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FOREWORD 

Accident investigation i s  recognized 
today a s  one of the fundamental elements of 
improved safety and accident prevention. 
Nearly every accident contains evidence which, 
if correct ly  identified and assessed ,  will allow 
the cause to be ascer ta ined so that corrective 
action can be undertaken to prevent fur ther  
accidents f rom similar causes .  Thus, the 
ultimate object of accident investigation and 
reporting, which i s  to permi t  the comparison 
of many accident reports  and to observe what 
cause factors  tend to recur ,  can be accom- 
plished. These factors  can then be c lear ly  
identified and brought to the attention of the 
responsible authorit ies.  

The Accident Investigation Division of 
the Air Navigation Committee of ICAO a t  i ts  
f i r s t  sess ion in 1946 recommended that States 
forward copies of reports  of a i rc ra f t  accident 
investigations and inquiries,  and aeronautical 
publications and documents relating to r e  - 
search  and development work in the field of 
a i rc ra f t  accident investigation, to ICAO in 
o r d e r  that the Secretar ia t  might appraise  the 
information gained and disseminate the knowl- 
edge to Contracting States. 

The world-wide collection by ICAO of 
accident repor t s  and aeronautical publications 
and documents relating to research  and devel- 
opment work in the field of a i rc ra f t  accident 
investigation, and publication of the mater ia l  
in condensed fo rm,  a s s i s t s  States and a e r o -  
nautical organizations in r e  search work in 
this field. By stimulating and maintaining 
continuity of interes t  in  this problem the dis-  
semination to individuals actively engaged in 
aviation of information on the actual c i rcum-  
stances leading up to the accidents and of 
recommendations for accident prevention also 
contributes to the reduction of accidents. 

The f i r s t  summary of accident reports  
and safety mater ia l  received f r o m  States was 
issued in October 1946 ( L i s t  No. 1 Doc 2177, 
AIG/ 56) under the t i t le of "Consolidated List  
of publications and documents relating to Air-  
c r a f t  Accident Investigation Reports and 
Procedures ,  P rac t ices ,  Research and Devel- 
opment Work in the field of Aircraf t  Accident 
Investigation received by the ICAO Secretariat  
f r o m  Contracting States". This was followed 
by fur ther  summaries  a t  regular intervals,  

the l a s t  report  being issued on 31 July 1950 
(L is t  No. 12, Doc 7026, AIGl513). These 
summary  reports  were  found to be of consid- 
erable  technical in teres t  to States, and in view 
of the l a r g e  number of requests  for copies, it 
was.decided, ear ly  in 1951, to revise  the 
method of publication and to produce the m a -  
t e r ia l  in the future in the f o r m  of an  informa- 
tion c i rcular  entitled "Air craf t  Accident 
Digest1'. 

The f i r s t  Digest was issued in 1951 under 
the present  t i t le and with the new method of 
presentation. Since then, the usefulness of 
the s e r i e s  has  continued to elicit favourable 
comment f r o m  the aeronautical world. It i s  
hoped that States will co-operate to the fullest  
extent permitted by their national laws in the 
submission of mater ia l  for  inclusion in future 
i s sues  of this Digest. It i s  recognized that 
investigations take a diversity of fo rms  under 
the variety of constitutional and juridical 
systems that exist  throughout the membership 
of ICAO and that, fo r  this reason,  accident 
investigation presents  one of the most  difficult 
problems of standardization in international 
civil aviation. At the same time it i s  a most  
fruitful source of mater ia l  for the  attainment 
of the objectives of the Chicago Convention. 

The usefulness of such a publication a s  
this i s  directly proportional to the thorough- 
ne s s  with which accidents a r e  investigated, 
the frankness and impartiali ty of the findings, 
and the readiness with which they a r e  dis - 
closed and authorized to be published. It  i s  
in this way only that this most  fer t i le  field for 
international co-operation can be effectively 
exploited. The measure  of interes t  that this 
publication has  aroused, and the vital  informa- 
tion i t  imparts  amply demonstrate the possibil-  
i t ies  of ultimate achievement when every acc i -  
dent i s  investigated with the greatesTfli-rough- 
ness  and the findings disclosed with complete 
frankness . 

Restriction upon reproduction in the 
Digest seriously impairs ,  of course ,  the use-  
fulness of any repor t s ,  a s  i t  i s  only by compar- 
ison between the circumstances that occasioned 
the accident and the circumstances of other 
operations that potentially hazardous c i rcum-  
stances can be foreseen and avoided. Names 
of persona involved may, however, be omitted 
without detracting f rom the value of the report .  
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Follow -up action and other supplemen- 
ta ry  information o r  comments on an Accident 
Report by the State of Registry o r  State of 
Occurrence provide useful mater ia l  for inclu- 
sion in the Digest. 

Whenever possible, photos and diagrams 
have been obtained for  illustration purposes 
in  o rde r  to give a c lea re r  over -all. picture of 
the crash  a rea ,  an idea of the probable flight 
paths of a i rcraf t ,  the location of witnesses 
to the crash, and in  general to make the reports 
more  interesting to the reader .  

P a r t  I1 of this issue dealing with Air - 
craf t  Accident Statistics has  been based on 
mater ia l  derived f rom the Air Transport  
Reporting Fo rms  G submitted by States and 
other sources.  (Fo r  further review of mate -  
r i a l  included re fe r  to  the Introduction, 
page 189). The tables fo r  1956 a r e  presented 
in  the same manner a s  those appearing in  
Digest No. 7 for the year 1955, and i t  i s  to 
be noted that revised tables for 1955 have 
been issued with this Digest. 

P a r t  I11 consists of Pilot Safety Exchange 
Bulletin 57-110 of Flight Safety Foundation 
Inc.,  an a r t i ~ l e o n ~ ~ R u n a w a y  Propel lers"  by 
Capt. T. J. Slaybaugh reprinted f rom "The 
MATS Flyer" of October 1957. This addi- 
tional information t ies  in with the report  on 
the ditching of a Pan American World Air - 
ways, Inc. Boeing 377 in the Pacific Ocean in 
October 1956, which'is presented in this 
Digest. 

P a r t  IV i s  the most  recent l i s t  of laws 
and regulations available relating to a i rc ra f t  
accident investigation, incorporating all  
amendments received by ICAO up to 29 Novem- 
ber  1957. 

The Material  fo r  this Digest has  been 
obtained f rom various sources ,  i s  printed for 
information only and does not necessarily 
reflect the views of the International Civil 
Aviation Organization. 
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COMMENTS ON ACCIDENT SUMMARIES, CLASSIFICATION TABLES AND 
SUMMARY OF REPORTED ACCIDENT CAUSES - 1956 

One hundred and sixty-six reports  on 
a i rc ra f t  accidents occurring during 1956 have 
been received by ICAO from nineteen Contract- 
ing States. The form of the original reports  
has ranged from a brief statement of the facts 
to a comprenhensive account of the investiga- 
tion. Selection of thirty-four accident reports 
for inclusion, in summary form, in this 
Digest has been made on the following basis:  

1) World-wide interest  in the accident, 
due to  ei ther  

a )  Major disaster  aspect which 
had resulted in wide publicity, 
o r  

b)  Special nature of accident and 
possibility of remedial action 

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

3) Interest a s  an example of good 
accident investigation practice. 

Four reports  carr ied over from 1955 have 
been inserted a t  the beginning of P a r t  I .  These 
do not appear on .Tables A and B. 

Summaries of cer tain known accidents 
in the category l ( a )  would have been included 
in this Digest if the reports had been available 
in time for  publication. Some of the reports  
received, of accidents in this category, proved 
to be unsuitable for summarizing. In order  
to present a more  comprehensive picture, a 
l i s t  i s  included, a t  the end of P a r t  I, of a l l  the 
accidents falling in category l ( a )  known to have 
occurred during 1956, in addition to those 
which have been summarized. 

The classifications in Tables A and B 
closely follow the suggestions contained in the 
ICAO Manual of Aircraft  Accident Investigation 
(Doc 6920-AN/855). While the tables serve a 
useful purpose in indicating the cause trends, 
the figures a r e  not significant for statistical 
purposes and readers  a r e  warned not to  place 

too much reliance on the trends indicated 
without comparison with other figures, such 
a s  those published by national administrations. 
The reason for this i s  that the classifications 
have been based on accident reports  which 
have been founded on a variety of reporting 
and analyzing techniques. Also the accidents 
reported in 1956, and included in these 
classifications, do not include al l  accidents 
that occurred and that were investigated during 
the year;  l e s s  than half of those investigated 
by States a r e  included in published reports  o r  
sent to ICAO, and of these a selection, a s  
described above, has  been made. No effort 
has  been made in this publication to classify 
according to the type of operations being 
conducted, for  instance, whether scheduled, 
non- scheduled, airwork, o r  non-revenue 
operations such a s  testing, training o r  posi- 
tioning. However, a notation on the type of 
operation being conducted, where known, i s  
included in Table A. 

The ICAO Manual of Accident Investigation 
has proved to be a valuable guide in securing 
the information required for accident prevention 
measures  and in ensuring that the investigation 
and subsequent classification of accidents 
achieved some measure of uniformity. The 
Manual i s  being revised and it  i s  hoped that 
the Third Edition will be available during 1958. 
The main structure of accident classification 
i n  Chapter 1 will be retained but some minor 
modification and rearrangement will be intro- 
duced. 

Although considerable ca r e  has been 
taken in drawing up Tables A and B to ensure 
that the information contained therein in no 
way a l te rs  the findings of the reports  from 
States, the very brevity of the tables might 
give a wrong impression in some instances. 
The reader  i s ,  therefore, always invited to 
refer  to the report in the Digest. 

A survey of the accident reports  for 1956 
suggests that the following features a r e  worthy 
of attention: 
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Table A 

(i) Of the 34 accidents classified, the largest 
percentages occurred during the following 
phasee of operation:- 

climb after 
take - off 17.7% -same a s  the 

1955~ figure 
en route 41.2% -approximately 

12yo.more than 
the 1955 per- 
centage 

final approach 17.7Y0 -same a s  the 
1955 figure 

(ii) the remaining 23.4% was made up a s  
follows:- 

take -off run 2.9% 
initial climb 2.9% 
landing procedure 2.9% 
initial approach 2.9% 
landing run 5.9% 
missed lahirjng 5.9% 

Table B 

( i)  59% of the accidents were due to pilot 
e r r o r  - 30% of these occurred because 
the pilot misjudged his distance - 1570 
were due to the fact that he continued 
VFR into unfavourable weather 

(ii)  20% were due to material failure - 
approximately half were because of 
propeller difficulties 

(iii) the remaining percentages were - 
e r r o r  of crew member 3 70 
e r r o r s  of other 

personnel 3 7'0 
weather 3 70 
miscellaneous 3 70 
undetermined 9% 
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TABLE Bt -  ACCIDENT CLASSIFICATION - 1956 (baaed on acoident causes) 

No. 

1 

3 

6 

2 

1 

2 

1 

2 

1 

1 

1 

1 

3 

2 

1 

1 

1 

1 

3 

Description 

- - mieueed brakes and/or f l i gh t  controls on the grow3 

- continued VFR f l igh t  in to  unfavourable weather 

- misjudged diatance 

- misueed powerplant or powerplant control8 

- exceeded operating limitation 

Cause 

Pereonnel error  

P i lo t  

No 

- 

Crew 
menber 

Other 
personnel 

Material fa i lure  

Weather 

Mieoellaneoue 

UndetermiDed 

- fai led t o  observe other a i roraf t  

- attempted f l i gh t  beyond a b i l i t y  or  experience 

- became l o s t  

- failed t o  maintain adequate fly- epeed 

- misoellaneoue 

1 - misuaed powerplant or  powerplant controls 22 
- improperly operated aerodrome f ao i l i t l ea  aKt 

other ground aide 

- - powerplant - propeller 

- powerplant - lubrication 

- powerplant - engine 

- equipment and aaoeeeoriee 
C- 

- thunderstorm 

- paeeenger opened main cabin door and f e l l  out 

1 

7 

- 

1 

1 

3 
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PART I 

No. 1 - 
Trans  World Airlines. Inc.. Martin 404 a i rc ra f t  crashed on Sandia Mountain. , ~. 

near  Albuquerque, New Mexico, on 19 February 1953. Civil Aeronautics ~ o a r d  (USA) 
'Amended Accident Investigation Report No. SA-303, k'de No. 1 -0063. 

Revisions to the original repor t  were released 26 August 195t.  

(The following repor t  i s  not included in the classification tables) 

Circumstances 

Having received the following IFR (In- 
strument Flight Rules) clearance by radio frcnn 
the tower a t  0703 hours Mountain Standard 
Time - "ATC c lears  TWA 260 for approach a t  
the Santa F e  Airport via Victor 19 cruise  9 000 
feet,  r epor t  leaving 9 000, climb northbound on 
the back course of the ILS local izeru,  the flight 
departed Albuquerque, New Mexico, a t  0705 
hours ,  i t s  destination, Baltimore, Maryland, 
carrying a crew of 3 and 13 passengers.  The 
tower requested the flight to repor t  over  the 
Weiler Intersection* (formerly the Alameda 
Intersection),  however, af ter  taking off a t  
0705 there  were no fur ther  radio contacts with 
the flight. The a i rc ra f t  was l a s t  seen a t  an  
estimated altitude of 3 000 feet  (8  300 feetmean 
sea  level) in a high speed shallow climb con- 
tinuing i t s  heading towards Sandia Ridge, the 
upper portion of which was obscured by clouds. 
The wreckage was sighted the following morn-  
ing a t  9 243 feet mean sea level,  just below the 
c r e s t  of Sandia Mountain, approximately 13 
miles  northeast of the Albuquerque Airport and 
almbst  directly on a straight l ine course of 
30 degrees  magnetic f r om that a i rpor t  (eleva- 
tion 5 340 feet mean sea level) to the Santa F e  
Airport  (elevation 6 344 feet  mean sea  level). 
There were no survivors.  

Investigation and Evidence 

flight over nearly the entire route, with only 
short  instrument flight probable. 

Initial investigation was greatly handi- 
capped and curtailed by deep snow, inclement 
weather and dangerously unsure footing on the 
steep, rocky, snow-covered slopes. A l a te r  
expedition reached the c rash  site on 3May and 
af ter  considerable difficulty and hazard made 
an  exhaustive study of the wreckage and found 
no evidence of f i r e  o r  s t ructural  fa i lure  pr ior  
to impact, nor of malfunctioning of either en- 
gine ox either propeller. A study of recovered 
radio components disclosed that No. 1 VOR 
Navigation Receiver was tuned to the frequen- 
cy of the Albuquerque Omni Range Station; 
No. 2 VOR Navigation Receiver was tuned to 
the frequency of the Albuquerque ILS Localieer. 
However, the flight did not follow this plan. 

The a i rc ra f t  was equipped with a Hughes 
Ter ra in  Warning Indicator, which simultaneous - 
l y  flashes a light and sounds an a l a rm  when 
the a i rc ra f t  i s  500 feet,  1 000 feet  o r  2 000 
feet f rom any obstruction, a s  set.  The ob-  
struction may be anywhere downward f rom 
within about 5 degrees of the horizontal in  a l l  
directions - ahead, as tern,  o r  to either side. 

The wreckage was strewn in a manner 
indicating a direction of flight a t  the moment 
of impact of about 320 degrees  magnetic while 
in  a left  climbing turn. This means that the 

The Albuquerque weather five minutes a i rc ra f t  was turzed to i t s  left  about 70 degrees  
before the c rash  was: 4 000 feet scattered, f rom i t s  original heading and climbed just 
7 000 feet thin broken clouds; visibility 40 miles; before the crash,  a s  if to evade an obstruction. 
wind SSE 6; a l t imeter  29. 82; mountains ob - 
scured northeast.  Before departure the pilots The pilot must have suddenly realized 
had been briefed on the weather, which was gen- that he was practically a t  the precipitous wall 
eral ly  c lear  and would have permitted visual of the mountain and acted quickly. We can 

* The Weiler Intersection i s  the intersection of the 026 radial f r om the Albuquerque Omni Range 
and the back course of the Albuquerque ILS localizer.  It i s  13 miles  north of the center of the 
Albuquerque Airport.  (See Figure 1. ) 
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only conjecture a s  to whether this realization 
was spontaneous with the captain, o r  the f i r s t  
officer,  o r  induced by a warning f rom the 
Hughes Ter ra in  Warning Indicator of an ob- 
struction ahead, below, o r  both. The real iza-  
tion of the mountain ahead may, of course,  
have been brought about by something other 
than the Ter ra in  Warning Indicator, possibly 
a glimpse of t e r ra in  close below, 'or ahead, 
o r  both. Obviously, an evasive manoeuvre 
was started. 

It  i s  difficult to conceive of the crew 
attempting to c r o s s  a 10 682 foot ridge a t  
9 000 feet,  especially when the a i rc ra f t  was 
capable of climbing to an altitude which would 
more  than clear  the ridge. The Martin 494, 
grossing 40 027 pounds, should, a t  maximum 
continuous power, climb a t  1 500 feet per  
minute up to 9 000 feet and slightly l e s s  than 
that thereafter.  This ra te  of climb would 
have brought the  a i rc ra f t  several  thousand 
feet  above the ridge starting f rom Albuquerque, 
only 13 miles  away. Even with much l e s s  
power the ridge could have been easily topped. 
There  appears  to be no plaufiible explanation 
of why the a i rc ra f t  was not climbed, p r e  - 
suming the pilots flew the direct route know- 
ingly. 

The course flown was off airways and 
was neither authorized by the Civil Aeronau- 
t ics  Administration nor sanctioned by TWA. 
The cor rec t  and only permissible course i s  
via Victor 19 airway, which skir ts  Sandia 
Mountain to the west by several  miles.  

Wind velocity over Sandia Mountain was 
indicated to be too light to produce an inipor - 
tant "mountain effect" such a s  severe turbu- 
lence, downdrafts, and erroneous altitude 
indications. Fur thermore ,  such effects when 
present a r e  manifest over the c r e s t  and lee  
slopes, whereas this accident occurred on 
the windward slope. 

The pilot-in-command of the flight was 
well experienced over  the route Albuquerque 
to Santa Fe .  The f i r s t  officer was flying i t  
for  the f i r s t  t ime that month although he had 
been over it twice during the previous month. 
The weather was such that visibility along the 
airway was good for  many miles  ahead to the 
north. The base of tlle mountains was clearly 
visible f r o m  the a i rpor t  although the c r e s t  
was obscured. The flight took off f r om Run- 
way 11, circled the airport  to the right, and 
picked up a northeast heading directly toward 
Sandia Mountain instead of pursuing a course 

along the airway to the west and north of the 
mountain. It  was contact during the turn 
around the a i rpor t  and for approximately five 
minutes thereafter before entering the clouds 
obscuring the top of +he mountain. 

The possibility of malfunctioning of 
navigational instruments having caused o r  
being contributory to this accident was con- 
sidered a t  g rea t  length. In scrutinizing this 
possibility i t  i s  necessary to keep in mind a 
number of factors.  One i s  the excellent vis i -  
bility prevailing f rom the take-off to a point 
where a competent witness saw the a i rc ra f t  
enter an overcast  near  the a r e a  of the crash.  
Under these VFR conditions crews a r e  r e -  
quired by the Civil Aeronautics Regulations 
to be visually a le r t .  If this c rew was, there  
is no understandable reason why the pilots 
would not know, by reference to the conspic- 
uous te r ra in  features,  that they were not on 
the planned course. If we a r e  to believe that 
undetermined malfunctioning of the a i rc ra f t t  s 
navigational equipment led the flight into the 
crash a r ea  we must  presume a number of 
instrument fa i lures  - failures which would be 
more o r  l e s s  simultaneous, of s imilar  mag-  
nitude, and in the same direction. Fur ther -  
more, this extreme unlikelihood would have 
to be accompanied by the crew not looking 
beyond the cockpit. And fur ther ,  a l l  these 
conditions would have had to prevail  continuous - 
ly f r om the very s t a r t  of the flight up until it 
was within two o r  three miles of the c rash  site.  
This situation i s  thus based on improbabilities 
compounded to such an extent that the Board 
must  re ject  i t  a s  being too tenuous to warrant  
serious consideration a s  a possible contr i -  
buting factor of this accident. 

It i s  difficult to under stand why the flight 
took the heading it  did f rom the a i rpor t  to 
Sandia Mountain. However, there  i s  no ques-  
tion that if the flight had followed the prescr ibed 
clearance to the Weiler Intersection the acc i -  
dent would not have occurred. As the Board 
has  previously stated, the evidence i s  c lea r  
that if  an instrument malfunction occurred 
during the VFR portion of the flight i t  should 
have become quite evident to the c rew and by 
looking out they would have been sufficiently 
forewarned that the previously planned and 
approved course was not being followed. 

Probable Cause 

The probable cause of this accident was 
a lack of conformity with prescr ibed en route 
procedures and the deviation f rom airways a t  
an altitude too low to clear  obstructions ahead. 

ICAO Ref: AIL1392 
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United Air  Lines, Inc. , Douglas C-54B-DC, s t ruck Medicine Bow Peak,  Wyoming, 
on b October 1955. Givil Aeronautics Board (USA) Accident Investigation Report - .  - 

SA-311, Fi le  No. 1-0130 released 22 March 1957. 

(This  report  was received too late for  inclusion in  Digest No. 7 - 1955 reports) .  

Circumstances 

The flight f rom New York, N. Y., to  San 
Francisco,  California, was routine up to  
Denver, Colorado, one of the intermediate 
stops. On board the a i rc ra f t  on i t s  depar ture  
f rom Denver a t  0633 hours  Mountain Standard 
Time were 6 3  passengers  and 3 c rew members .  
P r i o r  to  depar ture  the captain was briefed on 
the en route weather and the flight was then 
dispatched to  Salt Lake City, the next stop, via 
airways V-4, V-118, V-6 and V-32, to  c ru i se  
a t  10 000 feet and to  fly in accordance with 
Visual Flight Rules. When the flight did not 
report  a t  Rock Springs (the only obligatory r e -  
porting point) a t  081 1 hours ,  i t s  estimated r e -  
porting t ime,  efforts were  made to establish 
contact with it. As these were unsuccessful an  
emergency was declared and a sea rch  begun. 
At 1140 hours  the wreckage was sighted near  
Medicine Bow Peak,  33 mi les  west of Laramie,  
Wyoming. All occupants were killed and the 
a i rc ra f t  was demolished. 

Investigation and Evidence 

The a i rc ra f t  had s t ruck the almost ve r -  
t ical  rock cliff of the east  slope of Medicine 
Bow Peak (elevation 12 005 feet). The c rash  
had occured a t  a n  elevation of 11 570 feet. A 
base camp was established a t  10 400 feet. 
Above the camp, t rave l  was extremely difficult 
up a talus slope to  the base of the cliff. F r o m  
there  i t  was necessa ry  to  scale the almost v e r -  
t ical  cliff a distance of 600 feet to reach the 
point of impact. It was decided that working 
conditions were too dangerous for  other than 
the experienced mountain c l imbers  and, there  - 
fore ,  investigators,  who had reached 11 275 
feet,  were  not allowed to  proceed further.  

Sufficient portions of the a i rc ra f t  were  
identified to  indicate that the a i rc ra f t  was in-  
tact a t  the t ime of impact. At the elevation 
of I 1  2-75 Teet severa l  l a rge  sections of the a i r -  
craf t  were  found including the empennage which 

had broken f rom the fuselage just in front of 
the ver t ical  fin. 

The fuselage forward of the empennage, 
including the cockpit, disintegrated a t  the t ime 
of impact. Only twisted and distorted portions 
of each were located. Examination of the con- 
t r o l  cables indicated tension type failures.  

No evidence was found in  the examination 
of the recovered par t s  of the a i rc ra f t  o r  i t s  
components to  indicate that f i r e  o r  s t ructural  
failure had occured pr io r  to  impact. 

The four engines were badly damaged 
but no evidence was found to  indicate they were 
not functioning in a normal  manner pr ior  to  
impact. 

Examination of the propeller blades and 
propeller hubs indicated that a l l  four propel lers  
were rotating a t  the t ime of impact. 

Three  watches and an  a i rc ra f t  clock were 
found and examination showed that the average 
t ime of their  stoppage was 0726. 

The radio and navigational equipment on 
board the a i rc ra f t  was damaged in a manner 
which did not permit  reliable readings to  be 
made. All ground navigational facil i t ies that 
could have been involved were  checked a s  soon 
a s  possible af ter  the accident and were found 
to  be operating within tolerances.  

The weather was generally fa i r  with some 
scat tered clouds over the lower t e r r a i n  of the 
planned route Denver to  Salt Lake City. Howev- 
e r ,  off the airway,broken to  overcast cloud con- 
ditions, accompanied by light snow showers,  
were  present  over the high mountain peaks and 
ridges.  The velocity of the wind in  the imme-  
diate vicinity of Medicine Bow Peak  can only be 
estimated; however, i t  i s  believed that because 
of added t e r r a i n  effect i t  could have been in-  
c reased  to  50 to  60 knots. This would have r e -  
sulted in  downdrafts and turbulence being 
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present near  the lee slope and probably for a 
distance of 10 to  15 miles  away f rom the moun- 
tain on that side. 

Considerable thought and study were giv- 
en t o  the possible existence of a mountain 
wave*condition in  that a rea .  Some of the fac- 
t o r s  associated with the formation of a moun- 
tain wave were present ;  however, a number of 
the factors considered vitally important were 
not present and it  i s  doubtful if such a wave 
did exist  a t  the t ime of the accident. 

Witnesses in the general vicinity of 
Medicine Bow Peak could not positively iden- 
tify the a i rc ra f t  they saw a s  a United Air Lines 
C-54; however, they said the airplane was 
large and had four engines. All agreed that 
the airplane was silver in  colour and was flying 
in a northwesterly direction toward the peak. 
Three witnesses a t  a logging camp located 
about 10 a i r  miles  southeast f r om the c rash  
s i te  and 21 miles  west of the prescr ibed course 
said that the airplane did not appear to  be turn-  
ing but that i t s  right wing was slightly down. 
They estimated i ts  altitude to  be about 10 000 
feet. They said that the a i rc ra f t  was flying 
immediately below the clouds and intermittent- 
ly flew either into o r  behind clouds, momen- 
ta r i ly  obstructing their view of it. In the vi- 
cinity of the camp a t  the t ime were  low rolling 
clouds and the visibility was somewhat hazy 
owing to  dusting snow. 

A review of a l l  documents pertaining to  
the dispatch and release of the a i rc ra f t  a t  
Denver, together with the testimony of com- 
pany personnel,  indicates that other than the 
e r r o r  in loading the r e a r  baggage compartment 
the dispatch was made in accordance with 
United Air Lines established procedure. Com- 
pany officials testified that under VFR condi- 
tions any deviation f rom the prescr ibed route,  
either i n  altitude or  direction, i s  the captain's 
responsibility but must  be co-ordinated be- 
tween the captain and dispatcher. The captain 
did not advise the dispatcher of any intended 
deviation f rom the flight plan. 

The Company Flight Operations Manual 
r e  - Maximum Flight Levels - Unpressurized 
Cabins - states: "Flight will normally be con- 
ducted at  levels not to  exceed 12 000 feet above 

sea level . . . " Another company rule i s :  "In 
VFR conditions, flights will check and follow 
the radio navigational courses  which define the 
airway . . . ' I  

In accordance with the Board's policy of 
keeping accident investigations open for  con- 
sideration of new evidence, and since incapac- 
itation of the crew was a possibility that could 
neither be supported nor negated by existing 
evidence, i t  was decided to  re turn t o  the acci-  
dent scene to continue the investigation. This 
could not be done for an appreciable t ime be- 
cause of deep snow on the mountain. 

On 27 August 1956 a second investigation 
was begun, on the mountain, which took three 
days and many a i rc ra f t  par t s  which had p r e -  
viously been examined were  re-examined. 
Numerous components of the cockpit, together 
with the fuselage nose section, were found a t  
an  elevation of 11 390 feet on a rocky ledge. 
This wreckage was badly damaged by impact 
and the ensuing fire.  Beneath a portion of the 
wreckage the cockpit combustion heater  was 
found. It was mashed flat and was bent 90 
degrees  near  i t s  middle. The igniter plug, 
with i ts  lead torn away, remained in place, 
All fuel and a i r  controls were  missing. The 
heater  was brought back t o  Washington, D. C. , 
subsequent to  the investigation and was deliv- 
e r ed  to  the National Bureau of Standards for 
fur ther  examination. It was their determination 
that a l l  fa i lures  were apparently caused by 
mechanical damage. It i s  possible that the 
mechanical damage re fe r red  to  could have oc- 
cur red  at  the t ime of impact. 

The No. 3 propeller hub found on the talus 
slope was fur ther  examined. Its dome shell  
was broken off and the piston was broken. The 
distributor valve was mashed in  the end of the 
propeller shaft. All but three of the ba r r e l  bolts 
were  broken and the ba r r e l  halves had separated 
approximately one inch. The ba r r e l  bolts were  
removed and the ba r r e l  halves separated in  or  - 
d e r  to  examine the dome position. The stop 
rings were in place and had been in position for 
a blade range of 24 degrees low pitch and 93 
degrees  full feathering. The dome piston posi- 
tion indicated a blade angle of approximately 
31 degrees.  

