable that at the time of his death that 
total had increased to some 4 300, of which 
about 3 000 hours had been accumulated on 
the Aero Commander aircraft involved in 
the accident. 

Weather 

Visibility was unlimited over the 
entire route between W ellington and 
Mount Ruapehu, The sky was clear with 
no trace of cloud at any level t.1 the 



Ruapehu area. The wind direction xva ;i 
1:)0° true and its velocity wa.: s t i ~ r ~ x t e c l  
as 36 rnph over  the route, 

Pilots of aircraft which entered the 
Mount Ruapehu area within an hour of the 
occurrence of the accident reported that, 
approaching the mountain from the south, 
they experienced generally smooth con- 
ditions. O n  the lee side of i t ,  however, 
extremely violent turbulence of sufficient 
intensity to deter them from approaching 
c lose  to the rrrountain face was en-  
countered. 

Eyewitnesses 

The most significant feature of the 
evidence of eyewitnesses was the unani- 
mous claim that they had seen the star- 
board wing, complete with engine, break 
away from the rest of the structure while 
the aircraft was in flight. Subsequent 
investigation confirmed that this did, in 
fact, happen. 

Discussion of factors which may have 
contributed to the failure of the starboard * 

a) turbulence; 

b) a structural defect; 

c )  the poe sibility that the aircraft 
had struck the mountain and 
sustained damage which led to 
complete failure of the wing; 

d )  a combination of these or 
similar circumstances. 

a) Turbulence 

It was calculated that the Aero Com- 
mander had achieved an overall ground 
speed of  2 4 3  rnph during its flight from 
Wellington to Mount Ruapehu. 

Bay of Plenty Airways customarily 
f lew the aircraft at power settinge recom- 
mended by the manufacturers and if the 
captain had done so on his last flight - 

itnd there w a s  no reason to suggest that he 
had done otherwise - a true airspeed of 
207 rnph at a cruising altitude of 9 000 f t  had 
been maintained, 

Under those circumstances an average 
tailwind of 36 rnph had been experienced 
over the route. 

The effects of a strong wind blowing 
across a mountain barrier are well known. 
First,  strong updraughts on the windward 
side are created a s  the wind is forced 
upward by the rising slope of the mountain. 
These updraughts are in turn converted 
into strong downdraughts of a very turbulent 
character on the lee side after the wind 
has swept across the summit. The effects 
of turbulence created by the general flow 
pattern of strong winds are known to extend 
vertically upward, in many cases ,  to heights 
a s  great as twice the height of the particular 
mountain. Even in moderate winds of, for 
example, 25 mph velocity, these effects 
are commonly present at heights of 2 000 - 
3 000 ft above the crest. 

The turbulence over Mount Ruapehu 
conforms to this general pattern but f u r t h e r  
interruptions in the air flow are provided 
by the presence of subsidiary peaks and 
the creater lake depression on what amounts 
to a relatively broad summit area. It i s  
obvious, therefore, that subsidiary up- 
draughts and downdraughts are created by 
winds sweeping over the summit region 
itself. The result is an area of extremely 
turbulent and unstable air immediately 
above the mountain. 

An aircraft crossing the mountain 
from the windward side and in close 
proximity to the face would therefore 
encounter a strong updraught initially 
followed immediately by a severe down- 
draught as the windward crest w a s  crossed, 
It would then encounter strong turbulence 
across the summit area in the lee of the 
subsidiary peaks and over the crater lake 
and finally experience severe dawndraughts 
and violent turbulence on emerging over 
the far crest and reaching the lee side. 
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e&sted, at least over the lee slopes of 
Mount Ruapehu when ZK-BWA was in the 
area, was clearly established. 

Because of this eqerience and 
familiarity with the route the pilot certainly 
expected turbulence in the Mount Ruapehu 
area on the morning of the accident. H e  
must have realized from the groundspeed 
he had achieved between Wellington and 
the mountain that a strong wind w a s  blowing. 
Although the absence of cloud over Mount 
Ruapehu precluded his  being able to judge, 
visually by reference to swirling cloud 
masees, the amount of turbulence present 
or the areas in which it was most heavily 
concentrated, a pilot of his experience 
ought to know that clear air turbulence can 
and does ex is t .  

The Aero Commander first appeared 
at a low altitude from a direction indicating 
that it  had, a few moments before, flown 
across the crater lake which Lies on the 
summit and w a s  now flying on course in 
the general direction of Mount N gauruhoe. 
Such a track would bring it  into the imme- 
diate l ee  of the mountain where in view of 
its comparatively low altitude i t  must 
have been buffeted by a very marked 
degree of turbulence. Just before in-flight 
disintegration occurred a number of wit- 
nesses had seen the nose of the aircraft 
drop and then rise again - a movement 
that might well have resulted from turbu- 
lence. 

Structural defect 

Separation of the starboard wing had 
occurred at Station 24 and a preliminary 
examination of the structure, with particu- 
lar reference to the fractures of all spar 
caps, was made at the wreckage site. I t  
revealed that: 

i) The front (main) spar upper cap 
had fractured as  a result of a 
considerable movement upward 
and also a a rearward movement 
of the whole wing; 

ii) The front (main) spar lower cap 
had a fatigue crack on one-half 
of its cross-section; 

iii) The rear spar upper cap had a 
tensile-type fracture, and a 
portion of  it appeared to be of 
some age; 

iv) The rear spar lower cap had a 
tensile-type fracture which 
appeared of considerable age. 

Metallurgical t e s t s  and microscopic 
examination of the spar cap fractures w e r e  
then carried out independently by the DSIR 
{Department of Scientific and Industrial 
Research) in New Zealand and by the 
ALCOA Research Labrator ies  of the 
Aluminum Company of America. The 
results follow. 

The f raetured portion of the rear 
spar upper cap w a s  a tensile failure, and 
traces of corrosion were found. Tt happened 
well before the day of the accident. 

The fracture of the rear spar lower 
cap resulted from static tension. The 
surface of  the fracture w a s  covered with a 
dark oily film which was  also present on 
the surface of the spar cap. The appearance 
of the oily film determined with certainty 
the sequence of spar cap failure . . . i. e, 
the rear spar lower cap failed before the 
front spar lower  cap. I t  couldnot be 
determined how long ago failure of the 
rear spar lower cap occurred, but i t  had 
the appearance of being a considerably 
old one. 

A study of the history of the aircraft 
was then undertaken to see whether some 
particular event could have produced 
fractures which had undoubtedly resulted 
from a single seve re shock load, 

Incidents involving the aircraft while 
in the hands of i t s  first owner could not be 
determined. There were no records to 
show that it  had ever been involved in an 
accident necessitating structural repair 
thereafter. 
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The aircraft ,  while being flown by 
the subject pilot, had made an extremely 
heavy landing a t  Tuelakes Airport, 
Oklahoma City (U. S .  A. 1 on 26 Septemkr 
1958, and an extensive repair was carried 
out i n  the United States. Of particular 
interest were  repairs made to the star- 
board wing which included the following: 

i) the centre fuel cells were removed 
to facilitate an  internal inspection 
of the wing structure. 

ii) a repair  was made to the rear 
spar of the starboard wing in 
the region of the engine nacelle. 

iii) doubler plates, in the form of a 
reinforcement to the skin of t h e  
lower surface of the starboard 
wing between Stations 36 and 48 
at the rear  spar, were installed. 

iv) the starboard inboard aft fuel 
cell support was repaired. 

Twelve  incidents were aIso brought to 
light, which may have contributed to some 
weakening of the a i rcraf t  structure. 

Payload 

In the course of the investigation the 
impression was formed that the aircraft 
had been overloaded beyond the maximum 
permissible all-up weight shown in the 
Certificate of Airworthiness. 

Examination of the company's load 
sheets showed that the aircraft  had, in 
fact, been frequently overloaded. Contrary 
to the requirements of the Civil Aviation 
Regulations, the vast majority of the load 
sheets were  incomplete and unsigned. I t  
would appear,  however, that after National 
Ai rways  Corporation acqu i r ed  an interest 
in Bay of Plenty Airways, loading of the 
aircraft  was kept  within limits. 

The all-up weigh t  of the aircraft on 
the fatal flight was within l imits,  and the 
partially completed load sheet had been 
signed by the pilot. The load sheets for 

the three previous flights that day were,  
however , incomplete and unsigned. 

Persistent overloading could have 
had a cumulative detrimental effect on an  
already weakened structure, particularly 
when the aircraft  was being operated from 
rough grassed surfaces. 

It was shown that structural defects 
had existed in the rear  spar caps of the 
starboard wing prior to the accident. 
Arrangements w e r e  made to have an in -  
dependent check  made of another Aero 
Commander 680s aircraft abroad, A s  a 
result, advice was received that the 
particular spar areas in question were 
buried in the wing structure and were not 
capable of visual inspection. T h i s  explained 
why the defects were  not detected. 

A 5 000 hour structural check was 
carried out on the aircraft in September 
196 1 and was a particularly coznprehensive 
one. Inspection panels were a feature of 
the Aero Commander 's design, and although 
in this type of aircraft i t  is possible  to see 
a portion of the rear  spar lower cap, that 
portion of the component where fracture 
occurred could not  be seen. 

The only method by means of which 
the crack might have been detected would 
have been by X-ray examination. The 
successful operation of over 1 100 Aero 
Commander aircraft  has shown no nece s sity 
for making such X-ray inspections necessary 
o r  mandatory. The New Zealand accident 
was the first  in which structural failure in 
flight of an Aero Commander had ever 
occurred. 

Of the incidents and circumstances 
discussed, the heavy landing made in the 
United States in 1958 appeared to be the 
most IikeIy cause of complete failure of 
the rear  spar lower cap and partial fracture 
of the upper cap. There can be no certainty 
about this, however. Individually, the 
incidents r epo r t ed  in New Zealand would 
be unlikely to result in any serious defect, 
but taken collectively they could wel l  have 
had a cumulative adverse effect upon a 
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structure already weakened by failure of 
a major component. 

In brief, in respect of structural 
defects, it was concluded that after the 
aircraft  w a s  purchased by Bay of Plenty 
Airways and prior to i t s  last flight, the 
following occurred due to pilot mishandling: 

i) A complete tensile-type fracture 
of the rear  spar lower cap had 
taken place. 

ii) A tensile-type failure of par t  of 
the rear spar upper cap had 
occurred. 

iii) The starboard wing structure was 
thereby weakened and additional 
loading was transmitted to the 
front spar structure. 

iv) Resultant therefrom, a fatigue 
crack was initiated in the front 
spar lower cap. 

v) A series of incidents which 
occurred while the a i rcraf t  w a s  
being flown in N e w  Zealand, 
aggravated the already weakened 
structure of the starboard wing. 

c) Mountain strike 

An examination of the wreckage 
revealed that a t  some time during the 
last flight of the aircraft the main landing 
gear had been extended so violently that 
fracture of the lower a r m  of the drag 
brace on each side had occurred. From 
diticussions with representatives of Aero 
Commander Inc. i t  was learned that a 
gust loading of something like 6g could 
result  in the gear being forcibly ejected 
from the retract  wells .  There were three 
arguments against the possibility that a 
6g loading had occurred. I t  was,  there- 
fore, concluded that the most likely cause 
of the fracture of the drag brace arms of 
the main landing gear was loss  of hydraulic 
pressure after wing separation, and this 
resulted in the gear being hurled out of 
i t s  respective retract wells while the star- 
board wing and the rest of the structure were 
falling independently to earth. 

Since it appeared udikely that a com- 
bination of severe turbulence and of fractured 
rear spar caps had caused the starboard 
wing to part  from the main structure, the 
possibility that a third factor might be 
involved arose. All witnesses who had seen 
the aircraft  just prior  to disintegration had 
commented on the unusual sound of the 
engines. Because the noise heard by one 
witness lacked the usual "high-pitched 
bark", one possibility that suggested itself 
was a loss af power. The report of ,another 
that the engines were making a "chugging" 
sound could imply a similar cause. Another 
person mentioned "a thrashing noise like 
the rotor blades of a helicopter in flight". 
This recalled the statement made by a 
witness to an accident involving a s imilar  
type of aircraf t  overseas in which it w a s  
known that a n  in-flight propeller strike had 
occurred. This focussed attention on the 
propeller blades. 

There w a s  one very  significant fact. 
All three propeller blade tips bore a typical 
and exactly similar curvature, and all 
carried multiple strike damage and mutila- 
tion indicative of a presence of considerable 
engine power when that damage was in- 
flicted. It is necessary to consider whether 
a l l  that damage could have occurred when 
the detached starboard wing, complete with  
engine and propeller, struck the ground. 

It i s  highly improbable that the engine 
would have continued to run under power 
with its fuel lines torn away even during 
the relatively short time that elapsed 
between wing separation and ground strike. 
If, however, it had continued to run the 
thrus t  of the propeller would have caused 
the detached wing to describe an errat ic  
trajectory whereas in fact it struck the 
mountain side a t  a point along the track 
taken by the rest of the structure. N o  
witness mentioned having seen the detached 
wing describe a gyratory o r  errat ic  fall. 
Furthermore, a principal witness stated 
that the noise of the engines ceased alto- 
gether after disintegration occurred. If 
power had still been on when the wing 
reached the ground the effect of propeller 
blade rotation would have tended to twist 
the wing round in the snow, leaving evidence 
of this accordingly. The wing, however, 
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made a single clean impression and, in 
addition, the only blade impressions in the 
snow w e r e  separate marks of a static 
character made by the two "lower1' blades. 
There was no interconnecting slash mark 
between those impressions and, further- 
more, the "uppert' blade carried no impact 
bend. There was no obstruction on the 
open snow on which the detached wing fell 
which could account for the tearing, scoring, 
and, in the case of two blades, one of which 
was the "upper1' one, shearing of the tips, 
the lost portions of which could not be 
found in the wreckage area. 

There could, therefore, be only one 
possible conclusion: that, unobserved by 
anyone, and a few brief moments before 
the aircraft came into view over the crest ,  
the starboard propeller f and possibly an 
adjacent portion of the bottom of the fuselage 
a s  well) had struck an isolated projection 
somewhere on the top of the mountain. 

Et is firmly believed that this mountain 
strike did occur. 

Events leading up to separation of the wing 
(based on all available evidence) 

A s  a result of a single incident which 
occur,red an appreciable time ago but which 
could not be identified with complete cer - 
tainty, the rear spar lower cap of the 
starboard wing was completely fractured 
and the rear spar upper cap was partially 
fractured, 

The strength of the entire rear spar 
structure of the starboard wing was thereby 
weakened and some proportion of the load 
it previously carried was transmitted to 
the surrounding structure and to the front 
spar, 

The existing spar defects, together 
with the cumulative effects of a number of 
incidents in which the aircraft was involved 
while being flown in New Zealand, combined 
to cause the initiation of a fatigue crack in 
the lower cap of the front spar. 

The aircraft  was flown in that con- 
dition for an appreciable but undetermin- 
able time. 

On the morning of the accident the 
air craft approached Mount Ruapehu from 
the windward side in relatively smooth air 
conditions which gave no prior warning of 
turbulence. 

The pilot decided to show his passan- 
gers the crater  lake and other features of 
the mountain by flying low across the 
summit area. 

in the summit area severe turbulence 
was encountered. 

At some undetermined point over the 
summit area some circumstance forced the 
aircraft  into such close proximity with the 
surface that the tips of the starboard pro- 
peller struck a rock outcrop and were 
badly damaged. 

Severe engine vibration resulted 
from the now unbalanced propeller blades, 
and the pilot probably endeavoured to reduce 
i ts  intensity by closing the starboard throttle, 

The aircraft attained the lee side of 
the summit area and c a m e  within view of 
persons working on the lee slopes. 

Immediately it came within the lee of  
the mountain the a i rc ra f t  encountered very 
violent turbulence. 

Because the starboard wing structure 
was already weakened by three defective 
spar caps; because a severe vibration 
through propeller damage was imposing 
additional and rapidly changing loads on 
the wing structure; and because the aircraft 
had entered a region of violent turbulence, 
the starboard wing was subjected to stresses 
and loadings beyond its capacity to withstand. 

The front spar  lower cap, in which a 
fatigue crack already existed, progressed 
extremely rapidly through fatigue propaga- 
tion to complete failure. 

The starboard wing began to separate 
from the fuselage at Station 24 by folding 
upwards. 

That upward movement caused the 
fuel interconnect tubes between centre 
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(fuselage) and inboard (wing) fuel cells to 
become disconnected, thereby allowing fuel 
in considerable volume to pour out of the 
fuel cells. 

Fuel was discharged into the atrnos- 
phere where i t  created a visible white 
vapour trail. 

The damaged starboard propeller 
created a continuous thrashing noise 
similar to that made by the rotor blades of 
a helicopter in flight. 

W i t h  increasing upward movement of 
the wing,  the starboard inboard flap broke 
away from i t s  hinge bracket on the rear 
spar and fel l  away from the aircraft. This 
was the small panel seen by witnesses. 

The front spar upper cap of the star- 
board wing yielded, and the wing separated 
from the res t  of the structure. 

As the wing separated, hydraulic 
lines supplying pressure to retain the main 
landing gear within its retract wells 
fractured, and this left the wheels free to 
f a 1  by gravity into the extended position. 

W h i l e  the starboard wing and the 
rest of the structure were falling separately 
to the ground, the main landing gear was 
forcibly extended with  sufficient violence 
to fracture the lower arm of each drag 
brace. 

An explosion occurred, and fire 
broke out in the central portion of the 
fuselage as i t  fell towards the ground. 

Wind vortices in the lee  of the 
mountain carr ied disrupted cabin insulating 
material over a wide area and up the slopes 
almost to the summit. 

The starboard wing,  with engine 
attached, struck the mountainside, and 
the two "lower" blades of the stationary 
propeller suffered characteristic static 
impact bends. 

The remainder of the structure hit 
the mountainside at a lower level and was 
burnt out. 

Observations 

The fact that the captain f lew the air-  
craft at a low altitude across the summit 
of Mount Ruapehu just before the accident 
was proved, Film belonging to one of the 
passengers was recovered and processed. 
Pictures had been taken from the right- 
hand seat of the aircraft  and through the 
f r o n t  windshield in a direction coincidental 
with the line of flight. The first four showed 
Mount Ruapehu directly ahead of the aircraft 
and becoming progressively closer. In the 
fourth picture the aircraft is apparently 
flying a t  a height not greater, and possibly 
even lower, than the crest of the mountain. 
The fifth picture was taken above the crest ,  
just before the aircraf t  reached the rim of 
the crater  lake. I t  indicated that the Aero 
Commander was about to cross the crater  
lake at a height considerably lower than 
several summit peaks which could be 
identified. The heading of the aircraft 
could be established. It appeared from the 
photographic record that the propeller strike 
had not occurred before the aircraft reached 
the rim of the crater lake. 

When weather conditions were favour - 
able, it was customary for the Bay of Plenty 
Airways pilots on the Wellington - Rotorua 
flights to give pas senge r s an opportunity of 
seeing the prominent features of Mount 
Ruapehu and Mount Ngauruhoe by flying 
over their summits. The practice did 
much to improve public relations and 
promote interest. The procedures a re  
laudable provided the aircraft i s  flown a t  a 
safe height above the mountain tops. Un- 
fortunately, this was not  always the case. 
The Civil Aviation Regulations stipulate 
the minimum safe height which must be 
maintained above the ground. This particular 
regulation is con side red adequate provided 
that pilots adopt a commonsense attitude 
towards it and are fully aware of the 
necessity for increasing the clearance 
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between the aircraft and the ground when 
flying over mountain peaks  and ranges 
gene rally. 

If, in this accident, there had been 
any seriously injured survivors, they wolld 
probably have perished before being 
retrieved from the mountain. The only 
quitable means for bringing survivor s out 
quickly would have been by helicopter. 
Certain military types of helicopter are in 
existence which are equipped with winching 
gear and are  of sufficiently high perfor- 
mance as  to meet normal rescue needs. 
The  progress of this particular investiga- 
tion was hampered by the impossibility of 
bringing the entire starboard wing and 
engine off the mountain. It was, in fact, 
nece s aary to remove particularly impo rtant 
components from the structure by crude 
methods under difficult conditions, and a 
much more rapid and complete appraisal 
could have been made i f  the complete wing 
had been available. 

I t  is  felt that most serious considera- 
tion should be given to the establishment 
of a Service helicopter unit which could be 
called upon for as sistance as circumstances 
warrant. 

Bay of Plenty A i r w a y s  Ltd, w a s  a 
small company imbued with the enthusiasm 
of i t s  founder, the piIot of the subject  flight, 
and a genuine desire to provide good a ir  
services for the inhabitants of the Bay of 
Plenty. It w a s  almost inevitable that 
attempts to maintain its air services, with 
only one suitable aircraft, introduced an 
element of urgency into its operations, and 
there is no doubt that this w a s  an influential 
factor in the background of some of the 
operational practices re sorted to. 

Probable Cause 

The cause of the accident was the 
detachment of the starboard mainplane in 
flight. A contributory cause was the 
decision of the pilot to fly close to the 
summit of the mountain in an aircraft in 
which, unknown to him, the starboard wing 
structure had been appreciably weakened by 
a combination of spar cap fractures and 
fatigue cracking derived from a past incident. 
Severe turbulence or some pilot manoeuvre 
caused the starboard propeller to strike a 
part of the mountain and the resultant 
vibrational loads, together with the effects 
of violent turbulence encountered there - 
after, imposed stresses which the weakened 
wing structure was incapable of withstanding. 

ICAO Ref:  AIG/ACC/REP/GEN/NO. 1 1  - New Zealand 
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No. 49 - 
Rhodesian Air Services (Pvt, I Ltd. . Douelas DC- 3.  V P - Y  RX. accident 600 vd 

Rhodesia and Nyasahnd* 

Circumstances 

The aircraft was on a charter flight 
to Livingstone to pick up United Nations 
troops on leave and take them back to 
Elisabethville. It took off from Salisbury 
Airport, and shortly after take-off sudden- 
ly dipped i t s  right wing. After a slow 
recovery, it climbed away to between 100 - 
150 ft and then went into a turn to the left 
with the port propel le r  windmilling. This 
turn continued to  get steeper until the air - 
craft rolled over and dived inverted to the 
ground less than 600 yd southeast of the 
threshold of runway 06. Firs broke out 
but was quickly extinguished. The pilot 
and co-pilot were killed as a result of the 
accident, and the stewardess w a s  serious- 
ly injured. N o  passengers were aboard 
the flight. The accident occurred a t  0902 
hours GMT. 