* Under certain atmospheric conditions, a strong windflow perpendicular t o  a mountain ridge will 
produce a wave-type s t ructure  on the lee side s imilar  to  the waves produced downstream f rom 
fast-flowing water over a submerged rock. These waves develop on a tremendous scale ,  often 
two or  more  t imes the height of the mountain ba r r i e r  which produced them. Violent downdrafts, 
updrafts, and turbulence occur in the wave when i t  i s  well developed. When moisture  content of 
the a i r  involved i s  favourable, character is t ic  cloud patterns develop in  the wave. 
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It i s  obvious f rom the established flight 
path that the a i rc ra f t  deviated from the planned 
route a number of miles  to  the west of course. 
Although witnesses close t o  the scene of the 
accident were unable to positively identify the 
a i rc ra f t  they saw, in  the light of known facts 
it i s  reasonable t o  assume that the a i rc ra f t  
seen was the United C-54. Therefore ,  i t  can 
be concluded that considering the weather con- 
ditions and mountainous te r ra in  the aircraf t  
was flying at  a dangerously low altitude at that 
t ime. 

A UAL captain testified that i t  was nor -  
mal  procedure for  UAL pilots, during a climb- 
out f rom Denver under VFR conditions, to  fly 
several  miles  east  of the airway. He said 
this was done to  avoid incoming low-flying a i r -  
craft  which usually begin their  let-down near  
F o r t  Collins, Colorado. This fact was con- 
sidered in  computing probable flight data for 
the subject flight f rom which i t  was determined 
that the flight reached i t s  cruising altitude of 
10 000 feet approximately 25 miles  north of 
Denver. F r o m  this point a heading of approx- 
imately 315 degrees magnetic would have been 
required t o  fly to  Laramie. F r o m  this same 
location a magnetic heading of 300 degrees  
would have been necessary  to fly directly to- 
ward Medicine Bow pe&. 

An extension i n  both directions of the 
known flight path indicates that either a short- 
cut was being attempted when the accident 
occured or  that the crew was incapacitated 
and the a i rc ra f t  was flying without assistance. 

In considering the f i r s t  p remise ,  i t  i s  
difficult t o  understand how a pilot of this one Is 
experience would deliberately attempt a short-  
cut, and even if he  did why he would have flown 
at  such a low altitude over hazardous te r ra in .  
It i s  t rue  that the flight was an  hour and 11 
minutes late;  however, the time saved by tak- 
ing a shortcut would have been inconsequential. 
P r i o r  to  departing Denver the crew had full 
knowledge, through weather repor t s ,  that scud 
and turbulence were present  in the mountainous 
a r e a s  and that snow squalls were  expected to  
occur.  Knowing this ,  and the fact that the 
weather along the planned route was good, 
makes a shortcut even more  incomprehensible; 
a lso,  the captain was fully aware of the haz-  
a r d s  accompanying mountain flying. There 
i s  a lso the fact that the visibility was 40 miles  
that morning and it  i s  evident that the clouds 
covering the mountains could have been seen 
f r o m  a considerable distance. To c ro s s  the 
mountains over Medicine Bow Peak safely, an 
altitude of approximately 14 000 feet  would be 

necessary. Such an altitude and i t s  attendant 
passenger discomfort in a non-pressurized 
a i rc ra f t  would normally be avoided. Finally, 
to  deviate f rom course in this manner the cap- 
tain would have been breaking rigid company 
rules  and his  record  indicated that he had never 
been known to do so. 

Considering the navigation equipment on 
board the a i rc ra f t ,  the fact that a l l  pertinent 
ground facilities were functioning in  a normal  
manner ,  the pilot's knowledge of the te r ra in ,  
and the good visibility prevailing that day, i t  
does not seem possible that a navigational e r -  
r o r  of any magnitude could have been made. 

The mat te r  of crew incapacitation cannot 
be completely ruled out. The cockpit heater ,  
when examined, did not indicate any burnouts 
pr ior  to  impact which could cause poisonous 
gases to enter the cockpit; however, the exhaust 
manifold was badly damaged and some of i t  was 
not recovered. Should this portion of the heater  
have been defective, dangerous gases  could 
have entered the nosewheel well and could have 
been transported f rom there  to the cockpit by 
means of the ground blower. However, the 
ground blower i s  normally turned off before the 
a i rc ra f t  becomes airborne and i s  never turned 
on in the a i r  unless there  i s  a blockage of the 
nose r a m  airscoop. Although the incapacitation 
of persons in the cockpit in this manner appears 
unlikely it  nevertheless cannot be completely 
discounted. Also, i t  i s  possible that the crew 
may have become incapacitated by some other 
means. One possible fact points strongly to- 
ward this not being t rue  - when the a i rc ra f t  was 
only four minutes f rom Medicine Bow Peak it 
was flying at  an altitude of approximately 10 000 
feet. Since the a i rc ra f t  s t ruck the mountain a t  
an altitude of 11 570 feet i t  must  have climbed 
about 1 500 feet in approximately four minutes,  
and i t  appears  likely that some positive action 
on the par t  of the crew was necessary  to  accom- 
plish the climb. 

In consideration of the above facts ,  the 
Board i s  of the opinion that there  i s  insufficient 
evidence to  establish that the deviation from 
the planned route was due to  incapacitation of 
the crew,  e r r o r s  in  navigation, or  malfunc- 
tioning of the a i rc ra f t  o r  any of i t s  components, 
but ra ther  that the pilot deviated f rom the plan - 
ned course for reasons unknown. 

Probable Cause 

The probable cause of this accident was 
the action of the ~ i l o t  in deviating f rom the 
planned route for reasons unknown. 

ICAO Ref: AR/459 
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y Ministry of Aviation, Argentina. 

(The following repor t  was  received too la te  f o r  
inclusion in Digest  No. 7 .  However,  i t  i s  h e r e  
presented because of i t s  medical  a spec t s .  ) 

Circumstances  

The  a i r c r a f t  was  on a del ivery  flight f r o m  
Mexico City to Asunci6n, Pa raguay ,  with 
in termediate  s tops  a t  Antofagasta, Chile and 
Salta,  Argentina. At  1245 hours  local t ime the 
a i r c r a f t  took off f r o m  Antofagasta f o r  Salta.  
It was  to be a V F R  fl ight via Chosque, Chile 
and San Antonio d e  10s Cobres ,  Sal ta  Province. 
The a i r c r a f t  was seen a t  1400 hours  flying in 
a s t ra ight  line a t  ve ry  low altitude in the 
di rect ion of San Antonio de 10s Cobres  40 kilo- 
m e t r e s  e a s t  of Olapacato. One witness,  believ- 
ing that  the a i r c r a f t  intended to  land, followed 
i t  i n  a jeep only to  find i t s  burned wreckage 
s o m e  20 ki lometres  away. It had c rashed  into 
the s ide  of a hil l  r i s ing  north of Ri'o Tocomar ,  
approximately  70 m e t r e s  above the r i v e r  bed. 
The  height above sea  level at th is  point i s  
approximately  4 500 m e t r e s .  One eye wi tness  
s ta ted that  the a i r c r a l t  c r a s h e d  in  rect i l inear  
horizontal  flight into the nor thern  slope of the 
hil l  and that the pllot had not taken any avoid- 
ing action. The pilot ,  the sole occupant,  was  
killed, and the a i r c ra f t  was  des t royed by the 
c r a s h  and the f i r e  which followed. 

Investigation and Evidence 

The  c r a s h  occur red  some  for ty  k i lomet res  
to  the left  of the planned d i rec t  t r a c k ,  con- 
f i rming the fact  that  the pilot was  flying over 
the val leys  of pa ra l l e l  mountain r anges  which 
follow the railway line f r o m  west  to e a s t ,  to 
San Antonio de 10s Cobres ,  and that he was  fly- 
ing at low alt i tude,  avoiding the mountain c r e s t s .  

The  f i r s t  p a r t  of the a i r c r a f t  to s t r ike  the 
ground was  the undercarr iage  unit, followed 
by the impact  of the lower portion of the 
engine and a violent s o m e r s a u l t  which caused 
the power unit to detach itself f r o m  the fuse- 
lage. The  fuselage was  projected seven 
m e t r e s  f r o m  the main contact  point and burs t  

into f lames.  It is p resumed  that when the 
power unit and fuselage became separated,  the 
s e a t  a t tachment  broke,  with the r e su l t  that the 
pilot was thrown a distance of 15 m e t r e s  f r o m  
the place of impact.  The wreckage was  s t rewn 
over  a n  a r e a  of approximately 50 m e t r e s .  

An inspectron of the wreckage showed that  
the engine was operating a t  c r u i s e  power and 
that  the propel ler  blades were  s e t  i n  the coa r se  
pitch position, for  normal  flight. Th i s  was  
conf i rmed by the deformat ions  of the propel ler  
blades as they s t ruck  the ground. 

The f i r e  which followed the c r a s h  of the 
a i r c r a f t  and the remaining fuel  which was  
spil led on the ground show that the re  was an 
adequate amount of fuel on board and that  the 
flight could not have been hindered by a fuel 
shortage.  

The official weather r e p o r t  fo r  the a r e a  
a t  1400 h o u r s  was  a s  follows: 

"Overcas t  with low clouds; ceil ing 
1 100 m ;  visibil i ty 23 km; wind ENE 
8/10 km/h; a tmospher ic  p r e s s u r e  a t  
1 000 m 906.4 mb;  QFE 884.2 mb;  
t empera tu re  lZOG; R. H. 40%. " 

The a r e a  overflown is quite suitable f o r  
forced o r  precaut ionary landings. No m a j o r  
r i s k s  a r e  involved, s ince  the a r e a  cons i s t s  of 
a v e r y  wide valley o r  glen, with a distance of 
5 k m  between c r e s t s  a t  i t s  widest  point and of 
800 m e t r e s  in  n a r r o w e r  pa r t s .  At the s i te  of 
the accident,  the slope on which the a i r c r a f t  
c r a s h e d  does  not run f r o m  e a s t  to west. At 
th is  p lace  the valley begins to n a r r o w  and runs  
exactly i n  a northwest to  southeast  direction.  
It should be borne in mind, however,  that  p r io r  
to the c r a s h  the pilot had flown along the valleys 
of the mountain range of the a r e a .  T h i s  l eads  
to the assumption that  the pilot, who did not 
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have an oxygen mask on board the aircraf t  - 
an essential i tem for flights of this  kind - 
endeavoured to maintain low altitude, In this 
respect the aeronautical medical authority sent 
to the scene to repor t ,  issued the following 
opinion: 

I t .  . . flights conducted a t  heights between 
3 000 and4 000 metres  (high altitude flying) 
produce certain changes inthe body of the 
pilot which a r e  known collectively under the 
name of 'altitude sickness 1. These changes 
a r e  due to a lowering of the partial oxygen 
pressure  which, a t  4 000 metres, 97.02 m m  
of mercury,  instead of 159. 8 m m  of 
mercury,  which is the partial oxygen 
pressure  on the ground. The altitude a t  
which these phenomena begin to occur 
has been shown to be 4 000 metres ,  al- 
though there may be certain individual 
factors  which will cause certain pilots 
to suffer from these changes at heights 
of less  than 4 000 metres  and others a t  
greater  heights. The f i rs t  symptoms 
to appear a r e  asthenia and loss  of 
strength, sleepiness, violent headache, 
nausea, vomiting, tachycardia and prae- 
cordial pain. The mental condition i s  
characterized by a s tate  of exaggerated 
well-being which causes one to lose the 
sense of fear  and understanding of the 
happenings about one. This condition 
becomes aggravated a s  the pilot remains 
a t  high altitude without any oxygen. 
After the initial state of well-being, a 
feeling of drowsiness and apathy follows 
which then becomes deep slumber which, 
in  turn, i s  followed by coma and death, 
In such conditions, the pilot loses con- 
t rol  of the aircraf t  and does not fully 
realize what i s  happening, and his read- 
ing of instruments becomes faulty. His 
visual acuity and power of accornrnoda- 
tion a r e  also altered. A hyperacute con- 
dition may occur; this usually does not 

appear a t  l e s s  than 8 000 metres,  but 
may, in the case of certain individuals, 
present itself a s  low a s  5 000 metres."  

Setting aside the technical factors examined 
during the investigation and bearing in mind that 
the aircraf t  collided head-on against the hill 
while it was flying in an a r ea  where there were 
suitable stretches of land on which the pilot 
could have landed without any great r i sk  - par- 
ticularly in view of the-experience which he i s  
presumed to have had, judging by his licence - 
the Board dccided in favour of the more plau- 
sible theory that the pilot suffered from the con- 
sequences of anoxia through flying an aircraf t  
not provided with oxygen-breathing equipment 
essential for this kind of flight,  The above con- 
clusions a r e  further borne out by the height of 
60 to 70 metres  a t  which the aircraf t  was flown, 
by the nature of the prevailing weather condi- 
tions a t  the place and time of the accident, and 
by the elevation of the a r ea  above sea  level - 
approximately 4 500 metres. 

Probable Cause 

The accident was attributed to a loss  of 
control over the aircraf t  due to a possible state 
of anoxia on the part  of the pilot. A contribu- 
ting factor was inadequate flight preparation, a s  
no account was taken of the need for oxygen- 
breathing equipment for high altitude flying. 

Recommendations 

It appears necessary to recommend to 
pilots and to aircraf t  control and dispatching 
personnel that, for flights of this kind, aircraf t  
should be provided with oxygen-breathing equip- 
ment in good working condition. 

F o r  i ts  part,  the aeronautical authority has 
decided to prescribe this a s  a mandatory re- 
quirement, and to issue specific directives 
aimed a t  prohibiting this type of flight if the 
requirement i s  not met. 

ICAO Ref: AR/450 
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Eastern Air Lines, Inc., Lockheed Constellation, L-749-A, crashed on final 
approach at Imeson Airport,  Jacksonville, Florida on 21 December 1955. Civil 
Aeronautics Board (USA) Amended Accident Investigation Report SA-315, File 

No. 1-0169. Revisions to the original report were released 6 June 1957. 

(The following report i s  not included in the 
classificatlon tables) 

Circumstances 

The flight originated at Miami, Florida, 
i ts destination Boston, Massachussets with an 
intermediate stop a t  Jacksonville, Florida. It 
departed Miami International Airport at  0212 
hours Eastern Standard Time on an  Instrument 
Flight Rules flight plan with 12 passengers and 
5 crew members  aboard. At 0331 the flight 
reported over Sunbeam Intersection (16 miles 
SSE of Imeson Airport),  was cleared for an 
ILS approach to Runway 5 and received the 
Jacksonville weather report  - "Partial obs- 
curement; visibility one-half mile; altimeter 
30, 18. " This was followed immediately by 
another message - "Coming out with indefinite 
300 obscurement now one-half with fog. "* 
After acknowledging this information the flight 
reported leaving Sunbeam a t  2 500 feet. Follow- 
ing a la ter  query f rom the flight, approach con- 
t ro l  advised that there was no other known traf- 
fic in the a rea .  Flight 642 reported over the 
outer marker  inbound as  requested and was 
cleared to land. Shortly thereafter the tower 
controller observed a large flash in the vicinity 
of the ILS middle marker .  Further  calls to the 
flight were not acknowledged and i t  was subse- 
quently learned that the aircraf t  had crashed 
a t  0343 hours approximately six-tenths of a 
mile southwest of the threshold of Runway 5. 
All 17 occupants were killed. 

Investigation and Evidence 

Investigation disclosed the main portion 
of the wreckage to be 212 feet northwest of the 
ILS middle marker  and 3 486 feet southwest 
of the threshold of Runway 5. (See Figure 3). 

F i r s t  impact of the aircraf t  was withthe 
top of a small pine t ree  approximately 200 
feet below the ILS glide path, 260 feet to the 
left of the extended centerline of the runway, 
4 000 feet f rom the threshold of Runway 5, 
and 420 feet southwest of the middle marker .  
This was followed by striking a 50-foot oak 
t ree ,  the upper 20 feet of which were sheared 

off. The a i rc ra f t  settled toward the ground, 
striking other large trees which disintegrated 
both wings and a portion of the empennage. 
Ground contact was on a heading of approxi- 
mately 55 degrees magnetic. The distance 
from the f i r s t  t ree  struck to the farthestpiece 
of wreckage was 801 feet. Explosion and f i re  
occurred immediately upon impact. 

The cabin and cockpit a reas  were 
completely consumed in the ground fire with 
the exception of the lower fuselage skin and 
portions of the cabin flooring. The fuselage 
aft of the r ea r  pressure bulkhead and the cen- 
te r  rudder fin and portions of the stabilizer 
were intact, but with surface scorching indica- 
tions. The tail cone was found in a relatively 
undamaged condition with the control booster 
mechanisms in proper position. 

Outer portions of the left and right 
wings had been separated f rom the main struc- 
ture  during the passage through the t rees  and 
alang the ground. The "speedpack" (a large 
detachable cargo compartment positioned on 
the underside of the fuselage) was torn from 
the bottom of the fuselage a t  ground impact.  
Wing flaps were determined to have been in 
the 60 percent extension position, and their 
positions were symmetrical a t  the time of im- 
pact. 

Separation of the right main gear and 
part of the nose gear had occurred a t  ground 
contact. The left main gear was intact and 
in the extended and locked position; the cock- 
pit landing gear lever was found in the "down" 
position. Measurement of the right maingear  
actuating cylinder piston rod revealed the same 
15 inches as  found on the down and locked left 
main gear actuating cylinder piston rod. 

All  boost control assemblies were 
found in the "boost onv position. A bench 
check revealed that all  boost actuating cylin- 
ders  had normal t ravel  in both directions and 
showed no signs of abnormal internal leakage. 

f Eastern Air Lines' Constellation minima for ILS approaches at Jacksonville, day o r  night, a r e  
ceiling 200 feet,  visibility one-half mile, 
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Relief valves and bypass controls operated 
normally. The f i l ters  showed a normal dif- 
ferential p ressure  between inlet and outlet. 
The elevator boost was installed in a s imilar  
a ircraf t ,  was flight tested and found to func- 
tion in a normal manner. 

On impact the four powerplants sep- 
arated a t  their attach points and came to r e s t  
a few feet ahead of the main wreckage. Num- 
ber  4 engine suffered extensive damage in the 
ground f i re .  Examination of the inter iors  of 
a l l  four crankcases gave no indication of rota- 
tional o r  reciprocating interferences o r  oper- 
ating irregQlarity of any kind. All oil pumps 
were f r ee  of metal particles and revealed no 
scoring. There was no evidence to indicate 
that the engines were not capable of develop- 
ing power prior to  impact. 

All propeller blades were broken o r  
bent, with bending generally rearward,  and 
five of them were broken a t  the butt ends. The 
dome position and blade angles were found to 
be in settings that indicated normal operation 
of a l l  engines. 

The tearing f r ee  of a l l  powerplants re-  
sulted in the pulling and breaking of control 
cables under tension. Several of the cable- 
controlled fuel shutoff valves were found in 
the closed position; the electrically control- 
led firewall fuel shutoff valves were a l l  open. 

F r o m  markings presented by ground 
object contacts of the a i r f rame and propellers 
i t  was determined that just prior to  impact 
the a i rc ra f t  was in a slight turn to the right and 
banked approximately 11-1/2 degrees. The longi- 
tudinal attitude of the a i rc ra f t  was approximate- 
ly 4-3/4 degrees nose-up and the angle of de- 
scent during the las t  200 feet  of the flight path 
was about 2-1/2 degrees, with the rate  of de- 
scent being 10 feet per  second. 

E-veral flight checks of ground naviga- 
tional facilities soon after the accident showed 
operation of the systems to be normal.  Simu- 
lated ILS approaches were made, with a Board 
investigator a s  observer ,  to determine the ef- 
fect on cockpit instruments caused by vehicles 
parked on the highway below the glide path. 
The highway i s  about 100 feet eas t  of the mid- 
dle marker .  On one approach, with a crane- 
equipped truck parked beneath the glide path, 
a flydown indication was noted prior to reach- 
ing the middle marker .  It was necessary to 
descend 60 feet in order  to center  the needle. 
However, the glide path indication was found 
to be normal  a t  the middle marker ,  where 
the accident occurred. 

Several persons saw o r  heard the a i r -  
craf t ,  with normal  engine sound. A power 
surge was heard just before impact. One wit- 
ness ,  who was near the middle marker ,  said 
he f i r s t  saw the landing lights, lighted and 
pointing straight down, and that they partially 
extended before he lost sight of the aircraf t .  
Other witnesses near  the accident scene did 
not see  the landing lights on. Subsequent in- 
vestigation disclosed that the right landing 
light had been destroyed but the left light was 
found in the retracted position. There was no 
f i re  observed by any witness prior to impact. 
One witness saw the aircraft ,  a t  a very low 
altitude, make a slight turn to the right just 
before it  contacted the t r ee s  and ground. 

A witness who was driving a t ra i ler-  
truck south along the highway adjacent to the 
airport  said he saw what he believed to be 
two jet-propelled aircraf t  pass  f rom right to 
left in front of him, flying at an altitude of 150- 
250 feet. He stated that at the same time he 
observed these a i rc ra f t  he saw a bright flash, 
whereupon he immediately stopped his truck 
and walked down the highway. To h i s  right he 
saw scattered parts  of an  a i rc ra f t  burning. He 
a l so  said that before reaching the airport  he 
had passed through patches of ground fog, that 
at  the airport  there was an overcast condition, 
and that he again passed through patches of 
ground fog a s  he continued south. 

The two airport  tower controllers in 
radio contact with the flight stated they heard 
it  pass over the south edge of the field, pro- 
ceeding outbound. At this time the runway 
lights were on a t  their highest intensity. One 
of the two controllers on duty stated that he 
went downstairs to the radar  room and, on 
the Airport Surveillance Radar scope, observed 
the flight just before it reached the outer mark- 
e r  outbound. He also said he saw the s t a r t  and 
completion of a procedure turn and observed 
the a i rc ra f t  s t a r t  inbound, after which he gave 
the flight i ts  three-,  two-, and one-mile range 
positions. The tower recording of outgoing mes. 
sages does not include the three-mile position 
message. The ASR equipment at Jacksonville 
does not show altitude above the ground. The 
controller stated that forward movement ceaaed 
soon af ter  the image of the a i rc ra f t  on the 
scope passed the one-mile position from the 
end of the runway. This radar  observation 
coincides with the geographical position of the 
crash.  During the entire time the controller 
was watching the scope, s e t  to 10-mile range, 
he saw no other a ircraf t .  Comprehensive in- 
vestigation revealed no other traffic, either 
civil o r  military, in the a r ea  during the ap- 
proach of the subject a i rcraf t .  
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The night of December 20-21 weather 
stations f r o m  Miami to Savannah, Georgia, 
were reporting a small  spread between tem- 
perature and dewpoint. The company termi- 
nal forecast  for Jacksonville was ceiling and 
visibility unlimited; this was not amended 
until 0345 when i t  was changed to ceiling 300 
feet, broken clouds; visibility three-fourths 
of a mile; fog. During the briefing the com- 
pany forecaster  advised the crew that patchy 
ground fog could be expected in the Jackson- 
ville a rea .  

It i s  evident that a l l  components of 
the ILS system were operating normally a t  
the time of the accident. This was also in- 
dicated by another flight which made an ILS 
approach and landing approximately 15 min- 
utes before the accident. At that time the 
system was normal,  a s  it was on two ap- 
proaches made several  hours after the ac- 
cident. Monitoring records of the system 
gave no indication of any deviation f rom nor- 
mal operation during the ear ly morning of 
21 December. All contacts with the flight by 
Jacksonville approach control were routine 
and the crew did not report any operating 
difficulties. 

The testimony of witnesses who ob- 
served the landing lights of the aircraf t  come 
on during the approach and other witnesses 
who saw no landing lights, is not completely 
incompatible. Since the lights were found in 
the retracted position it  i s  indicated that once 
lowered they might have been retracted to 
eliminate reflection a s  the a i rc ra f t  descend- 
ed into the layer of fog. The significance 
of the testimony concerning a power surge 
immediately before o r  a t  the time of initial 
contact with the t r ee s  cannot be fully esta- 
blished. The majority of the witnesses re- 
ported no surge of power, and it i s  possible 
that increase of power was apparent only a s  
a result  of the relative motion of the aircraft  
with respect to the witnees and the rapidly 
changing conditions of reflection o r  shielding 
of sound a t  the low altitude at which the air-  
craft  was being flown. The investigation of 
the wreckage clear ly establishes that climb 
power which would be expected to be applied 
in  a missed-approach procedure was not, in 
fact, being used a t  the time of impact with 
the ground. Furthermore,  none of the other 
essential elements of a missed-approach pro- 
cedure had been accomplished prior to the 
accident. 

Every possible effort was made to ac- 
count for jet-propelled a i rc ra f t  being in the 
a r ea  when the accident occurred. All military 

services  said they had no jet a i rc ra f t  flying 
in that a r e a  at the time of the accident. 
Neither the tower personnel, witnesses on 
the airport ,  nor witnesses other than the 
truck driver  near  the accident scene saw any 
jet a i rcraf t  and such aircraf t  were not ob- 
served on the radar  scope. In view of the 
truck dr iver ' s  testimony, the Florida Air 
National Guard, under the direction of a CAB 
investigator, made several  flights (using a jet 
a i rcraf t )  in an effort to simulate the conditions 
described by the truck driver.  Each of these 
flights was plainly visible on the radar  scope. 
It, therefore, i s  concluded that no such air-  
craft  were in the vicinity. 

F r o m  the testimony of other pilots 
flying in the vicinity a short  t ime prior to the 
accident, there was a layer of cloud, which 
included smoke and fog, capping the airport  
with a general foggy condition existing a few 
miles to the southwest. All other a r ea s  ap- 
peared to be clear .  It therefore appears likely 
that the flight was clear  of clouds f rom the 
Sunbeam Intersection to the middle marker  
and outbound to the outer marker  and that i t  
probably did not encounter obscurement until 
in the vicinity of the middle marker  inbound. 
Although this weather condition has been des- 
cribed a s  partial  obscurenlent with horizontal 
visibility of one-half mile, i t  i s  apparent f rom 
the testimony of pilots that vertical visibility 
throughout the a r ea  was generally good. Some 
of the witnesses said the ground visibility a t  
and near the accident was poor. There i s  no 
way of determining ceiling height o r  visibility 
distance at the accident site.  However, the 
weather information reported to the crew was 
obtained at the control tower. The tower i s  
located approximately one mile north-north- 
eas t  of the accident scene. At the time of the 
accident a wind of six knots was blowing f rom 
the north-northwest, and it  i s  believed that 
between the time of the last reporting and the 
accident the weather conditions a t  the obser- 
vation point could have moved to the general 
a r e a  of the accident and therefore should have 
been essentially the same a s  that reported to 
the crew, "indefinite 300, sky obscured, vi- 
sibility 1/2 mile and fog." 

Assuming that weather conditions were 
s imilar  a t  the c rash  point and the observation 
point, consideration should be given to the de- 
c rease  of horizontal visibility with elevation. 
Horizontal visibility must have been near zero 
a t  300 feet above the ground. Normally, slant 
visibility down the glide path should have grad- 
ually increased a s  the a i rc ra f t  descended. 
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The radar  scope a t  Jacksonville does 
not reflect altitude. However, since the ra-  
dar operator testified that the aircraf t  was 
observed to fly beyond the outer marker ,  
make a procedure turn, and return inbound, 
it i s  believed that this was accomplished a t  
the normal altitude of 1 200 feet. The pro- 
peller slash marks a t  the scene indicated 
the speed of the aircraf t  a t  impact to be 140 
knots. The company's instructions for  this 
type aircraf t  show a recommended approach 
speed of 115 knots f rom the outer marker  to 
the minimum authorized altitude. 

Evidence indicates that the aircraf t  
was flying in a normal  manner just prior to 
impact and there i s  no known evidence to in- 
dicate any malfunctioning of the aircraf t  o r  
any of i ts  components. The flaps were extend- 
ed to a position used for manoeuvring and this 
amount of f l a ~  extension i s  usuallv used in 
this type of approach until reaching the mid- 
dle marker .  Although the aircraf t  was 200 
feet to the left of co i r s e  this i s  a small  de- 
viation a t  that point in the approach and only 

a slight correction would have been required 
to again align with the runway. The fact that 
the aircraf t  was in a slight right turn and al- 
most level horizontally a t  impact would sug- 
gest that the pilot was turning toward the lo- 
calizer course, further indicating the aircraf t  
was under control. 

It i s  not unusual , with weather conditions 
such a s  existed this day, for  pilots during an 
approach to an airport to find ceilings and vi- 
sibilities that vary f rom those reported. If, 
on the morning of the accident, the captain 
found the vlsibility to be lower than one-half 
mile, i t  would then have been his responsibii  
lity to execute a missed-approach procedure. 

Probable Cause 

The Board determines that the probable 
cause of this accident was that during the final 
portion of an ILS approach the pilot, for reasons 
not determinable, either permitted or  caused 
the aircraf t  to deviate to the left of course and 
descend below the glide path to an altitude too 
low to c lear  ground obstructions. 

ICAORef: ~ ~ / 4 3 8  
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No. 5 - 
Eastern Air  Lines, Inc., Martin 404, overshot the runway a t  Tri-State Airport, 
Huntington, West Virginia, on 15 January 1956. Civil Aeronautics Board (USA) 

Accident Investigation Report, File No. 1-0001, released 8 June 1956. 