Investigation and Evidence 

The Aircraft 

I t s  Federal Certificate of Airworthi- 
ness valid until 4 March  1962 was issued 
in continuation of i t s  United Kingdom Cer- 
tificate. The aircraft had flown 18 716 
hours of which 67 hours had been flown 
since the last  Check 1 inspection. At the 
time of the accident it held a valid Cer-  
tificate o f  Maintenance issued on 2 Novem- 
ber 1961 and had been maintained in 
accordance with a schedule approved by 
the Federal Department of Civil Aviation. 
On the day of the accident i t  f l ew five 
hours before the accident, and no defects 
were recorded by the crew.  

The Engines 

The port engine, installed in Febru- 
ary 1961, had run 877 h o u r s  since complete 
overhaul and 2 863 hours since new, 

The starboard engine had run 225 
hours since overhaul and 12 063 hours 
since new, 

Loadine of the Aircraft 

No copy of the loadsheet was  left at 
Salisbury Airport by the crew. The take- 
off weight (estimated to have been 23 2 12 lb) 
was 3 688 lb below the maximum permis- 
sible take-off weight. The aircraft's centre 
of gravity was within the prescribed limits. 

Crew information 

The pilot-in-command commenced 
civil flying in South Africa in 1955 and was 
given a command on DC-3's in November 
1960. At the time of the accident he had 
flown a total of 6 023  hours, including 
4 620 hours on the PC-3 of which 890 were 
in command, His airline transport pilot's 
licence w a s  valid until 12 December 1961, 
and his last instrument rating check and 
periodic flying test were passed on the DC-3 
in August 1961. 

The co-pilot Learned to fly privately 
in England, then in October 1960 obtained a 
Federal Commercial Pilot's Licence. 
Whilst employed in i~ ia l ly  as an engineer 
with Rhodesian A i r  Services he converted 
on to the DC-3 aircraft  in March 1961. H e  
also passed h i s  instrument rat ing on this  
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aircraft in the same month. His pilot's 
licence was valid Uhtil 2 klarch 1962, and 
at the time of the accident h i s  p e s i g d i c  
flight test on the DC-3 was one month over- 
due, The Department of Civil Aviation 
was aware of this fact. 

Reconstruction of the flight 

Based on interviews with numerous 
witnesses the investigating officers w e r e  
able to reconstruct the subject flight. 

A s  the aircraft was being flown 
empty to Livingstoae, the co-pilot was 
authosized by the Chief Pilot of Rhodesian 
Air Services to fly the aircraft from the 
left-hand seat. Due to his comparative 
ineqarience, he normally f lew the air- 
craft from the right-hand seat. Prior to 
departure he carried out the interior and 
exterior checks then reported to the Chief 
Pilot on their completion. 

The port engine was run up,  the air - 
craft was cleared for take-off on Runway 
24, and take -off appeared normal although 
it m a y  have been a little shorter than 
usual. Shortly after becoming airborne, 
while the whee ls  were still down, the right 
wing dipped suddenly to  a degree that 
alarmed eyewitnesses. The aircraft 
recovered slowly then climbed to between 
100 - 150 ft and went into a turn to the 
left, At the same time, the port propeller 
windmilled slowly, as if approaching the 
feathered position. The rate of turn 
increased along with the angle of bank 
until when the aircraft was near the ver- 
tical bank position it rolled rapidly over 
to the left and crashed inverted. It was 
estimated that the elapsed time from 
beginning the take-off run until impact 
was a maximlim of 75 seconds . . . the air- 
craft  was airborne approximately 50 sec- 
onds. 

The Wreckage 

The aircraft struck the round on % an approximate heading of 140 magnetic 
in n steep ir.,,erted attitude on soft sandy 
soi l  at the fo;:t of an earth bank some 10 ft 

high, surrounding a small brick blockhouse, 
'The initial impact destroyed the entire front 
section of the fuselage, The aircraft then 
slid forward up the side of the embankment, 
and the fuselage somersaulted over onto its 
belly, hitting the blockhoust: roof, which 
severed the fuselage adjacent to the main- 
plane trailing edge. The aircraft came to 
r e s t  on a heading of about 320' magnetic, 
Fire broke out at the starboard power  plant 
but was confined to this item. 

The cockpit trimmer control indica- 
tors showed: - 

rudder - l Z O  Nose left (i.  e. full 
travelj 

aileron - neutral 

elevator - 2' Nose up. 

From the chordwise marks present 
on all blades of the starboard propeller 
and the nature of the root fractures, it was 
evident that considerable power was being 
developed by the engine at the time of 
impact. Examination of the pitch control 
mechanism showed the blade angles to be 
2 0 9  21°, which is in the constant-speed 
pitch range. 

The starboard engine was examined, 
and indications w e r e  present of high rota- 
tional speed at impact. Due to extensive 
incineration of the rear of the engine it was 
not possible to r ig - t e s t  any of the vital 
components. The investigating officers 
w e r e  satisfied that this engine was develop- 
ing full power prior to impact, otherwise 
the aircraft would not have remained air- 
borne for as long a s  it did. 

The port propeller was found in the 
feathered position, The appearance of the 
propeller indicated that rotation had prac- 
tically ceased at the time of impact. 

No evidence was found during the 
technical examination to indicate me chani - 
cal failure, or malfunctioning of the air- 
frame, engines,  propellers, or other 
equipment. 
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Di scus ~ i o n  

As far as could be established, there 
was nothing wrong with the port engine. 
Possible reasons for the pilot's feathering 
of the engine were considered. The first 
explanation considered was that the pilot 
received some form of engine malfunction 
warning soon after take-off, possibly a 
fire warning light, and feathered the port 
propeller  and then proceeded to wind on 
the wrong rudder trim. I t  was not felt that 
this was a satisfactory explanation because 
in cases where engine malfunction is indi- 
cated by instruments, a s  opposed to being 
felt on the cantrola, a pilot crosschecks 
to be sure that there is in fact a power 
failure. Also, having feathered the port 
engine very soon after take-off, the action 
of winding on the wrong trim setting would 
have been noticed and, in any case, could 
have been reversed. 

The Investigating Miters felt that 
there must have been a more urgent reason 
for the pilot to suppose that the port  engine 
had failed, and they considered the possi- 
bility of  the pilot having taken off with the 
rudder t r immer in the full nose-left posi- 
tion, N o  information was available as to 
whether this was feasible, or whether it 
gives a true impreesion of engine failure, 
once airborne. Therefore, teats w e r e  car -  
ried out to this end with the co-operation 
of the Royal Rhodesian A i r  Force. 

The tests showed that:- 

a)  It i s  possible to carry out what  
appears to be a perfectly normal 
take-off with full rudder trim 
applied; and 

b) Once airborne, the pressure on 
the rudder is identical with that 
required after experiencing 
engine failure, 

It waB believed that the aircraft  took 
off with the rudder trimmer in the full 
nose-left position and that very soon after 
becoming airborne, this was interpreted 
by the crew as por t  engine failure, and the 

port propeller was  feathered at a low aim - 
speed. The t e s t s  showed that once this i s  
done, the aircraft  rapidly becomes uncon- 
trollable. 

It was considered unlikely that the 
rudder t r immer was  wound on during the 
initial checks by the co-pilot, because the 
tr immer range check is followed by an 
exter ior  physical check. In addition, the 
departure of the aircraft  was watched by 
the Chief Pilot (Rhodesian Ai r  Services) 
aud their engineer, both of whom think they 
would have noticed a displaced rudder tab. 
It was confirmed by four that the 
pilot-in-command of the subject flight was 
in the habit of winding the trimmers through 
their range whilst taxying, although this i s  
not part  of the checklist. The taxi checks 
would be carried out by the pilot-in-com- 
mand, and it i s  significant that the rudder 
trimmer indicator cannot easily be seen 
from the right-hand seat. 

The co-pilot was told by the pilot-in- 
command on ear l ier  flights to take a lightly- 
laden DC-3 off a t  between 60 - 65 kt. As 
t e ~ t s  showed, p r e s s u r e  on the rudder pedal 
to counteract full trim does not become 
appreciable until between 50 and 55 kt, It 
i s  considered likely that the co-pilot told 
the pilot-in- command of the difficulty h e  
was having in keeping the aircraft  straight 
and that the pilot -in-command took control. 
While training, the usual way an instructor 
recognizes which engine is out is by rudder 
pedal feel, and the investigating officers 
thought that the pilot-in-c~mmand mistook 
the heavy p r e s s u r e  needed on his rudder 
pedal a s  a sign of engine failure, and feath- 
ered the portpropeller, 

Regarding the wing drop soon after 
take-off, the investigating officers were 
not able to say, with any certainty, what 
caused this. Having ruled out the possibi- 
lity of a sudden gust  of wind, wind reversal, 
or a dust  devil, the possibility of autopilot 
malfunction was considerea. However, tests 
carried out showed that the effect of either 
full r i g h t  rudder,  or full right aileron, or 
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both together, suddenly coming in under 
take-of f  conditions did not cause anything 
more than a progressive wing-drop, which 
could be easily overpowered by the pilot. 
They felt that it occurred when the pilot- 
in-command took control from the co-pilot. 
In addition, as i t  happened very near the 
ground, it would appear more alarming to 
..~itne s se s than a t  height. 

The stewardess, in her evidence, 
mentioned a sudden increase in noise from 
the starboard engine immediately following 
the wing-drop,  This might indicate that 
the starboard engine was  momentarily 
throttled back i n  e r ror ,  and then sIammed 
open again, with consequent over speeding, 
One other witness mentioned a momentary 
slowing-down of the starboard propeller at 
this time. This action was tr ied in the air, 
but the wing-drop resulting f r o m  i t  was 
very slight. 

The checklist used in the aircraft 
gives the f i rs t  power reduction (Check 1) 
at 95  kt. This i s  taken to be the single- 
engine safety speed. Bearing i n  mind the 
short  take -off run and the wing-drop and 
recovery, followed very soon afterwards 
by the feathering of the por t  propeller. it 
i s  not considered that the aircraft  ever 
attained this speed. That the pilot-in- 
command elected to continue trying to f ly  

the  aircraft  instead of belly landing i t ,  
can be explaiaed by the fact  that the under- 
carriage w a s  coming up and his natural 
reluctance to put the a i rcraf t  down in this 
condition. In addition, there was the 
mental shock of the unexpected feathering, 
followed by the aircraft  rapidly going out 
of control, Added to this,  was the physical 
effort necessary on the controls to t ry  and 
keep the a i rcraf t  straight and level, which 
would effectively prevent him from either 
reducing power  on the l ive engine, or 
winding the rudder trimmer handle. Once 
over the t rees  in a banked condition, a 
crashlanding was inevitable. 

Probable Cause 

The accident was caused by failure 
of the pilot to execute a successful single- 
engine forced landing after  concluding that 
there had been a power loss in the port 
engine. Evidence indicated that a failure 
of the port engine did not,  in fact, occur, 
The pre-take-off rudder t r immer check 
was  not carried out correctly as laid down 
in the checklist, and the aircraft  took off 
with full left rudder trim applied. Once 
airborne this was mieinterpreted a s  port  
engine failure, and the port propeller was  
feathered, No apparent action was taken 
by the pilot to correct the ensuing critical 
speed yaw. 

1C.40 R e f  AR ' i ' 3  
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Aerolfneas Argentinas, Comet IV,  LV - A H R ,  accident at Campinas Airport, 
, Report released by 

The Brazilian Air Ministry. 

Circumstances 

The flight had originated at Buenos 
Ai res ,  Argentina. At Vira Copos 
(Campinas) Airpor t ,  Brazil ,  the engines 
were s tar ted at 0520 hours and the  air-  
craft took off for Trinidad (alternately 
Barbados) at 0538 hours. After reaching 
an altitude of about 100 m, the a i rcraf t  
los t  altitude, collided wi th  a eucalyptus 
fo res t  and was destroyed. Twelve crew 
and forty passengers died in the accident, 
which occurred at approximately 0540 
hours. 

Investi~at ion and Evidence 

The Aircraft 

It had flown a total of 5 242 hours,  
2 242 of which had been flown since the 
las t  overhaul and about 6 hours  since the 
last 90-hour inspection. It was not possi- 
ble to check the maintenance reports 
regarding the 30 days p r i o r  to the accident. 

The Crew 

A pilot-in-command, co-pilot and 
ten other c r e w  m e m b e r s  were aboard the 
flight. 

The pilot-in-command was sitting in 
the right-hand seat, presumably acting as  
instructor at the time of the accident. He 
had flown the following hours: 

total flight time 12 550 hours 

as  pilot-in-command 
or instructor 1 1 246 hours 

by night 5 791 hours 

in the same type air-  
craft 1 612 hours 

as pilot -in-command 
or instructor in the 
same type of aircraft 584 hours 

He held a valid IFR rating. 

The co-pilot was s i t t ing  in the left- 
hand seat and had no flight time registered 
as pilot-in-command on this type of air- 
craft. It was, therefore,  believed that he 
was receiving instruction a s  such. His  
previous experience was: 

total flight time 1 3  427 hours 

in the same type of 
aircraft 1 074 hours 

a s  pilot-in-command 
in this type of aircraft zero hours 

by night 2 833 hours 

instrument flight unknown 

He also held a valid IFR rating. 

It was not believed that the accident 
was caused by fat igue as the c r e w  had only 
f lown about 3 hours  during the preceding 
24 hours .  

Weather conditions 

It was not believed that the weather 
situation contributed to the accident. It 
was a dark night due to 71 8 stratocumulus 
at 400 rn and to 818 coverage by altostratus 
at 2 100 rn. 
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Weight  at take - o f f  

At time of take-off the aircraft  was 
estimated to  weigh 71 488 kg. The maxi- 
mum authorized weight w a s  7 2  575 kg, i . e .  
1 087 kg below the maximum allowed. 

The centre of grav i ty  was within the 
prescribed limits. 

From the time of starting the t u r -  
bines to the actual take-off about 528 kg 
of fuel were consumed, thus increasing 
to 1 615 kg the balance in favour of safety. 
According to the control towe r 1  s testimony 
the take-off run  was approximately 2 000 m. 
According to the dispatch estimate it should 
have been 2 240 m. 

Take-off run 

From tests with LV-AHU, another 
aircraft  the same type as  LV-AHR. it was 
concluded that  the take-off run took about 
40 seconds. 

Climbing angle 

In view of t he  control tower ope ra- 
tor 's  testimony , t h a  conclusion was 
reached that the a i r c r a f t ' s  climbing angle 
w a s  around 4.5'. The a ircraf t  reached 
an estimated altitude of 100 m. Taking 
into account  the rr~inimum climbing angle  
of 4 .  5', t h e  a i rc ra f t  should have reached 
a n  altitude of 120 m, which corroborates  
the control tower operator's statements. 

Comparing the above with the results 
obtained during the  LV-AHU test flight, i t  
was concluded that from the beginning of 
the take-off run up to I20 m, L V - A H R  took 
about 55 seconds. Then it should have 
reached the indicated airspeed of 170 kt. 
At that rnorrlent LV-AHA was midway 
bet#-een the take-off point and the f i r s t  
impact point. So, taking into consideration 
the remaining runway (1  240 m) and the 
d is tance  f r o m 1  t h e  end of the runway to the  
f i r s t  impact point (1  930 m), the aircraft 
flew 3 1-10 r r ~ .  

The paint where the aircraf t  started 
lasing altitude could not precisely be 
stated . . . howeue r ,  it m a y  be est imated 
as  the middle distance between the point 
where the aircraft  became airborne and the 
f i rs t  impact point. 

Comet IV flight instructions 

According to the instructions, when 
a speed of 170 kt is reached, the pilot must 
control the "elevator change gear1'. When 
changed from ttcoarse' '  t o  "fine" the air- 
craft 's nose has a tendency to drop, which 
has to be counteracted by using the manual 
t r im  tab. It was believed that the unit was 
unde r  control when the accident occurred .  

From analysis it was deducted that 
the aisc raft, LV-AHR, hit the eucalyptus 
tree in a nearly horizontal  a t t i tude ,  which 
leads to the conclusion that the pilot, a 
short time before, when noting the loss of  
altitude, attempted to regain climbing 
attitude but due to the action of the elevator 
travel limiting unit in the "fine1' position, 
the aircraft took longer to rega in  it. This 
must have been the reason why, at the 
moment of collision with the tree,  the ai r -  
craft was still f lying in a horizontal attitude. 

Reconstruction of the last  par t  of the flight 

One hundred and twenty metres after 
the first  impact point the pilot put the a i r -  
craft in  a cIimbing angle of approximately 
2 5 " .  This conclusion was reached a s  the 
eucalyptus t rees  were  burned from the top 
down, probably by turbine exhaust gas, and 
the elevator counterbalance collided with a 
eucalyptus t ree  and was then torn off. 
About 145 m after the first  impact point 
the aircraft  collided with a larger eucalyp- 
tus tree and fire in the left wing pod tank 
resulted. Moments later a further impact 
occurred with another eucalyptus i n  the 
No. 1 reactor area. T h e  aircraft began 
sinking. Due to terrain declivity the a i r -  
craft  touched the ground about 303 m from 
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the f i r s t  impact point. The aircraft s l ipped,  
ultimately collided with a ground obstacle, 
and exploded. Many fuselage parts found 
120 m from the first impact point showed 
no signs of f i r e .  

Probable Cause 

It was presumed that the co-pilot was 
under flight instruction. If such was the 
case ,  the instructor, who was pilot-in- 
command, may have failed t o  brief or 
supervise the co-pilot properly. 

Observations of the Go;rernment of Areentina " 
as the State 3f l2eg-e Aircraft - 
Cencerned 

Argentina has determined, in the 
light of information it b e  gathered, that 
the cause of the accident was "Failure to 
operate under IFR during a take-off by 
night in weather conditions requiring IFR 
operation and failure to follow the climb 
procedure for this type of aircraft; a 
contributory cause was the lack of vigilance 
by the pilot-in-command during the 0per.a- 
tions. " 

fCAO Ref:  AIG/ACC/REP/GEN/NO. 8 - ~ r a z i l  
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No. 5 1  

British European Airways, Viacount 806, G-AOYH, accident while en route from 
n . R e ~ o r t .  date 

Cir cumstancer 

F l i g h t  BE 523 departed Munich at 
1617 hours on a flight to London carrying 
5 crew members and 4 3  passengers. At 
1628 hours it was over Walda beacon, i. e. 
about 70 krn from Munich. Approximately 
20 minutes after take-off while climbing 
through 12 000  ft at  an airspeed of 170 kt 
the aircralt encountered hail followed by 
severe icing and turbulence. The indicated 
air speed dropped ~teadily , and the verti- 
cal speed indicators regi~tered  3 500 to 
4 000 plus ft/min climb. Severe turbu- 
lence was again encountered and the port 
wing dropped. At this time the airspeed 
indicators were indicating between 100 an3 
120 kt. Shortly thereafter the captain con- 
sidered both the airapeed indicators and 
vertical epeed indicators to be unreliable. 
As some of the passengers had been 
injured because of turbulence the flight 
requested permission to return directly to 
Munich. In Munich 18 passengers and 2 
crew  received medical attention, and it 
was  found that several had been seriously 
injured. 

Investigation and Evidence 

Statements of the Injured 

They stated that the flight was quiet 
and withaut noticeable turbulenze until the 
moment when, by an abrupt movement of 
the aircraft acd without being warned of 
gusts, they were l i f t ed  from their seats  
and flung against the ceiling, The move- 
ment came sc suddenly that they had no 
chance to hold on to anything. It was not 
preceded by any senaatior. of being pressed 

against the seat. The abrupt movements 
occurred exclurively round the lateral axis, 
without roll or yaw. They were increasing- 
ly noticeable, the further to the rear the 
passenger was sitting, behind the pivot of 
the aircraft's movement round the lateral 
axis, and w e r e  felt  most strongly in the aft 
f i r ~ t  claaa cabin. The violent movements 
finally ceased again almost abruptly, and 
the return flight to Munich was smooth. 

Weather 

In hie statement the captain said that 
his pre-flight study of the weather chart 
and forecast supplied gave no indication of 
turbulent air en route. 

From information provided by the 
Munich Meteorological Office no reaeons 
far extreme movements of  the air were  
discernible. A survey of the weather show- 
ed no considerable differences in tempera- 
ture or air pressure. The air temperature 
at the altitude at which the incident took 
place wam -8'~. In his report the pilot-in- 
command gave the temperature a s  -zOc. 
This was ~ b v i ~ u s l y  an uncorrected reading, 
During the period 1442 - 1819 hours, apart 
from the subject aircraft, 22 other aircraft 
f lew over Walda beacon at different altitudes, 
including one at 1820 hours,  i .  e. 8 minutes 
before G-AOYM. None of t h e ~ e  aircraft 
reported extreme weather phenomena. This 
f2c.t leads to the conclusion that it was a 
matter of a concentration of forces so 
limited in apace and time that there i a  no 
explanation of its origin from the meteoro- 
logical point of view, After the re turn of 
G-AOYH the Munich M@teorological Office 
sent out a warning by way of precaution to 
all aircraft, b a ~ e d  on the report of the 





Ansett-A. N .  A. , Viscount, VH-TVC, accident 2 . 8  N M  from Sydney Airport, New 
South Wales, Australia on 30 November 1941. Report, dated 29 August 1962, -- 

of the Chairman of the Board of Accident Inquiry, Australia. 

The aircraft was engaged on a 
scheduled transport service from Sydney 
to Canberra. It carried a crew of 
four and eleven passengers, According 
to the approved flight plan, the pilot 
proposed t o  proceed to Canberra via 
the 222 track to Marulan, the first 
reporting point. At the time of 
departure this was changed, because 
of inbound traffic, to  the 244 diver- 
sion, which avoids Botany Bay. At 
1915:43+ the Approach Controller 
instructed the flight to "continue run- 
way heading to 3 000 ft before turning 
left and to pass over the field at 
5 000 f t  or above," The flight was 
then cleared for take-off from run- 
way 07. 

At 1921:50 the Approach Control- 
ler asked the aircraft to report its 
altitude. It was at 6 000 ft .  Shortly 
thereafter (at 1922:05) the controller 
communicated as follows:" . . . now 
if you haven't passed over the field 
you can proceed via the 217 from 
Padstow. The 222 is available, but 
I suggest the 217 due to the storm to 
the south of the field, Report setting 
course from Padstow 217."  The 
flight acknowledged at 1922:20 hours. 
None of the messages that followed 
from the Approach Contrcller were  
answered. 

Between 1925 and 1926 hours the 
aircraft plunged into Botany Bay, killing 
all aboard. 

* All times are Eastern Standard Time. 

investigation and Evidence 

The Aircraftrs Historv 

V H -  TVC was originally built by the 
manufacturer as a model 720 Viscount. 
I t  had been modified to m e e t  the require- 
ments of Trans -Australia Airlines and was 
redesignated as model 720C. 

It was introduced into regular public 
transport service in December 1954 and 
was operated and maintained entirely by 
Trans-Australia Airlines until March 1960 
when i t  was made available to Ansett-A. N.  A. 
under a cross charter agreement. Trans- 
Australia Airl ines  retained responsibility 
for overhaul of the aircraft,  its engines 
and other components, and Ansett-A. N. A, 
was  responsible for all scheduled mainten - 
ance  inspections and rectification of defects. 

At the time of the accident the air- 
craft had flown a total of 16 946 hours in-  
cluding 9 797 hours since i t s  last complete 
overhaul. The certificate of airworthiness 
was  renewed on 2 December 1960 and w a s  
valid until 1 December 1961. Some minor 
deficiencies disclosed by the maintenance 
records were noted, but none of these  had 
any bearing on the accident. 

On 28 November 1961 the aircraft was 
inspected in view of the renewal of i t s  c e r -  
tificate of airworthiness, and the Depart- 
ment required rectification of four minor 
items. 

-,-. , 
i H e  C r e w ' s  Experience 

The pilot's total flying experience 
amounted to 16 016 hours of which 12 362 
hours had been in command including 802 
hours on Viscount 720 aircraft and 1 946 
hours on Viscount 747 aircraft. He held a 



first class a i r l i ne  t r anspor t  pilot 's l icence 
valid until 28 Februa ry  1962. He also held 
a f i r s t  class ins t rument  rating for A D F ,  
ILS and DME procedures .  Hia r eco rds  
showed that he was a competent and care -  
ful commander, and there  was  no evidence 
t o  suggest that  he failed in any way to per - 
form the duties required of him on the 
night in question. 

In June 1960 the co-pi lot 's  l icence 
was endorsed to permi t  him t o  act as f i r s t  
officer on Viscount  720 and 747  a i r c ra f t .  
H i s  total flying experience amounted to 
4 145 hours, including 609 hours on Vis- 
count 720 a i r c r a f t  and 1 122 hours on other 
types  of Viscount a i r c ra f t .  H e  he ld  a sec -  
ond class a i r l i ne  transport pilot 's licence 
valid until  31 May 1962. He  a l s o  had a 
second c l a s s  ins t rument  rating for A D F ,  
ILS and DME procedures. 

Both pilots were  i n  good heal th and 
had normal rest periods before t h e  fatal  
flight. 

Preceding f l i ~ h t s  of VH-TVC on 
30 November 

The aircraft had been used on two 
f l ights  on 30 November p r io r  to the acc i -  
dent .  The f i r s t  was f rom Sydney to Can-  
b e r r a  in overcast and rainy weather .  The 
flight conditions w e r e  slightly bumpy but 
not severe,  P r i o r  to the re turn  flight t o  
Sydney the a i r c r a f t  was inspected. In the 
descent from Marulan t he re  was "moderate 
turbulence". No defects  i n  the a i r c r a f t  
were  noted at any time. 

Weather briefing pr ior  to the 
subject  flight - 

The flight and aerodrome fo recas t s  
given to  the pilot by the domest ic  fo recas t e r  
showed rain and sca t t e r ed  thunders torms 
with moderate to heavy turbulence.  The  
fo recas t e r  told the captain that a l ine of 
storms had been repor ted  by Brookvale 
Radar at  1700 hours. The s t o r m s  were  
40 miles t o  the west  and were apparently 
moving eastward. Because of the thunder- 
storm act ivi ty a SIGMET had been out ail 

day. There  were  varying repor ts  of t u r -  
bulence including some which indicated a 
considerable amount. 

Having prepared the flight plan, the 
captain presented it and discussed  the 
weather with the A i r  Traffic Control  Brief-  
ing Officer. The l a t t e r  suggested that the 
captain, when taxying, should reques t  the 
latest  information from the t o w e r  on the 
approaching bad weather .  

P r i o r  to depar ture  the captain did 
receive instruct ions and advice f rom the 
tower.  

The aircraft's take-off weight was 
5 1  976 Ib, and the es t imated  landing weight 
was 50 096 lb. The permiss ib le  maximum 
take-off weight fo r  the flight to C a n b e r r a  
was  59 380 lb. The a i r c ra f t ' s  weight and 
cent re  of gravity were  wi th in  l imi ts .  

Pre - f l i ~ h t  inspect ions and checks 

All pre -flight inspections and checks 
w e r e  sa t i s fac tor i ly  completed. 

Reconstruction of the flight 

The events  leading up to the accident  
were  based on the communications ex- 
changed between the a i r c r a f t  and the t raff ic  
control  off icers  at the aerodrome, This  
material is presented  under i lCi rcumstances" .  

The Wreckage - General 

The absence of reports f rom people 
in the densely populated area over which 
t h e  a i r c r a f t  had been operating when com- 
munication was lost led to the belief that i t  
had  c r a shed  into the sea.  The morning of 
1 December, a portion of the upholstery of 
a pilot 's seat was found floating in Botany 
Bay, and i t  was identified as coming f r o m  
a Viscount a i rcraf t .  Within two hours 
thereaf te r  the par t ly  submerged s t a rboa rd  
outer  wing was  found i n  Botany Bay about 
1 500 ft north of Bonna Point. A l i t t le  later 
the main wreckage was  located i n  25 Et of 
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water some 8 350 ft north of the point at 
which the starboard outer wing was found. 

The location and condition of the 
wreckage when recovered were of consid- 
erable significance in aiding the investiga- 
tors in their search for  the cause of the 
disaster. The starboard outer wing w a s  
more or less intact but the main wreckage, 
which included the starboard inner wing, 
, w a ~  greatly disintegrated. The condition of 
the wreckage, together with the fact that 
the starboard outer wing was found at such 
a distance from the main wreckage, led to 
the conclusion that the starboard outer 
wing had separated in flight and that it  
was the immediate cause of the disaster. 

Examination of the wreckage 

Experiments were carried out with 
a view to determining the height at which 
the separation of the starboard outer wing 
and tailplane took place, It was p o e ~ i b l e  
to estimate within reasonable limits the 
position from which each relevant piece 
of wreckage probably fell, 

The conclusion was reached that the 
aircraft broke up in flight at an altitude 
within the range of 3 500 to 5 500 ft  and 
at a distance between 5 000 and 7 000 f t  
due south oi the main wreckage. 

The experiments indicated that the 
break-up did not occur at the maximum 
height which the aircraft must be assumed 
to have reached in the course of i t s  flight. 
At 1921:53 hours the aircraft reported its 
altitude as being 6 000 ft. Some twenty- 
seven seconds later it war still in flight 
and apparently not in difficulties. By that 
time, in normal flight its altitude would 
have been over 6 500 ft. It was assumed 
that it continued to climb for a t  least 
another minute and that it probably ap- 
proached a height of 8 000 ft .  None of the 
experiments undertaken in relation to the 
terminal velocity of pieces of wreckage 
suggested a break-up at such a height. 
Other factors also supported the view that 
the altitude at break-up was appreciably 
less than 7 000 to 8 000 f t ,  

The Chairman of the Board w a s  of the 
opinion that the break-up did occur at an 
appreciably lower altitude than the maximum 
which the aircraft attained in the course of 
its flight, 

The experirnehts supported two other 
conclusions which the Chairman accepted: 

1 .  A flight path having a substantial 
northerly component at break-up 
is indicated. 

2. The failure of the starboard wing 
and subsequent failure of the 
starboard tailplane occurred 
within a very short interval of 
time, and it appears that the air- 
craft travelled less than 1 500 f t  
between wing and tailplane failure. 

Structural soundness of starboard 
outer wing 

The wing was subjected to routine 
x-ray t e s t s  on 31 October and 1 November 
1961. No abnormalities were found on 
those occasions. 

Examination of the wrecka e disc losed  F that the main spar lower boom o the wing 
failed in tension at a point about b ft outboard 
oi the spar joint ( wing atation 323)  . 

A portion of the lower spar boom con- 
taining the tensile fracture and a secondary 
crack running outboard from it w a  removed 
from the wing and was examined by the 
Defence Standards Laboratories, Sydney, 
The examination disclosed that the mat e rial 
of the boom complied with the appropriate 
specification, that the fracture resulted from 
tensile overloading , and that the re was na 
evidence of pre-existing defects which could 
have caused premature failure. It  was con- 
cluded that fatigue of metal and stress cor- 
; o s ion cculd be eliminated as causes of the 
r3ilure and that the spar boom had been 
subjected to aome load greater than that 
which it was  designed to withstand. A piece 
of the lower spar boom immediately inboard 
of the primary failure was not recovered, 
but the Chairman did not believe that its 



recover j 2nd exaininat!on w~jrllti have 
3ffectt.J th<:se con;li~sion.r. 

Capacity to withstand stress in flight 

The elimination of structural 
defect of the wing as the cause of i ts  sepa- 
ration from the aircraft  leads naturally 
to the conclusion that  the aircraft encoun- 
tered some force in flight which was  
greater than i t  w a s  designed to withstand, 

The British Civil Airworthiness 
Regulations require, as a safety factor, 
that the strength of the structure shall be 
such  that it i s  able to withstand loads one 
and one half times greater than those 
indicated by the gust envelope. 

VW-TVC was  constructed in accord- 
ance with these regulations. 

After the accident Vickers- 
Armstrongs (Aircraft)  Limited were  
asked to prepare a gust envelope applica- 
ble to a Viscount 7 2 0  aircraft  with a 
weight of 51 990 lb, a centre of grav i ty  
at 0. 1975 of the mean chord and flying at 
an a l t i tude  of b OD0 f t ,  These specifica- 
tions correspond with the we igh t  and cen- 
t re  of gravity of the subject aircraft  on 
the night of the accident, and the altitude 
of the aircraft at 192153 hours. The 
g u s t  envelope prepared by the aircraf t  
company indicated that the maximum g u s t  
the w i n g  would have withstood at a speed 
of 1 65 kt would have been in the order of 
184 fps, and 166 fps at a speed of 180 kt. 
These gusts, far in excess of anything 
that has ever been recorded, were ex- 
cluded as possibilities. By reference to 
the gus t  envelope it was demonstrated 
that at speeds below 260 kt it  was not 
possible for the wing to fail due to g u s t  
loading alone. In these circumstances 
the aircraft would stall, 

This examination of the capacity 
of the a i rcraf t  to withstand gusts at the 
speed at which it m a y  reasonably be as- 
sumed to have been travelling confirmed 
that the wing did not become detached at 
the maximum height which the aircraft 
must be presumed to have attained. 

Lotl.jidcrd?:on ~ t '  ~ l l e  c:rpacity of the  
aircr .~!t  to ~rcithstanrl Atreas, loadei;  a s  on 
this night, indicated that at speeds below 
260 k t  the wing would not break on rapid 
application of the elevator. Furthermore, 
a t  300 kt it requires a gust of at least 
88 fps to  break the wing and at 400 k t  one 
of 54 Ips.  These combinations are such 
remote possibi l i t ies  as to lead to the view 
that the wing failure was induced by some- 
thing more than gust and speed alone. 

It was concluded that when the air- 
c r a f t  w a s  at i ts  maximum altitude some- 
thing happened to cause an upset  as a 
resuIt of which the control of the aircraft  
was momentarily lost. The loss of con- 
trol led to a rapid involuntary descent 
and the speed of the aircraft, the attempts 
of the pilot to recover control, together 
with turbulence, imposed on the wing a 
load which i t  was not designed to  bear. 
The attempts which the pilot would make 
to recover control could impose manoeuvre 
loads on the aircraf t  which, combined with 
gusts of moderate intensity would, at a 
speed in excess of 260 kt, result in failure 
of the wing. This conclusion was accepted 
by the Chairman of the Board of lnguiry as 
the most probable cause of the accident.  

Cause of the accident 

A number of happenings such as 
error, distraction or sudden incapacity of 
the pilot might have l ed  to loss of control. 
However, the communications exchanged 
between the aircraft  and the  traffic control 
officers indicated that nothing out of the 
ordinary had occurred up to within three 
minutes of the accident. 

Malfunctioning of the aircraft, i t s  
instruments or systems was also consid- 
ered. Due to the destruction in the piLotTs 
cabin, an effective check of the instruments 
was not possible. However, the aircraft 's  
maintenance record immediately prior to 
the flight made this appear unlikely. There 
was no evidence of fire, expiosion or 
lightning strike. 

The weather conditions at and in 
the vicinity of Sydney aerodrome on the 
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evening of 30 November showed that tur-  
bulence, at times of an extreme character, 
was being experienced by a i rc ra f t  entering 
and leaving the field. Thunders tor m s  and 
lightning w e r e  pevalent and at the time 
of VH-TVC1s departure the ceiling was 
about 800 ft. The actual conditions exist- 
ing a t  6 000 to 8 000 f t  are not known. The 
presence of turbulence seems highly pro- 
bable, and its presence to a degree  which 
would render control of the aircraft  diffi- 
cult, was not impossible, Vivid lightning 
might have interfered with the pilot's 
vision. 

Considering all the evidence, it 
was concluded that weather conditions 
constituted the most likely explanation of 
the initial departure of the aircraft  from 
the fIight path i t  was foIIowing a minute or 
two before the accident. 

The final descent 

The most reasonable explanation 
for it is that control of the aircraft  was 
lost to a substantial degree when the a i r -  
craft was flying at an altitude over 6 500 ft 
and the reupn  the aircraft descended 
rapidly at increasing speed .  In such a 
situation the pilot would try by any means 
possible to recover control. The wing 
would thus be subjected to severe strain 
induced not only by the speed but also by 
Ioads imposed by the manoeuvre to regain 
control and by any turbulence it encoun- 
tered. 4 degree of turbulence, which 
might prove crucial in these circumstances, 
is not improbable. 

This  sequence of events is not inco* 
sistent with the estimated speed of the air- 
craft a t  the time of impact with the water, 
the time sequence of the entire flight, the 
lateral  displacement of the aircraft in the 
latter patt  of its flight and with the conclu- 
sion that the flight path of the aircraft a t  
that time had a substantial northerly corn- 
ponent . 

Examination of engines Nos. 2,  3 
and 4 indicated they were  operating at im- 
pact with propeller blade angles of 5 3 ' .  

From this it was concluded that if the 
engines were operating at the lowest  revo- 
lutions for flight, i.e, I0 400 rpm, the 
speed of the aircvaft at impact would not 
have been less than 300 kt. Yf they were 
rotating at a higher speed, the maximum 
being 14 500 rpm, the speed of the aircraft 
could have been a s  high as 400 kt, 

It was then concluded that the failure 
of the starboard outer wing was proba- 
bly induced by a combination of manoeuvr e 
and gust loading when the speed of the air - 
craft was in excess of 260 kt. 

Weather conditions 

The questions arose as to whether - 
1) the aircraft should have em- 

barked upon the flight when it 
did; or 

2) whether it should have been 
permitted to do so .  

Considerable evidence was provided 
a s  to actual weather experienced in the 
vicinity of the airport between 1830 and 
1930 hours. During that period s t o r m s  
moved across  the area from west to east, 
accompanied a t  t imes by heavy rain, thun- 
der and lightning. The actual ranifall at 
the airport  was not a s  heavy as at ather 
places in the vicinity. The rain gauges 
indicated heavy rain.in or about the area 
in which the aircraft was cleared fa fly at 
its departure time. 

in communications passed from 
officers at the airport to one another and 
to aircraft in flight, there w e r e  frequent 
references to turbulence, occasionally 
severe, particularly to the west and south 
of the airport. 

Many comments made regarding the 
weather indicated the existence of some- 
what abnormal conditions, One pilot, who 
landed at 1925 hours, said the weather 
around the airport  was the worst that he 
had ever seen. 
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The evidence of civilians confirmed 
the weather picture conveyed by other 
sources, i. e. that a storm of some inten- 
sity accompanied by thunder , lightning, 
somewhat unusual cloud formation, and 
in a number of places very heavy rain, 
passed over the area between 1900 and 
1930 hours. 

on 12 May 19 59.4: The Civil Aeronautics 
Board concluded that an inflight disinte - 
gration of t h e  a i rcraf t  was caused by 
aerodynamic loads imposed on the a i rcraf t ,  
which exceeded i t s  design strength. The 
loads were generated by an excessive air- 
speed combined with turbulence and 
manoeuvre loads, following a 10s s of con- 
trol i n  ext reme turbulence. The evidence 

This general picture was substan- clearly showed the existence of large 
tiated by evidence of the Superintendent rapidly developing thunderstorms in the 
of the Development Section of the Bureau area of the accident. 
of Meteorology,  who, following the acci-  
dent, supervised an analysis of the wea-  Despite the frequent occurrences 
ther prevailing in the Sydney a rea  on of thunderstorms in Australia, and the 
30 November 196 1. widespread extension of aircraft  opera- 

There w e r e  major thunderstorms 
in the  a r ea  moving from west to east  a t  
10 kt, They appear to have intensified 
and slowed down over the Sydney area,  
At least two major cells w e r e  in the 
thunderstorm that moved across Botany 
Bay. The rainfall a t  Cronulla was unu- 
sual for the Sydney area,  and it was 
classed as very heavy. 

It was found that at t h e  time of the 
departure of VH-TVC the storm had 
passed ove r  the airport  and over the a rea  
in which i t  would fly via the 244 diversion. 
It was suggested that the centre of the 
storm had then moved over t o  the 
Kurnell area. The Chairman was of 
the opinion that at the time of the flight, 
thunderstorm conditions still prevailed 

tions since the w a r ,  no accident to a 
commercial aircraft  has been attributed 
to thunderstorms. Reports of turbulence 
encountered in thunderstorms sometimes 
of an extreme character are not infre- 
quent, but the absence of accidents result- 
ing therefrom indicates that pilots have 
been successful in avoiding or in counter- 
ing their worst effects, 

Knowledge on the subject of thunder- 
storms has been greatly enhanced in 
recent years by the publication in 1949 
i n  the U. S.A. of a report of the Depart- 
ment of Commerce entitled "The Thunder- 
storm1' The report ,  baaed upon a pro- 
ject which was scientifically designed to 
examine the nature of thunderstorm ac ti- 
vity and its effects, described three 
stages of a thunderstorm's life cycle:- 

over the a rea  in which the  aircraft  was  
- 

directed to fly, He believed that they were 1) the cumulus stage characterized 
of such a character as  to call for some by up draughts throughout the cell; 

- 

consideration, at or about the time of 
departure, as  to whether the aircraf t  2) the mature stage characterized by 
should be permitted to fly along the route the presence of both up draughts 
i t  was cleared to take prior to reaching and down draughts at least in the 
Padstow. lower half of the cell; and 

Thunderstorms and the i r  hazards 

There have, i n  fact, been few acci- 
dents directly caused by thunderstorm 

3) the dissipating or decaying stage 
characterized by weak down 
draughts p-evaiiing throughout the 
cell. 

activity, one fatality which bears a 
somewhat striking resemblance to the The development of the cycle to the ma- 
accident under consideration occurred to ture stage i s  marked by the f i rs t  precipi- 
a Vickers Viscount at Maryland, U. S, A, tation from the storm and t h e  down draught 

* A summary of this accident appears in ICAO Circular 62-AN157 
(Aircraft  Accident  Digest No. 11, Summary No. 32). 
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thereby introduced gradually spreads 
throughout t h e  cell. The point at which 
the strongest down draught occurs i s  
closely a~soc i a t ed  with the heaviest rain- 
fall. Also, the greatest turbulence inthe 
thunderstorm is  associated with the 
highest water concentrations a t  all  levels 
within the storm. 

The very heavy rain experienced in 
some quartero, a t  least in the area with- 

- irr the vicinity of Sydney Airport on the 
night of the accident, indicates the  pres- 
ence of conditions in which considerable 
turbulence would have been present. 

The conditions in Sydney on the 
night in question indicated that the pheno- 
mena were somewhat complex in charac- 
ter and that turbulence of a significant 
degree might have been encountered in 
comparatively widely separate regiona. 

Draughts and gusts are the factors 
which affect the aircraft. The draughts 
"cauae sy rternatic changes in the altitude 
of the plane or carry it upwards o r  down- 
wardsi1 whereas gusts "cause pitching, 
rolling and yawing, and accelerations of 
the plane without a systematic change in 
altitude ". 
The clearance and its relation to 
weathe r conditions 

The weather conditions under con- 
sideration are those likely to be encoun- 
tered af ter  entering cloud at the airport  
and in  the fIight to Padstow. 

The route designated by the captain 
was the  222 track, the normal route to 
Canberra, which would have taken him 
acrosa Botany Bay. However, th i s  was 
changed at  191 5 to the 244 diversion, 
which avoids Botany Bay. This route 
change waa prescribed by the A i r  Traffic 
Controller because the 222 diversion was 
not available because of inbound aircraft. 
His choice war  made without regard to 
the weather conditions, but based on infor - 
mation that another a i rcraf t  VH-TFF,  due 
for departure at about 1950 hours would 

probably request the 244 diversion to 37 
miles DME from Sydney in order to avoid 
a storm which would probably be located 
a t  that time on the 222 track. In the con- 
ditions prevailing on that night i t  could 
have little relationship to the conditions 
which VH-TVC might encounter between 
1915 and 1930 hours in the immediate 
vicinity of the airport. 

The aenior approach controller gave 
the aircraf t  directions to follow on depart- 
ing the airport. The aircraft was to con- . 
tinue the runway heading to 3 000 f t  before 
turning left and was to pass over the f ield 
at 5 000 ft or above. 