Circumstances 

Flight 175 originated a t  Chicago, 
Illinois for Charlotte, North Carolina, via s t  ope 
including Louisville, Kentucky and Huntington, 
West Virginia carrying 32 passengers and 3 
crew members.  The flight was uneventful 
until the Louisville-Huntington segment. The 
aircraf t  took off from Louisville a t  1750 hours 
Eastern Standard Time on a VFR flight plan. 
En route the flight requested and received an 
IFR clearance, via V-4 airway to cruise a t  
5 000 feet and was given the latest Huntington 
weather. This indicated a 1 000 foot ceiling. 
visibility 1 mile, wind calm, light snow and 
ltpoortl  braking action on the snow-covered 
runway. Charleston approach control* cleared 
the flight for an approach to Tri-State Airport. 
The aircraf t  crossed the end of Runway 30 a t  
an estimated speed of 90 - 95 knots, a t  an 
altitude of 50 - 100 feet and passed over al- 
most  one half the length of the 4 600-foot run- 
way before touchdown. The crew could not 
stop the aircraf t  within the confines of the 
airport  and the aircraf t  nosed slowly over 
the brink of a slope approximately 100 feet 
beyond the end of the runway. There was no 
f i re .  No injuries resulted to either the crew 
o r  the passengers. 

Investigation and Evidence 

The a i rc raf t  reported to the company 
radio a t  Louisville a t  1813 hours when over 
the Lexington VOR a t  5 000 feet and was given 
an IFR clearance to Huntington. Over Bruin 
Intersection a t  1833 hours i t  reported to 
Charleston approach control and was cleared 
via Wayne Intersection direct to the Huntington 
marker  to maintain 5 000 feet and to report 
passing Wayne. Charleston approach control 
then transmitted to the flight the Tri-State 
weather conditions. At 1835 Huntington com- 
pany radio advised the flight r e  poor braking 
conditions on the runway and also transmitted 
the 1830 weather conditions to the aircraf t .  

Charleston approach control then 
cleared the flight for an approach to the 
Huntington Airport to descend to and cruise 
a t  4 000 feet. 

The aircraf t  arr ived over the Huntington 
H-facilitywat 1842, and then, in accordance 
with prescribed procedure, flew outbound 17 
degrees magnetic and made a procedure turn. 
descending to 700 feet above the ground before 
returning a t  197 degrees magnetic over the 
H-facility. The aircraf t  then proceeded to 
and passed directly over the airport  and i t s  
single runway a t  about a 90-degree angle. 
Both pilots stated that a l l  a irport  runway 
lights were sharp and clear  through sncw 
precipitation. A check of the windshield wiper 
and leading edge of the wing showed no ice. 
After crossing the airport  the captain made a 
left turn of about 270 degrees, concluding the 
turn a t  an estimated three fourths of a mile 
f rom the approach end of Runway 30. Final 
approach was continued with landing gear down 
and flaps fully extended. Just  before touch- 
down the captain advise& the co-pilot that he 
intended to use propeller reversing "because 
of snow on the runway and possible poor 
braking. I '  

Upon touchdown the co-pilot raised the 
reverse thrust lockout flag, permitting propel- 
le r  reversal  before the aircraf t ' s  weight was 
on i ts  landing gear ,  and the captain used re- 
verse thrust beyond the normal reverse  range 
into the emergency reverse range. The co- 
pilot observed the No. 1 propeller reversing 
light come on slightly before No. 2 came on. 
According to  the captain, No. 2 propeller 
lagged momentarily. Forward visibility was 
completely cut off by surface snow blown 
forward and up by the reverse thrust.  The 
captain noted a slight change in heading on the 
Flux Gate Compass and reduced r .p .  m. in 
order  to see where he was headed because of 
sharp drop-offs in the te r ra in  near the runway 
edges, particularly to the left. When visibi1.- 
ity was regained he realized that he was then 
going off the left edge of the runway. Thie 
was a t  a point about 1 400 feet beyond touch- 
down and about 1 100 feet short of the f a r  end 
of the 4 600-foot runway. See Figure 4. 

The captain then applied right rudder 
and right brake and increased the reverse 
thrust ,  taking more f rom No. 2 than f rom 
No. 1 ,  bringing the aircraf t  to a course 

* Charleston approach control normally handles IFR a i r  ca r r i e r  traffic for  Huntington. 
** An H-facility i s  a non-directional radio transmitter used for homing and navigational fixes. 
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approximately paralleling the runway. Again 
blown snow blocked visibility and again the 
captain reduced power to regain it. He real- 
i ~ e d  that he was again turning to  his left, 
away from the runway, and quickly applied 
right rudder and right brake to change direc- 
tion. This accomplished i t s  purpose until 
the aircraf t  was parallel to and approaching 
the end of the runway. Again the captain 
applied maximum reverse and lost a l l  forward 
visibility. 

During this relatively short period 
the aircraf t  maintained a course generally 
parallel to and a t  the left of the runway until, 
when nearing the end, it was turning to i ts  
left. Both propellers remained in reverse 
thrust  with varying amounts of power being 
used throughout the landing roll. Nose-wheel 
steering was not used to correct  the swerves. 

Just  after the aircraf t  rolled over 
the brink of the slope the captain shut off all 
electrical power to lessen the possibility of 
fire.  Total darkness resulted a s  the cabin 
emergency impact light did not come on. 

The aircraf t  came to r e s t  on a ledge 
about 186 feet beyond, and about 60 feet below 
the level of the runway. The rough te r ra in  
sloped downward about 28 degrees; the a i r -  
craf t  was nose-down even more to 40 degrees 
and tilted 15 degrees to the right. 

The f i r s t  point of touchdown was 
made by the left landing gear a t  a point 2 015 
feet down the runway. All three landing 
gears  were on the runway a measured dis- 
tance of 2 130 feet f rom the approach end and 
slightly left of center laterally. * This runway 
has no gradient and i s  4 600 feet long and 150 
feet wide, with level sodded areas  extending 
about 100 feet a t  both ends. The left o r  south 
side i s  bordered with a level sodded a rea  
about 125 feet wide; the other side has a s imi-  
l a r  a r ea  about 225 feet wide, 

Both propellers and the nose sec- 
tions of both engines were torn f ree  before 
the aircraf t  stopped. The lower drag s trut  
of the nose landing gear failed and the gear 
folded backwards damaging the adjacent lower 
portion of the fuselage. Damage to the fuse- 
lage, although of a major nature , was confined 
to the forward region generally below the a i r -  
craft 's floor line. Emergency exits were not 
used but al l  were operational. 

Examination of the landing gear latching 
mechanisms revealed that a l l  three landing 
gears  were extended and locked, and that the 
nose gear steering cylinder was intact and in 
normal operating condition. Examination of 
the brake system failed to reveal any indications 
of operating d is t ress  and al l  hydraulic lines 
were intact. 

Both engines, both propellers,  both 
propeller governors, and the two main landing 
gear wheels with their brakes were studied a t  
the Miami base of Eastern A i r  Lines. This 
examination showed that: 

a )  Neither engine had had any evidence 
of failure o r  any pre-crash condition 
that would cause malfunctioning; 

b) Both propellers had been operating 
within specified pitch limits and 
examination of their components indi- 
cated that they were in good condition 
prior to impact with the ground; 

c )  Bench tests  of both propeller gover- 
nors revealed no evidence of failures 
o r  any condition that might have caused 
malfunctioning; 

d) Both brake assemblies were in good 
condition and should have been oper- 
ating normally. All brake pucks 
were f ree  in their housings and 
showed no excessive wear, nor did 
the brake housings show any evidence 
of excessive heat. 

A careful examination showed that the 
rigging between the reverse throttle levers  
and the reversing throttle switches was such 
that final actuation of the reverse switches 
occurred when both throttles were moved aft 
1- 1/2 inches, 

Examination of the rigging between the 
throttle levers in the cockpit and the throttle 
openings a t  both carburetors showed proper 
adjustment. With both throttles in the reverse 
idle position, both throttle a r m s  were l/4 inch 
f rom their stops; with both throttles in the full 
reverse position, both throttle a r m s  were 1-1/2 
inches f rom their stops. Impact had stretched 
the throttle cables to a degree where testing of 
their tensions could not be significant. 

Logbook entries were carefully reviewed but 

* See Figure 4 
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nothing was found to show evidence of any propellers.  It reads: "Exercise caution in 
operational difficulty o r  failure of the propel- using reverse thrust on runways covered with 
l e r  reversing, hydraulic o r  braking systems dust,  snow, o r  other matter which would 
o r  of the nose-wheel steering system. reduce visibility. ' I  

The pilot stated that he was comple- 
tely satisfied with the runway lighting and 
that runway lights were within his range of 
vision throughout the entire final approach. 

Eastern Air Lines1 landing minima 
for  Martin 404's a t  Tri-State Airport  a r e  
700 feet ceiling and 1 mile visibility. Condi- 
tions prevailing a t  the last official observa- 
tion (1830 hours) were reported to the incom- 
ing flight a s  1 000 feet and 1 mile. 

The aaptain and the co-pilot testified 
that their approach was substantially normal, 
that final was s tar ted a t  about three fourths 
of a mile from the approach end of the runway 
a t  an estimated altitude of 500 feet,  and that 
they came over the end of the runway a t  an 
estimated 50 - 100 foot altitude. They also 
testified that their final turn into approach 
was terminated a t  the proper point so  that 
little or  no deviation from a straight path was 
necessary. However, this i s  contrary to the 
testimony of a number of ground witnesses 
who described an  appreciable bank to the 
right immediately prior  to touchdown. These 
witnesses were of the opinion that the ap- 
proach was higher and/or faster  than i s  cus- 
tomary with s imilar  a i rc raf t .  The captain 
testified that he purposely came over the 
approach end of the subject runway a bit 
higher than a t  other airports  because of the 
sharp drop in te r ra in  a t  that end of the runway 
and the consequent possibility of turbulence 
a t  that point. There was some testimony 
that a burst o r  several  bursts  of power were 
used just before touchdown, but the captain 
insisted that he did not apply any power a t  
that time o r  elsewhere during final approach, 

Reversal of the aircraf t ' s  propellers 
i s  accomplished by pulling back the main 
throttles to the idle position and then continu- 
ing rearward with the reversing throttle into 
the reversing range. Fo r  normal reversing 
the force required to pull the lat ter  back i s  
adjusted to eight pounds per throttle. An 
additional 15 pounds per throttle i s  required 
to bring them further back into the "emergen- 
cy" reverse range, Thus the total force 
needed is 46 pounds. 

The Martin 404 aircraf t  c a r r i e s  a 
placard in the cockpit relative to reversing 

This same warning appears in Eastern 
Air  Lines8 Flight Manual for the Martin 404 
which states further: "Caution should also be 
exercised when approaching the low speed 
range of the landing run so  that the operator 
will be prepared for  sudden control buffeting 
which might be injurious to the operator o r  
structure unless the controls a r e  monitored by 
the pilot o r  co-pilot during reverse thrust 
application. While the control forces a r e  not 
excessive when operating in a normal power 
range for  reverse thrust,  the controls a r e  
subject to sudden and sharp reversals  when 
approaching the slow speed range of the landing 
run. " 

All radio navigational and communication 
facilities, a s  well a s  the airport  and runway 
lights, were found to have been operating 
normally. 

The temperature on the morning of the 
accident had been down to 13 degrees and 
never rose above 32 degrees during the day. 
As thin obscuration of the sky existed, fol- 
lowed by an  overcast,  there was not much 
opportunity for the runway surface to have 
become warm enough to melt the snow even 
in the beginning of the fall. It, therefore, 
appears doubtful that ice existed below the snow 
cover unless i t  remained f rom a previous 
condition.. However, in some cases very poor 
braking exists on a dry  snow cover. 

The weather reporting service a t  the 
Tri-State Airport a t  Huntington, West Virginia, 
i s  classed a s  a Supplemental Aviation Weather 
Reporting Station. This means that the obser- 
ve r s  have been obtained by the Weather Bureau 
f rom airline and/or airport  personnel and that 
following a period of training in weather obser- 
vations, they have been certificated a s  compe- 
tent to make surface weather observations. 

The captain attributed the f i r s t  swerve 
to the left to a momentary lag in the No. 2 
(right) engine. This would cause more,  o r  
quicker, reverse thrust on the left engine 
than on the right and consequently result in a 
tendency to yaw to  the left. But i t  seerns 
unlikely that any momentary lag in the NO. 2 
engine caused the initial swerve because the 
aircraf t  travelled a good 1 000 feet before 
swerving. 
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Subsequent swerves to the left, a s  the 
alrcraf t  continued generally parallel to the 
runway. occurred a s  the captain attempted to 
use maximum reverse thrust to stop the a i r -  
c ra f t  on the airport .  He was using different 
amounts of reversing to effect steering and 
stopthe aircraf t  without any forward visibil- 
ity except for  two brief periods. 

The given braking condition of llpoorlt  
did not c a r r y  with i t  a warning against landing; 
i t  was merely information for  the captain to 
use a s  he saw fit. 

The captain could not explain why he 
landed so fa r  down the runway after a final 
approach such a s  he described. There was 
little o r  nowind, and if the aircraf t  had 
crossed the boundary a t  50 feet altitude and 
a t  the conventional speed of 90 - 95 knots, 
then the touchdown should have been well 
within the f i r s t  quarter  of the runway. 

If the approach was conducted a s  the 
captain testified, then there would have been 
no need for  any final manoeuvre o r  manoeu- 
vres  just prior to touchdown a s  described by 
witnesses, although denied by the captain. It 
seems probable that there was some misalign- 
ment of the final approach to the right of the 
runway a s  a result of overturning during the 
close-in circling approach. 

The fact that the captain advised the 
co-pilot to raise the reverse flag before 
touchdown indicates that he realized he was 
then critically fa r  down the runway and 
wanted to be sure of instantaneous reversal  
on demand. 

The Board concluded that the captain 
made his las t  turn into final somewhat higher, 
c loser ,  o r  faster  than he would have during 
better visibility. 

It  was found during the course of the 
investigation that additional training of the 
weather observers  would be desirable. This 
does not appear to have been a factor in the 
accident; however, the Weather Bureau has 
s tar ted a program for improving the training 
of personnel and inspection of this c lass  of 
stations. 

Probable Cause 

The probable cause of this accident 
was improper approach and subsequent 
landing too far  down a snow-covered, slippery 
runway. 

The following is an  excerpt from Flight 
Safety Foundation Accident Prevention Bulletin 
56-21 pertaining to this accident:- 

"Moral . . . 
When getting weather information f rom 

the tower a t  your landing airport ,  include the 
possibility of snow kicked up by the props. 
And remember that your landing run on a 
sIippery runway i s  considerably longer than 
on a d ry  runway . . . and brakes won't be of 
much help. Also, no matter what your minima 
a r e ,  if you cannot see the horizon when you go 
f rom I F R  to  VFR and level out, the safety of 
your flight i s  jeopardized. As a safeguard, 
employ higher minima and better visibility 
during winter operations. 

ICAO Ref: ARl436 
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No. 6 

Circumstances 

At approximately 1436 hours Atlantic 
Standard Time on 16 January the aircraft  took 
off on a non-scheduled flight from Mont Joli, 
Quebec, to Knob Lake via Seven Islands and 
arr ived a t  Knob Lake at  2002 hours. At 2202 
hours on 17 January the aircraft took off from 
Knob Lake on the return flight to Seven Islands 
via Oreway, Labrador, with a crew of three 
and fifteen passengers on board, The flight 
appears to have been normal until 2312 hours 
at  which time, according to the navigation log, 
heavy to moderate rime ice was encountered 
and the aircraft  was climbed to 10 000 feet. 
At 2335 hours a further note was made in the 
log that the oil pressure on the starboard en- 
gine had dropped to 40 pounds (per square 
inch) and that at  2336 hours the warning light 
came on and the starboard propeller was 
feathered. According to a statement obtained 
from one of the passengers and the declara- 
tion of the stewardess, the engine was sub- 
sequently re-started for about ten minutes 
and then stopped again. The aircraft grad- 
ually lost height on one engine and due to the 
hills ahead the captain decided to return to 
Oreway. At 0052 the aircraft  crashed to the 
ground about 2 000 feet southeast of Oreway 
railway station, while a forced landing was 
being attempted. The captain, co-pilot and 
one passenger died in the accident and the 
stewardess died of injuries a few days later ;  
two passengers were seriously injured and 
some of the remaining passengers received 
minor injuries. 

Investigation and Evidence 

A certificate of airworthiness, which 
was due to expire 5 March 1956, had been 
issued for the aircraft.  Examination of both 
engines dieclosed that one of the tubes near 
the periphery of the starboard engine oil cool- 
e r  had a crack measuring about 1/411 by 1/20" 
through which an oil escape of about two gal- 
lons per minute was possible. It was con- 
sidered that this crack might have been 
caused by a frozen water droplet in the tube. 
No other evidence of malfunctioning of the 
engine, airframe, or  control6 was discovered. 

From calculations made by the Board, 
it would appear that the aircraft  was overloaded 
when i t  took off from Knob Lake, the amount 
of the overload being of the order  of 2.870 of 
the authorized gross weight. 

The pilot was seen to examine weather 
reports in the radio station office at  Knob Lake, 
but advantage was not taken of the opportunity 
to obtain a briefing a t  the meteorological office. 

It was determined from an analysis of 
the weather situation, that a poorly defined 
stationary front extended from Belle Isle to 
Anticosti Island and Fredericton. The route 
between Knob Lake and Seven Islands lay in an 
east  northeasterly flow of maritime arctic air ,  
with an overrunning layer of maritime polar 
air  above 10 000 feet over the southern section 
of the route. The general weather over the 
route was overcast, with light continuous snow. 
The cloud base was generally 2 - 3 000 feet 
above sea level, which would mean 1 - 2 000 feet 
above the ground over the higher sections. 
Vertical visibility in the snow was generally 
1 500 - 2 500 feet at  Knob Lake and Seven 
Islands, with horizontal visibility varying 
from 314 to 3 miles, being considerably lower 
in heavy snow showers. The forecasts issued 
a t  1900 hours and 2001 hours on 16 and 17 
January were not received a t  Knob Lake due 
to teletype trouble and the last  forecast was, 
therefore, not available to the pilot of the 
aircraft.  

The forecast issued on 16 January at  
1800 hours for the Seven Islands Region indi- 
cated cloud base a t  1 500 - 3 000 feet inter- 
mittent light snow and blowing snow, ceiling 
1 000 - 1 500 feet arising to 2 000 feet at  
Seven Islands near the end of the period with 
visibility of 3 miles in snow and blowing snow. 
Light rime icing in cloud and occasional mod- 
erate to heavy mixed icing between 4 000 and 
7 000 feet with a risk of clear icing in precipi- 
tation between the surface and 4 000 feet was 
forecast for the Seven Islands Region. 
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The Board concluded that the information 
that was available at  Knob Lake did not indi- 
cate that Quebec was a suitable alternate for 
this flight, since the forecast indicated that 
icing condition8 were poesible and equally as  
critical at  that point ae at Seven Islands. In 
fact, on the baais of the information available 
at Knob Lake, it does not appear that a euit- 
able alternate, within the range of the aircraft, 
exieted at  the time of departure. 

Probable Cause 

The aircraft was crash landed at  night 
through inability to maintain height due to 
failure of the starboard engine under icing 
condition8 when the aircraft was heavily 
loaded. 

In addition to the facts cited by the 
Board it is  concluded, from a review of its 
report, that the pilot committed an e r ro r  in 
taking the aircraft off from Knob Lake a t  a 
weight calculated to be 729 lbs. in exceee of 
the maximum permitted for that airfield. 

ICAO Ref: AR/454 
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No. 7 

British European Airways Corporation, Vickers-Armstronge Viscount, G-AMOM, 
crashed on take-off f rom Blackbushe Airport,  England, on 20 January 1956. 

Civil Accident Report No. C, 647, released by the Accidents Investigation 
Branch, Ministry of Transport and Civil Aviation (UK). 

Circumstances 

The a i rc ra f t  took off f rom London Airport 
a t  0755 hours Greenwich Mean Time on a 
tralning flight, which was part  of a routine 
base check being car r ied  out by a t r a in~ng  
captain on a line captain. Having completed 
the f i r s t  par t  of the check the a i rc ra f t  landed 
a t  Blackbushe. At approximately 0850 hours 
Greenwich Mean Time a take-off was com- 
menced from this a irport  for  another exercise. 
On reaching the take-off safety speed the 
training captain simulated a starboard outer 
engine failure. At this point the aircraf t  was 
just leaving the ground and a s  it did so the 
s tarboard inner propeller was seen to be 
stopping and the a i rc ra f t  began turning to the 
right with an  increasing amount of bank. It 
rose  to about 30 feet and then descended and 
hit the ground a t  a point 250 yards from the 
runway in a steeply banked, nose-down 
attitude. It cartwheeled, slid along the ground 
backwards for 200 yards and came to r e s t  
just inside the northwest boundary of the aero-  
drome. The a i rc ra f t  sustained major impact 
damage and f i re  broke out which almost com- 
pletely destroyed it. The five occupants 
escaped with only slight injuries. 

Investigation and Evidence 

Following the landing at Blackbushe 
af ter  completion of the f i r s t  par t  of the check, 
No. 1 engine was again restar ted and the a i r -  
c ra f t  was lined up on Runway 26. The training 
captain then told the line captain that he intend- 
ed to simulate an  engine failure during the 
take-off sequence which was to be purely visual. 
On take-off the training captain was in the 
right-hand pilot's seat  and the line captain 
was a t  the controls in the left-hand seat.  Upon 
reaching the V2 speed of 106 knots when the 
a i rc ra f t  was just becoming airborne, the train- 
ing captain stated that he car r ied  out manual 
feathering of No. 4 propeller by the three 
movements laid down on the BEA drill  card 
namely by - 

1) moving the high pressure  cock lever 
to the feather position, 

2) pulling back the throttle lever,  and 

3) pressing the feathering button. 

He further stated that he then checked the 
gauges showing the r.  p. m,  and torquemeter 
p ressure  for No. 4 engine and that both showed 
zero, signifying to him that feathering was 
completed. Immediately af ter  this i t  became 
apparent to him that the line captain was 
experiencing difficulty in maintaining direc- 
tional control, a s  the a i rc ra f t  was turning to 
starboard despite application of rudder and 
aileron controls. Because the rate  of turn 
was increasing and the right wing was drop- 
ping the training captain took over control. 
As he did so the line captain selected the 
undercarriage up. He then noticed that the 
a i rc ra f t  was not accelerating beyond 106 knots 
and believing that he could stil l  gain control, 
he put the nose down slightly in an endeavour 
to increase the speed, but a s  a height of about 
only 30 feet had been reached the aircraf t  hit 
the ground. 

Three eye witnesses stated that No. 3 
propeller stopped rotating. One of these was 
another captain aboard the aircraf t ,  who was 
looking out of the front starboard window a t  the 
propellers a s  he expected No. 4 propeller 
would be feathered during the take-off. Not 
only did he see NO. 3 propeller feather,  but 
he also noticed a sudden cessation of noise 
from the starboard side of the aircraft. 

Inspection a t  the scene of the accident 
showed that initial impact with the ground wae 
made by No. 3 propeller and the nosewheel 
t i r e s  followed by the starboard underside of 
the nose and the starboard wing tip. The 
outer half of the starboard mainplane broke 
off almost a t  once, closely followed by No. 3 
propeller.  The a i rc ra f t  cartwheeled, slid 
along backwards on i ts  belly and came to r e s t  
some 200 yards f rom the point of initial 
impact. No. 4 engine with its propeller a t -  
tached broke off a t  the wing leading edge and 
was lying clear  of the main wreckage. F i r e  
had destroyed most of the a i rc ra f t  but the 
nose section was intact and undamaged by fire. 
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Three of the blades of No, 3 propeller 
were in the feathering range, whilst three of 
the No. 4 propeller were in the fine pitch 
range. Damage to the blades indicated that 
No. 3 propeller was almost stationary on 
impact and that No. 4 was rotating. 

Examination ot the control cabin revealed 
that No. 3 H. P. cock lever was selected to 
the feathering position, to attain which the 
latch must be raised and the lever moved 
right back through the gate. The other three 
H. P. cock levers  were forward of the gate, 
The throttles were a l l  nearly fully open but 
these positions were considered to be unre- 
liable owing to the effects of c rash  damage. 

Nos. 3 and 4 engines and propellers 
were removed to London Airport for  further 
examination. It was established that No. 3 
propeller actuating piston was in the position 
to be expected if the H. P. cock lever had 
been moved to the feathering position and the 
feathering button had not been operated. It 
was also established that the No. 4 propeller 
piston was so positioned that the blades would 
have been in fine pitch and giving approxi- 
mately 10 000 r.p.m. a t  the moment of 
impact. Electrical and mechanical feathering 
and unfeathering operations were carr ied out 
on No. 4 propeller in exactly the condition i t  
was in when recovered, and i t  was found that 
the system functioned normally. 

A consideration of the evidence in 
conjunction with the BEA dri l l  for manual 
feathering made i t  apparent that the training 
captain had moved No. 3 H. P. cock lever 
(which was two inches longer than No. 4) to 
the feathering position instead of No. 4, and 
had then throttled back No. 4 engine and 
pressed No. 4 feathering button. These 
actions cut off the fuel from No. 3 engine and 
feathered its propeller and also reduced 

No. 4 engine to idling conditions. Pressing 
No. 4 feathering button had no effect on No. 4 
propeller, however, a s  the H. P. cock lever 
was not in the feathering position. The a i r -  
craft was thus deprived of all power on i ts  
starboard side at  the moment of becoming 
airborne and the situation was made worse 
by No. 4 propeller idling in fine pitch. 

The training captain believed he had 
completed feathering of No. 4 engine and to 
confirm this glanced rapidly a t  the gauges 
showing r.p. m. and torquemeter pressure 
for No. 4 engine, both of which he read a s  
zero. Because the engine was throttled right 
back the torquemeter pressure would have 
been zero  but the small pointer of the two - 
pointer r. p. m. gauge would have been indi- 
cating 10 000. In his rapid glance a t  this 
gauge he must have misread it. 

Movement of the throttle in the feathering 
dri l l  on this occasion was not necessary a s  
water -methanol injection was not being used. 
The movement was included in the feathering 
dri l l  only to cut off water - methanol injection 
when that system was being used. Following 
this accident, BEA issued instructions that 
simulated engine failures on take-off during 
training flights would only be made when the 
use of water -methanol was unnecessary. 
The dri l l  was altered accordingly to exclude 
movement of the throttle. 

Probable cause 

The accident was due to an e r r o r  by 
the training captain who operated No. 3 high 
pressure cock lever instead of No. 4 when 
simulating a failure of No. 4 engine during 
take-off. This resulted in the loss  of all  
power from both starboard engines a t  a 
critical point of the take-off. 

ICAO Ref: ~ ~ / 4 3 3  
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No. 8 - 
Eastern Air Lines.  Inc. , Martin 404, c rashed  during landin 

a t  the Owensboro Airport ,  Owensboro, Kentucky, on 17 Februa'ry 
1956. Civil Aeronautics Board ( USA) Accident Investigation 
Report No. SA-316, Fi le  No. 1-0019, re leased 10 July 1956. 

Circumstances  

The flight was a scheduled operation be- 
tween Evansville, Indiana, and Chicago, 
Illinois, with intermediate  stops a t  Owensboro 
and Louisville, Kentucky. An IFR flight plan 
was fi led a t  Evansville and a n  instrument c lea r -  
ance was given the c rew before departure.  
Clearance was d i rec t  to Owensboro a t  2 000 
feet. The a i r c r a f t  took off a t  1441 hours Central  
Standard T ime,  the c rew reported i ts  position 
en  route to Air  Traffic Control according to i t s  
c learance and a t  1447 called the company radio 
located a t  Owensboro Airport. The flight was 
given the l a tes t  weather and al t imeter  informa- 
tion and a s  the re  was no control tower a t  
Owensboro the company representative there  
advised that surface wind favoured landing on 
Runway 5. A few minutes l a te r  i t  descended 
below the clouds north of the a i r p o r t ,  flying on 
a aoutherly heading toward the field. It then 
levelled out and turned right onto a downwind 
leg for  Runway 5. In the l imited visibility, r e -  
ported a s  one mi le  in ra in  and fog, the a i rc ra f t  
disappeared f r o m  view near  the southwest 
boundary of the a i rpor t  while s t i l l  on i ts  down- 
wind leg, Shortly thereaf ter  i t  reappeared,  
proceeding toward the landing runway, s t ruck 
the ground euddenly, right wing down, rolled 
to an  inverted position, and slid to a stop be- 
s ide Runway 5. There  were  no reported ser ious  
injur ies  to the 3 c rew m e m b e r s  and 20 passen-  
gers .  

Investigation and Evidence 

Weather conditions reported a t  the t ime of 
the accident (1458 hours)  were:  precipitation 
ceiling 600 fee t ,  sky obscured; visibility 1 mile;  
moderate  thundershowera, fog; wind northeast  
3; a l t imeter  setting estimated 29. 66. At 1510, 
a few minutes a f te r ,  conditions were  reported 
ae: precipitation ceiling 1 000 feet ,  sky ob- 
scured;  vieibility 2 miles ;  moderate  thunder - 
showers ,  fog; wind calm;  a l t imeter  setting 
es t imated 29. 68; thunder overhead, movement 
unknown, lightning in clouds, cumulo-nimbus. 
The tea timony of many witnes s es  , Including 
the flight crew,  indicated without controversy 

that the actual weather conditions were equal to 
o r  somewhat bet ter  than thoee reported. 