The Chairman believed that the 
choice of a left turn rather than a right 
turn had little to do with weather consi- 
derations, The directions am to altitde 
in the f ind take-off direction were, it 
was believed, dictated solely by traffic 
e eparation considerations and without 
regard to the weather cmditions likely to 
be encountered at the altitudes indicated. 

W h e n  an aircraft  is a t  cmiaing 
altitude the pilot has much more room for 
manoeuvring than when flying in restric- 
ted air space allotted to him at an airport 
for take-off or landing. Regarding 
VH-TVC, i t  was given precise instruc- 
tions a# to the course i t  was to take on 
i t s  departure from the airport. The 
opinion of the Chairman was that, in cir- 
cumstances such as thoae existing that 
night, it i s  of the utmost importance that 
an aircraft should not be required to 
follow a precise path which may, when 
i t  i s  in relatively low altitudes, lead it 
into conditions in which extreme turbu- 
lence may be encountered. If it is impos- 
sible to  say with reasonable certainty 
that  such conditions will not be encoun- 
tered along tha t  path, a clearance for that 
path should not be given. 

Responsibilities regarding weather 

The immediate problem was related 
to weather conditions in the immediate 
vicinity of the airport. 
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The senior approach controller, 
with 15 years experience as an a i r  traffic 
controller, was -& duty at the relevant 
time. H e  was primarily concerned with 
landing and take-off. H i s  conception of 
his duties was, i t  is believed, consistent 
with the information available to him. He 
had the Sydney Airport forecast covering 
his period of duty and also relied on his 
own observation of weather conditions. He 
had acted as radar controller for 3 hours 
to 1800 hours and was acquainted with 
such weather conditions as the radar dis- 
closed during that period. He also had 
such information a s  came to him from 
aircraft approaching and leaving the air-  
port. He  had no information of conditions 
immediately above the airport a t  5 000 ft, 
and i t  does not appear that he ever directed 
his attention deliberately to the question 
of what conditions might be encountered on 
the immediate flight path allotted to 
VH-TVC. In his view, the weather condi- 
tions were not such as to call for  any 
consideration. When asked i f  he would be 
worried about turbulence 6 000 ft up, he 
said he would i f  he knew it were there. 

The pilot may refuse to  take off if 
he considers the conditions hazardous. 
The captain of VH-TVC showed no hesita- 
tion at any time in undertaking the flight 
as scheduled. He had been briefed on the 
conditions. H e  may have acquired further 
information concerning the conditions in 
the immediate vicinity at time of take-off 
or from interception of communications 
with other aircraft. Except for that infor- 
mation, he had no preci ae knowledge of 
the conditions he might encounter a t  
5 000 f t  and above on the flight path pra- 
scribed by the clearance. The instruc- 
tions received by him on take-off were not 
such a s  to be questioned, and he could 
as aume that they would not lead him into 
danger. No blame attaches to him for 
accepting the clearance he was given, and 
there are no reasons for doubting that he 
followed the instructions which were given 
to him. 

The senior operations officer on 
duty could have delayed the aircraf t ' s  

departure pending weather improvement. 
His responsibility extended to weather 
developments in regard to the whole route. 
There m a y  be a gap which i s  not expressly 
covered in the realms of responsibility 
between his duties and those of the senior 
approach controller. 

His is a very responsible task involv- 
ing the proper consideration of flight plans 
for many aircraft with varying routes and 
destinations. It might well interfere 'with 
the proper discharge of these duties if, in 
addition, he were, in circumstances such 
as existed at the airport on 30 November, 
required to ask himself at the moment of 
take-off of each aircraft  whether It should 
take off at that instant. 

The Chairman concluded that in the 
conditions prevailing, it did not appear to 
be the clear responsibility of any officer 
to deliberate on the question whether tur- 
bulence which might be encountered Im- 
mediately after take-off by VH-TVC called 
for a different flight path o r  for some delay 
in the departure of that aircraft .  It is not 
possible to say that the consideration of 
that question would in fact have led to 
alteration or delay, but i t could have been 
expressly faced and answered. 

Meteorological services 

The regulations make i t  clear that 
the Director General can either arrange 
wi th  the Director of Meteorology for speci- 
fic weather advice or make any other ar- 
rangements necessary for the purpose. 

The Board was concerned in this 
inquiry with the absence of significant 
meteorological information relating to the 
airspace over and In the immediate vicinity 
of the airport  and with the absence of any 
equipment capable of providing this infor- 
mation. As for conditions in the Imme- 
diate vicinity of the airport, from time to 
time the senior approach controller must 
rely principally on visual observations. 
When considering thunderstorms a t  an 
altitude of 6 000 ft or above in that vicinity 
a t  a time when the cloud base is as low as 
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800 ft  and horizontal visibility reduced to 
a few miles, visual observation alone is 
far from adequate. 

Radar 

Weather radar will  undoubtedly pro- 
vide added protection to a i rcraf t  from the 
dangers associated with thunderstorms, 
The "Thunde r ~ t o r m "  report indicated that 
maximum turbulence and draughts a re 
coincidental in space with regions of high 
water content, and consequently are within 
the area delineated by the radar echo, 

Airborne radar 

The Department of Civil Aviation 
was very actively considering this problem 
prior to 30 November 1961, and after that 
date took prompt action to make this 
equipment mandatory in major types of 
commercial aircraft on the Australian 
register. The deadline given for its incor- 
poration was I June 1943. 

It should not be assumed that the 
presence of radar equipment in VH-TVC 
would necessarily have enabled the pilot 
to become aware of any significant turbu- 
lence in time to avoid it, There are  limi- 
tations on the effectiveness of airborne 
radar in operating on a course such as the 
a i rcraf t  was cleared to follow immediately 
after take-off. Radar would have provided 
the pilot with some valuable information 
as to weather conditions in h i s  immediate 
path which would not be apparent fram 
visual observation. 

Ground radar 

The "Thunderstorm" report showed 
tha t  most of the turbulence in the s torms 
flown thrmgh was confined to the area 
delineated by the radar echo presented on 
the 'scope of the control radar on the 
ground1. 

The radar fitted a t  the time in the 
Sydney Airport Tower could be used as a 
weather surveillance aid. However, that 
was its stcondary role. The wave length 
on which this radar operates and its 

fundamental design, which gives it optimum 
efficiency i n  its primary role, automatically 
renders i t  significantly less efficient in its 
secondary role. It does, however, with 
special manipulation, give an indication of 
areas  of heavy rain and c a n  thus be used a a  
an  aid to pilots in avoiding theee particular 
areas.  On the night in question it Wa8 used 
frequently for this purpose. Its  use in 
detecting storm centres in the airspace 
above the airport  and i t a  vicinity is limited 
in three  ways: 

1)  by its inherent design; 

2) becauee i t  is used primarily for 
ensuring aircraft separation 
clearance; and 

3) because a large sector of the sky 
from about 30' above the horizon 
is not "seen" or scanned by the 
radar. The 'blind spotf is 3 milts 
in diameter at 5 000 ft and increases 
proportionally a t  higher altitudes. 
It was the weather conditions in this 
very region which were of crucial 
importance to the flight of VH-TVC, 

There i s  a type of ground radar 
designed specifically for weather detection 
and surveillance. This type i s  to  be 
installed in  the Sydney area on top of the 
new Commonwealth Building when this  
building is completed. The equipment is 
to be under the control of the Common- 
wealth Meteorological Bureau and to be 
used as an aid to general weather forecast- 
ing. If information from that installation 
w e r e  readily made available at the airport 
in circumstances of thunderstorm activity 
i t  would enable the identification of regions 
of high water content and thus indicate the 
presence of turbulence in t he  vicinity of 
the airport. 

T h e  eveqts of the night of 30 Novem- 
ber suggest that more precise up-to-the- 
minute information as to weather conditions 
in the immediate vicinity is required when 
thunderstorms prevail, If ground radar is 
to be used for this  purpose the facility 
should be located at a point which will 
enable i t  to scan the airspace over,  and 
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in the vicinity of the airport. It would be 
necesBary for suitable arrangements to be 
made whereby, in weather conditions in- 
volving possible hazards to aircraft in the 
vicinity of the airport ,  continuous obaer- 
vation of the moving weather pattern would 
be undertaken and constant information in 
relation thereto would be made available 
to air traffic controllers and pilots. 

Was the clearance proper? 

The immediate cause of the accident, 
established as a fact, was that the outer 
starboard wing separated in flight. It was 
apparent that turbulent weather conditions 
contributed in a marked degree to the acci -  
dent. It would be wrong to conclude that 
the ai rcraf t  necessarily encountered turbu- 
lent conditions in flight, however it is the 
most probable initial factor, If this con- 
clusion is sound, it follows that such condi- 
tions e d s t e d  in the airspace above the air- 
port or the immediate vicinity thereof, 

The assessment of the actual wea- 
ther conditions existing at the airport  a t  
the time of the aircraft 's  departure call 
for caution in dispatching aircraft  into 
areas where significant turbulence m i g h t  
be encountered. In the conditions which 
prevailed the Chairman believed that take- 
off path prescribed for VH-TVC was not 
one in relation to which it could be said 
with any degree of certainty that i t  would 
not encounter such conditions. It was dic- 
tated by the requirements of separation of 
aircraft in the immediate vicinity without 
any delibe rate consideration of the condi - 
tions which the aircraft might encounter on 
the path chosen for i t ,  Other courses 
might have been taken, such as a delayed 
departure, the departure course which was 
chosen by another captain on a flight to 
Dubbo, or temporary closing of the airport. 
The Chairman concluded that the path cho- 
sen for VH-TVC w a s  not determined with 
sufficient caution and that the clearance 
given was not based upon sound operational 
judgement. However, he did not believe 
tha t  the  granting of the clearance arose 
from any culpable fault on the part  of any 
a i r  traffic controller. 

Some factors which might have con- 
tributed in some degree to the course fol- 
lowed a r e :  

a )  disinclination to interfere with the 
judgement of pilots in operational 
matters. 

A disinclination to interfere should not inhi- 
bit appropriate action to deter. 

b) the dangers associated with thunder- 
storm activity. 

The Chairmaa felt tha t  air traffic control 
officers at the airport  were not as conscious 
of the hazards presented by these storms as 
a perusal of the publication "The Thunder- 
storm" would have made them, 

The transcript of a i r  traffic control 
tape recordip~g 

In reaching conclusions regarding the 
conduct of the ATC officers at the airport  
on the night of 30 November the Chairman 
relied on the record of contemporaneous 
communications which passed between the 
ATC officers themselves and between them 
and aircraft  approaching o r  leaving the a i r -  
port. This proved to  be a valuable source 
of reliable evidence and a useful corrective 
to the necessarily somewhat less  precise 
detail8 of events which the officers were  
able to collect after six months, 

All members of the Board had some 
misgivings in the course of the inquiry that 
the full text of the transcript of these com- 
munications was not made available to the 
Board and to counsel assisting the Board at 
the commencement of the inquiry and before 
the relevant departmental officers w e r e  
examined. 

It was felt that  the entire t ranscr ip t  
might well have been revealed in t h e  report 
of the Director of A i r  Safety Investigation. 
These records did not receive the same 
meticulous examination by departmental 
investigators as was applied to other aspects 
of the accident. 
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Probable Cause 

During a descent in excess of 260 kt, 
the pilot's actions, when trying to regain 
control of the aircraft, caused the air- 
craft to exceed its stress limits. This 
factor together with speed and turbulence 
caused the starboard outer wing to fail. 

Recommendations 

1. The functions o f  the approach 
controller in relation to hazardous c ondi- 
tions likely to be encountered by an air- 
craft in t h e  vicinity of Sydney airport re- 
quire more precise definition. In particu- 
lar, when thunderstorm activity is preaent 
at or in the vicinity of the airport he should 
be responsible for determining whether a 
departure path designated for an aircraft 
is not such as to lead the aircraft into 
regions where severe turbulence may be 
encountered, 

2. When thunderstorm activity is 
present, he should be provided with the 
be st current weat her information pertinent 
to the assessment of the changing weather 
pattern, 

3. Ground weather radar will 
greatly facilitate the prods ion of pertinent 
data. Such a facility should be capable of 
effectively scanning the region above the 
airport and its  vicinity. With thia in view 
it ie recommended that any auch facility 
used rhwld be situated at such a distance 
from the airport as will ensure its effec- 
tivenesa in relation to that region. In 
conditions of thunderatorm activity, con- 
stant contact between such radar and the 
tower should be maintained. 

4. These recommendations may have 
relevance to other airports. 

IC A 0  R e f :  ARI749 
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No. 53 

Delta Air Lines, Inc. , DC-7B. N 4882 C, accident at Imeson Ai rpo r t ,  Jacksonville, 
Florlda,  2 becember  1961, Civil Aeronautics Board (USA) Aircraft  Accident 

Report k ' i l e  No. 1-0036, released 13 July 1962, 

Circumstances 

The aircraft descended into trees 
about 8/10 of a mile short of runway 30 
during a surveillance radar approach to 
that runway at 0938 hours eas tern  standard 
time, The aircraft was substantially dam- 
aged but was climbed and circled to land 
on runway 9. No. 2 propeller w a s  feather- 
ed after  striking the trees.  A portion of 
the left flap waa  torn off and remained in 
the trees.  There were  no injuries to any 
of the I5 passengers or to any of the 5 
c r e w  members. 

Inve stiaation and Evidence 

The A i r c r a f t  

It had flown a total of 14 097 hours,  
and records indicated that a 1  maintenance 
had been current and satisfactory. 

The Crew 

The captain had flown 17 195 hours 
of which 6 852 had been in DC-7's.  He 
held all requisite cert if icates and h i s  last 
medical examination (first class) was cur- 
rent. He was also  current  on line and 
instrument checks. The co-pilot and engi- 
neer were also w e l l  qualified, 

Weather 

About seven minutes before the a c c i -  
dent the U. S. Weather Bureau Station at 
the a i rpor t  transmitted by Tel Autograph 
to the control tower the official observa- 
tion of clear w i t h  3 miles visibility, ground 
fog and smoke. Appended to this observa- 
tion was a remark indicating that the visi- 
bility to the southeast w a s  one mile. This 
remark w a s  not given to the flight by the 

tower,  and existing procedures did not 
make it mandatory for the tower to do so. 

A t  the time of the accident the sur- 
face wind was only 1 k t  from the northeast. 
and there w a s  no reported turbulence or 
unusual winds at approach altitudes. 

A paper mill ,  which produced dense 
smoke a t  the time of the accident, is located 
about one mile northeast of the airport .  I t s  
chronic heavy smoke  ha^ caused a continuing 
problem depending upon and varying with the 
wind. Thie situation i s  well-known to pilots 
using Imeson Airport. Both the captain and 
co-pilot of the subject flight had had years 
of experience operating into Imeson Airport. 

The Flight 

Flight 744 w a s  scheduled from M i a m i ,  
Flor ida ,  t o  Cincinnati, Ohio, with stops at 
We st Palm Beach, Florida;  Jacksonville, 
Florida; and Atlanta, Georgia. The trip to  
West Palm Beach was completed without 
difficulty, and the a i rcraf t  then took off for 
Jacksonville at 0825 hours and was cleared 
to the Atlantic Intersection via Victor 3 east  
to maintain 11 000 ft and t o  descend to 4 000 
f t  after  passing Daytona Beach. 

At 0928 the flight contacted Jackson- 
ville Approach Control while over  Atlantic 
Intersection in the holding pattern at  4 000 f t  
and was given "wind calm; alt imeter 30. 36", 
and was cleared to Shiloh Intersection, to 
maintain 4 000 f t ,  and to depart Shiloh on a 
heading of 270° for a radar  vector to the ILS 
approach course for runway 5. Jacksonville 
weather was  given as "clear; visibility 3 
miles; ground fog and smoke; wind calm. " 

At this time the flight offered to 
accept radar vectoring for a straight-in 
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approach to runway 30 to expedite i ts  land- 
ing. As the approach controller was occu- 
pied with other duties, departure control 
agreed- to handle the Airport Surveillance 
Radar {ASR) approach. The co-pilot made 
the approach occupying the right seat, 

The flight was  instructed to turn to 
a heading of 340° and descend to 1 500 ft. 
The flight complied, maintaining a speed 
of 150 kt. The controller gave headings 
of 340 and then 320' to bring the flight to 
the extended centre line of runway 30. 
As the flight reached specific distance8 
from the runway it wai a d v i ~ e d  of the 
recommended altitudes. (These were - 
5 miles - 1 500 ft; 4 miIes - 1 200 ft; 
3 miles - 900 ft; and 2 miles - 600 ft. ) 
These recommendatione were received. 

The ASR minima for this approach 
are 400 f t  altitude and one mile visibility. 
According to crew testimony, the flight 
was slightly above the recommended alti- 
tudes up to and including the two-mile 
position. At approximately this point 
dense smoke from a paper mill, mixed 
with ground fog, was encountered. The 
crew testified that they entered this smoke 
and fog at an altitude of about 680 ft. 

The aircraf t  was not levelled off at 
the ASR minimum altitude and continued 
descending prematurely until the tops of 
trees  were  struck. The captain took con- 
t rol  immediately before striking the t rees ,  
applied full power, and pulled the aircraft  
up. Loss of power and increase in oil 
temperature of No. 2 engine was followed 
by vibration and prompted feathering of 
the propeller. The pilot circled the air- 
craf t  visually and landed on runway 9. 

The trees at point of impact are 
approximately 4 000 f t  from the approach 
end of runway 30 and approximately 1 300 
ft to the left of  the extended centre line of 
that runway, The heading from the point 
of impact to the approach end of runway 30 
is 320°. The published altitude of the air - 
port i s  52 f t  MSL; the altitude of the ap- 
proach end of runway 30 is 37 ft  MSL; and 
the treetopa w e r e  struck a t  a point 56 f t  

MSL, or 19 ft above the altitude of the ap- 
proach end of the runway. A line of trees 
slightly higher than those struck extended 
across the direct approach to runway 30 
about 1 000 ft farther on. 

Flight c r e w ' s  testimony 

The c r e w ' s  testimony pointed out that: 

1)  they saw port ions of the airport  
shortly before entering an area 
of dense smoke and fog across 
the approach path; 

2 )  they entered this smoke a t  about 
600 - 700 ft altitude at a rate of 
descent of about 600 ft/min; 

3) the two altimeters w e r e  not cross- 
checked during the approach, a s  
required by company procedure; 

4) the captain was not looking at his  
altimeter because he expected to 
break out into the clear at any 
second. The first  officer and the 
flight engineer could not recall 
any altimeter readings . 

The Altimeters 

The possibility of altimeter mal- 
functioning was investigated, and it w a s  
found that none of the six pilot log sheets 
preceding this flight carried any sugge stion 
of altimeter trouble, and both alt imeters 
indicated properly upon leaving Miami and 
upon arriving at and leaving West Palm 
Beach. Tests after the accident showed 
that both alt imeters w e r e  functioning within 
acceptable tolerances. 

The Autosyn Compasses 

Both were tested following the acci- 
dent, and neither showed any significant 
irregularity. 

Radar Malfunctioning 

This possibility w a s  a lso  thoroughly 
looked into. Three hours after the accident 
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the FAA flight -checked the Jacksonville 
ASR facility. Results indicated that the 
radar functioned properly, wel l  within 
tolerances on both azimuth and range 
(direction and distance) during four test 
approaches, three to runway 30 and one 
to runway 9. 

Conclusions 

Apparently both pilots ignored the 
altimeters after the aircraft entered the 
smoke. The altimeter is the only source 
of altitude information availabmuring 
this type of instrument approach because 
the radar controller does not have the 
means of determining altitude information. 

Not only was the aircraft not level- 
led off at the 400-foot minimum flight level, 
but its rate of descent must have been in- 
creased, There is no other way to account 
for the great loss of altitude in auch a 
relatively short distance. According to 
the captain, when two miles from the end 
of the runway and at an altitude of about 
650 ft the smoke area was  entered. The 
distance from that point to the point of 
impact, as flown, i s  about 8 200 it, At  the 

testified speed of 150 kt, an average rate 
of descent of about 1 200 ft/min muat have 
prevailed. The aircraft was also marked- - 

ly to the left of course juat before impact 
de spite continuing advisorie s to that effect. 

The Board believed that the presence 
of smoke in the impact area may not h 
considered a s  extenuating because descant 
through the smoke was continued unneces- 
sarily. The Board further believed that 
there was no misunderstanding by the crew 
a s  to the type of approach they undertook. 

Probable Cause 

The probable cause of this accident 
was the pilot ' 6  improper execution of an 
instrument approach. 

Follow-up Action 

Immediately following this accident, 
Delta Air  Lines suspended the captain and 
co-pilot from flight status for 30 days. 
The FAA later suspended the captain from 
flight status for 60 days and the co-pilot 
for 30 days, making the company disciplin- 
ary action retroactively applicable to both, 

lCAO Ref: AR/720 
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No. 54 

 hea as Aereas de Nicaragua, S. A. , Curtiss C-46, AN-AOE, accident 
at L+er 

19 1. +. e ort re ease 

The a i rc ra f t  departed Las Mercedes 
at 1100 hours on an I F R  flight to Miami, 
Florida. Its only occupants w e r e  the 
captain and cu-pilot. Shortly after take- 
off control difficulties were experienced. 
During an attempt to return to the airport, 
the aircraft stalled on final approach, 
went into a spin and crashed at an angle 
of 45 to 500 on i t s  right wing. The a i r -  
craft irnmediafely burs t  into flames, and 
the central section, fuselage and the 
portion of the wings which contained the 
fuel t anks ,  were destroyed. The two crew 
members were killed instantly, 

Investigation and Evidence 

The Aircraft 

It had a certificate of airworthiness 
valid until 25 November 1962. 

The Crew Members 

Both pilots, on loan from LACSA 
Airlines of Costa Rica, were  fully qualified 
and holders of Costa Eican a i r l ine  trans-  
port pilot licences, The pilot-in-command 
and  co-pilot had flown 12 135 and 5 066  
houra respectively. 

Reconstruction of the flight 

FoLlowing a normal ground run the 
aircraft  took off at 1100 hours. Almos t  
immediately thereafter it made a left 
turn while climbing. Between  the c r a s s -  
wind leg and the start of the downwind 
leg, an e m e r g e n c y  cal l  was made by m e  
of the crew members. Two crew aboard 
another aircraft in No. 1 take-off position 
later stated that they had heard three calls 

from AN-AOE indicating control difficulties. 
Both control tower operators sa id  that they 
had only heard one call declaring an emer- 
gency. The aircraft continued around the 
traffic pattern at a height of about 500 ft 
during which time the pilot apparently 
experienced dif fic~ilty i n  controlling the 
pitch attitude of the aircraft, The aircraft  
turned onto base leg and final approach at 
what  appeared to be a normal sinking speed. 
It proceeded at a height of about 200 ft up 
to a point approximately 200 yd from the 
end of runwzy 09, which i t  was approaching. 
A t  that point the aircraft assumed a sharp 
nose-up attitude until it reached a vertical 
position. Soon after i t  entered the nose- 
up attitude, full power w a s  applied to both 
engines ,  and the undercarriage and flaps 
began to retract. The alrcraf t  climbed 
about 400 to 500 f t  above ground level, 
then stalled and went into a spin, spiralling 
almost vertically towards the ground. 

Examination of the wreckage - Results 

The wreckage examination revealed 
that the control cab l e s  were  in normal and 
satisfactory working condition and w e r e  
almas t new, The  elevator trimming w a s  
pushed forward fuliy to keep the aircraft 's  
nose down. While flying the traffic pattern 
the aircraft  showed a tendency to p l l  up, 
and when it slowed down for the landing 
the tail proved extremely heavy. The 
pilot when t ry ing  to correct this situation 
applied fu l l  engine power and retracted 
the landing gear in order  to gain speed 
and obtain a response from the controls. 
He was not able to correct the tail 's 
persistent tendency to become heavier, 
and had to m a k e  an almost vertical climb, 
whereupon the aircraft  s ta l led  and went 
into an uncontrollable spin at Iow altitude. 
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] 
investigation 

Immediately after take-off the air- 
craft adopted unusual flying attitudes, and 
while flying the traffic pattern it was 
observed to be continuously pitching. This 
i s  corroborated by the emergency call 
made by one of the crew.  As the aircraft 
proceeded, with landing gear down, at a 
height of more or l e s s  150 to 200 it?< from 
the approach end of runway 09 on final 
approach, the pilot reduced engine power 

in order to lose height and start the landing 
procedure. In this position it abandoned 
its descent path and slowly and progressively 
assumed a climb attitude, with definite signs 
of stalling. 

Probable Cause 

The accident was attributed to cargo 
displacement towards the rear of the air-  
craft during the take-off run or immediately 
after taking-off. 

* An omission seems to have occurred here. Translator. 

ICAO Ref: AIG/ACC/REP/GEN/N~. 2 1 - Nicaragua 
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No. 55 

Airport, Ankara, Turkey ,  21 December 1961. Report of the Accident Investigation 
Team eatabliahed bv order of  the Wmirtrv of Comrnunicationa. Turkev. This 

The aircraft was on a scheduled 
flight from Landan to Rome, Athena, Istan- 
bul, Ankara, Nicosia and Tal Aviv. From 
Iatanbul the flight was operated by Britlah 
European Airways on behalf of Cyprus Air - 
W q 8 .  The operating crew, employed by 
BEA, consisted of a captain and two fir s t  
officers, Aleo aboard were  four cabin 
staff employed by Cyprus Airways and 27 
pas sangera, 

The trip to Ankara was normal. The 
time between-landing and starting engines 
at Ankara was 46 minutes during which 
light anow was falling. (At take-off the 
aircraft had a light covering of snow on 
the upper surface of its wings, however, 
this depoait had no bearing on the accident), 

The radio-telephony tape recording 
showed that the aircraft taxied out along 
the short taxiway, then back- tracked up the 
runway to  i t a  take-off position on runway 
2 1 at the inter~ection with the longer taxi- 
way. The runway length available from 
this position wa* 9 027 ft. Take-off weight 
Was 53 465 kg, L a .  18 185 kg below maxi- 
mum permiasibls weight or 1 085 kg below 
the regulated take-off weight, The taka- 
off run as to diatance and time was quite 
normal, aa also were rotation and unatick, 
The first abnormality occurred a eecond 
or two after unstiek when the aircraft rap- 
idly a a ~ u m e d  an excereiveiy steep climb- 
ing angle. One witner s put the angle 
achieved as about twlca the normal, anoth- 
er ae 45' to 5 0 ~ ~  There waa also evidence 
from witnesserr of a wing drop and of vari -  
ations in the engine noiaa during t h i ~  climb. 
The aircraft stalled with the left wing down 
at a height of about 450 ft  then sa& to the 

ground in a relatively flat attitude, The 
accident site was 1 600 m and on a bearing 
of 214'T from Essnboga Tower, The acci- 
dent occurred at 2143 hours GMT. 

G-ARJM was almost completely 
destroyed by impact and fire. A l l  7 crew 
and 20  paasengera were killed. Six pas- 
sengers were eeriously injured, 

Investigation and Evidence 

The Crew 

The operating crew held vaIid licencee. 
The captain had flown a total of 13 240 hours 
including 785 houra on Comet aircraft, 

The Aircraft 

It had valid certificatee of airworthi- 
neas, registration and maintenance and had 
been maintained in accordance with the 
approved maintenance schedule. The air - 
craft'a weight and centre of gravity were  
within the permissible limits. 

There was no record of any defect or 
repair during the recent operation of the 
aircraft which could be coneidered to have 
any bearing on the accident. 

Weather 

At  2150 houre GMT (i.e. 7 minutes 
after  the accident) the weather conditions 
were - 

surface wind: calm; visibility: 2 km; 
weather: anow; cloud 6/8  atratus at 
600 ft; 6/8 stratus at 600 ft; 6/8 Ne 
at  2 500 ft; B / 8  As at 7 000 ft; 
temperature O'C, 
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Navigational Aids  

All the ground navigational aids and 
radio "telephony channels were checked 
after the accident and w e r e  found to 'oe 
functioning satisfactorily. The ILS was 
not operational and had been notified a a  
such by Notam. 

The Accident Site 

The ground at the Bcene of the acci- 
dent sloped up at an angle of 2 o r  3', and 
the aircraft  struck on a heading of 180°M 
without yaw with the left wing down and the 
fuselage parallel to the ground. The nature 
of the damage, the marks on the ground 
and the disposition of the wreckage all 
indicated that the aircraft  had a low for - 
ward speed coupled with a high rate of 
descent at the moment of impact. 

Technical Examination 

External examination of a l l  flying 
control ~ u r  faces revealed no evidence of 
any damage or abnormality. No evidence 
was found of any control or electrical fail- 
ure o r  emergency (guch ae pilot's seat 
slippage or fouling of the control column) . 
nor was there any evidence of fire o r  
structural failure prior to the impact with 
the ground. 

F l a ~ a  w e r e  in the take-off nosition 
(i. e. 200j dive brakes were  in, a i d  the 
landing gear "downit and locked, No evi- 
dence of any malfunction of the enginea 
was found, however two of the three booat- 
e r  pumps in each of the No. 4 fuel tanks 
should have been switched on for take-off, 
but all were  found switched off.* This 
failure to follow the fuel management 
drill may have brought about fuel starva- 
tion of the two outer engines when the 
climb became steeper than normal, but 
it did not contribute to the accident as  a 
stall was by then inevitable and any subse- 
quent recovery impossible because of 
lack af height. 

The captain's director horizon was 
examined Sy the Royal Aircraft Establish- 

ment, Farnborough (England), It was found 
that the pitch pointer flspiderlt was being 
ob~t ruc ted  by the upper left dial mask screw, 
which had unscrewed sufficiently for its 
head to be in the plane of movement of the 
"spiderri. To attain this poarition, the screw 
had to be three and a half turns from the 
fully tightened condition. Examination of 
the screw head, the washer and the surface 
around the screw hole in the dial mask 
flange showed that the screw had not been 
tightened down fully during the assembly of 
the instrument. Local disturbance of the 
paint of the flange suggested that the aasem- 
bly waa tightened to within about half a turn 
from the fully tightened state. 

Checke have shown that complete 
obstruction to "spider" upward movement 
would have f i rs t  occurred when the screw 
was one full turn from the condition a s  
found, At thier time the "spideri' had to be 
below the Bcrew position and since the 
ilspiderr', and hence the pitch pointer, gives 
a direct indication of aircraft  pitch attgude, 
then the aircraft  had to be below 7-1/2 of 
pitch (the aircraft  angle equivalent to the 
obstructed position of the pitch pointer). 

The instrument had been installed in 
the aircraft during conBtruction of the lat- 
t e r  and there had been no report6 of any 
malfunctioning of it since 12 October 1961 
when the left vertical gyro was changed. 

The inspection records showed that 
this instrument had been inapected at all 
the requisite stages of manufacture. h the 
inepection procedure laid down by the manu- 
facturers there is a specific item "check 
that MAIN MASK fixing screws are securet'. 

Analysis 

The position of the impact point in 
relation to the unstick point, the fact that 
the aircraf t  did not begin to assume an 
abnormally nose-up attitude until a aecmd 
or two aftex unstick, and the fact that the 
landing gear was not selected up, together 
gave a strong indication that something 

* Note:- The switching on of two booster pumps in each No. 4 tank has to be done - 
immediately before take-off. The drill cards were not adequate to ensure 
that this w a s  done. 



306 ICAO Circular 6 9 - A ~ / 6 1  

unusual occurred immediately after unstick. 
Erarn unatick the aircraft assumed an 
increasiggly steep angle which reached 
about 45 , that ia about twice the normal, 
before it  stalled. The exact sequence of  
events and the actions of the crew during 
the brief flight cannot be established. The 
only fault in the aircraft and its equipment 
that could account for the abnormally steep 
climb was the obstruction of the pitch 
pointer in the captain's director horizon, 
It is believed probable that the captain 
looked at this instrument for attitude infor - 
mation immediately after unstick and gee- 
ing the pitch pointer only about half way to 
the normal nose-iip po~i t ion  on the pitch 
scale, applied more  up elevator, Although 
t h i ~  would have at once steepened his 
climb, there would have been no indication 
of it from the pitch pointer. It has been 
calculated that the time interval between 
unstick and the atall waa approximately 8 
to 10 seconds. 

The evidence suggests that the outer 
engines may have begun to  fail due to fuel 
atasvation after the angle became exces - 
rive. But a8 the fuel starvation would have 

occurred very close to the stall and when 
recovery was impossible in the height 
available, it is not con~idered a contribu- 
tory cause of the accident. 

h the event that the co-pilot was a t  
the controls for the take -off the accident 
could then have been brought about by the 
captain either telling the co-pilot to in- 
crease the climb or himself pulling back 
the control column, basing his action upon 
a glance at  his own director horizon. 

Safe ty  harnesses of the crew 

Only the lap strap8 of the crew's 
safety harness were fastened at impact. 
It is probable that the three pilots would 
have survived had they used the shoulder 
straps of their  harneseea. 

Probable Cause 

The probable cause of the accident 
was the obstruction of the pitch pointer In 
the captain's director horizon which led 
him to make an exceaaively steep climb 
immediately following unstick. 

ICAO Ref: AR /? 36  
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No. 5 6  

Kodiak Airways, Inc . , Grumrnan G -  2 1 A, N 1503V, accident shortly after a water 
take-off from Old Harbor, Kodiak Island, Alaska, on 24 December 1961. Civil  

released 18 A p r i l  1963. 

Circumstances 

The aircraft, a Grumrnan G-21 (a 
twin-engined six-place amphibian) departed 
Kodiak at approximately 1000 hours Alaska 
standard time on a regularly scheduled p a s  - 
senger, mail and c a r g o  flight with planned 
en route stops at Old Harbor, Kaguyak, 
Lazy Bay, Moser Bay, Olga Bay and return 
t o  Kodiak. No passengers w e r e  carried on 
the flight to Old Harbor. The flight, con- 
ducted under day visual flight rules, was 
routine in all respects,  and a normal water 
landing was made a t  Old Harbor a t  about 
1040 hours. Four p a s s e n g e r s  and about 
40 lb of cargo were then loaded aboard. At 
approximately 1050 hours, the a i r c ra f t  
started its take-off in a southwesterly 
direction. The initial take-off f r o m  Old 
Harbor appeared to be normal, but immed- 
iately after lift-off the aircraft was ob- 
served to descend, strike the water, and 
climb steeply. The aircraft then pitched 
down abruptly and crashed, with the nose 
and tail breaking off at impact. One pas- 
senger sea ted  in the cockpit was thrown 
into the water and drowned. The pilot, 
who was also thrown from the aircraft, and 
the remaining 3 cabin passengers, who 
exited through the main cabin door, were 
rescued in a few minutes. The  aircraft 
was totally destroyed at impact and sank in 
75 i t  of water, 

Investigation and Evidence 

The Aircraft 

The Last major inspection (100 hours) 
was accomplished on 11 December 1961, 
and the aircraft was then flown 21 hours 
prior to the accident. The aircraft had a 
total  flying time of 8 694 hours. 

Whi le  at Old Harbor the parking brake 
slipped, and the aircraft  pivoted 5 - 6 f t  to 
the left where the tailwheel of the airplane 
became entangled in the tubular steel pas- 
senge r loading ladder, which had been 
placed to one side. This ladder is 3 ft long, 
1 3  inches wide, andweighs 4-112 Lb. The 
pilot then assisted the passengers out of the 
airplane and, with the help of bystanders, 
removed the ladder from beneath the air- 
craft .  Since a previous incident had punc- 
tured the hull, the pilot crawled underneath 
the aircraft  to inspect for any damage which 
might have been caused by the ladder. A 
visual inspection by the pilot did not reveal 
any apparent external s t ruc tu ra l  damage; 
however, no internal inspection of the hull 
was conducted, A routine walkaround in- 
spection of the aircraft  was carried out. 
No discrepancies w e r e  found, There was 
no external ice and the hull drain plugs 
w e r e  secure. 

A complete preflight check, including 
drainage of the bilge, was performed. The 
aircraft  was  found to be airworthy, within 
weight and balance limits, and was proper- 
ly dispatc h t d  from Kodiak. 

The Pilot 

He held a valid commercial piiotls 
certificate with airplane multi-engine land 
and sea, airplane single -engine land and 
sea, and flight instructor ratings. As of 
the date of the accident ( 2 4  December 1961) 
he had accumulated approximately 
6 809 hours, of which approximately 1 160 
were in amphibious aircraft. He was given 
approximately 26 hours of training in the  
G-21A aircraft  before being checked out in 
this aircraf t  by Kodiak A i r w a y s ,  Inc. , and 
had flown between 100 - 200 hours in the 
G-21A prior  to the accident.  
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Weather 

According to the pilot, on departure 
from Old Harbor the conditions were: 
clear and sunny, wind calm to 3 or 4 kt, 
water calm. The water was not glassy, 
but there w e r e  a few ripples on the water  
surface. 

The Take-off 

The statements of the pilot, passen- 
gers and groundwitnesses were  analysed. 
Initial take -off was normal and while accel- 
erating shortly thereafter under full power 
to climb airspeed the aircraft struck the 
water in a shallow descent, climbed back 
h t o  the air in a nose-high attitude and 
stalled. After pitching forward, the air - 
craft struck the water in a nose-low atti- 
tude. The nose of t he  aircraft separated at 
impact. The tail section was severed from 
the main fuselage, but remained attached 
by several control cables. 

Possibilities considered regarding 
the manoeuvre executed by the  a i r c r d t  

The following possibilities w e r e  look- 
ed into as possible causes of the aircraft's 
loss of longitudinal control: 

1) failure of the elevator control 
3ystem; 

2) water in the hull creating an 
excessive aft centre of gravity 
movement; and 

3)  a high- speed, low -angle porpoise. 

Failure of the elevator control 
svstem 

Examination revealed that the two 
pairs of elevator and rudder control cables 
run through common fairleads and adjacent 
pulleys from station No. 11, where the nose 
section separated, to station No. 32 near 
where the tail section Broke off. At station 
No. 2 9 ,  where four pulleys permit these 
cables to make a 90' turn upward, two tail- 
wheel retraction cable pulleys are also 
adjacently installed. Here, one axis bolt 
serves the two rudder pulleys, and another 

axis bolt the four pulleys through which  the 
elevator and  tailwheel retraction cables run, 
There w a s  no metal fatigue found in these 
assemblies, and i t  was determined that 
these two axis bolts, with the six pulleys, 
we re torn simultaneously from the i r  brack- 
ets as a result of an instantaneous overload 
of the cables acting on the pulleys. It i s  
believed that this failure was due t o  impact 
forces which occurred when the  tail section 
broke off at station No. 31. Moreover, all 
fractures in the flight control and tailwheel 
retraction systems were determined to have 
been caused either by impact fo rces  or sal-  
vage operations. Having also dete rrnined 
that the power plants were operating pro-  
perly, i t  i s  reasonable to conclude that t h e  
airplane was mechanically capable of nor- 
mal operation u p  to the time of impact. 

W a t e r  in the hull creating an 
excessive aft centre of zravitv 

Proper loading of an aircraft will 
place the centre of gravity within specified 
limits. A s  the centre of gravity moves be- 
yond the aft limit, the control forces tend 
to become zero with respect to the control 
surface deflection. When the centre of grav- 
ity continues rearward t o  and beyond the  
point of neutral stability, the aircraft  be - 
comes increasingly longitudinal1 y uncont rol-  
lable. The absence of resistance to control 
movement experienced by the pilot could be 
the result of the above condition. 

However, there a r e  several factors 
which serve to eliminate this possibility. 
A routine preflight draining of the hull was 
conducted pr ior  to departure f rorn Kodiak, 
The inspection of the hull by the pilot prior 
to departure from the beach at Old Harbor 
did not reveal any  damage. A normal lift- 
off and short interval of normal flight pre- 
ceded the accident, and close examination 
of t h e  wreckage the reafter verif ied the 
watertight integrity of the hull prior to im- 
pact, 

High-speed low-Iimit porpoisinq 

The most probable explanation of the  
maneouv re described is that following 
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take-off the pilot intended to level off at 
low altitude in order to gain airspeed pr io r  
to the climb. The pilot testified that i n  
Alaska this is  done to avoid possible turbu- 
lent e .  How ever , instead of maintaining 
altitude the aircraft  entered a shallow de- 
scent .  The pilot failed to recognize the 
gradual loss cf altitude and the resulting 
first  contact with the w a t e r  as described 
by witnesses and a passenger. The above 
circumstances would result in the aircraf t  
striking the water in a slightly nose-low 
attitude, which would produce a phenome- 
non known a s  high-speed low-limit porpois - 
ing.  This condition of flight peculiar to 
flying boats has been the subject of several 
studies by various interested agencies. 
A consensus of their findings is that when 
a flying boat contacts the water at a shal- 
low angle of incidence, with an airspeed in 
excess of that normally required for land- 
ing, the nose wi l l  initially be sucked deeper 
into the w a t e r .  Then a s  the entire bow 
area of the hull i s  submerged the hydro- 
dynamic forces will reverse and repel the 
aircraft  with a violent thrus t  out of the 
water .  This nose-up movement will in- 
crease t h e  angle of attack and result  in in- 
creased lift from t h e  wing. The violence 
of the porpoise will be in d i rec t  proportion 
to the trim angle and airspeed of the air- 
craft a t  contact, and it will. occur regard- 
less of any action on the part  of the pilot. 
Recovery must be effected during the ascent. 
or a stall will occur and the cycle wi l l  r e -  
peat itself with increasing violence until 
either structural failure occurs, o r  the air- 
craft dives. Diving is the result of the 
nose completely submerging, and the air- 
craft flipping on i ts  back and/or sinking. 

The following i s  quoted from report 
No. 1025 of the Aviation Design Research 
Section, Bureau of Aeronautics, Navy 
Department, which i s  a survey of landing 
and take-off accidents of flying boats 
during a 22-month period: 

"High Speed Low Angle Porpoising 

Provided the aircraft  does not 
dive ,  ii it is landed at too high a 
speed, and too low an attitude, the 

the f i rs t  half cycle of a violent low 
angle porpoise is very liable to 
occut, If the pilot is alert . . . he 
m a y  be able to recover at the top 
of t h e  cycle. If he is not, or the 
airplane won't respond to the con- 
trols i t  may hit again to start 
another cycle o r  it may dive in. " 

The appropriate recovery procedure 
from this manoeuvre requires full power 
throughout the recovery effort, and involves 
flying the aircraft  out of the ascent phase 
of the cycle. 

Report No.  1025 further states, 
"There w e r e  t h r e e  incidents involving div- 
ing in smooth water, one of which followed 
the f i rs t  cycle of high-speed low-angle por- 
poising, The fourth case of diving occurred 
in moderately rough water. In all these 
accidents the aircraft were  completely de- 
molished. In one instance the diving s ta r t -  
ed at about 85 kt, which is some 25 kt 
above the stalling speed. " This section 
referred specifically to the JRF-4 and 5, 
which i s  the U. S. Navy designation for the 
Grumman G-21A. The report  also included 
a drawing to differentiate between diving 
and high-speed low-limit porpoising. The 
s k e t c h  is included with th i s  summary as 
Figure 27. 

The sequence of events described by 
the witnesses and passengers, and which, 
with the exception of the f irs t  high-speed 
touchdown in the water, is consistent with 
the pilot's testimony, corresponds precise- 
ly  to the sequence of events associated with 
high-speed low-angle porpoising. While  
this  accident occurred on take -off, the 
pilot's failure to recognize the subsequent 
loss of altitude, resulted in the aircraft 
striking the water under conditions nearly 
identical to those of an improperly executed 
high-speed low-trim landing. In this  in- 
stance structural failure occurred a t  impact 
after the f i r s t  cycle. 

The pilot did not realize that the air- 
craft  descended into the water and had 
entered a porpoise, but erroneously asses- 
sed the resulting actions of the aircraft as 



having been generated by elevator control Probable Cause 
s y s t e m  failure. Accordingly, the c o r r e c -  
tive actions taken by the pilot,  such as the The probable cause of this accident 
reduction in power and the use of full flaps, Was an i m ~ r o ~ e r ' ~  executed take-off which 
were completely incompatible with the resulted in an inadvertent descent into the  
actual condition, thus eliminating the little Water. This produced a low- 
opportunity he had to effect a safe recovery. porpoise from which the pilot was 

unable to  recover. 