The initial ground contact of the a i r c r a f t  was 
made by the right dual wheels of the extended 
landing gear .  Physical charac te r i s t i cs  of the 
wheel t racks  in the soft ,  rain-soaked ground 
showed the a i r c r a f t  was not slipping o r  skid- 
ding and only a portion of i t s  weight was on the 
ground. The wheel t r acks  began 125 fee t  to  the 
right and 330 feet  shor t  of Runway 5. They 
were  31 feet long on a magnetic heading of ap- 
proximately 30 degrees.  F o r  the next 16 feet 
there  were no contact marks .  Then for 20 feet  
the re  followed a s e r i e s  of i r regu la r  s l ash  m a r k s  
in  the ground made by the right propeller.  This 
i r regular i ty  indicated that the engine nose s e c -  
tion and i ts  propel ler  were  torn off while the 
m a r k s  were being made. At a point opposite 
the l as t  propel ler  m a r k ,  gouges showed the 
right wing s t ruck  with sufficient upward and 
rea rward  forces  to b reak  it off. The right 
wing center section was sheared practically 
flush with the side of the fuselage. Character-  
i s t i c s  and the sequence of wheel t r a c k s ,  the 
propeller cuts,  and gouges made by the right 
wing showed that the a i r c r a f t ,  while s t i l l  a i r  - 
borne, was rolling to the right along i t s  longi- 
tudinal axis. 

The fuselage then made ground contact with 
i t s  right aide and rolled toward an  inverted 
position while sliding forward. When the a i r -  
c r a f t  became inverted the lef t  wins contacted 

.2 

the ground, thus stopping the rolling action, 
but sliding continued fo r  severa l  hundred feet. 
The ground path swerved gradually to the right. 
As the fuselage moved forward i t  a l so  turned 
on the ver t ical  axis about 180 degrees  and when 
i t  came to r e s t  the nose of the a i r c r a f t  was 
facing back along i ts  path. 

Investigation disclosed no evidence of 
s t ruc tura l  fa i lure  o r  malfunction of the a i r -  
c ra f t  p r io r  to impact and the flight c rew 
stated none was experienced. 

Resul ts  of the examination of the engines 
revealed no evidence of fa i lures  o r  condition 
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which would cause malfunctioning. Both en- 
gines were determined to have been in good 
condition a t  the time of the accident and were 
capable of normal  operation. 

The propellers were also examined. There 
was no indication of malfunction of these units. 
The propeller governors indicated engine 
speeds at impact of 2 270 and 2 325 r. p, m. 
for the left and right engines, respectively. 
Assuming an  airspeed between 95 and 110 knots, 
the average blade position found indicated that 
appreciable power, nearly maximum, was 
being produced by both engines a t  impact. 

The Owensboro h r p o r t  i s  located 29 miles  
southeast of Evansville a t  a field elevation of 
407 feet. Runway 5 i s  one of two runways and 
i s  3 700 feet in length. Ter ra in  surrounding 
the airport  is gently rolling with the runway 
approaches unobstructed. 

A commercial broadcast station located 1. 9 
miles north of the a i rpor t  on a bearing of 14 
degrees ,  serves a s  the approved navigational 
facility for an Automatic Direction Finder in- 
strument approach to the airport.  Eastern 's  
Martin 404 minima for  this approach, the only 
type approved, a re :  Ceiling 500 feet,  visibility 
1 mile. 

In accordance with a clearance,  Evansville 
to Owensboro, d i rec t ,  the instrument approach 
procedure required the flight to pass over the 
commercial broadcast facility and establish a n  
outbound track of 14 degrees. The instrument 
approach then requires  a procedure turn to an 
inbound track of 194 degrees. This,  if main- 
tained, again takes the flight over the com- 
merc ia l  station to the airport .  Descent in two 
intervals i s  required during the procedure to 
the minimum altitude, whereupon v ~ s u a l  r e  - 
ference should be established with the ground 
normally just north of the airport .  The a i r -  
craf t  i s  then positioned to land straight-in o r  
c ircle  to the runway of intended landing. 

The captain and the co-pilot stated that the 
flight to Evansville was routine, a s  were  pre-  
parations for the Owensboro segment of the 
flight. The co-pilot flew the a i rc ra f t  to Owens- 
boro, noting that there was a strong westerly 
wind a t  the cruising altitude of 2 000 feet. 

According to the crew the instrument pro-  
cedure was followed precisely and completely. 
During i t ,  the a i rc ra f t  was slowed to approach 
speed, take-off flaps were extended, and the 
landing gear  was lowered, The propellers 

were adjusted to 2 300 r. p. m. and other pre -  
landing checks were  completed. Visual contact 
was established approximately one mile north 
of the airport  a t  about 550 feet above the ground. 

The captain took control when the airport  
was sighted. When slightly northeast of the 
field he stated that he turned right to position 
the a i rc ra f t  on its downwind leg. According to 
the crew the a i rc ra f t  was then a t  an  airspeed of 
approximately 120 knots, 400 - 450 feet above 
the ground. When approximately opposite the 
threshold of Runway 5 the captain began a left 
tu rn ,  using a normal 30-degree bank, and asked 
the co-pilot to apply approach flaps. 

The crew members  stated that when 45 - 60 
degrees f rom the runway heading there was a 
slight v~bra t ion  through the aircraft .  This was 
followed by a gradual lowering of the left wing 
which steepened the bank. Both agreed that 
the wing went down gradually and was not 
caused by any control movement. The captain 
added power to 38 - 39 inches of manifold pres -  
su r e  and together with the pilot applied control 
to ra i se  the wing. They stated that i t  responded 
normally. 

The a i rc ra f t  was then on final approach des- 
cending with its wings level. Then, the pilots 
said, the right wing dropped without warning 
but accompanied by a shudder and buffet minor 
in degree. Corrective control wae applied to 
lift the wing and also to ra i se  the nose. Be- 
lieving the worst  that could happen would be a 
hard landing off the runway, the captain said he 
did not attempt to abandon the approach. 

Moderate rain was falling during the approach, 
and visibility and ceiling conditions were better 
than reported, with the runway visible through- 
out the entire circling approach. The captain 
added that he did not believe that the a i rc ra f t  
was stalled and stated that there  were definite 
intervals between the left wing going down, the 
recovery, the straight-in approach, and the 
final dropping of the right wing. While sti l l  
attempting to cor rec t  the wing-low position and 
ra i se  the nose of the a i rc ra f t ,  ground contact 
occurred. 

Most passengers agreed with the testimony 
of the crew until the a i rc ra f t  was near  Owens- 
boro. None recalled the turning manoeuvres 
associated with the instrument approach pro- 
cedure,  a s  described by the crew,  but severa l  
recalled when the flight became contact and the 
right turn onto the downwind leg. In this a r e a  
several  stated the flight was considerably 



3 8 ICAO Circular  54-AN149 

lower ,  in  their  opinion, than 400 - 450 feet  
Some recal led the left  tu rn ,  the slight shudder 
and the gradually increased bank, however, 
they placed the events considerably c lose r  to 
the accident and a t  a lower altitude than did 
the crew. 

A few ground witnesses saw the a i r c r a f t  
pass  over  the nor theast  boundary of the a i r -  
por t ,  turning right to establish the downwind 
leg. All agreed  that a t  that t ime the engines 
sounded normal  and that the position and alt i-  
tude were comparable to other flights under 
s i m i l a r  conditions. No ground witnesses  saw 
the a i rc ra f t  f r o m  the t ime i t  disappeared on 
the downwind leg until a few seconds before i t  
crashed. At this t ime th ree  witnesses  saw i t  
proceeding toward the runwav. Two stated the 
lef t  wing was down, and the a i r c r a f t  was low. 
These witnesses said  the a i r c r a f t  rolled to i t s  
r ight ,  f rom left bank to right,  without stopping 
until the right wing hit  the ground causing a 
spray  of mud and water.  One witness believed 
that the re  was an  interval  when the a i r c r a f t  
was level  between the left-to-right rolling 
action. 

The w n d  was near ly  c a l m  for  a consider - 
able period before and after the accident. 
Moderate ra in  was falling during the accident 
period and i t  did not v a r y  i n  intensity. Sever- 
a l  persons saw a t  l e a s t  one lightning f lash 
f r o m  a thunders torm a s h o r t  distance south- 
west  of the a i rpor t .  I t  appeared t o  the wit- 
n e s s e s  that the f lash occur red  close to the 
a i r c r a f t  when the accident occurred. Neither 
the c rew n o r  the passengers  reported any 
lightning f l ashes ,  nor did any par t  of the a i r -  
c ra f t  indicate a lightning strike.  

Weathe r conditions that existed in the 
Owensboro a r e a  a t  the t ime of the accident 
were dominated by a low p r e s s u r e  a r e a  cen-  
t e red  in  eas t  Texas f r o m  which a trough ex- 
tended northeastward through the subject a r e a ,  
then northward to the Great  Lakes.  Also 
factors  in the conditions were  two quasi- 
stationary f ronts  emanating f r o m  the low and 
extending northeastward through the a rea .  
The northernmost  front passed through south- 
e a s t e r n  Oklahoma, nor thern Arkansas ,  cent- 
r a l  Indiana, and into nor thern Ohio. The 
other  was paral le l  to i t  but well  south of 
the  Evansville-Owensboro sector ,  These 
fac to rs  produced showers  and thunderstorms 
i n  the frontal zone with overcas t  conditions 
over  the en t i re  route. Moderate to severe  
turbulence was fo recas t  in the thunders torms,  
with ceilings and visibil i t ies n e a r  minima a t  
Owensboro. 

Analysis of the available sur face ,  upper a i r ,  
and synoptic weather information indicated that 
a t  the t ime of the accident,  mois t ,  unstable,  
w a r m  a i r  was overrunning a s table  cooler layer  
in  the Evansville-Owensboro a rea .  It appears  
the cooler l ayer  extended f r o m  the surface to 
between 3 000 and 4 000 feet. The flight 
c ru i sed  a t  2 000 feet  remaining in  this stable 
a i r  which accounts fo r  the smooth flight to 
Owensboro. Although thunders torms existed 
they were above the stable a i r .  

There  was no evidence of an  overriding wind 
below 500 feet. Lightning was observed south- 
west of the field in the direction of the approach 
a r e a  to Runway 5. Winds were  f r o m  the south- 
west  a t  altitudes controlling the movement of 
the thunders torms;  therefore ,  the thunders torm 
southwest of the field should have short ly  the re -  
af ter  passed over the field. Official weather 
observations indicated that the lightning was in  
the clouds instead of cloud-to-ground. This 
indicates a thunders torm cel l  in  a dissipating 
stage ra ther  than one with vigorous downdraft. 
If a downdraft and strong outflow e l i s t e d  a t  low 
alti tudes,  i t  would likely cause the surface wind 
to be a t  l eas t  fitful o r  gusty and the barograph 
tracing to have sharp  changes,  both of which 
were  negative. It i s ,  therefore ,  considered 
very  doubtful that any strong o r  shifting winds 
affected the flight during the approach. Weather 
repor t s  and observations indicated the ceiling 
and visibility conditions a t  Owensboro were 
above the minima for  landing. 

Evidence indicates that the flight was p roper -  
ly  planned and flown in a norrnal manner  to the 
vicinlty of the Owensboro Airport .  Visual r e -  
ference to the ground was established about one 
m i l e  north of the a i rpor t  and this position 
was normal  af ter  completion of an inst rument  
approach. 

The evidence, except for  s ta tements  of the 
c r e w ,  indicates that the position on the down- 
wind leg f r o m  which the left turn was s ta r ted  
to align the a i r c r a f t  with Runway 5 did not 
allow sufficient distance for  a norrnal turn to 
the runway and resulted in  an  abnormally s teep 
bank. F u r t h e r ,  i t  i s  apparent f r o m  near ly  a l l  
passenger observations that the turning was 
continued to a low altitude. The Board was of 
the opinion that these factors  indicated poor 
plann~ng and execution of the approach by the 
captain. Undoubtedly his actions were in- 
fluenced by the l imited visibility; however, a s  
the turn progreased the miscalculation should 
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have become apparent to him with sufficient 
opportunity to have discontinued the approach. 

Although both c rew m e m b e r s  stated the 
left wing of the a i r c r a f t  went down when 45 - 
60 degrees  f rom the runway heading, i t  was 
the Board's opinion that this occurred much 
la te r  during the approach and just before the 
accident. It i s  believed that the a i rc ra f t  was 
turning left a lmost  continuously until i t  began 
to roll  f r o n i  left to right. It appears  that the 
rolling action revultcd f r o m  a stalled condi- 
tion of the a i rc ra f t  caused by insufficient a i r -  
speed and increased back p r e s s u r e  a s  thc 
captain attempted to ra i se  the nose and left 
wing of the a i r c r a f t  to avoid striking the 
ground. Nearly a l l  wi tnesses  said  that the 
roll  was continuous f r o m  lef t  to right. 

Evidence indicates that the situation became 
cr i t ical  during the l a t t e r  portion of the approach 
and that the captain was aware  of it. That 
correct ive action was attempted by power ap-  
plication i s  substantiated by passenger  t es t i -  
mony and by physical evidence which showed 
that the engines were developing near ly  full 
power a t  impact. Although the power appli-  
cation was too la te  to prevent the accident i t  
undoubtedly decreased the force with whlch 
the a i r c r a f t  s t ruck  the ground. 

Probable Cause 

The probable cause of this accident was an 
improperly  executed final approach,  resulting 
in  a s ta l l ,  during a s teep  left turn a t  an a l t i -  
tude too low to p e r m i t  recovery. 

ICAO Ref: ~ ~ / 4 3 7  



Figure 5 Aviation Crmh I n j w  
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Eastcn~ Air Ulres crash at ~vcmbrsm, Kexlrucky, L*elk side of 
aixroft slrwing final resting eaitude (inve&ed), Photo w;rs 
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Figure 6 Aviation Crash Injuw 
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Penetration of the fuselage at ( 2 )  by the inbuad  traibng edge of 

the wing forced Rae passenger seat free fmrn x t s  asxchnrrges, 
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No. 9  

Scottish Airlines (Prestwick) Limited, Avro York, G-ANSY, crashed a t  Zurrieq, 
Malta on 18 February  1956. Report of Court of Inquiry appointed by His 

Excellency the Governor of Malta. 

Circumstances 

On 18 February a t  1221 hours  
Greenwich Mean Time the aircraf t ,  which 
had arr ived a t  Malta a t  1046 hours on the 
s ame  day, took off f r o m  Luqa Aerodrome, 
Malta on a flight t o  Stansted, England, The 
a i r c r a f t  became airborne about two thirds of 
the way down the runway and the undercar - 
riage was retracted. About this t ime black 
smoke was seen coming f rom the No. 1 en- 
gine. The a i rc ra f t  instead of turning t o  s t a r -  
board a s  instructed by the Ground Control 
appeared to  drift  to  port. The port wing 
dipped steeply and at 1222-23 hours  the a i r -  
c ra f t  nose-dived into the ground on the cliffs 
near  Zurr ieq and blew up on impact. The 
crew of 5 and 45 passengers  were  a l l  killed. 

Investigation and Evidence 

Evidence confirms that the a i rc ra f t  
climbed in s teps a t  a slow forward speed, 
flying in a tail-down, nose-up attitude and 
with a varying degree of smoke emanating 
f rom No. 1 engine. The climb continued in 
this manner until a maximum height of ap-  
proximately 700 - 800 feet a. m. s. 1. was 
achieved with a ltcrabbing" or  "yawing" mo- 
tion to port which was taking it  towards higher 
ground. Meanwhile the smoke f rom No. 1 en- 
gine fluctuated in  volume and colour until a t  
maximum altitude it  disappeared. Witnesses 
stated that a t  that t ime the engines of the a i r -  
c ra f t  had an unusual "booming11 sound and the 
a i rc ra f t  seemed to  be in an unusual nose-up 
attitude. The a i r c r a f t  reached i t s  maximum 
height approximately half way in i ts  flight, 
i .  e. between Qrendi village and Zurr ieq.  
Shortly af ter  passing Qrendi village the a i r -  
c ra f t  began to turn t o  port towards the south- 
eas t  where i t  passed over a ridge marked 400 
feet a.m. s. 1. At this point the a i rc ra f t  was 
observed to be flying normally except that the 
engines seemed to have tremendous power 
and their vibration was felt by the dr iver  of a 
c a r  nearby. Shortly thereafter the a i r c r a f t  
was observed t o  fal ter  in the a i r ,  i t s  wings 
tilting both t o  port and starboard before final- 
ly dropping the port wing and turning over in 
a dive. 

F r o m  the inspection of the wreckage i t  
was determined that the a i rc ra f t  was almost 
vertical a t  the t ime  it  struck the ground. The 
whole of the fuselage forward of the freight 
door aperture was destroyed by ground impact 
and al l  four engines had been torn f rom their 
mountings. On examination i t  was found that 
Nos. 2, 3 and 4  engines were  functioning sa t -  
isfactorily a t  the time of the accident. No. 1 
engine had suffered an internal f i r e  and al l  the 
induction flame t r ap  elements had been se-  
verely burnt adjacent to  the inlet valves of 
both cylinder blocks. The severe heat of the 
internal f i re  in the induction sys tem had con- 
sumed the impeller.  Moreover, the boost 
enrichment capsule was found to  have two 
cracks. 

The position of the piston in the remains 
of the flap hydraulic actuating jack indicated 
that the flaps were  U P  a t  the time of the ground 
impact and, a s  f a r  a s  could be ascertained 
f rom the remains of the flap and flying control 
systems,  no evidence of malfunctioning was 
found. 

The propellers were a l so  completely 
stripped and were  al l  found to be in fine pitch 
setting. 

The engine fuel mas te r  cocks for  Nos. 
1, 2 and 3 engines were  found to  be  ON, but 
the mas te r  cock for  No. 4  engine was not 
located. 

The part ies  appearing a t  the Inquiry 
put before the Court a l l  the circumstances 
which might have a bearing on o r  possibly 
disclose the cause o r  causes of the accident. 
The following causes were  considered: 

Sea gulls 

No proof of damage f rom this source 
was forthcoming. 

Sabotage 

Having carefully considered a l l  the 
facts  the Court felt  that, although there  w a s  
undoubtedly opportunity for  a sabotage device 
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to  have been planted in the a ~ r c r a f t  a t  Nlcosia  
b y  pe r sons  who, i n  view of the conditions 
prevai l ing a t  Cyprus ,  would presumably seek 
a n  opportunity, never the less  the s t a t e  of the 
evidence w a s  cer ta inly  not such a s  t o  lead 
the Court  to  conclude that  the cause ,  o r  one 
of the  contributory c a u s e s  of the d i s a s t e r ,  
w a s  an  explosive o r  incendiary bomb. 

E x c e s s  of Weight 

Examination of the  Load Distribution 
and T r i m  Sheet appertaining t o  th is  flight and 
of the  re levant  evidence indicated that  the 
a i r c r a f t  w a s  overloaded t o  the extent of 297 
Kgs.  The  Court  considered that  th i s  over -  
load did not i m p a i r  the take-off of the a i r c r a f t  
and was,  therefore ,  of the opinion that  the 
above-mentioned sl ight excess  in weight 
should not in any way b e  considered a s  a con- 
t r lbu to ry  cause  of the accident.  

Engine fa i lure  

Evidence shows that  t h e r e  was  a 
fa i lu re  in No. 1 engine and i t  IS considered 
tha t  th i s  was  due to  the fa i lure  of the boost 
enr ichment  capsule  in the  ca rbure t to r .  

Th i s  capsule  was  found t o  have two 
c r a c k s  a t  the  outside d iamete r  o r  per iphery 
of the second convolution f r o m  the  top. T h e s e  
c r a c k s  w e r e  in te rg ranu la r  associa ted with 
co r ros ion  and n o r m a l  s t r e s s e s ,  the s t r e s s e s  
being those  t o  which the convolutions w e r e  
subjected under s tandard working conditions. 

The  fa i led  capsule  prevented the 
boost enr ichment  needle f r o m  moving t o  glve 
the  c o r r e c t  jet a r e a  during take-off power 
conditions, and resul ted  in  weak mixture.  
T h i s  weak mixture  gave r i s e  t o  burning on 
the  inlet s ide  of f l ame  t r aps ,  causing these  
t o  d i s i n t e g r ~ t e  but not to  burn  through corn- 
pletely.  P a r t i c l e s  of the burn t  fo i ls  w e r e  
t rapped between the  inlet  valves  and the  s e a t  
i n s e r t s .  T h i s  would intensify the burning, 
and, finally, the  protective value of the  f l ame  
t r a p s  would b e  overcome, and t h e r e  would b e  
a s e r i e s  of backf i re s  o r  continuous burning 
through the  supercharge r .  T h i s  burning would 
cause  the supercharge r  ro to r  t o  d is in tegrate ,  
and the engine would then c e a s e  t o  b e  a useful 
agent  in  the a i r c ra f t .  

An investigation w a s  undertaken by 
Roi l s  Royce Limited t o  a sce r t a in  whether n o r -  
m a l  ground and pre-fl ight checks  would enable 
detection of a failed boost enr ichment  capsule,  

and th i s  Investigation was  c a r r i e d  out on a 
York a i r c r a f t  of the s a m e  type a s  G-ANSY. 
A s imulated capsule  fa i lure  was  produced by 
blanking off the boost p r e s s u r e  supply to  the 
ca rbure t to r  chamber .  

Under these  conditions the  engine was  
checked f o r  R. P. M. r e sponse  a t  s tandard 
boost up to + 14 lbs. /sq.  in. Boost  and single 
ignition checks  w e r e  made  a t  the  s a m e  sett ings.  
The engine behaved in  a s tandard manner  and 
n o  evidence of i r r e g u l a r  running could b e  
detected. 

Subsequently, Rol ls  Royce Limited 
c a r r i e d  out a fu r the r  t e s t  on the  s a m e  type of 
engine on a t e s t  bed with an ass imi la ted  failed 
capsule.  The  engine w a s  subjected t o  +18  lbs.  
boost  a t  3 000 R .P .  M. f o r  half a n  hour and a t  
the end of the t e s t ,  a f t e r  dismantling the  en-  
gine, the  f l ame  t r a p s  and the  supercharge r  
w e r e  not damaged. 

The  Cour t  was  sa t is f ied  on the evi-  
dence that  the  fa i lure  of the boost enr ichment  
capsule  could not have been discovered by the  
n o r m a l  exe rc i se  of vigilance reasonably ex- 
pected f r o m  the Opera to r s  and the i r  staff, 

When the  a i r c r a f t  became  a i rborne ,  
i t  i s  conceivable that  No. 1 engine w a s  sub-  
jected to  incipient pre-ignit ion due t o  par t ia l ly  
burn t  f l ame  t r a p s  becoming incandescent to- 
gether  with the high charge  t e m p e r a t u r e  
brought on by weak mixture  a t  high boost p r e s -  
s u r e  delaying the burning in  the  cyl inders  and 
leaving very  hot gases ,  which would ignite the  
incoming charge  when the  inlet  valve opened, 

T h i s  would cause  the incomplete com-  
bustion indicated by carbon p a r t i c l e s  of un- 
burn t  fuel  accompanied by a proportion of 
burning oil, shown by smoke  emanating f r o m  
the  exhaust s t acks  and would resu l t  in  fu r the r  
burning of the  f l ame  t r a p  mat r ix ,  pa r t i c l e s  
being deposited on the  inlet  and exhaust valves  
and the  s e a t  inse r t s .  

Continuous burning in the induction 
s y s t e m  would then occur ,  t ransmit t ing a heat -  
wave t o  the  supercharge r  ro to r  and the  super -  
c h a r g e r  casing,  and th is  would eventually 
cause  the  complete  f a i lu re  of the supercharge r .  

A s  G -ANSY became  a i rborne  the 
supercharge r  w a s  subjected t o  e x t r e m e  t em-  
pe ra tu re ,  due t o  the  f i r e  in  the  induction s y s -  
t e m  (shown by black smoke f r o m  the exhaust 
s tacks)  upsetting the  in ternal  combustion 
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engine cycle.  This  would produce a consider  - 
ab le  drop of power f r o m  the outset. 

On a broad es t ima te  the  p rogress ive  
l o s s  of power available f r o m  No. 1 engine a t  
the  take-off s tage  probably corresponded to  
the spreading of the continuous burning taking 
place in  the induction sys tem,  until the super -  
c h a r g e r  ro to r  was  finally consumed by the  
in ternal  f i r e .  It i s  thought probable that  the  
cessat ion of dense  smoke coincided with the  
complete  burning through of the  supercharge r  
ro to r ,  causing a reduced airflow through the  
engine. I t  i s  es t imated,  with a reasonable  
d e g r e e  of probabil i ty,  that  th i r ty  seconds  
a f t e r  the take-off the engine ceased t o  b e  a 
useful agent to  the a i r c ra f t .  

Therea f t e r ,  the propel ler  was  wind- 
milling. The  g a s e s  w e r e  s t i l l  burning in the 
induction s y s t e m  keeping the f l ame  t r a p s  in- 
candescent.  Although the  boost  would then b e  
reduced t o  m o r e  o r  l e s s  the  z e r o  reading, the 
pumping action of the pistons,  consequent to 
windmilling, would maintain a reduced airflow 
through the  engine and would e ject  pa r t i c l e s  
of burn t  f l ame  t r a p  e lements  o r  s p a r k s  through 
the exhaust s t acks .  

The developments of the fa i lure  of 
No. 1 engine, outlined in the  foregoing p a r a -  
graphs ,  go t o  show that  the density of the  
smoke coincided and va r i ed  with the intensity 
of burning in  the  induction sys tem.  A s  the  
power of the  engine diminished, the density 
of the smoke diminished, and, a s  the  density 
diminished, the smoke must  have appeared t o  
onlookers a t  a d is tance to  tu rn  f r o m  a thick 
black colour to  g r a y  and vapourous.  Moreover ,  
the smoke was  in termit tent  owing t o  the  fact  
that  pa r t i c l e s  of burn t  f l ame  t r a p s  w e r e  being 
deposited a t  in tervals  on the valves  and s e a t  
inse r t s .  T h i s  explains sa t is factor i ly  the ap -  
parent  d i f ferences  on the  subject  of smoke  in 
the  deposit ions of the wi tnesses  of the  flight. 

A slight tendency to  overspeed mo- 
mentar i ly  in  No. 1 engine during take-off f r o m  
Abu-Sueir w a s  recorded in the  technical  log 
by the captain on the  previous  s e c t o r  of the 
flight. H i s  ent ry  runs  a s  follows:- 

"A slight tendency t o  overspeed mo-  
mentar i ly  i n  No. 1 engine during 
take-off. The  engine surged up t o  
3150 R.P.M. but w a s  immediate ly  
controllable by the  pitch control  
l eve r  and I recorded the  defect  on 
18 F e b r u a r y  during the f l ~ g h t  

Abu-Sueir to  Luqa. I had f i r s t  
noticed th i s  sl ight surging tendency 
on the previous  day during the  take-  
off f r o m  Luqa. " 

This  defect  was  recorded  in  the  technical  log 
a s  of the 11deferred8' category,  which m e a n s  
that  the a i r c r a f t  w a s  not thereby made un- 
serviceable  but the  defect  would b e  rectif ied 
on re tu rn  to  b a s e  a t  Stansted.  

Judging by the  subsequent events,  the  
Court  is inclined t o  think that  the  tendency t o  
overspeed a t  take-off on the  previous  sec to r s ,  
a s  repor ted by the captain, could have been 
the re su l t  of high induction t empera tu re  caused 
through weak mixture ,  and aggravated by p a r -  
t ial ly burn t  f lame t r aps ,  momentar i ly  upsetting 
the mix tu re  s t rength  and result ing in an  engine 
revolution surge.  

With rega rd  to  the 'B' Bank No. 6 
cylinder r e a r  exhaust  valve causing the popping 
noise  f r o m  No. 1 engine on the  rundown check 
p r i o r  to  the fa ta l  flight, the evidence shows 
that  when th i s  defect  w a s  noticed the following 
action was  taken by the  Flight Engineer  and the  
Station Engineer  on duty: - the cowlings w e r e  
removed a s  well  a s  some  of the exhaust stubs;  
the valve w a s  examined through the exhaust 
por t  a p e r t u r e  and found t o  have stuck open; 
the p rope l l e r  was  turned by hand f o r  the  valve 
t o  b e  examined; i t  w a s  sc raped  and a l i t t le thin 
oil  was  applied t o  i t ;  the  engine was  then tu rned  
over  and the valve f r e e d  i tself;  a check w a s  
c a r r i e d  out a t  '0' boost; the R.P.M.  which 
previously was  2200 now c a m e  back to  2350, 
and everything was  n o r m a l  a f t e r  a complete 
run-up check. 

I t  is considered unusual fo r  carbon 
deposit  in  the  a r e a  of the head of the valve and 
s t e m  t o  r e s t r i c t  the  function of the  exhaust 
valve in the  valve guide. 

It i s  conceivable that  the r e s t r i c t ion  
that  the  Duty Station Eng inee r  cleaned on the 
valve p r i o r  to  take-off f r o m  Luqa Airf ie ld  
could have been minute pa r t i c l e s  of f l ame  t r a p  
e lements ,  which caused the  valve t o  s t ick  in  
the open position. T h e s e  pa r t i c l e s  would b e  
consequent t o  the  previous  burning of the f lame 
t r a p s ,  par t icular ly  a s  the f l ame  t r a p  m o s t  
af fected by burning was  located in 'B' Bank 
No. 6 cylinder a r e a .  

The  pre-fl ight overspeeding and valve 
defect  abovementioned would not, a t  the  t ime ,  
be  re la ted t o  the  f a i lu re  of a boost  enr ichment  
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capsule and subsequent flame t rap  failure, 
unless the minute particles of flame trap ele- 
ments were noticed. However, a s  these par -  
t icles would be combined with carbon deposit, 
i t  would be most difficult to notice them. 

The Court was therefore of the 
opinion that, in the circumstances, the r ec -  
tification action taken with regard to  the over-  
speeding and the valve was satisfactory. 