ICAO R e f :  AR/751 
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No. 57 

1 
Geneva-Cointrin Airport, Switzerland on 27 December 196 1. Report 

of the F e d e r a l  Investigation Gommis sion on Aircraft Accidents 
as released by t he  Federal Air Office, Switzerland. 

Circumstances Investigation and Evidence 

Flight 780 was scheduled to depart 
from London at 0845 hours GMT and land 
a t  Geneva a t  1215 hours local time. It left 
London with a crew of 9 and 7 passengers. 
Prior  to the ILS ground-controlled approach 
to runway 2 3  at Geneva the control tower 
provided weather information and the fol- 
lowing details regarding the condition of the 
runway: "partially covered by 1-1/Z cm of 
hard snow; usable width 40 m; wal l  of snow 
80 cm high on the right side of the runway; 
snow removal in progress;  norma l  braking 
action. " The aircraft  approached in a nor- 
mal let-down but deviated somewhat to the 
r i g h t  of the centreline; two miles from 
touchdown i t  was  300 m to the r ight  of that 
line. The pilot, having been warned of this 
deviation, corrected it and aligned the  a i r -  
craft one mile from the runway. Touch- 
down was at 11 1 1  hours. The pilot estirnat- 
ed that touchdown was made about 350 m 
from the runway threshold. Six hundred 
and f i f ty  metres from the threshold the air-  
craft struck a wall of snow on the left-hand 
side of the runway twice lightly with the left 
outer edge of the landing flap. Eight hun- 
dred and fifty metres from the runway 
threshold i t  ran over the wall of snow a t  an 
angle of 20' and with the nose so high that 
the nosewheel left no visible trace in the 
snow w a l l .  About nine hundred metres from 
the runway threshold the aircraft  left the  
runway for about 200 m and reached taxiway 
7,  about 1 050 m from the runway threshold, 
40 m from the edge of the runway. At that 
point the pilot was able to regain the runway 
on the right where he finally stopped, 
1 200 m from the threshold. N o  one aboard 
was injured. However, the aircraft  
received major damage. 

The Aircraft 

It was manufactured in  1961, and had 
an airworthiness certificate. The maxi- 
m u m  authorized en route weight for the  a i r -  
craft was 73 500 kg and for landing 
54 430 kg. Its weight at the time of the 
accident was  believed to be below the per- 
mitted maximum, T h e  centre of gravity 
was unknown. 

There was no indication of any tech- 
nical defect in the aircraft  and, in particu- 
l a r ,  no defect in its brakes or controls. 

The landing flaps end 6. 2 m f rom the 
wing tips. The trailing edges c o m e  down 
beyond the outside w h e e l s  at a height vary- 
ing  from 126 to 53 cm from the ground. 

The Crew 

The pilot-in-command holds  a first 
class airline pilot's licence dated 19 Janu- 
a ry  1961.  He has flown a total of 15 900 
hours of which 1 030 hours w e r e  on this 
type of aircraft. During the 90 days prior 
to the accident he had flown 200 h o u r s .  

Other c r e w  m e m b e r s  aboard w e r e  2 
co-pilots, a flight mechanic and 5 s tewards .  

Runway 23 

Runway 23 is 3 900 m in length, 50 m 
wide and has a uniform lateral drainage 
slope of 170. Five hundred and fifty metres  
from the runway threshold there  is an 
underpass. About 1 100 rn from the thresh- 
old, taxiway 7 b r a n c h e s  off at an angle of 
30' with the runway. 
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The runway l ights are si tuated 150 c m  
outside the edges of the runway, and they 
are 80 crn high. 

The usable width of the runway, i. e .  
40 m, was considered sufficient f o r  a safe 
landing. 

M e t e o r o l o ~ i c a l  conditions 

The day before the accident  i t  had  
rained in Geneva up to 0700 hours .  
Between 0905 and 1645 hours t he re  had 
been intermit tent ,  ex t remely  heavy snow- 
fa l l s ,  then f rom 1845 to 2015 hours i t  ra in-  
ed again. 

During the night of 26 December and 
the morning, of 27 December there  was  no 
fur ther  precipitation. T h e  air t empera tu re  
remained constant through the night at + 1 ', 
while the the rmomete r ,  5 c m  above the 
runway, indicated - 0 . 6 ° ,  The humidity 
was  95% at 0900 hour s .  

Shortly before 1100 hours  the fol low- 
ing weather repor t  was i s sued:  visibility 
on the runway 1 400 m, cloud patches 314 
cover at 1 500 ft and 6/8 at 2 500 f t ,  tern- 
pe ra tu re  + 2', condensation point about + 1 ", 
atmosphe r ic  p r e s s u r e  1002 mb. 

Discussion 

The accident would not have happen- 
ed if the airport o r ,  at l ea s t ,  the runway 
had been closed until the removal of the 
snow walls had been completed. However, 
the c i rcumstances  did not necessa r i l y  war -  
ran t  such action. 

It could not be  established whether 
the r epor t  given to  t he  pilot as to  the state 
of the runway in relat ion to the braking 
ac t ion  was justified especially concerning 
conditions above the underpass. 

T h e  snow wall 80  to 90 crn existed on  
both sides of t h e  runway,  however,  the r e -  
por t  made to the pilot a t  1058 hours only 
mentioned a wall of snow on t h e  r igh t  side. 

The first t racks  worth taking into 
account are those of the main landing gear  

on the underpass  (in the cen t r e  of the run- 
way) and the two tracks of the wing on the 
left-hand wall of snow, about 600 m from 
the runway threshold. It is possible  that 
the a i r c r a f t  had already touched down be- 
fore making these tracks.  

An obse rve r  a t  the runway threshold 
was unable to see the aircraft  at the mo- 
ment of touchdown because of mist. At the 
t ime of touchdown the a i r c r a f t  was not yet 
stabi l ized along i t s  longitudinal axis .  

The impact  with the wal l  of snow 
could be at t r ibuted to t he  fact  that  the  a i r -  
c r a f t  had landed on the runway slightly on 
a s lan t  or skidded, with  the r e su l t  that it 
left the cent re  of the runway. 

A satisfactory reconstruct ion was not 
possible.  

It remains questionable whether  the 
movement to the left was initiated by a l a t e -  
ral component or was the r e su l t  of a braking 
effect oi undete rrnined origin. 

The Commission could not give an 
opinion on the exact  effect produced by the 
tunnel passing under the runway and the 170 
l a t e r a l  slope of the l a t t e r .  

In conclusion, it m a y  be said that the 
marg in  of safety offered by the s ta te  of the 
runway used  was to some extent diminished 
by weather  conditions so that there  was not 
sufficient compensation on the one hand for 
the la.ck of prec is ion  i n  the information fur -  
nished to  the pilot and on the other hand for 
the s l ightest  deviation f rom ideal landing 
requirements. 

The  Investigation - Genera l  Comment 

The damage to the aircraft  did not a t  
the outset seem as serious as i t  actual ly  
was.  A s  a resul t ,  the authori ty for inquir- 
i e s  i n t o  a i r c ra f t  accidents  was not advised 
until 10 J a n u a r y  1962 and l ive  d a y s  l a t e r  the 
order w a s  given to proceed with the pre l i -  
m i n a r y  investigation. 

At  the time of the inquiry the c r e w  
w e r e  rlo longer available to give information.  



3 14 ICAO Circular 69- /61 

Also, important factors in questions put to - Probable Cause 
the owner of the aircraft later on remained 
unanswered. The inquiry was thus render- Thy pilot lost control of the aircraft, 
ed very difficult through this delay and the and it left the runway after touchdown, p r o -  

insuificiency of the evidence. bably because of unfavourabl e landing con- 
ditions. 

ICAO R e f .  AIG/ACC/REP/GEN/NO. 15 - Switzerland. 
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AIRCRAFT ACClDENT STATISTICS 1961 

1. This section of the Aircraft Accident Digest No. 13 contains a detailed analysis 
of the statistics for  t he  year l$l, as well  as selected data f o r  the years 19.25 to 1962 
inclusive. Figures for the years subsequent t o  1951 were ob~ainect  largely from t h e  ICAO 
A i r  Transport Reporting Forms G (Aircrafi Accidents; see pages 322 a d  323) filed by con- 
tracting States. I n  order to a r r i v e  at as complete a picture as possible of accidents 
i n  which public aircraft were involved, other sources had to be used for those countries 
which have not yet filed the required reporting Form. 

2.  The s t a t i s t i c s  shown axe t h e  best available to date but are subject to adjustment 
when addi t iona l  Forms G are filed, 

DESCRIPTION OF TABLES ANE CHART 

3 CHART Passenger f a t a l i t y  rate ana traffic on scheduled air services 1945 - 1962. 
TABLE A-1 Accidents with passenger fatalities on scheduled air 

services 1925-1962. 

TABLE A - 2  Number of fatal accidents, passenger fatalities and survfvors 
turbo- jet, propeller-driven (turbine and p i s t o n )  aircraf't - scheduled 
air  services L%O - 1562. 

4. Three  tables are given f o r  the year 1961. The accfdent data has been recorded 
under the i..auntry i n  which the a i r l i n e  which suffered an accident is regfstered,  thus 
not under ::lie country where the accident took place. These three tables give the folol- 
lowing information: 

TABLE 3 Passenger fa ta l i t i es  occurring on scheduled international and dmest ic  -- 
operations. 

TABLE C Aircraft accident sutmnary of a l l  operators engaged in gublic air 
transport. 

TABLE D Aircraf t  accident summary of all operators engaged in public air 
transport by type of operation. 

SAFETY mom 

5 .  The passenger safety record for the scheduled air services of  t h e  world 
(international and domestic) showed a further  improvement i n  1952 as compared with 1961, 
the fatal accident rate reaching the record l o w  figure of  0.59 fatalities per hundred 
mi l l ion  passenger-kilcaaetres (0 -94 per hundred mi l l ion  passenger-miles ) . The reduct ion 
from the 1961 figure o f  0.69 (1.11) is not in itself s t a t i s t i c a l l y  s i a i f i c a n t  and could 
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be due t o  chance, but taken i n  conjunction w i t h  the long-period downward trend in t h e  
r a t e  since the War (the figure w a s  2.35 (3.98) i n  1 9 u  and 3.U (5.17) in  1947), the 1962 
preliminary figure may be regarded as indicating a continuance o f  the general trend of 
steady improvement (see Table A-1). The actual nmber of fatal accidents on scheduled air 
services w a s  27, 2 more than the 1961 figure of 25, but t h e  average nmber of fatalities 
i n  each fatal accident was smaller and total passenger fatalities were less, 763 in 1962 
as capaxed with 805 i n  1962 ( these figures do not include charter or special flights of 
scheduled a i r l ines ) .  This l a t t e r  resul t  w a s  not due to a n w i n g  special i n  1962 but rather 
to exceptionally high figure of f a t a l i t i e s  per accident i n  1961, owing t o  several 
catastrophic accidents where large a i rc ra f t  crashed w i t h  the l o s s  of all on board. The 
nmber of crew k f l l e d  in the 1962 scheduled service accidents was 137, bringing the total 
f a t a l i t i e s  up t o  900. 

6 .  The jet  a i r l ine r s  had an accident record re la t ive  to  the i r  volume of  f lying approx- 
imately the same as propeller-driven (piston) aircraft ,  being responsible f o r  about half 
the passenger f a t a l i t i e s  (see Table A-2) and about h d f  of  the passenger-kilometres flown. 
DC-3 aircrafk were responsible for 7 out of  the 27 fatal accidents, which is  approximately 
proportionate t o  t he  nmber of W - 3 ' s  i n  regular use and implies an accident r a t e  similar 
to that of other aircraft: a considerable achievement for  an a i r c r a f t  that tends t o  be 
used predominantly on the less developed routes with re la t ively  short stages. 

'7- As always, l i t t l e  information i s  available concerntng non-scheduled service 
accidents but it seems clear t h a t  the non-scheduled safety record i n  1962 was once again 
considerably worse than that of  the scheduled services. The preliminary r e p o r t s  skiow 
450 passengers killed i n  18 non-scheduled service accidents as compared w i t h  765 passengers 
k i l l e d  i n  28 accidents on scheduled services, with probably 20 t imes the volme of opera- 
tions. Some of the accidents s h m  i n  preliminary reports as being on non-scheduled 
flights may prove subsequently to have been on scheduled services, but it seems probable 
that the fatal accident rate for passengers on non-scheduled f l igh t s  i s  o f  t h e  order  of  
10 times tha t  on scheduled services. The types of  accident described i n  the preliminary 
reports for  the non-scheduled sector appear to be broadly simklar t o  those occurring on  
scheduled services. The difference is  tha t  they occur much more frequently i n  r e l a t i on  
to the nmber of kiloanetres flown. 

8. Themajorf tyof the inves t iga t ions in to1~2acc identshavenotye tbeencomple ted ,  
so t h a t  nothing can be said concerning their cau~es. It may be worth noting, however, 
that i n  the description of what happened i n  each accident, taken from the preliminary 
reports, expressions such as "h i t  m o u n t s i n "  o r  "hit high ground" occur wfth considerable 
frequency. There were 9 such cases in the  preliminary reports of the 27 f a t d  accidents 
i n  1962. It would seem possible tha t ,  whatever the basic cause may be, a s u b s t m t i d  
proportion of fatal accidents on scheduled services happen because, for some reason or 
other, the p i l o t  does not rea l ize  h y  close he is to the ground -- suggesting that some 
kind of special warning of the closeness of the ground, separate from andadditional t o  
existing instruments, might at l e a s t  i n  some cases be of d u e .  Accidents containing 
th i s  element do no t  seem t o  be more frequent nar than i n  the past,  i n  re la t ion t o  the 
volume of f lying,  but the incidence of  other types of accident has been reduced. 

Paragraphs 5 - 8 reproduced (with minor changes) ern Doc 8317. Annual Repor t ;  of the  
Council t o  the Assembly f o r  1962. 
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PASSENGER FATAWTY RATE 

SCHEbULED AIR SERVICES 1945 - 1964' 
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A l  TRANSPORT REPORTINQ FORM 

b u r  d s d  
AIRCRAFT ACCIDENTS 
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FORM G 

form to be  filed by tach State, in respect of operators, Non-revenue relates to operotions swh as paitinning flights, 
regisknd in he courttry, which ate engaged in public air test flights, training flights, etc. 
tramport, regardless of the occurrence of aircraft accidents. Lerrltorial ore rloJ*ficotiom 
This form i s  to be tiled ANNUALLV, not iater that? 2 months according to the rules given btbw for tht daarification of 
ofter Bhr end of the year to which it refers. flight slogss, a "flight stage" being the operation of an air- 

craft from toke-off to Iandlng: 
--.- , 

DATA TO BE YEPORVEO 

Data in columm a to n for an individual operator i s  to be 
reported only if its aircraft is  involved in an occident (re- 
gardless of where Lt accident takes place). 

Data should be reported in columns c ond d relating to the 
totol activities of the opemtor during the year, subdivided 
into the  type^ of operation indicated. 

Data shwld be reported in columns c to n opmrite the type 
of operation in which the oircmft w a s  enaaged at rhe rime 

mns: 
A collision bmtween two or mwo olrcraft ilaauhd be farodad ,spuraltly 
for mch opsrata bvcrhcd. and nddllioml daraiir ,-id be provided 
undar "Rrmorkr". 

Actidank rcwhho m only minor l n j w i n  or damopes s h f d  n d  be reported. 

6ach kot. is to repori thQ 'hours flown' ond 'londings mode' 
in the lower left hand comer of the Form,wktbr or mt 
on ocddenl has been reported. 

EXPLANATION OF TERMS 

Aim- o ~ t l d ~ n t  meonr an occurrence usmated with tht 
operation of an aircmft w h i  takes place between the 
time any p c M n  boards the aircmft with the i n t tn th  of 
flight until sud, time ns oll such permm have disedarled, 
in w h i :  

a) any pcmn suffers decth or serious injury cs o rerc'! 
of being in or upon the aircraft by direct ccntoc! 
with the aircraft or anything ottached thereto, or 

&) the aircraft receives subrtontial domoge (Annex 13). 

Sckeddd and non-srb Jdd opemlions relate to opera- 
tions for which rernuncratim i s  received. The ttnns apply to 
the stoges of on operation, but not necessarily to the operator; 
thus, an airline whose operotions are predominantly scheduled 
may, from time to firne, operate non+scAtMed ftighh. 

A "flight rtoge" with one or both terminals in tha ttrri- 
tory of a State other than the w in which the airline 
i s  registered. 

fellitmw 
A "flight stage" with blh  terminals in the tartitmy of Ihe 
State in wbich the airline is registered, passing, for mla- 
tively substantial distances, over foreign knCtory or intn- 
n~tlonol waters. 

Domaotic: 

A 'Ylighr ange" not &&fmble w '&*A IX 

'territorial'. 

Number of londihgs (Column c and lower Itft): 
If the number ~f londings cormot be axtrtoined wifhout 
difficulty, an tstimatt may be given and a mte i w i i e d  
under "Remorlrs" indicating h t  the figum is urt osthuk. 

Aircmft hours (Cdumn d and lower kft): 
Report to nearad number of wholt harm Wmt* wder 
"Remarks" bai t  used - d as "block-ta-bW, '- 
off-wheels at", s t ~ .  

P~rsengers injwad (Glumnr i, i ) :  
Include h e  ta~cr! numbtr of possengan imbed, bob 
reYerue and rmr-!@venue. 

Crew membmm injured (Cdumm k, I ) :  
Include hostesses, stewards and sup*mvmrory crew in 
addition to flight crew. 

Olherr injured (Columns m, n): 

l&lude all pemns injured other than t h  o b m d  the 
aircraft. 
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PART 111 

"AND THZN . . . THERE IS DOWU" 

(The following article appeared in the Aprii 1964 issue of the Talon Service News 
published by Northrop Norair af California. Some of the material used in the 

article was provided by the Interceptor Magazine, USAF A i r  Defense Command. 
Flight Safety Foundation, New Y ork kindly loaned negatives of some of the 

illustrations appearing in the article. ) 

"The old saw 'everything that goe s up must come down1 isn 't exactly true any 
more wifh missiles and satellites blasting off into outer space, It still hoLds true, how- 
ever, for the time being a t  least  as far a s  airplane8 are concerned, " 

'"Down, ' to a pilot, i s  easily translated into sink rates and sink rates are 
closely associated with the power curve, both of which are subjects for this article. I' 

"About two years ago we published an article on the power curve as applied 
to the T-38A. The article was a 'best sellerT and we were  unable to fulfill all the 
requests for copies. W i t h  the constant increase in the number of pilots f l y ing  the T- 3BA, 
it  seems advisable to reprint the power curve article a t  this time and to add a few 
remarks about sink rates. " 

"The power curve for purposes of this discussion is identical to the drag 
curve, The drag curve is  classically represented as indicated airspeed plotted against 
thrust required in the case of jet aircraft such a s  the T-38A and as indicated airspeed 
versus horsepower required in propeller driven aircraft. The plots which comprise the 
power curve represent the total drag for the particular flight condition and configuration. 
Total drag is combined induced drag and parasite drag. Induced drag is a fwction of 
the angle of attack and is caused by lift. Parasite drag is ths resistance or skin friction 
and form drag which is expressed as the equivalent flat plate area for the entire aircraft .  f t  

"Figure 1 illustrates a typical power curve. Power curves for all aircraft 
are rimilar. The speed range plotted on the horizontal axis will differ and the units 
used to define the power to attain these speeds will vary, but the basic facts pertaining 
to this curve will remain the same. " 

"Relatively high p o w e r  settings a r e  required to overcome drag at speeds near 
stall, maximum speed requires maximum power, and a point exists between the two 
extremes where a relatively small amount of power will maintain Level flight. Now to  
explain why the power curve takes on this characteristic form. " 

"ApproximateJ 75 percent of the total drag of an aircrait near stalling speed 
is induced drag, the result of producing lift. Parasite drag reacts in opposite fashion. 
Parasite drag increases sharply as speed increases so that a t  maximum speed parasite 
drag represents approximately 90 percent of the total  drag which must be overcome by 
the power plant to maintain flight at this speed. Hence, induced drag predominates at 
the low speed rangea and parasite drag predominates in the higher speed ranges, These 
two factors explain the reason for the characteristic form of the power curve and are 
basic to sink rates. ' I  
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"By referring to Figure 1 ,  the relationship of speed, power,  and drag become 
apparent. We can see the area where a greater amount of power is required for each 
reduction of speed; also, that this characterist ic  exists in the l o w e r  speed range, near 
stall. This area in which an increase in power i s  required to maintain level flight with 
a reduction in speed is defined as the back side of the power curve. " 

"There is a distinct difference between being on the backside of the power 
curve, and being behind the power curve, Being on the backside of the power curve 
i s  not an uncommon occurrence; getting behind the power curve, however ,  i s  where 
trouble can start. When behind the power curve, to get back on it or ahead of i t ,  e i ther 
power must  be added, drag reduced, or altitude sacr i f iced ,  or a combination of these 
corrections. 'I 

"Under certain conditions some of these corrections cannot be made or are 
not practical, and an uncontrolled sink rate results. " 

"To further define what this means in the actual mechanics of flying, we must 
agree with some basic aerodynamic facts related to the functions of the power curve such 
as: 

1. Power balance controls the aircraft's rate  of climb o r  descent. 

2 .  Pitch attitude controls indicated airspeed. 