The failure of No. 1 engine alone 
should not have caused the accident, because 
a i rc ra f t  of the type York G-ANSY have a three 
engine performance. Normally, therefore, a 
pilot should be able to  cope with that failure, 
particularly as ,  in his routine emergency 
check tes t s  under the mandatory six monthly 
check system, he would be trained, a s  in 
point of fact the subject captain was trained, 
to take off when one engine fails. 

Handling of Aircraf t  

As the aircraf t  took off with instruc- 
tions f rom the Control Tower to turn right, i t  
i s  c lear  that there was a partial  failure of the 
c r i t i ca l  (No. 1) engine, which failure became 
complete in a period estimated a t  thirty 
seconds. At the t ime of the take-off the speed 
of the a i rc ra f t  would be between the minimum 
control speed of 108 knots and the safety 
speed of 125 knots. At this juncture the pilot 
should have felt a progressively heavy footload 
on the starboard rudder pedal and a l so  a yaw 
to port. The pilot should have then: 

a)  obtained flying speed in the 
shortest space of t ime by de- 
pressing the nose of the a i r c r a f t  
and flying parallel to  the runway 
o r  ground; 

b) corrected the swing t o  port by 
means of the rudder and rudder 
t r i m  tab control in order  t o  keep 
the a i rc ra f t  straight on course; 

c) put the starboard wing slightly 
down in order  t o  a s s i s t  rudder 
control and offset the resulting 
agymmetric power a s  well a s  the 
natural wind drift, and 

d) when No. 1 engine failed com- 
pletely - after  rapid consultation 
with his engine instruments, which 
would then be probably showing 
2500 R. P. M. and a fluctuating 

boost, due to  windmilling of the 
propeller,  feathered the propel- 
l e r  in order  to  minimise the drag 
f rom i t s  windmilling and ensure 
a bet ter  three-engine performance. 

F r o m  the flight path of the a i rc ra f t ,  
according to the evidence a s  assessed,  this 
remedial action was not taken. In fact, the 
a i rc ra f t  was not kept straight af ter  take-off 
but was allowed to drift t o  port, the nose was 
not depressed to  maintain flying speed, and 
the propeller was not feathered. 

These omissions, in the opinion of the 
Court, ultimately led to the disaster .  It ap- 
pears  that the pilot sacrificed speed for  height. 
The evidence confirms that the aircraftclimbed 
in s teps with a nose-up attitude and with a slow 
speed, a t  the same time yawing t o  port, thus 
indicating lack of speed and consequent loss  of 
directional control. 

It i s  t rue that, by this method of a 
stepped climb, the a i rc ra f t  eventually gained 
an estimated height of f rom 700 feet to  800 
feet above mean sea  level which, in that local- 
ity, would be 300 - 400 feet above ground level. 
As a matter  of fact, f r o m  the evidence avail- 
able it  i s  certain that the a i rc ra f t  cleared the 
high ridge in the Qrendi a r e a  a t  about 300 feet 
above ground level. 

The height reached by the a i rc ra f t  a t  
this t ime was sufficient for  manoeuvring, but 
here  again the pilot failed to  depress  the nose 
of the a i rc ra f t  in order  to gain flying speed and 
directional control. Instead, he stil l  kept the 
a i rc ra f t  in a nose-up o r  level attitude getting 
thus dangerously close to  the minimum control 
speed and to the stalling range. It i s  consid- 
ered that, a s ,  a t  this time, the a i rc ra f t  was 
approaching the coast with reasonable ground 
clearance. if the pilot had depressed the nose 
of the aircraf t ,  he would have been able to fly 
out t o  sea. By failing to  depress  the nose of 
the aircraf t ,  and keeping it  in a nose-up o r  
level attitude, the pilot committed himself 
further to  a turn to  port and to an approach to 
higher ground. 

As the turn progressed, i t  appears  
that the pilot re tracted the flaps (found fully 
retracted when the wreckage was inspected) 
without depressing the nose of the aircraf t .  
This action must have increased the stalling 
speed of the a i rc ra f t  and brought it down under 
minimum control. 
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T O  add to the difficulties, stemming 
f rom this s e r i e s  of e r r o r s ,  the aircraf t ,  a t  
this stage of the flight, that i s  when it  was 
flying almost parallel and near  to  the coast,  
would be affected to a greater  degree by the 
turbulence which would be expected to  be felt 
in that locality, due to the prevailing gusty 
conditions. 

The Court has  kept in mind the pos-  
sibility that the captain may not have feath- 
ered the propeller because he was s t i l l  hoping 
to get some power f rom No. 1 engine, but i t  
i s  considered that, in any case,  he should 
have felt the drag on the rudder and aileron 
controls, particularly a s  the drag was being 
progressively accentuated by the diminishing 
directional control and by the ever increasing 
approach to minimum control speed and 
stalling range, Moreover, the boost gauge 
should have indicated conclusively that no 
power w a s  being derived f rom this engine. It 
should be added that even if i t  were to be a s -  
sumed that the pilot, for  some unaccountable 
reason, had been unable to feather the propel- 
l e r ,  the a i rc ra f t  would stil l  have been capable 
of a three-engine performance with the asso-  
ciated conditions of a windmilling propeller 
and an all-up weight of 6 8  282 lbs. 

The captain had been trained in his  
routine Emergency Check Tes ts  to  take off 
wlth an assimilated engine failure. This  test,  
however, according to the evidence before the 
Court, was car r ied  out, not at the all-up 
weight of 68  000 lbs . ,  but a t  a l e s se r  weight 
of f rom 55 000 - 57 000 lbs. 

The Court appreciates that neither 
the captain nor any of his  crew o r  of the pas-  
sengers  survived to give explanations but, 
af ter  giving due weight to  this circumstance, 
the Court i s  sti l l  of the opinion that there was 
an e r r o r  of judgment on the part of the pilot, 
because, however much the Court applied i t s  
mind, making al l  allowances, to  the possibil- 
ity of some reason which might explain the 
faulty handling of the aircraft ,  no such reason 
could be possibly found without sacrificing 
evidence and facts  to sheer  speculation and 
mere  conjecture. 

Probable Cause 

The probable cause of the accident 
was the failure of No. 1 engine. However, 
failure alone did not cause the accident, which 
was caused by loss  of speed and consequent 
loss  of control through an e r r o r  of judgment 
of the pilot. 

Recommendations 

Weight of Aircraft  

Sub-section 3 of Section 43 of the Air  
Navigation (General) Regulations, 1954, au- 
thorises  a method of computation of the weight 
of the crew and passengers in t e rms  of a table 
of average weights in respect  of an  a i rc ra f t  
having a total seating capacity of twelve per -  
sons o r  more. It may be desirable to  enact 
some limiting provision to  the effect that, 
when the aggregate load of the aircraf t  comes 
t o  within a narrow specified margin of the 
maximum take-off weight, this fact alone would 
render inoperative the computation of the a s -  
sumed weight, and. in any such case, the ac  
tual weight of each person should be a sce r  - 
tained by individual weighing. 

Pilot training 

It i s  suggested thatat  each six- month- 
ly check of pilots i t  would be more advanta- 
geous, in similated cases  of engine failure a t  
take-off, that the weight of the aircraf t  should 
not be less  than the maximum landing weight. 

Torque meters  

It i s  desirable  that a further aid be 
given to the pilot to  rnake sure  that he  i s  a t  a l l  
t imes aware of the power output on each engine. 
It is ,  therefore, recommended that Torque 
Meters  o r  some equivalent device be fitted to 
a i rc ra f t  not already provided therewith. 

Replacement of boost enrichment 
capsules 

The Court was informed by the Repair 
and Development Engineer of Rolls Royce 
Limited that the Company i s  now replacing a l l  
boost enrichment capsules by new ones when- 
ever a Merlin 502 engine i s  returned for over- 
haul, irrespective of whether i t s  overhaul life 
of 1050 hours has  been reached o r  not. The 
Court understands that the Ai r  Registration 
Board has approved this action. 

F i r e  -fighting hoses 

Bearing in mind that in the present 
instance the Royal Navy fire-fighting hoses 
could not be joined to those of the Royal Ai r  
Force  because of a difference in diameter,  i t  
i s  recommended that suitable adapters be made 
available in order  that the hoses can be  joined 
a s  occasion requires.  
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Safety device for boost enrichment 
capsule 

The balance effect of the boost en- 
richment capsule and the altitude capsule in 
the carburettor of a Merlin engine, through 
the medium of the two independent hinged con- 
necting linkwork, controls the jet needle po- 
sition in the jet orifice, The combined effect 
of both capsules i s  intended to  provide suit- 
able mixture correction for the engine a t  var -  
ying boost pressure  and altitude conditions. 

The starboard side capsule, con- 
trolling the altitude correcting jet needle in 
the event of a capsule failure, has a safety 
device which allows the jet to remain in the 

rich position a t  a l l  altitudes above sea level. 
But the boost enrichment capsule, when punc- 
tured, will only allow the cor rec t  mixture to 
be maintained by the carburettor up to ap- 
proximately +4 lbs. boost. 

It  i s  suggested that the boost enrich- 
ment jet needle be controlled by a spring 
balance device introduced into the linkw ork 
mechanism, to allow the jet needle, when the 
capsule i s  punctured and expanded, to position 
itself in the jet orifice in a safe position, thus 
allowing a proportion of fuel to be  delivered 
to the diffuser,  and thereby creating a safety 
device also for the boost enrichment capsule 
in addition to  the one already existing in 
respect of the altitude capsule. 

ICAO Ref: : A ~ / 4 7 4  
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No. 10 

Capital Airlines, Inc., Vickers Viscount, crashed during the final portion of 
a landing approach at  Midway Airport, Chicago, illinois on 20  F ' e b r u a m ,  

Civil Aeronautics Board (USA) Accident Invest~gation Report SA-317, 
File No. 1-0020, released 8 October 1956 

Circumstances 

The flight originated at  Willow Run 
Airport, Detroit, Michigan, and was a regu- 
lar ly scheduled one to Chicago. Following a 
weather briefing, a VFR flight plan was filed 
and the aircraft  took off a t  0700 hours Cen- 
t ra l  Standard Time with a crew of 5 aboard 
and 37 passengers. The flight was cleared 
to land on Runway 31R a t  Chicago and was 
observed to make a right turn to final ap- 
proach and appeared to descend in a normal 
manner until over the west side of Cicero 
Avenue (the eastern boundary of the airport) 
at  an altitude of 25 to 50 feet above the 
ground. At this polnt the aircraft  appeared 
to decelerate and descend rapidly and struck 
the ground at  approximately 0811 hours in a 
nose-up attitude several hundred feet short 
of the threshold of the runway. As the air-  
craft proceeded down the runway the landing 
gear retracted and the aircraft  slid on its 
belly until it came to res t  to the left of the 
runway, 1 626 feet beyond the point of ini- 
tial impact. Only minor injuries to a few of 
the passengers and crew resulted. 

Investigation and Evidence 

The Chicago weather at  0720 hours 
was - sky clear;  vieibility 6 miles; smoke; 
wind north-northwest 7 knots, 

The aircraft  touched down on the east  
taxiway 414 feet short of the threshold of the 
runway. It  was determined from the pattern 
of marks that in proceeding down the runway 
the aircraft  gradually swerved and crossed 
the left boundary of the runway approxi- 
mately 1 200 feet beyond the initial contact 
point. 

The aircraft  sustained major s truc-  
tural  damage a t  the time of landing and 
during the subsequent slide, The main land- 
ing gear oleo struts  were completely bot- 
tomed on impact. The left wing lower spar  
cap failed in  the a rea  rearward of the No. 2 
nacelle and the upper spar  cap failed adja- 
cent to the fuselage attachment. 

Considerable buckling and tearing of the upper 
left wing skin and main spar  web were found 
in the general a r ea  of the fuselage and the No. 
2 nacelle. 

The fuselage broke open in the vicinity 
of the main spar  attach frame. This rupture 
started at  the upper fuselage centreline just 
to the r ea r  of the Automatic Direction Finder 
antenna cut-out and extended downward and 
rearward on both sides to the wing fillet. 

The wing flaps were in the 40-degree 
down position at the time of impact. The 
torque tube, which extends outboard from the 
gearbox on either side, was damaged and 
failed during the ground slide. Failure of the 
torque tubes permitted the flaps to pivot freely. 
No evidence was found to indicate that the wing 
flaps and their associated systems had not 
functioned properly prior to ground impact. 
Flaps may be positioned either 0, 20, 32, 40 
o r  47 degrees. Owing to an interconnection 
between the throttles and the flap lever, the 
flaps will return automatically from the 47- 
degree to the 40-degree position if one (or  
more)  of the throttles i s  advanced more than 
one-third. 

Two of the six frangible c rash  switches 
and one of the two inertia c r a sh  switchee ac- 
tuated on impact. This permitted the crash  
circuit to release GO2 into the cargo compart- 
ments and methyl bromide to be discharged 
into all engine nacelles. The intercommuni- 
cation system between the cockpit and tlie 
main cabin was disconnected a t  impact by the 
operation of the inertia switches. 

There was no evidence to indicate any 
in-flight failure or malfunct~oning of the a i r -  
frame o r  flight controls, 

A l l  engines had suffered substantial 
damage. All nose cases,  except that of NO. 
2 engine, were broken. The propellers and 
reduction gears  of Nos. 1 and 3 engines were 
totally separated from their respective 
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engines. The f i r s t  stage compressor outer 
casing of No. 1 engine was fractured a t  the 
bottom extending along the inboard side. All 
blades of the high pressure turbine, portions 
of the intermediate nozzle guide vanes, and 
the low pressure turbine wheel buckets of 
this engine were burned in varying amounts. 
No indication of overheating was evident in 
any of the other engines. 

When over the eas t  boundary of the air- 
port (according to the statement of the f i r s t  
officer) the captain reduced all power and 
simultaneously called for 47 degrees of flaps. 
As the f i r s t  officer moved the flap control to 
47 degrees he felt the aircraft  decelerate and 
settle. Glancing a t  the instrument panel he 
saw that three of the four 17-degree pitch 
lights were lighted. The 17-degree pitch 
lights a r e  actuated by a blade switch on each 
of the four propellers when the blades a re  a t  
17 degrees o r  below and warns the pilots that 
the blades a re  below the 21-degree pitch posi- 
tion which is normally the minimum in-flight 
blade angle. The filament of one of the light 
bulbs was found to be broken when tested 
during the investigation. The f i r s t  officer 
aaid: "1 knew that that was an  abnormal sit- 
uation, and the only way I could think to get 
out of i t  was to apply power . . . conse- 
quently, he pushed the throttles forward 
quickly and when they were three-quarte r s  
fully forward the aircraft  struck the ground; 
he immediately closed all  throttles. The cap- 
tain said that during the flight he did not see 
any of the propeller warning lights come on, 
and that he did not know that the f i r s t  officer 
advanced the throttles during the lat ter  part  
of the approach. 

The captain stated that over the east  
edge of the airport  ramp, and a t  an altitude 
of about 25 feet, he checked the airspeed and 
i t  was then 105 knots. Immediately following, 
when the flareout was started, the aircraft  
did not respond a s  expected, but continued to 
sink rapidly and struck the ground. He said 
that during the attempted flare-out the aircraft  
re  sponded to the controls ; however, the de- 
scent was so rapid that the touchdown occurred 
almost where the attempted flare-out began. 

All witnesses to the approach of the a i r -  
craft,  including some with Viscount piloting 
experience, said that the approach appeared 
to be normal. They expected the aircraft,  
because of the glide angle and speed, etc.,  to  
land farther down the runway, and were sur -  
prised when i t  settled so rapidly. None of the 

witnesses could reconcile the rapid decelera- 
tion and drop of the aircraft  with its normal 
attitude and apparent speed at the time. 

In addition to the four 17-degree pitch 
warning lights, a warning light i s  provided in 
the cockpit that is illuminated when the four 
21-degree pitch lock solenoida a r e  energized. 
The 21-degree pitch lock functions a s  an 
in-flight low pitch stop. The design of the pro- 
peller provides that this stop be withdrawn 
when the pitch lock solenoid, which i s  incorpo- 
rated in the propeller control unit, i s  ener- 
gized and the blade angle required to  maintain 
the selected rpm. is less  than 21 degrees. 
Three factors which determine the blade angle 
a r e  selected rpm., power output of the en- 
gine, and airspeed. Energization of the pitch 
lock solenoids normally i s  accomplished by 
switches which a r e  closed by the telescoping 
action of the landing gear upon landing and 
when the throttle-actuated switches which a re  
closed by retarding the throttles below the 
take-off position. An emergency switch i s  
provided in the cockpit to deactivate the pitch 
lock solenoid circuit should i t  be energized in 
flight for any reason, a s  would be indicated by 
the pitch lock solenoid warning light. Subse- 
quent to the accident, the wiring of this circuit 
and the warning light were checked and found 
to be capable of normal operation. 

The f i r s t  officer said that prior  to tak- 
ing off a t  Detroit, all propeller-lock warning 
lights were set  to daylight brightness by ro- 
tating the light covers to their widest aperture. 
He also testified that because of the location 
of the propeller system lights on the left side 
of the cockpit some difficulty i s  experienced 
during daylight hours in readily determining 
if the 21-degree pitch lock solenoid light is on, 
and especially so under certain cockpit light- 
ing conditions. 

The captain testified that during the 
"Before Take-off Check" a t  Detroit all pro- 
peller warning lights functioned in a normal 
manner. 

At the request of the Board, the manu- 
facturer conducted flight tests  to determine 
Viscount flight characteristics in the event 
power was suddenly applied during an approach 
when the propellers were being governed below 
the 21-degree pitch stop. AB a part of the 
tests,  a landing was made with a l l  propeller 
stops withdrawn. Throttles were closed dur-  
ing the approach, the aircraft  was held off the 
runway to the lowest speed possible, and 
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touchdown was made at approximately 90 
knots. The elevator control force was con- 
sidered to be high, but not abnormal, for 
this type of landing. The propellers were 
observed to reach the ground fine pitch stop 
just before the aircraft  touched down. It 
was obvious to ground observers, because of 
the increasing nose-up attitude, that the a i r -  
craft  was held off the ground a s  long as pos- 
sible; otherwise, the landing appeared normal. 

Another test  was made under s imilar  
conditions. At an airspeed of 100 knots, and 
about 8 feet above the ground, all throttles 
were quickly opened about half -throttle die - 
tance. When this was done, there appeared 
to be a complete loss  of lift and the aircraft  
sank rapidly to the runway. The aircraft ' s  
attitude did not change, and no changes were 
noticed in elevator forces. Ground observers 
said the aircraft  dropped about 8 feet onto the 
runway. 

Analy s is 

The captain stated that early in the 
landing approach the landing gear selec tor 
lever was placed in  the down position, and 
the three green lights, indicating the gear 
was down and locked, were observed. Short- 
ly  after initial ground contact, the nose gear 
and the two main gears  retracted. Exami- 
nation of the landing gear components dis - 
closed that the down lock pins were not 
sheared, the hydraulic selector valve and i ts  
electrical actuator were found in the gear- 
retracted position, and the cockpit selector 
lever was found in the gear-up position. 
These facts, and other evidence definitely 
indicate that the system was actuated hydrau- 
lically by movement of the cockpit selector 
lever. It i s  considered likely that the land- 
ing gear  selector lever was moved un- 
knowingly by a crew member following im- 
pact. It  i s  also believed that the gear retrac-  
tion minimized the possible serious conse- 
quences of the fuselage break. 

Considerable thought was given to the 
possibility that the aircraft  stalled. The cap- 
tain testified the speed of the aircraft  was 
approximately 105 knots a t  the time of the 
drop. Thio i s  well above the stalling speed 
of the aircraft  which, under existing condi- 
tions, would have been approximately 81 
knots. The captain also said that the s t d l  
warning device did not operate. This device 
i s  designated to warn the pilot when the speed 

of the aircraft i s  5 to 15 knots above stalling 
speed. It  i s  thought that the slight nose-up 
attitude at  the time of touchdown was not of 
sufficient magnitude to have caused the air- 
craft  to ntall. It  is concluded, therefore, thai 
the aircraft  did not stall. 

Several of the witnesses testified that th 
fuselage failure occurred in flight, just befort 
the ground impact. Sections of the fuselage 
skin and stringer material  from one side of 
the fracture were removed and sent to the 
Bureau of Standards for testing and evaluation 
The Bureau's report  clearly shows no evi- 
dence of fatigue o r  defective material. The 
fractures were all of the ductile, overload 
type; therefore, it i s  virtually impossible that 
these failures occurred in  flight. This i s  alec 
true because, in the absence of a fatigue fajl- 
ure,  excessive loads would have to have been 
applied to produce the failure. An evaluation 
of the fuselage loading for the time involved 
indicates that the aft fuselage would be very 
lightly loaded during the approach condition. 
Since no violent manoeuvring was involved, it 
i s  inconceivable that excessive loads, suffi- 
ciently high enough to fracture the fuselage, 
could have been imposed in flight. Further, 
the reported and observed flight path i s  not 
consistent with an in-flight fuselage failure. 
Had the fuselage failed in flight, the down- 
balancing tai l  load would have been relieved 
and the aircraft  would have violently pitched 
nose downward. The developed facts indicate 
that this did not happen. In summary, the 
fuselage failure did not occur while the a i r -  
craft  was airborne; the failure undoubtedly 
occurred a s  a resul t  of the hard landing. The 
wing spar failures and the condition of the 
main landing gear a r e  further evidence of the 
severity of the landing. 

The circuit of the L1-degree pitch lock 
solenoid contains four microswitches, two 
connected in parallel on the positive side and 
two connected in parallel on the negative side. 
This necessitates that one switch on each side 
of the circuit be electrically conductive before 
the solenoid is energized, thus completing 
one of the steps toward withdrawal of the 21- 
degree pitch stops. This circuit i s  designed 
expressly ~s a safety measure in that mal- 
functioning of two bwitches is required to 
establish an unwanted circuit. However, this 
double failure feature of the circuit was com- 
promised in  that a failure of one switch could 
go undetected for an indeterminable period of 
time. 
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Examination of these mic roswitches 
showed three were capable of having mal- 
functioned by either freezing or sticking. In 
the light of the first officer's statement that 
he saw the 17-degree pitch warning lights on 
before touchdown, it is  concluded that at 
least two of these switches malfunctioned in 
flight. 

The switch mounted on the right main 
landing gear was found to contain water in the 
switch housing, including the contact cavity, 
and showed evidence of corrosion. The switch 
operated freely; however, a considerable 
amount of corrosion products in granular form 
were loose inside the switch housing. Signif- 
icant with respect to the water found in this 
switch housing is that the aircraft was exposed 
to a 19-degree F. temperature for approxi- 
mately one and one-half hours a t  Detroit, 
Michigan, prior to take-off for Chicago, 
Illinois. This condition was simulated in 
laboratory tests and in about 45 minutetl the 
moisture in the switch was frozen so that the 
contacts would not open. 

Initial checks of the landing gear 
mounted switches revealed the contacts of all 
to be open, except the switch on the left rnain 
gear. This switch was found to be stuck in 
the closed position. This sticking of the 
contacta could be duplicated readily. Labora- 
tory examination revealed a deposit of silver 
oxide on the contact surfaces. After this 
deposit was removed, sticking no longer oc- 
curred. It was found during laboratory tests 
that silver oxide deposits could be formed on 
the contact surfaces when the contacts were 
bridged by water while an electrical potential 
existed across the contacts. 

The third switch found to be unsatisfac- 
tory was the one mounted on the aft side of 
the nose gear. However, its condition, though 
unsatisfactory, is  not believed to be pertinent 
to this accident. 

Power control of the Viscount aircraft 
consists of four throttles which simultaneous- 
ly schedule rpm. and fuel flow for each of 
the four engines. The propeller response to 
the signal for higher rpm. i s  more rapid than 
the engine response to increase power to 
maintain this rpm. This i s  a normal turbine 
propeller characteristic and the lag of the 
Rolls Royce Dart engine i s  considered to be 
acceptable,. A number of variables, such a s  
airspeed and rate and extent of throttle 

movement would affect the duration of 
this lag. In this instance, it i s  believed the 
lag was approximately 2.5 seconds. During a 
major portion of this period, the propeller 
blades would be at  four degrees attempting to 
maintain the higher called for r. p. m. through 
windmilling action with resultant greatly in- 
creased drag. 

Under the above circumstances, two 
deleterious effects on aircraft performance 
a re  produced. These two effects a re  the in- 
creased propeller drag and the loss of wing 
lift due to the reduced local a i r  velocity over 
the wing in the area aft of the propellers. In 
this instance, the lose of l i f t  effect was more 
significant since the effect was immediate, 
whereas the drag effect requires a longer time 
interval to be fully effective. Since the subject 
aircraft was only 25 to 50 feet above the ground 
when the drop occurred, and the time interval 
from the beginning of the difficulty to ground 
impact was so short, it i s  thought that lose of 
lift was mainly responsible. Subsequent flight 
tests, conducted by the manufacturer, con- 
firmed this belief. These tests also showed 
that under similar conditions, if the throttles 
were advanced slowly, drag detrimental to 
flight and deterioration of lift does not develop. 

In conclusion, it is  apparent that at  least 
two of the microswitche s malfunctioned when 
the aircraft became airborne at Detroit and 
continued to do so throughout the flight. The 
failure of these switches permitted the ener- 
gizing of the 21-degree pitch lock solenoid, 
making i t  possible for the stops to be withdrawn 
during the approach. The crew did not ob- 
serve the 21- degree pitch lock solenoid warn- 
ing light and consequently the emergency 
switch which was provided to prevent the pro- 
pellers going into the ground fine pitch range 
while in flight was not actuated. As the aircraft 
neared the ground at Chicago, the f i rs t  officer 
did see the 17-degree pitch lights come on. 
No instructions having been provided the crew 
of the consequences, he quickly advanced the 
throttles, causing the propellers to irnmedi- 
ately seek the lowest possible blade angle. 
The ensuing loss of lift dropped the aircraft 
to the ground. 

Probable Cause 

The probable cause of this accident was 
a malfunctioning of the propeller control 
switches which culminated in an abrupt loss of 
lift. 
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As a result of the investigation of this 
accident, immediate corrective actlon was 
taken: 

1. A dual, 21-degree pitch lock sole- 
noid warning light was installed on 
all  company Viscount aircraft.  
This second light i s  a safety factor 
in the event of a broken o r  burned- 
out bulb. 

2. A 300-hour periodic check of a l l  
microswitche s* was implemented. 
This requires their removal and 
installation of newly overhauled mi- 
croswitche s. 

3. A hole was drilled in each micro- 
switch case to allow excess mois- 
ture to drain from the switch. 

4. Pr ior  to installing any new switch 
received from the manufacturer, 
an inspection of the switch will be 
made. 

Following the public hearing of this 
accident, the company decided to take this 
additional immediate corrective action: 

1. A test  circuit was installed in all  
Capital Airlines Viscount aircraft  
consisting of a dual light and single 
pole double throw switch which pro- 
vides a means to check, while in 
flight, the positive and negative 
sides of the 21-degree pitch sole- 
noid circuits to determine if the 
microswitches a re  malfunctioning. 
This test  circuit will a lso indicate 
an  inadvertent positive or  negative 
feed which might have been intro- 
duced directly to the wiring of the 
circuit. 

2. The 21-degree pitch lock warning 
lights were duplicated on the f i re  
control panel in front of the co- 
pilot. 

3. Hermetically sealed landing gear 
actuated microswitches were or -  
dered and a r e  to be installed upon 
delivery. 

* Note: - To prevent any n~isconception that may ar i se  from use of the word llmicroswitchu in 
this report, it should be noted that the small switches referred to a s  "microswitches" 
were manufactured by Dowty Equipment Ltd., Cheltenham, England, and have no con- 
nection with I1MICRO SWITCHu, the trade name of a manufacturer in the United States. 

ICAO Ref: AR/444 
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No. 11 

Compagnie de Transports  ACriens Intercontinentaux, Douglas DC-6B, crashed 
near Cairo,  Egypt, on 20 February 1956. Report released by the Ministry of 

Communications, Civil Aviation Department, Egypt. 

Circumstances 

The a i rc ra f t  was on a scheduled flight 
f rom Saigon to P a r i s ,  France  and had left  
Karachi for Cairo on 19 February a t  1715 
hours  Greenwich Mean Time with 9 crew and 
55 passengers  aboard. The flight was rou- 
tine until 0230 hours (20 February)  when the 
a i rc ra f t  reported to Cairo Air Traffic Con- 
t ro l  that i t  had passed Suez (60 miles  east  of 
Cairo)  a t  0224 a t  a flight level of 8 500 feet,  
flying V F R  and was descending. At 0240 it 
reported the Cai ro  aerodrome in sight and 
being 15 miles  out, was granted an  authori- 
zation for a V F R  approach and a t  the same 
t ime was given the QFE and QNH, 29.42 and 
29.73 respectively. Contact was established 
with Cai ro  approach and the a i rc ra f t  requested 
and received landing instructions oh 118.5 
megacycles and was asked to call  down wind. 
This message was acknowledged and was the 
l a s t  heard  f rom the flight. Several attempts 
to  contact the a i rc ra f t  on a l l  available f r e -  
quencies were made but were unsuccessful. 
At 0450 hours the wreckage was sighted 18 
miles  southeast of the aerodrome.  Only 6 
c rew members  and 6 passengers  survived. 

Investigation and Evidence 

The investigation disclosed that the 
captain-in-command, a company DC-6B 
captain and check pilot, with extensive pi-  
loting experience, occupied the right-hand 
seat  during the flight leg between Karachi 
and Cairo,  and the co-pilot, the left-hand 
seat.  The la t ter  was being checked on this 
flight a s  a DC-6B trainee-captain by the 
captain-in-command. Since they had left 
Saigon where the flight originated both had 
completed 21 -112 hours  of flying a t  the time 
of the accident. A crew change was to be 
effected a t  Cairo. 