3. Steady State Flight implies  

a) Lift equals weight. 

b) Thrust equals drag. 

c) The aircraft i s  tr immed to a specific airspeed. 
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4. Transient state implies that the aircraft i s  being accelerated 
from a lower to a higher airspeed, or decelerated from a higher 
to a lower airspeed. 

a) If controls are used to maintain an airspeed and an 
excess of power exists ,  the aircraft will climb. 

b) If controls are used to maintain an airspeed and a deficiency 
of power exists,  the aircraft will descend. '' 

"Accepting these facts ,  the power curve m a y  be divided into two a r e a s  as 
shown in Figure 2, The two areas are defined as the area of reverse command and the 
area of normal command. The area of reverse command requires a greater amount of 
power to go slower. The area of normal command i s  an area in which airspeed increases 
with an increase in power. ' I  

"With this introduction into the regions of the power curve, let us now cite a 
specific example. An aircraft is at a steady state cruise condition at 96 percent thrust, 
at 0. 87 TMN as  illustrated in Figure 3. Let us  suppose that a gust raises the nose, and 
the indicated Mach number is reduced to 0.83. The thrust is at the s a m e  setting; the 
controls are not moved. The airspeed i s  reduced but you have an excess of thrust and 
are now at point B .  You now have-a slower indicated Mach number and an excess ive  
amount of thrust. The basic facts of aerodynamics state that you will now either climb 
or accelerate, W e  assume that you were trimmed for level flight prior to encountering 
the gust; consequently, after the dynamics of the gust have damped, you do not climb 
but accelerate to your original airspeed. " 

V STALL 0.83 0.87 
IMN IMN 

Figura 3 
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V STALL 
FIgur* 4 

0.07 0.92 
IMN IMN 

"Let us assume another condition in the region of normal command of the 
power curve, Referring to Figure 4 we find an aircraft in position A. The aircraft 
encountered a gust which forced the nose down, causing the aircraft to accelerate to a 
0. 9 2  IMN. At this position the aircraft i s  at a greater airspeed with a deficiency of 
thrust. It would require 98 percent thrust to maintain the new airspeed. The throttles 
or controls are not moved; the aircraft is still trimmed for the steady state straight and 
level  flight of point B. The aircraft w i l l ,  therefore, decelerate (after the dynamics 
have damped) to the point where i t  was prior to being upset  by the gust. It will not 
descend because it was originally trimmed for this airspeed. l 1  

"The two conditions described are normal and are the characteristics of a 
stable aircraft flying the region of normal command. In this area the aircraftwill return 
to the original steady condition (airspeed) i f  itexperiences a momentary decrease or 
increase in airspeed. We wil l  next examine a similar situation in the region of reverse 
command. " 

"In Figure 5 we assume that the aircraft is in the steady state trimmed flight 
of position A. A gust deflects the nose down momentarily. This causes the aircraft to 
accelerate to position 13. In contrast to the deficiency of thrust caused by a similar 
disturbance within the region of normal c o m m a n d ,  you now have an excess of thrust. 

I t  l 
v ST!L ! ! 

160 180 
KNOB KNOTS 
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The aircraft  will then climb o r  accelerate. The continued acceleration following 
momentary acceleration is in reverse of what we expect in the area of normal command. " 

"Let us now examine the second and more critical situation in the region of 
reverse command. This  i s  the occurrence which means trouble under certain circum- 
stances. Again assume that the aircraft  i s  trimmed for straight and level flight at the 
indicated airspeed A ,  Figure 6. A g u s t  then deflects the nose up resul t ing in a decrease 
i n  airspeed to point B. The thrust setting was not changed so you now have a deficiency 
of thrust. This i s  because it requires more thrust to hold a slower steady state speed 
in the region of reverse command. If  the thrust deficiency situation is allowed to 
continue. the a ircraft  will  slow down or descend unless the air speed is  increased by 
changing pitch attitude or the addition of power. In situation B you a re  behind the 
curve Under this situation the continued deceleration following momentary deceleration 
w i r e v e r s e  of what occurs in the region of normal command. The airplane w i l l  not 
return to the original steady state condition without a power o r  pitch correction. I t  now 
becomes apparent what can happen under the right circumstances i f  you do get  behind the 
power curve and allow the condition to persist. " 

"Figure 7 graphically represents a power curve typical for  a multi-engine 
aircraft. The broken horizontal line represents 50 percent o r  one-half of total thrust 
available. Maximum speed with half of total thrust is shown at point B.  The cross- 
hatched area is the surplus power available a t  various points. The aircraft  operates at 
point A or B with the same power setting. " 

"When operating a t  point A, you are  well within the area of reverse command, 
without any surplus power available. I t  is at this point undcr partial power, tha t  the 
condition can and often does become critical. " 

"Therefore, in review we can conclude that: 

1. On the backside of the power curve in the area of reverse command 
it requires more power to hold a slower speed. 

2, The important point to remember about the curve is that once behind 
the curve the pilot must add power, reduce drag, or sacrifice altitude 
for airspeed to get back on or ahead of it. " 
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MIL .- 

------- 
------a 

V S T U  VH POWER V MAX 

"Now let's examine the aerodynamics of sink rate. Since induced drag is 
caused by lift and is a function of angle of attack,  w e  must consider another factor. It i s  
that of aspect ratio. Aspect ratio is defined a s  the ratio of a wing span to  the average 
chord. T o  obtain the aspect ratio of a wing we simply divide the span by the average 
chord.  The T-38A has a wing span of 25. 25  feet and an average chord a£ 6. 73 feet; the 
aspect ratio, therefore, i s  3. 75. Thia is considered a l o w  aspect  ratio, although not 
quite as l o w  as m o s t  century series aircraft. Low aspect ratios mean high induced drag 
values. A characteris t ic  of low aspect ratio aircraft l ike the T-38A is to maintain flight 
at greater angles of attack without stalling. Actually,  some lift  i a  provided wel l  past  the 
maximum usable lift coefficient. In Figure 8 we compare the lift  with angle of attack 
differences between high and low aspect ratio wings. In the illustration the high aspect 
ratio wing reaches maximum lift coefficient with an angle of attack of 15 degrees.  The 
l o w  aspec t  ratio wing reaches maximum lift coefficient with 25-degree angle of attack. 'I 

ANGLE OF ATTACK IN DEGREES 
F&re 8 
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HIGH 
iSPECT 
RAT tO CL= 0.8 

-- 

LIFT 

RATIO t 

"In order to develop, for example, a lift coefficient (CL) of 0 . 8 ,  the high 
aspect ratio wing must be at 10 degrees angle of attack (Figure-9). To carry the 
same lift (CL = 0. 8),  the low aspect ratio wing must be 5 degrees higher o r  at 
1 5  degrees angle of attack (Figure 10). A low aspect ratio wing generally has a much 
larger wing chord at the root than at the wing tip. W i t h  the low aspect ratio wing the 
stalled area progresses inboard from the tip. The increase in lift with increasing angle 
of attack becomes smaller and smaller, culminating in a gradual stall at maximum lift. 
In Figure 1 1 we see that the stall has started at the wing tip but that the airflow i s  still 
streamlined over the broad portion of the wing. The stalled area i s  characterized by 
vortex-type flows and lacalized separations of the streardined flow from the wing surface. 
It is this gradual increase of stalled wing area that prevents an abrupt stall at maximum 
lift coefficient (CL or Vstall .  The breakdown of the streamlined flow on the upper 
surface of the wing as the stallis approached i a  associated with the rapid rate of incxease 
in total drag near Vstal l  (Figure 1 ) .  It will  be shown that aixcraft drag i s  an important 
factor controlling rate of descent. " 
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"Now that w e  have discussed induced drag and aspect ratio, let's cover parasite 
drag and thrust. A s  we mentioned previously, total drag consists of induced drag which 
is caused by l i f t  and is a function of the angle of attack, and parasite drag which is caused 
by air friction and pressure forces over the form of the aircraft. W e  also mentioned that 
parasite drag increases at high airspeeds, In fact parasite drag is the limiting factor 
for maximum level flight speed. " 

"The performance envelope of any aircraft is determined by thrust excess: 
the thrust that is in excess to drag, If you have an excess of thrust you can u s e  it to 
climb, accelerate, or turn; and in combination that covers every manoeuvre in the book. ' 

"Now we get back to the power curve. The backside of the power curve in 
the low speed region is where the slower w e  go the more thrust we need to maintain level 
flight, The backside of the power curve is dominated by induced drag .  If is also the 
area in which decreased speed requires increased angle of attack and increased thrust 
to hold altitude. " 

"So the important thing here i s  that every time we refer to induced drag w e  
are also saying angle of attack. 

"It is also important to understand the differences between angle of attack and 
aircraft at t i tude.  I t  can eas i ly  be confused .  The angle of attack is the angle between 
the wing chord plane and the direction of flight. The aircraft attitude is the: angle betweel 
the longitudinal axis of the airplane and the ground. (See  Figure 12). " 

"In the illustration the angle between aircraft longitudinal axis and ground is 
10 degrees, and the angle between wing chord plane and direction of flight is 20 degrees, 
so the angle of attack i s  20 degrees. " 

Figure 12 
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Figure 13 

"The greater the approach angle,  the greater the rate of descent. (See 
Figure 13, ) I t  i s  far easier to get  into a high sink-rate condition using a high approach 
angle. Also it is much more difficult to judge the point of flare when you are in a high 
rate of descent than in a low rate of descent. '' 

"As mentioned earlier,  the excess thrust ( thrust  minus drag) can be used to 
accelerate or climb. In fact, the rate of climb is directly proportional to the excess  of 
thrust over drag according to the formula 

RATE OF CLIMB = THRUST MINFT DRAG X AIRSPEED 
WEIG 

I- BACKSIDE OF 
AIRSPEED - KLAS 

m w m  cuwr &mw*m - 
Figure 1 1  
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Conversely, rate of sink is directly proportional to the excess of drag over thrust, 
which i s  the negative of the above (drag minus thrust) or 

This is  essentially the same formula used to obtain Figures 1 through 7 when the 
relationship between angle of attack, lift, and drag is known; therefore, i t  is not 
surprising to find that a plot of R,/S versus V looks similar to the previous plots of 
thrust required vs. V .  (See Figure 14. ) 

"Thrust is the predominant factor controlling rate of sink within the range 
of normal approach air speeds, As expected, excessive rate of sink can easily develop 
at  low speeds on the back side of the power curve, For constant R/S, lift i s  assumed 
equal to weight as before, so the only variables left to consider in the R/S formula are 
drag and airspeed. Hundreds of pounds of drag can be added or subtracted by a change 
in angle of attack resulting from a stick displacement. A drag change with the atick can 
be accomplished much fas ter  than can a thrust change with the throttle, and the desired 
change in drag minus thrust to adjust a rate of descent is often accomplished by moving 
both stick and throttle simultaneously. The £0 regoing was oversimplified in that during 
the transient condition, lift and weight are unequal, and vary at unequal rates as do 
airspeed and thrust. The real case introduces additional variables auch as load factor 
and response times. Configuration variables such as speed brake position and f lap 
setting affect both lift and drag, thereby affecting the shape of the power curves discussed 
here. The blessing of a modern analog computer installed in the pilot's head i s  apparent 
at this point. Pilot technique is obviously an important factor. No s e t  rule is given for 
applying corrections to sink rate without specifying initial conditions in detail, but the 
general tendency i s  to correct airspeed with the stick and arrest excessive rate of sink 
with the throttle. Generally, excessive sink rates result from flight too far on t h e  back 
side of the power curve. The excellent handling characteristics of the T-38 with its 
attendant surplus power prevent unusual sink rates from developing under ordinary 
approach conditions. " 
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(From Business Pilots' Safety Bulletin 63-206 published by 
Flight Safety Foundation Inc, , Mew Y ark) 

"In some parts of the country it's S C U B A  diving time all year round,  but in 
other parts diving with self-contained underwater breathing apparatus is strictly a June 
to September sport. Two years ago, M a y  1961 to be exact, we included an item in the 
Business Pilots ' Safety Bulletin which cautioned pilots against SCUBA diving immediately 
prior to flying. This item produced an unbelievable number of inquiries, which proved 
SCUBA diving has, indeed, become an extremely popular sport with a lot of pilots, " 

''It's being SCUBA diving time again throughout the U. S. A. as well a s  Europe, 
etc. , it  would aeem wise to repeat some of the previous warnings, In t h i s  instance, 
however, we will reprint cautions appearing in the July i s sue  of "Approacht' under the 
title "Deadly Bubble Dance, " and which was adapted from a Newsletter of the U, S. A. F, 
Physiological Training Program (#48, 1962). 

"Recently an experienced SCUBA diver complained to medics of mild chest 
pains on deep breathing and a slight discomfort on swallowing. Five hours before, he 
had been diving to depths of 50 feet or less for a period of two hours. During this time 
he experienced mild the s t  diecomfort on one of his dives, but this seemed to clear on 
surfacing and he ignored his symptoms, but after returning to  land, this discomfort 
returned and became even more intense. 

lqUpon examination it was discovered that he had air under the tissues of his 
neck, both shoulders and in the sac around the heart, trachea, and esophagus. If he had 
gone on a flight to  several thousand feet this would have been fatal due to the expansion 
of the a i r  in hie chest and neck, yet his symptoms were minor and he was reluctant to 
see a physician. " 

The Bwlds 

"Under pressure all gaaer go into solution more readily, and under a reduced 
pressure go out of solution - look at a soda water bottle: when the pressure is released, 
bubbles form, Oxygen and carbon dioxide go in and out of solution rapidly, thus we are 
able ta t ransfer  these gases rapidly via our lungs to and from our blood stream. But 
nitrogen is different. It transfers slowly and consequently may effervesce, or form 
bubbles anywhere in the body when pressure is released. These bubbles produce what 
we call the bends, or more technically, decompression sickness. t t  

'I. . . Gas bubbles form in the joints and abdominal organs causing severe pain. 
The nitrogen slowly dissolves in the blood and tissues under a given pres sure, and 
then slowly re leases  to form bubbles when pressure is decreased, For example, SCUBA 
a i r  is breathed under 60 lbs per square inch at a depth of 100 feet, but air at sea level 
aon returning to the surface is breathed a t  15 lbs per  square inch. The s a m e  a i r  is 
breathed at 10 Ibs per square inch at 10 000 feet altitude and 15 lbs per square inch at 
20 000 feet altitude. i f  a nitrogen bubble began ta form shortly after a diver began 
surfacing from a depth of 100 feet, by the time he reached sea level it would be four 
times the volume, and then i f  the "diver" were to fly to 20 000 feet i t  would be 12 times 
the volume. Imagine what this deadly bubble might do in the brain or heart. l' 
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SCUBA Diving and Flight 

"Now we can see the d a n g e ~ s  of SCUBA diving as compounded with flight. 
Remember, the bends can occur in high altitude flight without  a previous episode of 
SCUBA diving, but after SCUBA diving the bends can occur in flights of 8 000 to 10 000 
feet, much lower  than would otherwise be expected. The combination of exposure to 
deep-water pressure,  plus exposure to decreased pressure  of altitude immediately 
thereafter, results i n  a physical situation similar to that experienced by a diver returning 
to the surface after prolonged deep-sea pressure.  " 

"The factor must be considered in flight and indoctrination schedules. 

"Several things should be kept in mind i f  you should be affected by decompres- 
sion sickness in flight. First and most important is to land; i f  this is not possible, 
descend to the lowest pos sible altitude immediately, since the only immediate treatment 
is recompression, to return these effervesced bubbles of nitrogen into solution. Do not 
move or massage the area involved since this m a y  break the bubble into many small 
bubbles which may lodge in a more vital area. t 1  

"A good rule of thumb in diving i s  never dive below 50 feet. Oxygen is not the 
treatment for, nor will it prevent decompression sickness . . . " 
More information on the subject 

"The Aviation Medicine Service of the Federal Aviation Agency (U. S. A. ) has 
published an account of a recent episode i n  which a crew flying a pressurized aircraft 
following a day of SCUBA diving at depths of only 20 to 30 feet developed severe 
decompression sickness with near fatal consequences. The airplane cabin altitude, in 
the incident recounted, was about 8 000 feet. The combination of reduced cabin pressure 
during flight following upon the increased pressure due to diving causes sufficient dif - 
ferential pressure to release the nitrogen gas dissolved in the body tissues with  larger 
and more numerous bubbles of escaping nitrogen than would be formed under conditions 
of alow decompression. " 

''lndividual tolerances to decompression sickness (bends) vary widely. Af ter  
sufficient exposure to pressure ,  any symptoms w i l l  always appear within 24 hours; 85% 
of those who suffer the bends wil l  show symptoms within 4 to 6 hours and the remaining 
1570 will show symptoms within 1 2  to 24 hours. In the incident mentioned, the pilot and 
co-pilot were  incapacitated within 4 hours after the diving session, whereas the flight 
engineer had no problems until some 12 hours after the diving, " 

"The Aviation Medicine Group recommends that personnel do not fly as crew 
o r  passengers within 24 hours after SCUBA diving. Since SCUBA diving is the hobby of 
a great number of personnel, it is mandatory that they be aware of the possible danger 
involved in flying in a i rcraf t  without allowing sufficient time to elapse following SCUBA 
diving. The Physiological Training personnel wi l l  point out this possible risk to all 
per sons receiving the physiological training for flight clearance. The Aviation Medicine 
Group will also endeavour to warn personnel who l is t  SCUBA diving or skin diving as a 
hobby on their annual physical examination forms. " 



3 3 6 ICAO Circular 69-AN/b 1 

(Pilots1 Safety Exchange Bulletin 64- 104 - May 1964 - published by 
Flight Safety Foundation Inc. , New Y ork) 

On a recent flight serious difficulties occurred with instruments and aystems 
supplied with static pressure. The Captain's and Go-pilot's airspeed, Mach, altitude 
and vertical speed indications were  dangerously wrong during take-off , climb and cruise, 
and the pitch trim compensator extended falsely. Approximately 1 - 1/2 hours after take- 
off all indications became normal again. 

Most probably the following happened: 

During the stop, the cabin was heated with an external source up to about 
30%. The water tanks were re-filled with relatively cold water, When this water 
warmed up and expanded, some of it spilled through the vents during the ground stop or 
during taxiing out, Since the vent of the front water tank is located almost per endicular B above the static openings on the port side and the outside temperature was -20 C. , it  
is believed that this water ,  upon running down the fuselage, formed ice ridges near the 
static ports. In flight these ridges created disturbances (eddies) in the airflow near the 
static ports, thus producing erroneous readings of the static pressure-supplied instru- 
ments and misbehaviour of associated systems, 

A non-mandatory modification re commended by the aircraft manufacturer had 
not been carried out for the relocation of the vent opening. 

To  avoid recurrence, the following measures have been taken: 

1. The vent system of the front water tank has been modified in such a way 
that should water enter the vent line, it w i l l  drain away into the waste 
tank. 

2 .  Just prior to departure from a cold station the flight engineer or ground 
engineer will  once more check the static ports for freedom. 

3. When cold temperatures prevail, the front water tank w i l l  be f i l l ed  to 
about 80% of i t s  capacity. 

Flight Facts 

T.O. G W  

%MAC 

Temp. 

Wind 

Weather 

Off Blocks 

Off Ground 

Runway 

Capt. in LH Seat 

131382 kgs (289 697 lbs. ) 

30. 2 

-2O0C. 

WWW 20-25 knots 1315O) 

Clear 

00.09z 

00.202 

24R 
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The take-off card was made cn an estimated TO GW of 133,000 kgs ( 293 398 lbs). 
Vl was 132; VR 149, and VZ 162. 

According.. . 
"Power w a s  set on the brakes. The strong crosswind took some of my 

attention, but nevertheless it appeared to me that i t  took longer than normal to reach V1 
speed, the reason why I took a quick glance at the power instruments to check that power 
output was normal. 

"The aircraft  was rotated at VR and when we became airborne, I was surprised 
to see  that we had used more runway than I had anticipated. I climbed out maintaining a 
pitch attitude of lo0 nose-up and got ready to reduce power at the noise abatement height 
of 600 feet ( 700 on the altimeter). The uplatch check then diverted my attention again 
since the f i rs t  flight-engineer said something about cycling the gear ,  

"There had not been a red light, but the engineer believed he heard a noise 
as i f  the gear had started down again. 

"When I looked at the airspeed again, I was surprised to see that we only 
had 160 (V2 162). Normally the aircrai t  would have accelerated to -f- 175 by that time. 

"What was  more surprising w a s  that the rate of climb was  unsteady, fluctuating 
from f 2 000 ft/rnin. climb down to $ 0 and then up again. It went through my mind that 
there probably w a s  turbulence due to the strong wind, but I began to feel a bit unhappy. 
1 could not at  first analyze why I was unhappy, but afterward I realized i t  must have been 
that the instrument indications showed variations in vertical speed while the 'seat of the 
pants ' feeling indicated nothing of the sort. 

"Nevertheless, I lowered the nose a bit to increase the airspeed and quickly 
verified pitch attitude on the standby horizon. The speed increased to f 170 and by that 
time w e  had reached noise abatement height, so I reduced power, but by then I began to 
realize something was really wrong so I put power back on again. 

"I looked outside once more to verify pitch attitude and checked the horizons. 
By that time I saw that we were  lo we^ than we should be and climbing rather flatly, so 
I pulled the nose up, but the a i r  speed indication of ?: 170 made me put it down again. The 
vertical speed still fluctuated and the rate of altitude increase on the altimeter seemed 
much less than i t  should be. 

More from the Captain 

"At + 1 800 feet,  I asked for flaps up when the speed showed + 185/190 knots. 
Afterwards this may s e e m  to have been a questionable decision, but lots of things went 
through my mind including the accidental lowering of full flaps during the take-off. 

"We had been instructed to turn left at 3 000 feet and report ,  and when my 
altimeter indicated only 2 000 feet ,  the Co-pilot to my surprise reported 3 000 feet. 

"I turned more or less instinctively, but I later realized that I had done so to 
proceed toward the well-lighted city to keep visual reference since by that time the 
indications of the p ressure  instruments w e r e  so confusing. For instance, when the 
Captain's rate of climb showed 2 000 ftjmin 2, the Co-pilot's showed 2 000 ft/min down. 
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"1 thought of landing straight away, but the high gross weight and strong cross- 
wind stopped me from doing so. W e  proceeded East, climbing at 300 LA5 (Captain's 
instrument). By that time there was a constant difference of 1 500 feet between the 
Captain's and the Co-pilot's altimeter, but strangely enough it never occurred to me to 
compare air speed indicators at fir st .  

"Then something even more disconcerting happened: there w a s  funny feeling 
on the elevator control. I felt repeated trim changes and then I saw that the pitch trim 
compensator had extended almost to maximum. A t  that time I also noted there was a 
big difference between the Mach-meters; the Captain's indicating a $ M . 0 .  75, but the 
CO-pilot's indicating a M. 0 . 8 4  as near a s  1 could see. The Co-pilot's airspeed showed 
f 20 knots higher than the Captain's ASI. 

"Meanwhile, suspecting trouble on the static lines, we had already tried 
alternate static On both the Captain 1s and the Co-pibt's instruments. This made the 
indications of the Captain's and the Co-piLotls the same, but I knew they were both wrong 
since the vertical speed indicators fluctuated and the airspeed and Mach figures did not 
correspond with the power settings. 