The a i rc ra f t  s t ruck the ground in a nose 
down attitude with the landing gear fully ex-  
tended and locked and the flaps se t  a t  20°. 
The genera!: direction of the wreckage dis t r i -  
bution following impact was about a40° mag - 
netic. 

The a i rc ra f t  was totally destroyed by 
f i re  af ter  impact. The probable cause of the 
f i re  was the rupturing of the s tarboard wing 
following the severe shocks eustained by the 
landing gear ,  engines and propel lers  and 
transmitted to the wing s tructure with the 
resul t  that the petrol content of the latter 
was sprayed on some broken live electr ic  
connections, which initiated the f i re  that 
spread quickly over the s tarboard wing and 
the fuselage portion aft of the cockpit. 

All a i rc ra f t  f i re  extinguisher bottles 
recovered after the accident were found dis-  
charged but had little effect on the f i re  inten- - 
sity. 

Due t o  the hilly nature of the te r ra in  
and the softness of the sand dunes, no vehicles 
were able to reach  the c rash  s i te .  

All a i rc ra f t  a ids  were certified s e r -  
viceable by the radio officer up to the time 
of the accident and lit t le radio interference 
was encountered after Suez. 

Investigation did not reveal any s truc - 
tural  failure pr ior  to impact and no mal-  
functioning of the engines was reported to 
justify their dismantling a t  the shops. 

The captain stated that the flight was 
uneventful up to Suez and that between Suez 
and Cairo the a i rc ra f t  had drifted to the south 
for some reason.  Clearance had been granted 
for a visual let-down. When he realized that 
the a i rc ra f t  was over a dangerous a r e a  it  was 
too late to take any correct ive action. It 
seemed to him that there was a very impor - 
tant wind component f rom the north when a l l  
forecasts  indicated a southerly component. 
The radio compass indications were unreli-  
able due to the night effects and to stormy 
weather. The a i rc ra f t  ILS indications were 
unsatisfactory and the glide path was unser-  
viceable and the co-pilot misinterpreted the 
indications and turned the a i rc ra f t  towards 
the left following a false ILS axis.  He a l so  
testified that a direct  approach procedure 
was adopted and a minimum altitude of 
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2 000 feet was maintained to intercept the 
localizer.  He said that his estimated time 
of a r r i va l  was 0237 hours and that he saw 
the aerodrome lights to his right and rea l -  
ized that the a i rc ra f t  had drifted to the south 
but not appreciably a s  it turned out to be la ter  
on. He also stated that he gave the co-pilot 
the order  to ca r ry  out an I I S  procedure when 
the la t ter  s tar ted descending. To the ques- 
tion how he allowed an ILS procedure with a 
direct approach, he answered that the a i r  - 
craft was supposed to reach the outer marker  
locator a t  an altitude of 2 000 feet. He also 
testified that i t  i s  difficult to recognize the 
aerodrome by night because it i s  not isolated 
and one has to wait a long time before recog- 
nizing it .  

The co-pilot stated that the aircraf t ' s  
position relative to Suez was fixed visually 
and a t  the time was about 3 nautical miles  to 
the south of Suez, flying a t  8 500 feet. He 
testified that Cairo ATC authorized the a i r -  
craf t  to descend from that altitude according 
to the visual flight rules .  The a i rc ra f t  head- 
ing a t  that moment was 280 degrees magnetic 
and that heading was maintained to intercept 
the ILS localizer.  He stated that the pilot- 
in-command estimated to reach the outer 
marker  a t  0237 hours.  Cairo approach 
cleared the a i rc ra f t  to descend VFR for run-  
way 230 and transmitted the QNH and QFE 
and he adjusted his altimeter setting to the 
QFE. He stated that the pilot-in-command 
and himself thought that they were going to 
overshoot so they decided to put the a i rc ra f t  
into the landing configuration a t  4 500 feet 
altitude. The ILS localizer needle was to 
the right, so he assumed a new heading of 
300° to  intercept a s  quickly a s  possible the 
axis of the ILS. When the needle moved 
slowly towards the centre of the instrument 
dial, he assumed the heading of 230° co r r e -  
sponding to the ILS axis.  One radio compass 
was on the range and the other on the outer 
compass locator,  but both of them, he stated, 
were giving rather  incorrect  indications and 
the needles were pointing near the zero  posi- 
tion. Now the aircraf t ' s  altitude was 2 000 
feet, corresponding to the altitude a t  the 
beginning of the ILS procedure. As the glide 
path was unserviceable, he maintained the 
altitude of 2 000 feet with an engine boost of 
3 1" Hg, waiting to reach  the outer marker .  
A few moment6 la te r  the accident occurred. 
When asked whether he was able to deter-  
mine his  distance f rom the aerodrome and 
his  altitude when the indication of the ILS 

localizer was central,  he said that he was a t  
that time too busy watching his  instruments 
and that his altitude was 4 000 feet. 

The procedure agreed upon for the 
approach consisted of a direct  approach to 
the outer marker .  The f i r s t  visual contact 
with the aerodrome was a t  an altitude of 
4 500 feet. Both the pilot-in-command and 
the co-pilot thought they were going to over-  
shoot so they lowered the undercarr iage and 
the flaps to  increase the rate  of descent while 
maintaining the same speed. It i s  conceivable 
that they based their estimate of the distance 
f rom the aerodrome on the assumption made 
by the captain-in-command that they would 
a r r i ve  over the la t ter  a t  0237 and that the 
a i rc ra f t ' s  altitude was regulated accordingly 
down to 2 000 feet. 

If the average rate  of descent was 500 
f t lmin.  a s  stated by the pilot and co-pilot, 
it would take approximately 8 minutes to  
reach the altitude of 4 500 feet f rom a level 
flight of 8 500 feet  so  it  was probably 0232 
when the a i rc ra f t  reached the altitude of 
4 500 feet and had only according to the 
captain-in-command's assumption 5 more 
minutes to  reach the aerodrome. Actually, 
if the a i rc ra f t  had reached the aerodrome,  
it would have exceeded its estimated time 
of a r r iva l  b y  9 minutes. At that moment, 
according to the statements of the captain 
and co-pilot, the pointer of the localizer was 
fully deflected to  the right, this indication 
was taken by the co-pilot that the a i rc ra f t  
was to  the left of the axis  of the localizer,  
so he took the heading of 300° to intercept 
a s  quickly a s  possible the ILS axis.  The 
pointer returned slowly to the centre .  Taking 
into consideration the a i rc ra f t ' s  position, 
that indication could not correspond to a nor-  
mal functioning of the instrument, but the co- 
pilot who was on the controls considered the 
instrument indication a s  intercepting the 
localizer and took the heading of 230° co r r e -  
sponding with the QFU of the runway. 

That was contrary to safe navigation 
because during the above manoeuvres the 
a i rc ra f t  was al l  the t ime descending until i t  
reached an altitude of 2 000 feet,  which i s  
1 500 feet below the minimum safe flight 
altitude for the sector (3  500 feet); and a s  
the approach was car r ied  out f rom the be- 
ginning according to the visual flight ru les ,  
a l l  flying below the safe altitude should have 
been done exclusively by visual means and 
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the instruments should have been used just a s  
an  aid to fix the a i rc ra f t ' s  position in relation 
to the aerodrome.  

Moreover, the captain testified that a t  
the end of the left turn, he became aware of 
the r ed  flag showing on the ILS dial, which 
emphasized to him the fact that the co-pilot's 
interpretation of the instrument indication 
was erroneous and it  should have been his 
duty to order  the co-pilot to stop descending 
a t  once, but apparently he was too slow to 
take any correct ive action before the a i rc ra f t  
hit the ground. 

The ILS approach procedure for Cairo 
International Aerodrome requires  a i rc ra f t  
to make an  initial approach over the ILS outer 
marker  maintaining 2 000 feet until over the 
outer marker  outbound. The a i rc ra f t  will 
then proceed outbound for a t  least  2 minutes 
descending to 1 700 feet and maintain this 
altitude until below the glide path. A proce- 
dure turn will then be made to the north of 
the localizer course maintaining 1 700 feet. 
This altitude will be maintained until inter- 
cepting the glide path inbound and then descent 
will be made on the glide path. 

In the event of a missed or  baulked ap- 
proach, a i rc ra f t  should immediately climb 
to 2 000 feet outbound on the back course of 
the localizer and re turn  to the outer marker  
a t  2 000 feet or  a s  directed by Cairo Approach 
Control; but although the initial intention of 
the flight for the landing consisted of a direct  
approach to the marker ,  this intention was 
abandoned in favour of a hasty decision to t r y  
and intercept the localizer axis a s  quickly a s  
possible. 

The co-pilot testified that the a i rc ra f t  
hit the ground tangentially and in a straight 
and level attitude. This i s  in contradiction 
with the facts  gathered a t  the scene of the 
accident that the f i r s t  point of impact was 
with the nosewheel and that the a i rc ra f t  r an  
for about 6 met res  on the nosewheel. On the 
other hand, if the a i rc ra f t  was flying straight 
and level before the accident and no sudden 
failure had occurred it could not possibly 
clear  a hill 250 me t r e s  before and 40 feet 
higher than the f i r s t  point of impact. 

The approximate r a t e  of descent was 
determined f rom the following co-or dinatee: 

a i rc ra f t  speed a t  
t ime of impact 125 knots 

distance flown after 250 met res  or  
clearing hill 0. 15 miles 
height of hill 40 feet 
ra te  of descent 550 f t /min.  

which corresponds approximately with the 
ra te  of descent mentioned by the pilot-in- 
command in his  statements and i s  a normal 
r a t e  for approach with the flaps extended 200.  

Although the pilot and co-pilot testified 
that before the accident the a i rc ra f t  was 
maintaining an altitude of 2 000 feet for a 
direct  approach to the outer marke r ,  the 
a i rc ra f t  hit the ground a t  an altitude of 
1 360 feet approximately. This discrepancy 
between the above two figures was thought 
a t  the beginning to be due to a faulty QFE 
setting. Both al t imeters  were recovered 
f rom the wreckage and examined. One of 
the al t imeters  showed on the sub-scale a 
setting of 29.42, corresponding to a cor rec t  
QFE a s  transmitted f rom the tower. This 
was the co-pilot's a l t imeter .  The other 
altimeter setting, se t  to the QNH a s  testified, 
could not be determined due to the excessive 
damage caused by the f i re  on the scale.  On 
the other hand, the remote possibility of the 
static system becoming suddenly blocked in 
such a way a s  to affect both precision al t i -  
me te r s  was explored. If this happened the 
obstruction should form an a i r  tight plug to 
be of any rea l  effect, and the instrument 
casings should a l so  be a i r  tight. In that case 
the al t imeters  would indicate the higher al t i -  
tude a t  a lower level (precisely the altitude 
a t  which the static l ines became blocked). 
But this would have affected a t  the same time 
the airspeed indicators and the other instru- 
ments fed f rom the same static sources;  but 
the airspeed indicator seemed to function 
normally up to the time of the accident and 
there were no complaints a s  to unservice- 
ability. 

The fact that both pilot and co-pilot do 
not recal l  any altitude below 2 000 feet might 
be due to the fact that during a short period 
before the accident they were too busy looking 
outside the a i rc ra f t  to identify the runway 
lights. 

It i s  a l so  noteworthy to mention that 
the co-pilot was using Cairo Aerodrome ILS 
for the f i r s t  t ime and, therefore, was not 
sufficiently acquainted with i t  and in such a 
case was in need of a severe monitoring on 
the par t  of the pilot-in-command. 



ICAO Circular 54 -AN/49 59 

The weather forecast indicated mainly 
westerly winds with moderate strength having 
a very slight south component. The actual 
weather a t  the time of the accident agreed 
with the forecast  but the winds were lighter 
and some medium cloude covering half the 
sky a t  1 200 - 3 000 metre0 developed over 
Cairo Aerodrome. 

Probable Cause 

The accident was due to the failure of 
the pilot-in-command to monitor the co-pilot 
during a direct approach procedure and the 
reliance of the lat ter  on his instruments 
exclusively to fix his position relative to the 
runway a t  an  altitude below the minimum safe 
altitude. 

The factor of crew member fatigue can- 
not be ruled out. 

ICAO Ref: AR/431 
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No. 12 

Pakis tan International Air l ines ,  Dakota a i r  c ra f t ,  AP- ACZ , 
crashed on Lash  Golath Mountain, near  Jalkot on 25 February  1956. 

Report o n .  r e  e a s e  

Circumstances  

The a i r c r a f t  took off a t  0820 hours West 
Pakis tan Standard T ime f r o m  Chaklala a e r o -  
d rome on a char te r  flight to Gilgit. After land- 
ing a t  1014 hours  a t  Gilgit, the captain advised 
the passengers  and ground staff that he would 
not c a r r y  passengers  on the re tu rn  flight due 
to the very  bad weather conditions en route,  
At 1400, AP-ACZ departed Gilgit on the re tu rn  
flight and a t  1410 was in wi re less  telegraphy 
communication with Gilgit aerodrome.  At 1421, 
Chaklala passed on to the a i r c r a f t  the l a tes t  
MET observation and the t ransmission was 
acknowledged. Nothing fu r ther  was heard  f r o m  
the a i r c r a f t  until 1454 when the following S, 0. S. 
was picked up by the ground stations and two 
other a i rcraf t :  - 

I1S. 0. S. , AP-ACZ, INDUS mouth 
position trapped in bad weather ,  
Indus mouth" 

Chaklala aerodrome acknowledged the S. 0. S. 
but failed to contact the a i rc ra f t .  The flight 
c rashed  on the peak of Lash Golath Mountainat 
a height of approximately 14 000 to 15 000 feet. 
All th ree  c rew m e m b e r s ,  the sole  occupants,  
w e r e  killed. 

Investigation and Evidence 

No technical investigation was c a r r i e d  out. 

While AP-ACZ was a t  Gilgit the following 
message  was t ransmit ted f r o m  Chaklala to 
Gilgit: - 

I8From Captain AP-AAG, weather 
deteriorating very  badly between 
points A and B. Precipitating. 
Visibility 1 to 1-112 miles .  

Gilgit and the captain of AP-ACZ. According 
to the a i r  traffic control officer,  only bad 
weather reports  were  passed on to the captain. 

Documentary evidence shows that bad 
weather messages  and forecasts  betweenpointe 
B and A ( i. e. the region of mountains flanking 
gorge of the River  Indus) were  repeatedly 
vassed on to the c a ~ t a i n  of AP-ACZ. by the 
ke teoro log ica l  office a t  Chaklala, the captain 
of a i rc ra f t  AP-AAG and the a i r  traffic control 
officer a t  Gilgit Tower. 

It appears  that the a i r c r a f t ,  on i t s  r e t u r n  
flight, maintainedan altitude of 10 000 feet to  
11,000 fee t  until i t  entered the a r e a  of the gorge 
flanked by high mountainous t e r r a i n  r is ing up 
to 16 720 feet. According to vi l lagers  in this 
a r e a ,  visibility was very  poor and there  was 
ra in  followed by s lee t  and a thunderstorm. 
The a i r c r a f t  was hemmed in between th ree  
mountain peaks,  each rising to well over  
16 000 fee t  in  the f o r m  of an  equilateral  
tr iangle.  

According to eye witnesses ,  the a i r c r a f t  
completed two circui ts  n e a r  Jalkot village but 
whilst ca r ry ing  out the thi rd  c i rcui t  there  was 
an explosion and they real ized that the a i rc ra f t  
had crashed. 

The vi l lagers  w e r e  unable to reach  the 
scene of the accident immediately due to bad 
weather ,  but two days l a t e r  some of them 
managed to climb up to the wreckage, which 
had been swept down the mountain slope by an  
avalanche. On the a r r i v a l  of a ground par ty  
f r o m  Rawalpindi, i t  was found that mos t  of the 
wreckage had been taken away by local t r ibes -  
men. 

Probable Cause 

This message  was passed on to the f i r s t  officer The accident was attributed to pilot e r r o r  
of AP-ACZ. Subsequently, telephone messages  while he was attempting a flight beyond his  
were  exchanged between the control tower a t  abili ty o r  experience. 
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No, i 3  

West Coast Airlines, lnc . ,  Douglas DC-3, c rashed  near  
Pullman-Moscow Airport ,  Pul lman,  Washington, on 26 E'ebruary 1956 

Civil Aeronautics Board (USA) Accident Investigation Report 

Fi le  No. 1-0009, re leased 12 September 1956. 

Circumstances  

The flight departed Idaho Fa l l s ,  Idaho a t  
1430 hours  Pacific Standard Time for  Spokane, 
Washington, with numerous intermediate stops 
including Lewi ston, Idaho, Pul lman,  Pasco  
and Walla Walla, Washington. The a i rc ra f t  
ca r r i ed  a crew of 3 and 12 passengers .  At 
Lewiston the captain checked the weather with 
the company's station agent a t  Pullman 
and the flight departed Lewistun at  1916 hours .  
When In the vicinity of Pullnlan, at  1929, an  
Automatic Direction Finder instrument ap- 
proach was made ,  using the company's 'HI 
facility, and visual contact was made a t  3 500 
feet  m ,  6.1. The a i rc ra f t  flew over the a i rpor t  
then made a right tu rn ,  followed by a left t u r n ,  
planned to align the a i rc ra f t  with the runway. 
During this manoeuvre a smal l  snow squal lwas 
encountered and momentarily the captain lost  
visual contact. The a i rc ra f t  then s t ruck the 
side of a hill and c rashed  a t  1940 hours  in a 
snow-covered field injuring the co-pilot and 
two of the passengers  slightly. 

Investigation and Evidence 

The a i rc ra f t  made i t s  f i r s t  contact with 
the ground a t  a point 1 - 1 / 4  mi les  nor theast  of 
the a i rpor t  while moving on a course  of 230 
degrees ,  (The runway i s  aligned on a 229- 
degree heading.) The altitude of the point of 
contact i s  2 660 feet m .  s. 1. , 109 feet higher 
than the runway. The flight had failed by 
50 feet  to  c l e a r  a round-topped hill which l i es  
between the point of contact and the a i rpor t .  
F i r s t  impact ,  which occurred while the a i r -  
craf t  was in a nose-high attitude, caused both 
main wheels to fa i l  r ea rward  drivlng each d r a g  
s t ru t  upward through the wing; the second 
ground contact was made 100 feet beyond the 
f i r s t ,  and the a i r c r a f t  then skidded 650 feet.  

Examination of both engines and both pro-  
pe l l e r s  indicated that they were capable of n o r -  
m a l  operation pr ior  to impact.  Examination 
of the a i r f r a m e  disclosed no defect that could 
have existed p r io r  to impact,  

The a i r p o r t  a t  Pullman has  a single landing 
s t r ip ,  100 feet wide and 4 931 feet long, aligned 
229 degrees  and 49 degrees  magnetic.  Hi l ls ,  
reaching 100 to 250 feet above the landing s t r ip ,  
lie in a l l  d i rect ions  within one mile .  

The company-owned 'H' facil i ty i s  located 
near  the centre  of the landing s t r ip .  West Coast 
Air l ines  uses  two ADF approach procedures:  

!) requ i res  reference to  a commercial  
broadcasting station that operates  on 
week days only and was not available 
on Sunday, 26 February ;  

2) specifies,  "Initial approach f r o m  the 
south a t  5 100 feet.  Outbound t rack  
i s  225 degrees  f r o m  the 'H' . P r o c e -  
dure  turn i s  to  the south, minimum 
altitude 4 000 feet.  Maximum distance 
25 mi les .  Minimum altitude over the 
'HI on final approach i s  3 500 feet. If 
visual contact i s  not established over 
the 'HI on final, o r  landing i s  not accom- 
plished the following "Missed Approach" 
procedure i s  established. Turn left and 
climb to 5 500 feet on a 225-degree 
t rack  f r o m  the 'HI within 10 m i l e s  of 
the station. I '  

At the t ime  the flight departed Boise,  the 
stop before Lewiston, en-route weather was 
being reported a s  generally overcas t ,  withlight 
ra in  a t  Walla Walla, light snow a t  Spokane and 
Pul lman,  and precipitation generally over  the 
mountains.  Ceilings were  being reported rang- 
ing f rom 1 200 t o  5 000 feet and a visibility 
10 m i l e s  o r  bet ter ,  except th ree -quar te r s  of a 
mi le  a t  Pullman. The a r e a  forecast  available 
a t  Boise indicated the following expected condi- 
t ions en route - broken to overcast ,  ceil ings 
4 500 o r  bet ter  but occasionally lowering in 
snow showers to  ceiling 800, sky obscured, 
visibility 1 to 3 m i l e s .  Snow showers were  ex- 
pected to  be frequent over a l l  mountains.  The 
te rmlna l  fo recas t  f o r  the Spokane a r e a  af ter  
2 000 hours  was gusty southwest wind and occa-  
sional ceiling COO, sky obscured,  visibility one 
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m i l e ,  light snow and fog. The Lewiston t e r m i -  
nal forecast  was c e ~ l i n g  3 000 overcast ,  occa- 
sional light rain showers ,  wind south-southwest 
12. No terminal  fo recas t s  a r e  issued for 
Pullman. 

At 1855, p r io r  to  depar tu re  f r o m  Lewiston 
the flight had called Pullman and requested the 
local weather.  The reply was a s  follows: 
"Special No. 15 1850 Pacific t ime  precipitation 
celling 1 000 feet* obscuration; visibility 
2 miles;** light snow; t empera ture  30; dew- 
point 30; wind southwest 8. ' ' This  was  the 
l as t  weather requested o r  received by the flight. 

The ADF approach was completed ln a 
routine manner  and visual contact was es tab-  
l ished over the southwest end of the runway 
with the obstruction lights in sight. The cap-  
tain then flew over the runway for  i t s  ent i re  
length and noted his  heading a s  50 degrees  
while descending to 3 100 feet  and advanced 
power t o  2511-26" to maintain that altitude. 

On reaching the e a s t e r n  end of the  runway 
the captaln s ta r ted  a res t r i c ted  - visibility 
procedure turn. This  manoeuvre i s  used to  
a s s i s t  the  pilot in revers ing  h i s  course  and to 
provide a means  of staying fa i r ly  c lose  to  the 
runway on which he plans t o  land and be cer ta in  
that on completion of the procedure h e  will be 
aligned with the runway and a t  the right posi- 
tion to  complete h i s  final approach and landing 
by visual means.  He made a s tandard r a t e  
right t u r n  to  a heading of 95 degrees  and held 
i t  fo r  40 seconds. Thereaf te r  he  executed a 
s tandard ra te  left tu rn  to the runway heading 
of 230 degrees .  This  s e r i e s  of manoeuvres  
performed a t  3 100 feet and 110 knots through- 
out was calculated to  end with the a i rc ra f t  
aligned with the  runway on the proper  heading. 
During much of the final tu rn  few, if any, lights 
on the ground were within the angles  of vision 
f r o m  the cockpit. At the approximate instant 
of completing the procedure turn the flight en- 
countered a snow squall ,  which reduced visi-  
bility to  z e r o  for  an  estimated 10 seconds. 

The captain testified that during this in te r -  
val on inst ruments  he  reached for  his  throt t les  
to abandon the approach but changed h i s  mind 

when the a i rpor t  lightlng a g a ~ n  became visible 
and completion of the  landing appeared to  be a 
routine m a t t e r .  He saw that he had reached a 
point f rom which the a i rpor t  lights were  on a 
bearing about 10 degrees  fa r ther  south than he  
had planned. He testified that he  then a l t e red  
h i s  heading an es t imated 10 degrees  to  the 
south to bear  upon the l ights a t  the threshold 
and continued his  approach. s tar t ing h i s  d e s -  
cent along a path a little t o  the nor th  and a t  a 
smal l  angle f rom the projected centreline of 
the runway. At that t ime  he reduced h i s  mani -  
fold p r e s s u r e  to about 19 inches ,  and h i s  speed 
t o  '30 o r  95 knots. A moment l a te r  h i s  only 
landmark,  the l ights on the a i r p o r t ,  disappeared. 
Believing the l o s s  of visual reference to  be only 
another snow squall he attempted to init iate a 
m i s s e d  approach by climbing through the squall. 
He told h i s  co-pilot to r a i s e  the gear  (flaps had 
not been extended) and to  shut off carburet tor  
heat. The captain then opened the throt t les ,  
pulled back on the elevator controls  and s ta r ted  
reducing propel ler  pitch. The a i rc ra f t  had been 
put into a climbing attitude a t  about 90 knots but 
had nct s t a r ted  to c l imb when, a t  2 660 feet 
m .  s .  1. , i t  s t ruck the snow-covered hillside 
which was in  i t s  path to the  runway threshold. 
At impact the gear  was s t i l l  locked down. 

The flight was ent i re ly  routine until it 
reached the Pullman-Moscow Ai rpor t ,  completed 
the ins t rument  approach, and the c i rc l ing ap-  
proach had advanced to the very  end of the 
planned 225-degree turn into final. During this  
turn the c rew were compelled to  fly by re fe rence  
to  ins t ruments .  The weather a s  recorded,  
reported to  the  c rew and observed by them was 
above authorized minima except for  about 
10 seconds while the a i r c r a f t  was passing throlrgh 
a snow squall. During that in terval  the captain 
declded to abandon the approach but when he 
emerged f r o m  the squall and re-es tabl ished 
visual contact he r e v e r s e d  h i s  decision. 

Although he was slightly nor th  of his  align- 
ment  upon s tar t ing the final leg, he considered 
the correct ion f o r  this  to  be no additional haz-  
a r d  a s  the runway lights w e r e  then in sight. 
The approach was continued following a pat tern 
that was normal  except f o r  the smal l  deviation 
toward the north. When the l ights ahead 

* WCA Is night approach l imits  a t  Pullman-Moscow were  900 feet ceiling and 2 m i l e s  visibility. 
After th is  accident they w e r e  changed to  1 000 feet and 3 miles  with descent ~ r o h i b i t e d  unless 
a l l  runway lights could be seen. 

**The weather observer  on duty testified that the actual obszrvation of visibility a t  night i s  
l imited to the far thest  lighted t a rge t ;  to the ezs t  th is  1s 3 1 4  mile .  
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disappeared again the captain thought a second 
snow squall was in h i s  path straight ahead, and 
a s  the condition seemed to be worse than 
reported and t o  be below minima,  he t r i ed  to  
abandon the approach. But the rest r ic t ion to  
visibility ahead was not me re ly  airborne snow; 
i t  was in fact, a snow-covered hill, o r  more  
likely a snow-covered hill shrouded in falling 
or  wind-driven snow. At this point the a i rc ra f t  
had actually descended too low to c lea r  the 
terrain.  The captain a l so  testified that when 
he pulled the a i rc ra f t  up it did not s ta l l  but he 
did feel i t  descend a s  i f  in a downdraft. 

In h i s  attempt to  pull out fo r  a go-around 
the captain had changed the attitude of the air- 
c ra f t  to tail-down, thus getting much of the 
effect of a flare-out and probably reducing the 
force of impact a great  deal. 

Probable Cause 

The probable cause of this accident was 
the continuation of a landing approach following 
loss  of visual reference to  the a i rpor t ,  and the 
delayed attempt t o  execute a m i s sed  approach 
procedure. 

ICAO Ref:  AR/441 
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No. 14 

Northeast Air l ines ,  Irlc. , Convair 240 landed in deep snow 
a t  the Municipal Airport ,  Port land,  Maine, on 29 March 1-6. 

Civil Aeronautics Board (USA) Accident Investigation Report, 
Fi le  No: 1-c048, released l m P % b e r  1956. 

Ci rcuns tances  

Flight 124 was a scheduled flight 
between La Guardia Field,  New York and 
Bangor, Maine. Intermediate stops included 
Boston, Massachusetts and Port land,  Maine. 
Departure f rom Boston for  Portland was a t  
2120 hours  Eastern Standard Time. The 
flight was conducted in instrument weather 
conditions in  accordance with an Instrument 
Flight Rules flight plan and was routine to 
the vicinity of Portland. At 2147 the a i rc ra f t  
was cleared by Air Route Trafflc Control to 
descend from 3 000 feet ,  i t s  cruisingaltitude, 
to 2 000 feet and thereafter to make an ins t ru-  
ment approach to Portland Airport.  Shortly 
thereafter the tower personnel saw the a i r -  
craf t  over  the a i rpor t  and below the overcast 
circling left to land on Runway 20. It disap- 
peared momentarily in the limited visibility, 
reported a s  1 - 1 / 2  miles  in light snow, while 
flying on the downwind leg. It was then seen 
with landing lights on, allgned with the run- 
way and descending normally on final ap- 
proach. Seconds la te r  i t  touched down, rolled 
a few hundred feet ,  went up on i t s  nose and 
stopped abruptly. Of the 3 crew members  
and 32 passengers  aboard, only 5 of the pas- 
sengers  received minor injuries.  

Investigation and Evidence 

The a i r c r a f t  landed parallel to arid to 
the left of Runway 20 and continued about 450 
feet before i t  stopped. The touchdown posi.- 
tion was approximately midway lateral ly  
between the left* row of white runway lights 
which border  the left side of the runway and 
a paral le l  row of white lights marking the 
left boundary of the field. The a r e a  was 
covered by packed snow 18 to 24  inches in 
depth. Lateral  distance between the left row 
of runway lights and the boundary lights i s  
about 168 feet. The runway i s  150 feet wide 
with i t s  two rows of runway lights 160 feet 
apart .  

As the a i rc ra f t  moved forward parallel 
to the runway, rearward forces  fractured the 
nose gear  drag  link and permitted the nose 
gear to fold back. The main landing gears  
remained extended and locked, therefore, the 
a i rc ra f t  came to a stop resting on the nose 
section and main landing gear ,  

Examination of the a i rc ra f t  s t ructure,  
equipment, controls,  engines and propellers 
a s  well a s  confirming statements of the pilots 
revealed there was no malfunctioning or-failure 
of the a i rc ra f t  p r ior  to impact. Performance 
of the powerplants and a i rc ra f t  equipment was 
also normal irt a l l  rebpects before the accident. 

Examination of the .-unway lights revealed 
that ten of the lights along the right edge of 
Runway 20 were inoperative for  mechanical 
reasons,  broken, o r  covered by snow. Eight 
of the ten were consecutive, beginning a t  the 
approach end and extending down the runway 
in the landing direction. One was partially 
obscured by snow and cor.sidered dull a s  
rompar ed to normal brill lance. The broken 
lights were the resul t  of being struck by snow- 
plow s during several  snow- removal operations 
and appeared to have been broken for  a con- 
siderable period. The distance covered along 
the runway by the broken, inoperative, o r  
obscured lights was about me-half of the run- 
way total length of 4 260 feet.  

At the time of the accident the three 
rows of lights (the row of boundary lights and 
the two parallcl rows of runway lights) were 
white in colour with the boundary lights some- 
what brighter than the oncs for the runway. 
The lat ter  were set  for  rnaximu~n intensity. 
The runway fixtures were flush mounted, arid 
the fixtures for the boundary unlts extended 
24 inches abov? the ground, o r  a few inchea 
above the snow cover .  

The approach end of Runway 20 i s  
marked normally by three green threshold 
lights. Inspection of these disclosed they 

* Left and right a r e  used a s  viewed from the cockpit while approaching Runway 20 
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varied in brilliance and that the green glass  
cover of one was broken. The left light, a s  
viewed from the approach a r e a ,  was bright, 
the middle one was dull, and the cover for  the 
right light was broken. 

At the t ime,  the policy of the City of 
Portland in connection'with irlsje. tlon of the 
airport  lighting was to  contact the coritrol 
tower personnel daily for any lighting i r -  
regularities reported to them during the 
previous night. If required, action was taken 
by the City to  make corrections before the 
next night. The policy also required a corn- 
plete inapection of the lighting system once 
each month by an electrician employed by the 
City to detect any unreported faults. During 
the snow season i t  was the policy not to replace 
each broken light a s  i t  was reported o r  dis-  
covered unle as complaints by pilots showed 
too many lights were broken. In this season 
repairs  were deferred until spring. 

Tower personnel, on the day of the 
accident, reported no i r regular i t ies  had been 
brought to their attention and so indicated in 
the daily report  to the City. These personnel 
stated that they were unaware of the broken 
lights and that existing snowbanks precluded 
them from seeing the a r ea  where the broken 
lights were located. 

The electrician's report  of 13 February 
indicated al l  lights were repaired. His report  
of 12 March did not indicate any broken lights. 
Records showed that eight snow-removal 
operations had taken place during March and 
the las t  one preceding the accident was on 
25 March. No current  "Notices to  Airmen" 
had been issued relative to the Portland 
Municipal Airport except that runway 10- 28 
was closed during the winter months. 

Northeast Airlines company procedures 
require  that the company ground personnel a t  
Portland submit a periodic field condition 
report  to the Boston operations office. This 
i s  required three t imes daily. The condition 
of the a i rpor t  lighting i s  included a s  followb: 

"Remarks a s  to  lighting conditions. 
Will specify if boundary contact o r  
runway lights a r e  operating, and if 
any a r e  out when expected to  be 
replaced and if smoke pots will be 
used to replace any inoperative lights,  
etc.  

A message in compliance with the above 
instruction was sent 2 9  March, the day of the 
accident, a t  0518 hours.  The message stated - 
"Lites Normal". The same message was sent  
in the noon field report .  The station manager, 
responsible for the message indicated that h i s  
understanding was to reflect the lighting con- 
dition a3  outlined in the policy of the City of 
Portland for the snow season. The snow season 
policy was the basis  on which ItLites Normalt4 
was reported. 

According to the pilots, during the final 
approach to Runway 15, the instrument runway, 
visual reference was established a t  approxi- 
mately 1 000 feet above the ground. This 
permitted a circling approach for landing on 
Runway 20. Clearance was obtained for this 
approach and the captain chose this runway 
because of i t s  length, grade,  and the existing 
winds, The captain stated that while turning 
onto the final approach he was able to  pick out 
the runway lights and instructed the f i r s t  officer 
to complete the landing checklist. During the 
final approach the captain stated that he noted 
landmarks below which were familiar to the 
final approach path; landing flaps were extended 
and landing lights turned on. He recalled that 
what he assumed to be the runway, during the 
approach, was white and without wheel t racks;  
because of light to  moderate falling snow this 
seemed to be normal .  At touchdown, the 
pilots said that the a i rc ra f t  decelerated very 
rapidly, nosing down a s  the nose gear collapsed 
and stopped af ter  a short slide. Both pilots 
were completely amazed when they learned that 
the landing had been to the left of Runway 20. 

As previously descr ibed,  numerous run- 
way lights were obscured o r  inoperative along 
the right side of the runway. As the final ap- 
proach was made the pilots saw a row of field 
boundary lights and the left row of runway 
lights,  This,  undoubtedly, appeared to the 
pilots a s  the left and right rows of runway 
lights and created an il lusory runway to the 
left of and parallel to Runway 20. Considering 
the nearly equal distance between the boundary 
lights and the left row of runway lights a s  
compared to the distance between the left and 
right rows of runway lights,  their same colour 
and comparable spacing, the appearance of an  
actual runway i s  even more  apparent.  These 
factors  considered together with the existing 
weather conditions make the captain's off- 
runway landing under standable. 
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With moderate falling snow to restr ict  
flight viaibility and the normal tendency to 
concentrate on the landing a rea  of the runway 
(the f i r s t  one-third) during the final approach, 
i t  i s  not difficult to understand why the pilots 
did not see the operating lights of the right row 
located along the far  one-half of the runway. 
Further ,  these lights, when normally viewed 
during the final approach, would probably 
have been near  the limit of forward flight 
visibility. 

According to company procedures, a 
field condition report was required which 
included a section on the field lighting. In 
accordance with the reporting requirements, 
the field lighting was stated a s  "Lites Normal" 
on the day of the accident. This being a 
report to the operations branch of the airline 
and principally for pilot information, the 
Board does not understand the report o r  the 
reason for  indicating that the lights were 
normal. It i s  believed that the detailed field 
condition report procedure was definite and 
clear  but complied with inadequately. 

It i s  further believed that the policy of 
the City of Portland was not adequate for the 
maintenance of i t s  airport  lighting. Although 
i t  i s  recognized that the maintaining of field 

lighting in northern a r e a s  i s  difficult because 
of the many snows and resulting snow-plowing 
operations, i t  i s  believed that the maintenance 
of lighting should be geared to this situation. 
The responsibility for  adequate lighting and 
the detection of irregularities res t s  properly 
with the airport  management. 

It i s  believed that sufficient inspectione 
should be made by airport  and company 
employees to ensure an accurate knowledge of 
the condition of the lighting facilities and that 
the condition be reported so that usere of the 
airport  be on notice of the conditions. 

Weather conditions reported a t  the a i r -  
port a t  the time of tho accident were: scattered 
clouds 400 feet; precipitation ceiling 900 feet; 
sky obscured; visibility 1 - 1 12 miles; light 
snow; temperature 32; dewpoint 31; wind south- 
southwest 8; altimeter setting 29.99. 

Probable Cause 

The probable cause of this accident was 
inadequate maintenance of runway lights and 
incorrect reporting of their condition resulting 
in an illusionary position of the runway under 
conditions of low visibility. 

ICAO Ref: AN442 
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No. 15 

Trans-World Air l ines ,  Inc. , Martin 404, crashed following take-off f rom 
Greater  Pittsburgh Airport ,  Pittsburgh, Pennsylvania on 1 April  1956. 

Civil Aeronautics Board (USA) Accident Investigation Report SA- 318, 
Fi le  No. 1-0070. released 14 S e ~ t e m b e r  1956. 

Circumstances 

The crew were briefed a t  Pittsburgh on 
the en-route weather and received the sequence 
and forecast  reports .  Although the en- route 
weather was generally good the flight, a 
regularly scheduled one between Pittsburgh, 
Pennsylvania and Newark, New Jersey ,  was 
dispatched a t  1919 hours Eastern Standard 
Time on an  Instrument Flight Rules flight plan 
via airways a s  i s  customary. The a i rc ra f t  
completed a seemingly normal  take-off and 
initial climb, which was followed immediately 
by a left turning descent ,  a c rash  and f i re  just 
beyond the southwest boundary of the a i rpor t .  
Both pilots survived. However, the hostess  
and 21 of the 33 passengers  were killed. 

Investigation and Evidence 

During the flight the f i r s t  officer was in 
the left seat being line-checked for captaincy 
by a company-qualified line check captain. 

After becoming airborne,  a sharp yaw 
was experienced a t  the time of the f i r s t  power 
reduction by the f i r s t  officer. Almost simul- 
taneously he saw the left engine No. 1 zone 
f i re  warning light flash on and off and then 
stay on. He did not hear  a f i re  warning bell. 
The captain, on the right, who was perform- 
ing the duties of the f i r s t  officer,  stated that 
a t  the time he had operated the gear  uphandle 
and was toggling the rpm to the proper engine 
speed following the f i r s t  power reduction. 
The captain, a t  the time of feeling the a i rc ra f t  
yaw left ,  did not see  the zone 1 f i re  warning 
light nor hear  an a l a r m .  However, he did 
observe a rapid drop in the left brake mean  
effective pressure  gauge, which went to  zero ,  
and reached under the right a r m  of the f i r s t  
officer,  then on the throttles,  to re ta rd  the 
left engine mixture control to idle cutoff which 
action i s  i tem No. 2 on the emergency check- 
list  under the heading "Power Plant F i r e -  
Fai lure ."  The f i r s t  officer stated that he then 
removed his right hand from the throttles and 
reached for  the manual feathering button, 
whereupon the captain informed him that the 

automatic feathering device would cause the 
propeller to feather.  The f i r s t  officer then, 
without actuating the feathering button, placed 
his  right hand on the control column and 
reached forward with his  left hand for  the zone 
2 firewall shutoff lever .  The a i rc ra f t  continued 
to yaw to the left and stayed sharply banked to 
the left despite attempted strong correct ive 
control. At about that t ime the left wing struck 
the ground and the c rash  resulted. The time 
interval f rom the s t a r t  of the difficulty to  the 
c rash  was only approximately 10 seconds. 

Items 1 through 4 of TWA1s Martin 404 
emergency checklist under "Power Plant F i r e -  
Failure" (meaning f i re  o r  failure) a r e  a s  
follows: 

1 .  Throttle . . . . . . . . . . CLOSED 
2.  Mixture . . . . . . . . . . O F F  
3. Prop .  . . . . . . . . . . .FEATHER 
4.  Live Eng. . . . , . . . . . MET0 POWER 

The Martin 404's automatic feathering 
system i s  actuated by a substantial drop in the 
BMEP sustained over a period of a t  l eas t  two- 
tenths of a second. The principal reason for 
the use of autofeathering i s  to provide a nearly 
instantaneous feathering upon significant power 
loss  during o r  immediately following take -off. 
It i s  a n  extremely important safety device to 
prevent quickly the insurmountably heavy drag  
associated with a windmilling propeller during 
take-off. It i s  ordinarily deactivated except 
during take-off. 

The autofeathering toggle switch on the 
overhead panel when placed in the lion" posi- 
tion supplies electr ical  current  to  the arming 
switches in the throttle quadrant. The move- 
ment of the throttle forward f rom closed posi- 
tion beyond these switches a r m s  the system 
for  autofeathering. Movement of the throttle 
aft of the switches unarms the system (at about 
42" manifold pressure) .  The switches a r e  
located a t  a point in the throttle t ravel  approx- 
imately one inch rearward of where the throttle8 
normally would be af ter  the f i r s t  power reduc- 
tion. 
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An attempt to reconstruct the flight 
f rom the testimony of witnesses leads to the 
belief that the a i rc ra f t  banked to a near  45- 
degree position pr ior  to ground contact and 
that recovery from the bank and turn was 
under way a t  impact.  

Subsequent flight t es t s  were conducted 
on a Martin 404. At 6 000 feet m .  s .  1. , 
operating a t  MET0 power and 125 knots US, 
the left throttle was retarded abruptly to  a 
zero  thrust  position and the a i rc ra f t  yawed 
sharply about 30 degrees to the left, The a i r -  
craf t  was allowed to bank to the left about 45 
degrees .  Speed dropped abruptly to 105 knots,  
a t  which time nearly full right rudder and 
right aileron were applied. When power was 
returned to normal a full recovery was made.  
The t e s t  was not exactly representative of the 
flight involved because of different g ross  loads. 
However, the simulation was close enough to 
indicate that the subject a i rc ra f t  underwent 
substantially the same motions. 

Testimony indicated that the Martin 404 
a i rc ra f t  with a gross  load s imilar  to that of 
the a i rc ra f t  involved, with landing gea r  extend- 
ed,  with take-off f laps,  and with a windmilling 
propeller,  has a negative rate  of climb. 

Weather conditions had no bearing on 
the accident. 

F i r s t  impact with the ground was with 
the tip of the left  wing while the a i rc ra f t  was 
steeply banked to i t s  left. A study of wreckage 
and ground marks  indicates that this bank was 
approximately 35 degrees .  The general d i rec-  
tion of impact was about 180 degrees  o r  about 
50 degrees to  the left of the direction of take- 
off f rom Runway 23. As the a i rc ra f t  ca r t -  
wheeled up a small  incline, the left wing 
disintegrated and the wreckage came to r e s t  
with the right wing elevated. This resulted in  
fuel f rom the ruptured fuel tanks of the right 
wing flowing down and under the shattered 
fuselage, feeding a f ierce gasoline f i r e  and 
quickly trapping many occupants. Inve stiga- 
tion revealed no evidence of f i re  pr ior  to 
impact.  

Examination of the a i r f rame disclosed 
no indication of a mechanical failure pr ior  to 
impact with the ground. All three landing 
gea r s  were found down despite the fact that 
the captain stated they were  started up a t  the 
proper time af ter  breaking ground. The right 

propeller blades were found in  take-off pitch 
position. The left propeller blades were found 
against the low pitch stops which would cause 
maximum drag  (while windmilling). 

Tests  of the engines, propel lers ,  and 
their components did not disclose any indica- 
tions of mechanical failure o r  malfunction that 
would have resulted in a power loss .  Very 
comprehensive tests  were conducted and some 
discrepancies were noted, such a s  a broken 
inner intake valve spring and a ruptured ca r -  
burettor derichment valve diaphragm, A power 
loss  could not be duplicated by several  types 
of t es t s  made duplicating the la t ter  condition. 

The exhaust system was inspected for  
indications of any burned section o r  openings 
and the only discrepancy noted was the left  
lower "Y l 1  section exhaust connector clamp 
which was fractured and gaping open adjacent 
to the welded a r e a  of i t s  securing belt bosses. 
The manufacturer had installed a Fenwall over- 
heat pickup unit in close proximity to each of 
the connector outlet "Y" clamps. The unit 
involved had a coating of soot in the interior 
of the scoop and on the pickup unit. It was 
subsequently tested and found to be operating 
properly. 

Subsequent laboratory tests  have con- 
firmed that there was an appreciable interval 
of t ime in which the fractured surfaces of the 
clamp had been exposed to combustion exhaust 
gases  resulting in a scale deposit s imilar  to 
other exposed surfaces.  (These fractured 
surfaces were not exposed to ground f i re .  ) 
There was slight evidence of fatigue failure 
even though the positive indications of such 
a r e  not a s  pronounced af ter  exposure to high 
temperatures .  

At the time the clamp was inspected, 
approximately 127 hours pr ior  to the accident 
(at the time of the second prior  100-hour 
inspection), a record of a cracked clamp was 
observed and written up by inspection; there 
i s  no record of i ts  condition a t  the l a s t  100- 
hour inspection, 27 hours  before the accident. 

These clamps a r e  partially hidden by 
exhaust stack covers which remain in place 
when the accessory cowling i s  removed, with 
the resul t  that the clamps a r e  not open to 
thorough examination except a t  their scheduled 
100-hour inspections when the stack covers a s  
well a s  the accessory cowling a r e  removed. 
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The type o r  design of the welded bolt secur-  
ing boss a r e a  i s  conducive to s t r e s s  concen- 
trations a s  evidenced by the laboratory 
analysis of this particular clamp. This was 
the only clamp broken even though the exhaust 
collector ring on the other engine was much 
m o r e  damaged by impact.  

It i s  not possible to  determine just when 
the subject exhaust connector clamp failed. 
It i s  possible that this clamp, whether i t  was 
the old cracked one o r  a replacement, could 
have failed during the flight f rom Newark on 
the day of the accident and have shifted so  that 
during the take-off a t  Pittsburgh the collector 
ring mating connections separated just enough 
for escaping exhaust to impinge on the Fenwal 
unit scoop, deposit the observed soot, and 
signal a f i r e  warning. It has  happened on 
other occasions a t  this particular location. 
Presumably,  the clamp was replaced a t  the 
time of the second prior  100-hour Inspection 
and the replacement was found satisfactory a t  
the time of the las t  100-hour inspection. The 
subject clamp has been a troublesome and 
costly maintenance item and the c a r r i e r  has  
changed designs several  t imes.  Currently the 
ca r r i e r  i s  conducting service tes t s  on a new 
type in i t s  continuing efforts to find a sat is-  
factory clamp. As a resul t  of this accident,  
the Board recommended more  frequent inspec- 
tions of the exhaust system and the c a r r i e r  
has agreed to do so.  

As mentioned, the f i r s t  officer saw the 
f i re  warning light flicker.  He either reduced 
the left  throttle in compliance with the f i r s t  
item on the Martin 404 cockpit checklist under 
the heading "Power Plant Fire-Fai lure ' '  o r  he 
diverted his attention f rom throttle movement 
to the f i re  warning light and inadvertently 
pulled the throttle sufficiently rearward to 
unarm the autofeathering. Because he  testified 
that he did not recal l  moving the throttle 
rearward i t  seems more  than likely that he  
did so intuitively when h is  attention was divert- 
ed by the f i r e  warning light. 

The captain on the right did not s ee  the 
zone 1 f i r e  warning light and only noted the 
BMEP gauge indicate power loss  (which in a l l  
probability was the resul t  of the f i r s t  officer 's 
retarding the left throttle).  The captain pulled 
the mixture to idle cutoff. The throttle having 
been retarded,  did not allow automatic feather- 
F g ,  only windmilling, thus setting up exces-  
alve drag and yaw to the left. 

Slnce the captain attempted to obtain 
autofeathering by pulling back the mixture 
lever ,  i t  i s  apparent that he  neither knew the 
left throttle had been retarded to a point where 
autofeathering was inoperative nor did he 
expect this action by the f i r s t  officer,  despite 
such action being called for  in the company's 
emergency checklist fo r  "Power Plant  F i r e -  
Failur el1 . 

It i s  believed that the yaw to  the left was 
f i r s t  experienced when the left throttle was 
pulled aft and this yaw was violently aggravated 
by the windmilling of the left  propeller brought 
about with the captain's movement of the lef t  
mixture control to the idle cutoff position. 

In reference to the landing gear  handle 
being found up, the captain may have ralsed 
the landing gear handle out of neutral position 
but not sufficiently upward to open the hydraulic 
valve for gear-up operation. The gear-up 
action probably was interrupted by the captain 
directing his attention to the drop in BMEP and 
the yaw. This would account for  the landing 
gear  being found in the down position a t  the 
t ime  of impact.  There  appears  to  be no 
explanation of why the captain did not see  the 
f i re  warning light. 

Testimony of TWA1s chief pilot for  the 
Atlantic Region was that under s imilar  c i r -  
cumstances he  would not, a s  h i s  f i r s t  ac t ,  
have pulled the left  throttle back to the point 
where i t  disarmed the autofeathering feature. 
He felt that the wisest procedure under these 
cr i t ical  circumstances would have been tem- 
porarily to ignore the f i r e  warning (particularly 
a s  i t  was a zone 1 warning) until enough alti-  
tude and speed were obtained to ensure single- 
engined flight. This  opinion was shared by 
the captain. However, an emergency check- 
l i s t  had been provided to apply in the event of 
either a zone 1 f i r e  o r  loss  of power. The 
f i r s t  officer s tar ted execution of this check- 
l i s t  but a s  he was reaching to feather the 
propeller manually, the captain interrupted 
h i s  action, believing that autof eathe ring would 
take place. It is logically concluded that had 
the f i r s t  officer continued a s  prescr ibed,  the 
left propeller would have feathered. The 
complexity of modern a i rc ra f t  and coordinated 
efforts required by multiple crews in  an  
emergency dictate that a l l  procedures mus t  
be car r ied  out in s t r ic t  conformity to  prescribed 
checklists. 
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The Board mus t  conclude that each pilot 
reacted to the emergency a s  he understood the 
emergency but, a s  the two pilots had not full 
common knowledge of what was happening nor  
precisely what the other was doing, the result- 
ing joint and uncoordinated actions resulted in 
a windmilling propeller making the a i rc ra f t  
unflyable under the circumstances: 

To minimize the possibility of gny recur -  
rence of this nature the c a r r i e r ,  af ter  the 
accident,  modified i t s  emergency procedures 
for  power plant f i re  o r  failure. These revised 
procedures specify that the crew member who 
f i r s t  observes the difficulty shall call  out the 
emergency so that the captain can initiate 
immediate coordinated action by the crew. 
After i t  has  been determined which engine has  
the f i r e  o r  fai lure ,  the propeller i s  to be 
manually feathered before the throttle i s  closed 
o r  the mixture i s  cut. If the emergency oc- 
cu r s  during take-off and autofeathering has not 
taken place by the time proper determination 
of the malfunctioning engine has  been made,  
the propeller i s  to be feathered manually by 
pushing the feathering button. 

Probable Cause 

The Board determined that the probable 
cause of this accident was uncoordinated 
emergency action in the very short  t ime avail- 
able to the c rew,  which produced an a i rc ra f t  
configuration with insurmountable drag .  

Ironically, this accident sequence s tar ted 
with the operation of a f i r e  warning light in  
the cockpit (indicating a f i r e  in the left engine) 

immediately af ter  the a i rc ra f t  became a i r -  
borne. Subsequent investigation proved no 
pre-impact f i r e  but af ter  the a i rc ra f t  yawed to 
the left and the left wing struck the ground, a 
severe c r a sh  f i re  resulted. 

The in-flight f i re  warning was the resul t  
of failure of an  exhaust connector clamp which 
allowed heat exhaust gases to  impinge on a n  
overheat detector.  The a i rc ra f t  was estimated 
to have been a t  an  altitude of approximately 
100 feet and had just taken off f rom a municipal 
a i rpor t .  F rom the time the initial f i re  warning 
light flashed on until the c rash  was only 
approximately 10 seconds. 

The accident site was about 1 690 feet 
f rom the end of the runway but because of the 
nature of the t e r r a in ,  a i rpor t  based f i r e  fight- 
ing equipment, which was immediately 
dispatched, took 20 minutes to  reach the 
scene,  t raversing circuitous country lanea . 
One f i r e  t ruck,  belonging to the County Depart- 
ment of Aviation, attempted to reach the scene 
by crossing the Air  Field (the shortest  route) 
but bogged down in the muddy te r ra in .  Air  
Force c rash  trucks based a t  the Airport did 
reach the scene a s  indicated above, but by 
that tirne f i re  had nearly consumed the wreck- 
age. (No detailed f i r e  fighting report  could 
be secured from,the Air Base Fighter Group 
stationed a t  the Airport .  The CAB report 
mere ly  indicaies that the remaining f i re  was 
quickly smothered once the f i re  equipment 
reached the scene. ) 

The 12 passengers who survived extricat- 
ed themselves f rom the jumbled wreckage 
rhrough and ahead of the f i re  a s  best they 
could; some helped others  while a few found 
themselves thrown out through t ea r s  and rents  
in the shattered fuselage. The intensity of 
the f i r e  mus t  have had a decided influence on 
the deaths which resulted. 

ICAO Ref i AK/44  3 
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No. 16 

Northweat Airlines, Inc. , Boeing 377 ditched in Puget 
Sound, near Seattle, Washington, on 2 April 1956. Civil Aeronauticr 

Board (USA) Accident Investigation Report SA-319, 
~ 0 5 1 ,  released 14 November 1956. 

Circumstances 

The flight (No. 2) war scheduled daily 
between Seattle, Warhington and New York, 
N, Y. with rtops at  Portland, Oregon and 
Chicago, Illipois . Departure from Seattle- 
Tacoma Airport was at  0806 hours Pacific 
Standard Time on an IFR flight plan to Port- 
land, Oregon via Victor Airway 23 to cruise a t  
6 000 feet. On board the aircraft were 6 crew 
members and 32 passengers. Following take- 
off the aircraft climbed to 1 000 to 2 000 feet. 
Power was reduced and the wing flaps which 
had been se t  at the normal 25-degree take-off 
position were retracted a t  an airspeed of 145 
knots. Immediately the crew became aware of 
severe buffeting and a strong tendency of the 
aircraft to roll to the left, Because the buf- 
feting began almost immediately after the 
flaps were retracted, the captain believed that 
it was due to a split-flap condition (i. e. the 
wing flaps on one side of the aircraft being re- 
tracted while the flaps on the other side re- 
mained partially or  fully down). Power was 
reduced in an attempt to alleviate the buffeting 
but this was not effective and maximum power 
was again restored. The Seattle tower cleared 
the aircraft for return, but the captain decided 
not to turn the aircraft because of control dif- 
ficulty and advised that he would proceed to 
McChord Air Force Base a t  Tacoma. The 
trouble became worse, the aircraft continued 
to lose altitude and was ditched at  approxi- 
mately 0810 hours Pacific Standard Time, 4.7 
nautical miles southwest of Seattle-Tacoma 
Airport - only 4 minutes after take-off. All 
occupants evacuated the aircraft, however, 4 
of the passengers and one crew member 
drowned, and 2 passengers received minor 
injuries. The aircraft sank 15 minutes after 
ditching. All survivors were rescued within 
30 - 35 minutes of the ditching. 

Investieation and Evidence 

Inspection of the wreckage revealed that 
the No. 1 engine had been torn off, that the wing 
flaps of both wings were fully retracted, and 
that the cowl flaps of the three remaining en- 
gines were fully open. 

The cowl flaps were open approximately 
eight inches a s  measured between the No. 7 
cowl flap shingle and the accersory cowling. 
Full cowl flap opening i s  eight inches, plus or 
minus one-fourth inch. Cowl flap actuators of 
all four engines were one-eighth inch from con- 
tacting the full-open limit switches. The cowl 
flap jack screws were extended approximately 
6-1/2 inches; full-open jack screw extension i s  
approximately seven inches. Functional bench 
testing of the cowl flap actuators, relays, and 
indicators revealed normal operation. 

Search for the missing No. 1 engine con- 
tinued for more than a week without success. A 
metallurgical examination of the No. 1 engine 
mount revealed no evidence of fatigue failure. 
Marks on the shank of a bolt in an upper out- 
board member indicated a load in an  upward 
inboard direction. This i s  unlike previous 
failures in flight. The three crew members 
testified that normal power from all four engines 
was available at  all times until contact with the 
water. 

The No. 1 engine top accessory cowling 
section was not found. This part i s  believed to 
have been forced off by hydraulic action during 
the ditching. Confirmation of this belief i s  
indicated by the buckling rearward of the No. 1 
firewall and also by the lack of wing surface 
damage in the No. 1 nacelle area. No crew 
member o r  passenger recalled observing any 
parts  leaving the aircraft prior to impact. 

Examination of the aircraft disclosed no 
failure o r  irregularities in any of the aircraft 
controls, control indicators, o r  limit switches 
prior to the ditching. The aircraft was ditched 

The Seattle-Tacoma Airport 0730 under full control. 
weather was: measured ceiling 1 200 feet; 
visibility 10 miles; altimeter setting 30.12; Boeing 377 aircraft operated by North- 
wind east-northeast 7 knots. west Airlines a re  equipped with a wing flap 
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unbalance detection system which gives a sig- 
nal in  the cockpit of five degrees1 flap dif- 
ferential between the left and right flaps. The 
wing flap position indicator in the cockpit i s  
operated f rom the right wing flap. According 
to the crew,  the normal  and emergency wing 
flap drive systems and the wing flap unbalance 
detection system were checked before take-off 
and al l  functioned normally. Also, the crew 
stated that when the fiaps were retracted f rom 
the 25-degree take-off position the wing flap 
indicator showed full-up o r  retracted position. 
There is also a propeller unbalance system 
that was checked before take-off and al l  c rew 
members  testified there was no signal of pro- 
peller unbalance during the flight. 

It is the flight engineer 1s responsibility 
to c l o ~ e  the full-open engine cowl flaps pr ior  
to take-off. The flight engineer stated he was 
not cer tain the cowl flaps had been closed a t  
that time. Flight c rew members  testified 
that a visual check of cowl flap position was 
not made prior  to the ditching o r  af ter  the 
buffeting commenced. 