"St must be borne in mind that the weather w a s  perfect and that I knew the 
horizons were O.K. ,  which I kept checking by looking outside. We levelled off at 
31 000 feet (on the GO-pilot's altimeter) and I engaged the autopilot, setting power 
according to the graphs. 

"We flew this way for a while, having removed the pitch trim by override 
and pulLing the circuit breakers. The A. P. could not be used in the altitude hold mode. 
W e  had asked ATC to provide additional vertical separation. 

- "After about one hour 15 minutes the indications began to return to normal, 
and after k 1. 30 hours everything was 0. It. again. 

''In retrospect it would appear that the following happened: 

There was gomething wrong with the static sources, causing the 
Captain's AS1 to read law, aromd V 1 by about 10 knots, around V2 speed 
by abut L5 to 20 knots. The Go-pilot b d  the higher speed indications and 
felt unhappy about what be believed to be sloppy flying but said nothing at 
first. H e  saw by visual reference that w e  were much lower than we should be 
over the noise measuring point and (according to his own statements) several 
timea was tempted to take corrective action, but did not. 

"What shook him considerably was an indication of a descent on his vertical 
speed indicator  soon after becoming airborne, but since it immediately afterward 
indicated a climb again, he did not pull back on the stick (which w a s  just as wel l  since 
at that moment I was maintaining the proper attitude on my horizon and it would have 
confused me even more). 

"There is no doubt in my mind that this could h o ~ v e  been a very dangerous 
thing if the weather had not been so perfect. I believe that what realy  saved u s  was the 
fact that I was sure right from the beginning that the horizons were  0. K. , which I was 
able to verify by simply looking outside, being over a well-lighted area. 
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"1 t i s  hard to put into words how confused one can feel taking off at night i f  the 
airspeed is much lower than One expects and an indication of a descent on the vertical 
speed indicator i s  seen together with an insufficient increase in altitude on the altimeter 
while power and pitch attitude are 0. K. 

"In this case m y  thoughts turned to horizon failure at first, and it is hard to  
say what I might have done i f  I had not had visual reference, This incident could have 
some bearing on a few unexplained crashes soon after a night take-off. 

"lt appears probable that there must have been icing of the static lines or 
opening, although 1 do not know how this could have happened. 

"Further, I believe that Ca-pilots should be less tolerant about indications 
of sloppy flying, but they should not act  before first looking at the indications on the 
other panel. 

"This could occur again, but under less favorable circurnsta~ces, catching 
someone unawares. " 
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PART IV 

List of Laws and Regulations of the Contracting States containing 

(Replacing list in Digest No. I 2 )  

ARGENTTNA 

1952 oct. 

195'4 enero 

julio 

1957 feb. 

AUSTRALIA 

1947 Aug. 

AUSTRIA 

1957 Dec. 

1958 March 

BOLIVIA 

1949 junio 

1950 rnarzo 

BRAZIL 

1948 April. 

1951 July 

1955 Feb. 

1955 Sept. 

Resolucidn Ndm. 100 (S. A. C. ) - Norrnas para la investiga- 
cidn de accidente s de aviacidn civil y directiva s generaIe s 
para la investigacibn. Ampliada el 8 dc enero de 1954. 

Decreto Nbm. 299 - Creacidn de la Junta de Investigaciones 
de Accidentes de Aviacidn y cornpetencia de la Subsecre- 
tarEa de Aviaci6n Civ i l  y Cornando en Jefe de la Fuerza 
Akrea Argentina en la Investiga cidn de A ccidente s civile s 
y militares re spectivamente. 

Ley Ndm. 14. 307 - C6digo Aeronautic0 de la Nacibn: 
TPtulo XVIII. - Disposiciones varias (Art, 208). 

Normas para investigacidn dt accidentes de aeronave s de 
propiedad particular. 

The Air  Navigation Regulations, S ,  R, No, 1 1  21 1947, as 
amended: Part XVI. - Accident Inquiry (Regs .  2 7 0 - 2 9 7 ) .  

The Federal Air Law: Part VIII. - D) Investigation of 
civil aircraft  accidents.  

Ordinance No. 63 relating to aircraft accident investigation. 

Procedimiento para el infurme de accidentes  oleti tin Oficial 
Ntim. 2 - See. OP- 100). 

Reglas Generalea de Operaciones (Provisional): Accidentes 
de Aeronaves , (02.46-02.  5 2 ) .  

Accident lnquiry Service Regulation a (Decreto No. 24 749). 

Portaria 280 - Recomrnendationa relating to aircraft accident 
investigation. . 

Establishment of time for the Accident Inquiry Service 
Regulations (Aviso No. 6). 

Interdiction of aircraft accident (Aviso No. 3 4 - G M - 4 ) .  
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BURMA 

1934 

1949 August 

CANADA 

1960 Dec. 

CEYLON 

1950 March 

1355 May 

CHAD 

1963 svril 

CHINA (TAIWAN) 

1953 Oct. 

COLOMBLq 

1948 marzo 

COSTA RICA 

The Union of Burma Aircraft Act,  1934 (XXII of 19 34): 
Section 7. -, Power of the President of the Union to m a k e  
rules for investigation of accidents. 

The Union of Burma Aircraft Rules ,  as amended: 
Part X .  - Investigation of Accidents. 

Notice to Airmen No. 5/49 - Aircraft Accident and Incident  
lnve stigations. 

The Air Regulations, Order in Council P. C. 1960-1775 
(SOR/61-10): Part 1. Sec.  101. ( 6 ) ,  ( 7 )  - Interpretation. 
Sec. 102. - Application. Part VIII. D i v ,  111. - Accidents 
and Boards of Inquiry. 

Air  Navigation Act, No. 15/ 1950: Part 1. Section 12. - 
Power  to provide for  investigation into  accidents. 

Civil Air Navigation Regulations: Chap. XVT. - Accident 
Inquiry ( R e g s .  260-271). 

Dgcre t  No ~ ~ / P R / T P  portant Code de 1 'Aviation Civile: 
Livre Ier - Titre IV. - D e s  Accidents.  

Civil A i r  Regulations No,  102 - Accident Reporting and 
Investigation. 

Manual de Reglamentos ejecutados por el  D e c ~ e t o  Ndm. 969 
de 14. 3 .  47 y el Decreto Nbm. 2669 de 6. 8. 47: Parte TV. - 
40. 1 3 .  0. - A c c i d e n t e s .  

CUBA 

1954 dic. 

Ley General de Aviacidn Civil Nbm. 762: Parte I. - 
TPtulo I. - Cap. 2. Seccidn VIII. - Accidentes. 

Ley-Decreto Ndm. 1863 por la cual se crea la Comisidn de 
Aerongutica Civ i l ,  Organizaci6n y Facultades: Art. 11, 
1 7) Inve stigacidn de A cciden te s . 
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CZECHOSLOVAKIA 

1947 

1956 Sept. 

DAHOMEY 

DENMARK 

"1960 June 

ECUADOR 

Decree oi Ministry of Interior on accident investigation, 
No. 16OO/47. 

24 CivilAvIationAct: Para. 45. -1nvestigationofAircraft 
Accidents. 

Regulations on Administrative Investigation of Aircraft  
Accident Causes, 

27 Ordonnance No 26/GRPD/MTP portant Code de I'Aviation 
Civile et Commerciale: Livre ter - T i t r e  IV. - D e s  
Accidents. 

10 ThaCivi lAviat ionAct .  Cameintoforceon  1 January 1962: 
Chapter XI. - Investigation of Accidents (Paras. 134- 1441, 

1954 julio 8 Acuerdo Ministerial Ndm. 7 - Reglamento de Aeronautics 
Civi l  delEcuador: Titulo 11. Parte 8 .  - Investigaciones 
y encuestas de accidentes dc aviacibn. 

EL SALVADOR 

1955 dic. 22 Decreto Ndm. 201 1 - Ley de Aerondutica Civil: Cap. X V .  
Dt la Investigaci6n de Accidentes  Aireos (Ar t .  1 7 3 -  187). 

ETHIOPIA 

*I96 1 March 1 In~estigationofAccidentRegulations. 

1962 Aug. 27 The Civil  Aviation Decree No, 48/1952: 
2.  (b) (xiv) - Power of the Civil  Aviation Administration to 
provide for investigation of accidents. 

FRANCE 

1937 avril 21 Decret  relatif & la dgclaration des accidents dtaviation. 

1953 jan. 3 Instruction interminist6rielle relative 3 la coordination de 
l'information judiciaire e t  de I.'enqu&te technique et admi- 
nistrative en cas dlaccident survrnu A un abronef franpis 
ou etranger sur le territoire de la MGtropole e t  les terri- 
toires d 'Outre-mer. 

1957 juin 3 Instruction du S e c r i t a i r e  dtEtat aux Travaux P u b l i c s ,  aux 
Transports et  au Tourisme no 300 IGAC/SA, concernant les  
disposit ions A prendre en c a s  d 'irr6gularit6, d 'incident ou 
dlaccident d'aviation. 

:;< T h e  t e x t d o e s n o t e x i s t i n  t h e f i l s s o f I C A O .  



FRANCE (Cont'd) 

1962 juin 20 Arretg portant organisation et attributions du bureau 
"EnquCtes - accidents" b l'inspection ggngrale de l'aviation 
civile. 

GERMANY ( F E D E R A L  REPUBLIC OF) 

1959 Jan. 10 The Aeronautics Act, as amended on January 8, 1961: 
Article 32 6). 

1960 Aug. 16 General Administrative rules with respect to the technical 
inquiry in c a a t  of acc idents  occurring during the operation 
of aircraft. 

GREECE 

el955 Dec, 30 Royal Decree on aircraft accident investigation (G .  G. 27/A/56). 
;>I956 Nov. 20 
*I963 Amended by Royal Decree No. 377/1963 (G. G .  No. 1 1 0 / 6 3 / ~ ) .  

GUATEMALA 

1948 oct. 28 Decreto PSm. 563 - Ley de Aviacidn Civil: Capitulo X. - 
De 10s siniestros aeronduticos (Art. 11 6 -  121). 

HONDURAS 

1957 sept. 3 D e c r e t o  Ndm. 146 - Ley de Aerondutica Civil: Titulo 1. - 
Cap. 11. Direccidn General de Aerondutica Civil 
(Art. 6 xiii) Cap. XIV. Investigacidn de Accidentes Agrees, 

1934 Aug. 19 The Indian Aircraft Act, 1934: Section 7. - Powers of 
Central Government to make rules for investigation of 
accidents. 

1937 March 23 The Indian Aircraft Rules, 1937, as amended Part X. - 
Investigation of Accidents ( R u l e s  68-77A). 

1939 Aug. 6 The Air Navigation Law No. 41: Article 5 (h). 

IRELAND 

The A i r  Navigation and Transport Acts  1936 to 1959; 
No. 40/1936: Part VII. - Section 60 - Investigation of 
Accidents, 

1957 Feb. 9 The A i r  Navigation (Investigation of Accidents) Regulations, 
S. I. No. 19/1957. 

* The text dces not exist in the files of ICAO. 
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MOROCCO 

1962 juil. 10 

NET HER LANDS 

Dgcret No 2-61-161 ( 7 safar 1382) portant rggltmentation de 
14a4ronautique civile, (B. 0. no 2596 du 27. 7. 62) :  
1Sre Partie - Titre VI. - Des enquCtes sur les accidents 
dgaviation (Art. 106- 1 14). 

NEW ZEALAND 

1948 Aug. 26 

1 9 5 3  Nov. 1 1  

NICARAGUA 

1956 mayo 18 

NIGER 

NORWAY 

1956 Scpt. 21  

PAKISTAN 

1937 March 2 3  

PANAMA 

1963 agosto 3 

Act regulating the Investigation of Accidents to Civil  Aircraft 
(St. B. 1936, 522). 

The Civil Aviation Act ,  1948: Article 8 - P o w e r  to provide 
for inve stigation of accidents. 

The Civit Aviation (Investigation of Accidents) Regulations , 
Serial No, 152/1953 (made in accordance with ICAO 
Annex 1 3 ) .  

Decreto Ndm. 176 - Cddigo de Aviacidn Civil: Titulo 11, - 
Cap. V. D e  la Investigacidn de Accidentes Abreos. 

Loi No 62- 13 portant Code de llAviation Civile: 
Livre I - Titre IV. - Des Accidents (Art ,  63-65) .  

Royal Decree establishing a ermanent aircraft accident 
investigation Cornrnio sion. 6 

The Civil Aviation Act. Came into force on 1 January 1962 
with respect to civil aviation pursuant to Order of the King 
in Council dated 8 December 1961: 
Chapter XI. - C. Investigation of Accidents  (Paras . 164- 1 t 

The Aircraft Rules (corrected up to 24 February 1956): 
Part X. - Investigation of Accidents. 

Decreto-Ley Ndm. 19 por el cual se reglamenta la Aviacidn 
Nacionali Titulo It, - Cap. VII. De la Znve stigacidn de 
Accidentes Agreas. 

' 
[ I)=. d ~ k i , i t  3nce of I! ' . \( I Ar>:lt3x 1 3  i : ;  .!.i+:d i t ,  principle nt  aircraft. I ,  c i d e r l t  inquiries 

8 ; ,>. J L. ,' i y .  S h e  1 8 1 t i i  :i i i  r-:i.~l; ; ,:tlplcmented as 7.. qu lar io~~- :  t i ' ~ * i ) ~ i ~ r ~ l  that Ducret:. 
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PARAGUAY 

1954 enero 1 5  ResolucidnNbm. 54por laquesees tab lece ladef in ic idn  
"Accidentes de Aviacibn" y las normas a ser cumplidas en 
tales casos. 

1957 sept. 30 Ley Ndm. 469 - Cddigo Aerondutico: ~ i t u l o  XVI. - Accidentes 
Aeronduticos. 

1946 May 9 The Civil Aviation Regulations: Chap. XVI. - Aircraft 
Accident Investigation. 

1952 June 20 The Civil Aeronautics Act, No. 776: Chap. V. - Section 32 - 
Power and Duties of the Administrator: (11 )  hvestigation 
of Accidents. 

PORTUGAL 

1930 Oct, 25 Decree No, 20. 062 - Air Navigation Regulations: 
Chapter VIII. 

SOUTH AFRICA (REPUBLIC OF) 

1923 May 2 1  TheAviat ionActNo.  16: Article 10. - Investigationof 
Accidents. 

The Air Navigation Regulations, G .  N. 2762/1949,  as amended 
up to 3 February 1961: Chapter 29. - Investigation of 
Accidents (Regs. 29. 1 - 29. 7).  

SPAIN - 
1948 marzo 12 Decreto de l  Ministerio del Aire sobre investigacidn de 

accidente s y auxilio de ae ronave s. 

1960 jul io 21 LeyNdm.48sobreNavegacidnAkrea:  Cap. XVI. - D e l o s  
accidentes , de la asistencia y saivamento y de 10s hallazgos. 

SUDAN 

The Air Act,  No. 49/1960: Chapter V. - Accidents and 
Insurance. 

SWEDEN 

1957 June 6 The Swedish Air  Act No, 297. Came into force on 1 January 
1962: Chapter 1 1  - Paras. 7-13 - Investigation of 
Accidents, 

*lg61 Nov. 24 Royal Decree relating to air navigation: 
Paras. 122- 134 - Investigation of Accidents. 

The text does not exist in the files of ICAO 
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S W I T Z E R L A N D  

1948 di lc.  1 2  Loi fgdgrale sur la navigation agrienne (en t r ie  en vigueur le 
15 juin 1950): Art ic les  23-26. 

1959 oct.  2 Loi fgderale concernant les enqubtes sur les accidents 
dlaeronefs , modifiant la loi fgdkrale sur la navigation 
airienne d e  1948. 

1960 avril 1 Ordonnance sur les enquetes en cas  d'accidents d'ahronefs, 

TANGANY IKA 

1954- 1959 The Civil Aviation (Lnve stigation of Accidents) Regulations. 

THAILAND 

1954 Sept. 1 The A i r  Navigation A c t ,  (8. E, 2497): Chap. 7. - Accidents  
(Sections 6 3  and 64). 

1955 June 5 Civil  Air  Regulations No, 3 - Aircraft Accident Inquiry. 

TRINIDAD AND TOBAGO 

1954 Nov. 2 3  Air Navigation (Investigation of Accidents) Regulations, 
( G .  N. 205/54), 

UNITED ARAB REPUBLIC 

1941 May 5 Decree - Air  Navigation Regulations: Art ic le  10. 

UNITED KINGDOM 

1949 Nov, 24 The Civil Aviation Act ,  1949 ( 12 and 1 3  Geo. 6. Ch. 67): 
Part 11. - Section 10 - investigation of Accidents.  

1951 Sept. 5 The Civil  Aviation (Investigation of Accidents) Regulat ions,  
S. I. No, 1953. Came into operation on 1 October 1951. 

1959 Aug. 6 The Air Navigation (Investigation of combined military and 
civil air accidents) Regulations, S. 1. 1959, No. 1388. 
Amended by S. I. 1960, NO. 1526. * 

UNITED KINGDOM COLONIES 

Article 70 of the Colonial Air Navigation Order, 1955, and 
Section 10 of the Civil  Aviation Act, 1949, apply Ehe latter 
by virtue of the Colonial Civi l  Aviation (Application of Act)  
Order, 1952, as arnendegto  the undermentioned Colonies: 

Aden (Colony Protectorate) 
B ahama 5 
Barbados 
Basutoland 

' 'Ths ti=:ct doe;: :let ex i s t  In the files c f  IC:%C). 
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UNITED KINGDOM COLONIES (Cont 'dl 

Bechuanaland Protectorate 
Bermuda 
British Guiana 
B r i t i s h  Honduras 
British Solomon Islands Protectorate 
Central and Southern Line Islands - Malden 

Starbuck 
Vostock 
Car dine 
Flint 

Falkland Islands and Dependencies 
Fiji 
Gambia (Colony and Protectorate) 
Gibraltar  
Gilbert and Ellice Islands Colony 
Hong Kong 
Leeward Islands - Antigua 

Montse rrat 
St. Christopher and N e v i s  
Virgin Islands 

Malta 
Mauritius 
Northern Rhodesia 
Nyasaland 
St. Helena and Ascension 
Seychelles 
Southern Rhodesia 
Swaziland 
Tonga Islands 
Windward Islands - Dominica 

Grenada 
St, Lucia 
St. Vincent  

ADEN - 
81954 

BAHAMAS 

W 9 5 2  

BARBADOS 

*I952 

BERMUDA 

*1948 

The Civil Aviation (Investigation of Accidents) Regulations 
(G .  N. 125/54). 

Aug. 1 Air Navigation (Investigation of Accidents) Regulations. 

April 29 Air Navigation (Investigation of Accidents) Regulations. 

Dec. 18 Air Navigation (Investigation of Accidents) Regulations. 

* The text does not e x i s t  in the files o f  ICAO, 
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UNITED KINGDOM COLONIES (Cont Id) 

BRITISH GUIANA 

$1 9 52 Aug. 18 Air Navi ation (Investigation of Accidents) Regulations, 
No. 19f1952. 

BRITISH HONDURAS 

FIJI - 
*19 52 May 1 Civil Aviation (Investigation of Accidents) Regulations, 

(L. N. 90/1952). 

GAMBIA 

el937 May 1 

$1937 Nov. 15 

GIBRALTAR 

1952 Jan. 3 

HONG KONG 

+1951 

LEEWARD ISLANDS 

*1952 July 31 

MALTA 

Air Navigation (Investigation of Accidents) Regulations, 
(No. 8/37). 

Air Navigation (Investigation of Accidents ) Regulations , 
(No. 2) (No. 1 7 / 3 7 ) .  

Air Navigation (Lnvestigation of Accidents) Regulations, 1952. 

Air Navigation (Investigation of Accidents) Regulations, 
(G .  N. ~ 2 2 8 / 5  1). 

Civil Aviation (Investigation of Accidents) Regulations, 
(S. R. 0. 18/52). 

*1956 Civil Aviation (Investigation of Accidents) Regulations. 

MAURITIUS 

$1952 Sept. 4 Civil Aviation (Investigation of Accidents) Regulations, 
(C.N.  200 /52) .  

ST, LUCIA 

81 948 Nov, 27 Air Navigation (Investigation of Accidents) Regulations, 
( S ,  R. 0. No. 40/48). 

* The text does not e x i s t  in the files of ICAO. 
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UNITED STATES OF AMERICA (Cont'd) 

U. S.  Code of Federal Regulations 

Title 14 - Aeronautics and Space (Chap. 11. - Civil Aeronautics Board 
Regulations) (Cont'd) 

Public Notice P N -  1 5  - Statement of Organization and 
Delegations of Final Authority. Effective July 3,  1961. 
( 2 6  F. R. 7231) Supersedes Public Notice PN-14, 1960: 
Section 1 ,  2 - Functions of the Civil  Aeronautics Board - 
( c )  Safety Activities; Bureau of Safety - Sections 5. 1 - 5. 9;  
Section 7. 2 - Functions of the General Counsel; Section 7. 3 - 
Delegated Authority; Section 7. 6 - Redelegation of Authority 
to As sociate General Counsel, Rules and Legislation. 
(26  F. R. 7231) 

Sitle 22 - Foreign Relations 

Part 102 - Civil Aviation - Subchapter K - Economic, 
Commercial and Civil Aviation Functions: U. S. Aircraft 
Accidents Abroad; Foreign Aircraft Accidents involving 
U. S. Persons or Property. (As issued in Department 
Regulations 108. 164, effective October 1 ,  1952, 17 F. R. 
8207; Part 102 as republished, effective December 23, 
1957, 22 I?. R. 10871). 

URUGUAY 

1955 feb. 2 Decreto N d m ,  2 3 , 8 2 6  - Reglamento para la Invertigacidn de 
Accidentes de Aviacidn de Cardcter  Civi l .  

VENEZUELA 

1955 abril 1 Ley de Aviaci6n Civil: Cap, X. - D e  10s accidente s y de la 
bdsqueda y rescate. 

Y UGOSLAVLA 

1949 June 1 Decree on A i r  Navigation, a s  amended on 19 December 1951: 
1V. Flight (Article 28). 

- END - 
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