During the hearing the flight engineer 
was asked if he remembered actuating the cowl 
f lap switches during the before-take-off check. 
His answer was, "1 can't actually, honestly 
tell you that I really did o r  did not. The 
cockpit cowl flap controls on the B-377's and 
L-1049's move in opposite directions for the 
closing of cowl flaps and a t  the hearing the 
flight engineer testified that i t  was possible he 
had moved these controls in the wrong direc-  
tion pr ior  to take-off, thus leaving the flaps in 
their already open position. (The flight 
engineer testified that most  of his flight time 
had been on L-1049's and DC-6's the preceding 
year.) 

Following the accident a special check 
f l i  h t  was made in another Northwest Airlines 
B- \ 77 with the c rew of Flight 2 operating the 
a i rc ra f t  and the Superintendent of Flying 
Western Region, Northwest Airlines, acting a s  
observer.  In addition to the check flight, 
simulation of the conditions experienced on 
Flight 2 was also conducted. Four  take-offs 
were made with the engine cowl flaps in various 
positions. Control was normal until the wing 
f laps were retracted. The final take-off was 
with fully open cowl flaps on a l l  four engines. 
There was-no distinguishable effect on control, 
o r  buffeting, until the wing flaps were re -  
tracted. As the flaps retracted, buffeting and 
control difficulty commenced and reached a 
degree that, in the opinion of the crew,  was 

very s imilar  to that experienced by them during 
the flight of 2 April. 

In addition, t es t  flights made by the 
Boeing Aircraft  Company in a s imi la r  a i rc ra f t ,  
using open engine cowl flap positions on take- 
off, produced the same resul ts  when wing flaps 
were retracted. In a l l  of these flights, buffet- 
ing ceased and a i rc ra f t  control became normal 
when the engine cowl flaps were moved to the 
normal flight position. 

Following the take-off Flight 2 was ob- 
se rved  by the Seattle-Tacoma Airport tower 
controllers directly and on the Airport Sur- 
veillance Radar scope. The visual control lers  
testified there was no change in heading of the 
a i rc ra f t  f rom runway 20 until i t  disappeared 
below the t r ee  line. Other ground witnesses 
observed the descent and ditching and, with one 
exception, stat.ed that they did not observe any 
par t  separate  from the a i rc ra f t  pr ior  to water 
contact. The witness, who stated that he saw 
a par t  come from the a i rc ra f t  while i t  was in 
the a i r ,  was stationed approximatel'y four 
statute miles  to the eas t  of the line of flight. 
He was subsequently accompanied by Board 
investigators to his point of observation and 
through an actual flight path re-enactment it  
was determined that the subject a i rc ra f t  could 
not have been seen f rom that location, The 
witness described the pa r t  a s  being s imi la r  to 
the s ize  of a door and coming f rom the a r e a  of 
the lower forward baggage compartment. 
Examination of the wreckage accounted for  a l l  
such parts  a s  having been in place when the 
ditching occurred. A wide search  of the ground 
was made and no par t s  were found. In addition, 
a door check was made before take-off and the 
c rew stated no door warning light came on 
during the flight. 

All of the flight c rew members  had 
several  years  and many hours of experience 
in B-377 aircraf t .  They stated that buffeting 
f r o m  excessively positioned cowl flaps had 
never been experienced by any of them ei ther  
in check o r  regular flights. However, their 
testimony indicated that a l l  three c rew members  
were familiar with the pages of the flight 
operations manual covering the subject of 
buffeting. The manual notes open cowl flaps 
a s  a cause of buffeting in c ru ise  configuration 
and prescr ibes the extension of wing flaps a s  
a correct ive measure. 

There have been other previous instances 
where other operators  of B-377 a i rc ra f t  have 
experienced flight difficulties because of cowl 
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f laps being inadvertently opened. Details of 
these instances were disseminated (in 1952) 
by request of the CAB to all  operators  of B- 
377's through the medium of CAA a l e r t  bullet- 
ins, notices from the manufacturer, and the 
Air  Transport  Association, 

At the Board's request, the a i r f rame 
manufacturer prepared a study of the effect 
of full-open cowl flaps on the performance and 
controllability of the B-377 aircraft.  This 
study indicates that the use of full-open cowl 
f laps during take-off, with the normal 25 de- 
grees  of wing flaps, does not resul t  in  abnormal 
take-off characteristics.  

Further ,  the study indicates that when 
wing flaps a r e  retracted and cowl flaps a r e  
fully open, no noticeable buffeting i s  exper- 
ienced until the wing flaps a r e  within about 10 
degrees of the fully retracted position. Vibra- 
tion and buffeting then build up rapidly and 
become severe a s  wing flaps reach full-up. 
This vibration i s  more  regular than buffeting 
in a full stall  but i s  not a s  violent. With the 
increase i n  turbulence over the wings associ- 
ated with the buffeting, la teral  stability i s  
reduced and tends to give the impression that 
the airplane i s  being balanced on a pedestal. 
Lateral  t r im  requirements will more than 
likely be abnormal but not excessive. Perfor-  
mance capabilities of the airplane in the cruise 
configuration with ai l  cowl flaps wide open and 
operating all  engines a t  maximum continuous 
power may be likened to that with one engine 
inoperative and the cowl flaps in the normal 
setting. In this regard, positive r a t e s  of 
climb in excess of 600 feet minimum would be 
possible, and turns in either direction could 
be made without undue difficulty. 

The data further indicate that buffeting 
with flaps up, although considered severe, i s  
not of immediate concern a s  a cause of struct- 
u ra l  damage. The most  pronounced effect on 
control o r  stability i s  in a lateral  direction 
and a moderate amount of aileron control for 
t r i m  may be required, probably to  the right, 
even though a l l  cowl flaps may be open the 
same amount. 

All evidence indicates that the cowl flaps 
on a l l  four engines were approximately full- 
open during the entire period of the subject 
flight. Tes t  flight resul ts  proved conclusively 
that in the above aircraf t  configuration buffet- 
ing occurs  when the wing f laps a r e  retracted. 
It i s  believed that the cowl flaps remained in 

the full-open position during and af ter  the 
before-take-off check for the following reasons: 
The NWA operations manuals direct  that the 
flight engineer, after hearing the take-off 
clearance in his own headset, shall then make 
his own challenge and response to the item; 
"Cowl flaps - SET FOR TAKE-OFF. l1 To 
accomplish this requires that he actuate the 
four cowl flap switches forward, either indi- 
vidually o r  by the gang-bar, and then monitor 
the movement of each cowl flap on i ts  respect- 
ive indicator in front of him on the engineer's 
pedestal and above the cowl flap switches. 
This monitoring ensures that the flap openings 
shall  be the recommended amount, tempera- 
turewise, and in no event more  than three 
inches. 

The Board can offer no explanation for 
the flight engineer's failure to se t  the cowl 
flaps properly in the take-off position. During 
the investigation and public hearing the adequacy 
of Northwest's flight engineer training program 
was thoroughly explored. The training program 
was complete and complied with the applicable 
Civil Air Regulations in every respect. Fur- 
thermore,  it was developed that the flight en- 
gineer had successfully completed the basic 
program and the subsequent periodic checks. 
In addition his total flying time and time in the 
equipment involved i s  impressive, and i s ,  the 
Board believes, further evidence of his  general 
competency. Airline flight personnel a r e  
trained to be deliberate and to follow pre-  
scribed check procedures. Had the flight en- 
gineer acted in accordance with his training 
and previously demonstrated capabilities, his 
original omission would not have been made, 
o r ,  if made, would have been detected before 
the captain had committed the a i rc raf t  to a 
ditching. 

The GAA approved manual recommends 
that in  a water landing 25 degrees of wing flaps 
should be used to decrease airspeed and rate  
of descent. The fact that the wing flaps were 
not extended in the subject landing supports 
the captain's statement that,  in h is  mind, a 
split  flap condition existed. However, if h i s  
analysis of the difficulty had gone further ,  his 
knowledge of the B-377 would have made him 
aware that with the wing flap cockpit indicator 
showing full retraction and his thought of a 
failure of the flap unbalance system allowing 
an unsignaled extension of the left wing flap, 
the tendency of the a i rc raf t  would have been 
to roll  to the right and not to the left a s  in the 
actual occurrence. Regardless of the incorrect 
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analysis of the difficulty, a visual check of 
the wing flaps would have eliminated this 
factor and pointed to a check of other possible 
causes. 

The majority of causes of buffeting 
listed in the NWA flight manual could have 
been checked by actual observation o r  cockpit 
indication. Nos. 1 and 4 nacelles could have 
been observed from the cockpit. Had this 
been done the open cowl flap condition would 
certainly have been detected. 

Although the evidence shows that the 
captain and the f irst  officer could have leaned 
forward and looked out their respective side 
windows and have seen the cowl flap settings, 
thin did not occur to them, since the flinht - 
engineer's challenge and response was, in 
itself, the customary assurance that the cowl 
flaps were set  properly for take-off. In ad- 
dition, the captain was faced with a ser ies  of 
adverse conditions, such a s  low ceiling and 
unfavourable terrain, and it was his belief and 
decision that ditching was the safest action 
since he was convinced that any attempt to 
continue flight would result in complete loss 
of control of the aircraft, 

The Board realizes that all of these 
events were occurring within an extremely 
short period of time and that the apparent 
urgency of the situation required a rapid de- 
cision by the captain. The captain did act 

promptly a s  the situation demanded but his 
incorrect analysis of the control difficulty led 
to an unfortunate decision. The pressures of 
the situation and the limited time available to 
the captain to arrive a t  a decision no doubt 
had an important bearing on the action he in- 
itiated. However, the Board believes that 
flight manual information on the conditions 
criated by excessive cowl flap openings was 
sufficiently stressed to allow the captain, ahd 
indeed the-entire crew, to evaluate ihe dif- 
ficulty properly within the time available. 

The subject flight being domestic, the 
carrying of flotation gear i s  not required by 
Civil Air Regulations. Although the use of 
seat cushions for buoyancy i s  not listed in the 
manual, the crew members were aware that 
they could be so used and their prompt action 
ensured that no passenger o r  crew member 
was in the water without means of flotation 
after the aircraft sank. 

Probable Cause 

The probable cause of this accident was 
the incorrect analysis of control difficulty 
which occurred on retraction of the wing flaps 
a s  a result of the flight engineer's failure to 
close the engine cowl flaps - the analysis having 
been made under conditions of great urgency 
and within an extremely short period of time 
available for decision. 

ICAO Ref: AR/446 
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No. 17 

Cordova Airlines, Aero Commander, crashed on a mountain slope near  Skilak Lake, 
Alaska, on 9 April 1956. Civil Aeronautics Board (USA) Accident Investigation 

Report, Fi le  No. 1-0038, released 7 March 1957. 

Circumstances 

The flight departed Anchorage, Alaska, 
a t  0905 hours Alaska Standard Time for Seward, 
Alaska. The pilot filed a VFH flight plan esti- 
mating time en route to Seward a s  45 minutes. 
Witnesses saw the aircraft  flying southeast 
toward Seward, heard it circle  Russian Lake 
and saw i t  pass them again flying west-north- 
west a t  0951. At 1255 the flight wae still  un- 
reported and eearch and reecue procedures 
were initiated. On 10 April a t  approximately 
1400 hours the wreckage was eighted on the 
south slope of an unnamed mountain east  of 
Skilak Lake a t  an  elevation of about 3 000 feet 
mean s e a  level near  latitude 600 24' N, longi- 
tude 150" 03' W. The pilot and five male pas- 
sengers were killed and the a i rc raf t  was de - 
molished. The accident occured a t  approxi- 
mately 0954 hours, 3 minutes after the a i r -  
c raf t  wae las t  seen 5. 7 miles southeast of the 
crash  point. 

Investigation and Evidence 

A CAB investigator eurveyed the terrain 
and the wreckage from a helicopter on 12 and 
18 April. While on a heading of approxima- 
tely 274 degrees magnetic the aircraft  had 
struck the southern slope of the mountain and 
had come to r e s t  approximately 200 yards to 
the west of and about 30 yards below the point 
of f i r s t  impact. Detailed inspection was de- 
layed by weather and ground conditions. 

On 14 July the investigator was able to 
reach the scene of the accident by helicopter, 
landing about 100 yards above the main wreck- 
age. 

The ground a t  the scene and in the adja- 
cent a r ea  was covered by large,  jagged frag- 
ments of loose rock, The conditions of this 
surface showed that one o r  more  large rock 
slides had occured subeequent to the accident. 

Impact rnarke made by the mountain 
elope upon the aircraft  were on the lower side 
of the fuselage a t  a point approximately even 
with the pilot's cockpit. The cockpit and pas- 
senger compartment of the fuselage were 

shredded to a point 6 - 8 feet forward of the 
vertical fin attachment. Seats,  instruments 
and controls were demolished. 

Both power plants were torn from the 
main wreckage and only one was located. Nei- 
ther  propeller was found. The centre section 
remained attached to the fuselage but its s truc-  
ture had collapsed. 

The fuel cells remained unruptured but 
practically a l l  of the fuel had drained away 
through broken fuel lines. 

The empennage with the r ea r  portion of 
the fuselage was separated from the main wrecl 
age and was thrown to the left. .It was severely 
damaged throughout al l  componente. 

Such detailed examination of the wreck- 
age a s  was possible at  the s i te  disclosed no 
indication of inflight failure, malfunction of the 
aircraft  o r  any of i ts  components, o r  of fire. 

The point a t  which the wreckage was 
found i s  just within the northern limit of a i r -  
way Red 103. The centerline of this airway i s  
marked by the southeast leg of Kenai radio 
range, which i s  oriented a t  267 degrees magnet 
ic ,  toward the ststion. At this point the center- 
line of Red 103 passes over the northern nose 
of a mountain to the south. That nose i s  about 
4 000 feet high a t  that point, and it r i ses  to 
5 000 feet within the airway. Also a t  that point, 
the actual pass,  with its low ground a t  500 to 
1 000 feet,  l ies  about midway between the cen- 
terline of Red 103 and the scene of the accident. 

The route includes two mountain passes, 
the one described between Skilak Lake and 
Upper Russian Lake, and aleo one called Res- 
urrection Pas  a ,  between Upper Russian Lake 
and Seward. The floor of both these passes is 
generally a s  low a s  500 feet with emall knolls 
reaching 1 000 feet. High ground on both aides 
of both of these passes reaches 3 500 to 4 500 
feet. The lodge from where the aircraft  was 
last  eeen i s  a t  690 feet. The Ruseian River and 
the pass to Skilak Lake l ie  along the same di- 
rection (northwest) from the lodge for 3. 29 
miles,  then the r iver  bends to run approxima- 
tely north along the  eastern base of an unnamed 
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4 11 ?)-foot mountain. South of this mountain 
the low ground ( 1  000 feet o r  less )  continues 
west to Skilak Lake. 

The centre of gravity was within author- 
ized l imits ,  but the gross weight a t  the time 
of take-off was approximately 5 892.6 pounds, 
392.6 pounds over the authorized gross weight 
which i s  5 500 pounds.. Maximum take-off 
weight of 5 700 pounds had been authorized by 
the company's chief pilot, who advised the 
Board's investigator that,this was done on the 
basis of figures contained in the CAA approved 
flight manual pertaining to Aero Commander 
model 520 aircraft. 

The chief pilot was not familiar with 
CAA ai rcraf t  specification 6A1, which author- 
izes take-off gross  weight of 5 700 pounds for 
certain Aero Commander model 520 aircraft ,  
but does not apply to the subject aircraft  which 
i s  excluded by note 3 of the specification. 

Cordova Is superintendent of maintenance, 
and the chief inspector, participated in prep- 
aration of the current CAA Form 337 for  the 
aircraft ,  which specified a maximum gross 
weight of 5 500 pounds, and they were familiar 
with specification 6A1. The aircraftwas certifi- 
cated for operation with five persons aboard - 
pilot and four passengers. On this flight i t  
carr ied six - pilot and five passengers. 

Cordova Airlines' operating certificate 
required that the operation of light aircraft  
over the routes involved be done under day- 
light VFR conditions only, and that the dispatch 
of these aircraft  be a t  the discretion of the 
pilot-in-command. It was determined that the 
chief dispatcher did work with the pilot in the 
planning of the subject flight. The 0700 and 
0900 weather forecasts were available to both 
the chief dispatcher and the pilot prior to the 
flight 1s departure. Since this weather infor - 
mation clearly indicated that the flight could 
only have been flown under extremely marginal 
conditions, the Board i s  of the opinion that the 
pilot, having available weather data which in- 
dicated that the flight could not be completed 
throughout its entirety under VFR conditionr , 
should have cancelled the flight before take - 
off or turned back immediately upon encoun- 
tering IFR conditions. 

An analysis of the weather indicates that 
along the route Anchorage to Kenai and to 
Skilak Lake during the time of the flight scat  - 
tered clouds existed a s  low a s  700 feet with 
brokento overcast layers beginning a t  2 500 feet 
above the surface to 25 000 feet. Intermittent 
light rain was occurring, occasionally mixed 
with light snow. Winds at  1 500 feet were south- 
easterly about 20 knots, becoming more 8011th- 
er ly and increasing in speed a t  higher altitudes. 
Between Skilak Lake and Russian Lake the 
clouds obscured the mountains with ceiling and 
visibility a t  o r  near  zero. Strong southeast- 
er ly winds were funneling through this pass, 
resulting in  moderate to a t  timer severe tur - 
bulence; thir turbulence would undoubtedly have 
been in the nature of strong guets in the a rea  
where the accident occured. 

The evidence indicates further that the 
pilot was unable to proceed under VFR condi- 
tions in the vicinity of Upper Rurrian Lake 
because of low ceiling and visibility. It i s ,  
therefore, believed that he decided to discon- 
tinue the flight to Seward and return to 
Anchorage. It is further thought that during 
the return t r ip  he was unable to maintain visual 
reference to the ground and elected to climb, 
hoping to clear  terrain in the area. The fact  
that the pilot held an instrument rating and 
the a i rc raf t  was equipped with the necessary 
instruments for  flight under IFR conditions, 
together with the fact that the accident occured 
a t  an elevation well above that a t  which VFR 
flight could be flown lends credence to this 
belief. 

Subsequent to this accident, the company 
revised its personnel structure by the addition 
of a vice president in charge of all  operations, 
who coordinates the Operations Department 
with all  other departments within the company. 
In addition, i t  was made possible for  the corn- 
pany to obtain weather reports ,  by radio, f rom 
the lodge on Upper Russian Lake. 

Probable Cause 

The probable cause of this accident was 
the pilot's action in continuing flight during 
instrument weather conditions on a planned 
VFR flight through a mountain pass,  and 
striking a mountainside while attempting to 
climb out. 

ICA0 Ref: A ~ / 4 6 0  
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No. 18 - 
Scottish Airlines (Prestwickl Ltd. . York aircraft.  

G-AMUL, swung on take-off run and lost a wheel at  Stansted Airport, 
~ s s e x ,  England, on 30 April 1956. C. A. P. 139 released by 

Ministry of Transport and Civil Aviation (U. K. ) 

Circumstances 

The flight was to be via Malta to Hab- 
baniyah, Iraq, and was being made on charter  
by the Air Ministry to car ry  R.A.F. personnel 
and their families. On board were 5 crew mem- 
bers ,  45 passengers and four babies. The 
take-off run was begun a t  approximately 0930 
hours Greenwich Mean Time. After travelling 
some 300 yards along the temporary runway, 
the a i rc raf t  developed a swing to starboard 
with a consequential skidding movement of the 
t i r e s  so severe that within a further distance of 
less  than 100 yards i t  left the runway on the 
s tarboard side still  under the influence of the 
swing, skidding and travelling a t  about 45 knots. 
On reaching a 41French11 drain some 25 feet 
f rom the runway the undercarriage collapsed, 
the starboard wheel fell c lear  and the aircraft  
settled on i ts  belly and on the port wheel. The 
a i rcraf t  finally came to r e s t  pointing back al- 
most  in the direction from which i t  had begun 
i t s  run. One aircraftsman and a 4-year old 
gir l  were killed and 4 other passengers were 
seriously injured. 

Investigation and Evidence 

Due to the belly of the fuselage, a s  i t  
settled, being forced to starboard, i t  met  the 
s tarboard inner propeller which cut the control 
lines to the fuel cocks with the result that i t  
was impossible to prevent the escape of some 
700 gallons of petrol - a large quantity of which 
poured into the passenger cabin and onto those 
who were pinned by the entry of the port wheel. 
The Airport F i r e  Brigade was a t  the scene 
within a few seconds and laid a blanket of foam 
over a l l  so that the r isk of f i re  was averted. 

Due to reconstruction of the main runway 
taking place, a l l  a ircraft  use a temporary 
runway parallel to the main runway and some 
650 feet to the northwest of it. The temporary 
runway is 5 700 feet long and i s  composed of 
the former taxiway of that length with the 
addition of a s t r ip  (called a shoulder) on either 
side to provide the extra width required for a 
runway . 

The former taxiway was 90 feet wide with 
a good macadam surface and capable of sus- 
taining the weight of any aircraft. To this has 
been added on each side a s tr ip o r  shoulder 25 
feet wide constructed of a layer of "Class C 
Fill" ( a  kind of compacted gravel) with in 
places some broken concrete in addition, the 
whole being covered with two inches of close 
macadam to form the same surface a s  that of 
the former taxiway. Although not so strong as 
the taxiway, the shoulders a r e  of sufficient 
strength to support occasional use by aircraft.  
The width of the runway formed by the old 
taxiway and the two shoulders i s  thus 140 feet, 
being the same a s  that of the main runway be- 
fore reconstruction. In practice, however, 
this overall width i s  to some extent reduced by 
American type electric lights standing some 19 
inches high fixed to the runway by spikes a t  
intervals along either side and connected to- 
gether by rubber tubing. These lights a r e  
fixed a t  a distance of 10 feet in from the outer 
edge of each shoulder so  that the width of the 
runway between the iights i s  only 120 feet. A 
broken white line marks  the centre of the run- 
way throughout i ts  length and there is also a 
continuous white line painted on either side a t  
the junction of the old taxiway and the shoulders. 

This runway i s  undoubtedly narrow for  
an a i rc raf t  of the size of a York, which has a 
wing span of 102 feet and a wheel base of just 
under 24 feet. A pilot taking off a York from 
this runway would naturally seek to avoid 
letting his wheels go on to a shoulder, although, 
if he did, i t  would support the weight as i t  
supported that of G-AMUL on the morning in 
question, whilst if he hit any of the lamps i t  
would be most unlikely to cause the a i rc raf t  
the slightest damage. Although admittedly 
narrow for an aircraft  of this size, there is no 
doubt that this temporary runway is service- 
able. The captain of G-AMUL had himself 
taken off York aircraft  f rom this runway with- 
out difficulty on a t  least 10 to 12 previous oc- 
casions and stated in the course of his evi- 
dence, when asked whether he was a t  a l l  
troubled on this occasion by the width of the 
runway, that he was "not conscious of any 
undue narrowness". 



ICAO Circula 

On the south side of the temporary run- 
way and 25 feet out from the outer edge of the 
shoulder i s  a "French" drain laid parallel to 
the runway throughout its length. Evidence 
showed that after the aircraft had left the run- 
way (still swinging to starboard and with its 
wheels skidding to port) it met the obstacle 
formed by this drain and the undercarriage 
collapsed. This drain, which has its counter- 
part on the north side of the runway, was con- 
structed a t  the same time as  the shoulders. 
It consists of a trench 3 feet 6 inches deep 
along the bottom of which a porous cement pipe 
has been laid on a concrete bed. The trench 
above the pipe has then been filled with what 
a r e  termed "rejects". These stones and 
pieces of concrete are ,  in fact, those which 
would not pass through screens used to select 
the Class C fill and pieces of concrete em- 
ployed to form the base of the shoulders. Any 
attempt to ram o r  roll this filling might result 
in breaking the pipe and in consequence it was 
necessary either to leave the filling some 
inches vlproudll to allow for settlement o r  to 
top up from time to time a s  settlement oc- 
curred. The filling was left "proud" and now 
that a year has elapsed since the work was 
done it i s  in many places at least 6 inches 
'tproudft whilst the stones at  the top a r e  large 
and in some cases could be described a s  small 
boulders. 

The drain follows a line formed a t  the 
point where the grass sloping down from the 
outer edge of the shoulder makes a dip with 
the slightly rising ground further to the south. 
It is accordingly sited at a point where drain- 
age is  obviously necessary both for the ground 
south of the runway and in order to take away 
surface water from the runway itself and water 
which might otherwise accumulate below the 
shoulder . 

Ideally, perhaps, a runway should have 
on either side an expanse of grass large 
enough to ensure that an aircraft leaving the 
runway in any foreseeable circumstances will 
be able to run its course unimpeded by any 
obstacle. In practice this i s  obviously im- 
possible. This drain was of a type which 
appears unobjectionable and in accordance with 
standard practice. It was properly sited and 
necessary and the tnvestigator does not think 
that the fact that some criticism may be made 
of the manner of filling made any real differ- 
ence in'~his particular case. This aircraft 
left the runway it1 most unusual circumstances 
and it i s  considered that the blame for what 

occurred cannot be put upon the drain. If this 
incident had occurred in wet weather and there 
had been no drain so that the ground would have 
been water-logged a similar result would have 
occurred whilst if on this occasion it had swung 
to port instead of to starboard there wete many 
obstacles with which i t  might have collided a s  
well a s  taxiways and hard standings which 
would have had a similar effect. 

The aircraft  was properly and efficiently 
maintained and entirely fit to carry  passengers 
on the flight contemplated. It had been properly 
loaded and trimmed, the brakes had been care- 
fully tested and tests carried out after the ac- 
cident served to prove that no engine failure o r  
failure of controls occurred. 

The legs of the undercarriage were 
fractured a t  their top points of attachment. 
Calculations and inspection of the fractures 
made a t  the Royal Aircraft Establishment a t  
Farnborough after the accident show that the 
s t resses  imposed on the undercarriage when i t  
met the drain were increased to the order of 
some three o r  four times those which it was 
already undergoing and to an extent which no 
undercarriage is designed to support whilst the 
fractures disclosed no sign of fatigue but, on 
the contrary, tensile strength very much above 
the specified minimum. 

A York aircraft, in common with many 
aircraft,  has a tendency when rolling to pull to .  
port. This tendency is, of course, well known 
to all experienced pilots and is  not difficult to 
correct. The aircraft while on the ground can 
be controlled in three ways; firstly, by the use 
of the throttles, secondly, by the brakes which 
can be applied either to the port or  starboard 
wheel or  both and thirdly, by the rudder which 
i s  operated with the feet. 

There a r e  four throttles (one for each 
engine) consisting of four levers projecting 
downwards from the throttle box which i s  fixed 
rather above the f irst  pilot's head and to his 
right front. It is,  of course, to the left but 
otherwise in a similar relationship to the posi- 
tion of the second pilot. The method of oper- 
ating the throttles is for the pilot to grasp all 
four in his hand inserting his fingers between 
the levers so that he can push these forward to 
open the throttles o r  pull back to close them, 
whilst by an inclination of his hand to one side 
o r  the other a s  he opens the throttles he can 
advance the port throttles ahead of the starboard 
o r  vice versa. In taking-off there is  normally 
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no question of closing the throttles and the 
pilot i s  occupied in pushing them forward 
until he attains the desired speed - correcting 
h i s  course by advancing one pair  of throttles 
beyond the other a s  may be necessary. Thus, 
to  co r r ec t  the Yorkls tendency to roll  port- 
wards i t  i s  generally necessary to advance the 
port  throttles slightly in  front of the starboard. 
The pilot, once he has got the a i rc ra f t  roll-  
ing s t raight  and at the desired speed, r e -  
qu i res  his right hand to join his left with which 
he has  been holding the control column and 
accordingly the practice i s  f o r  the second 
pilot to keep his left hand close behind the 
right hand of the pilot and ready to take over 
the throttles when the pilot relinquishes them. 

The handles operating the brakes a r e  
fitted on ei ther  side of each control column, 
there  being one provided for  the pilot and 
another for the f i r s t  officer. The brakes can 
be operated equally o r  differentially and a r e  
extremely powerful. 

The effect of the rudder is negligible 
until there i s  sufficient speed o r  power to 
provide a s t r e a m  of a i r  over it. As the a i r -  
c ra f t  makes i t s  run and the speed increases  
s o  the effectiveness of the rudder will gradu- 
al ly  increase. 

The captain's evidence was that he 
lined up the a i rc ra f t  on the threshold of the 
runway straddling the white line but pointing 
5' to the left of it. After carrying out the 
usual. pre-take-off checks, he received per-  
mission to take-off and the a i rc ra f t  moved 
forward. 

What happened thereafter i s  described 
by the captain a s  follows: 

"It (the aircraf t )  moved slightly to 
the left. I corrected the take-off 
run. The a i rc ra f t  seemed to come 
straight. Then I felt  a violent swing 
to the right. I did not like it. I 
pulled everything (meaning the 
throttle levers)  off and continued on. 
The a i rc ra f t  seemed to roll  fairly 
well. After I had got my hands off 
the throttles I was preparing to 
use control of the brakes to pull 
the a i rc ra f t  up. The a i rc ra f t  
seemed to rol l  off. The next thing 
we were off in  a 180' turn. Then 
of course we sa t  down." 

The captain was insistent that he  had 
not a t  any time used his  brakes but thought 

that he might have used his  rudder instinct- 
ively. When he closed the throttles he did so  
because he had decided to abandon the take-off 
run in view of the swing which had developed. 
Asked what could have been the cause of the 
violent swing to s tarboard he  said: - "1 cannot 
think of one myself. The only possible thing I 
could think of was that I must  have somehow 
over-corrected. He added that he was ''not 
conscious of having over-corrected" and that 
a t  the time he closed the throttles, which was 
before the a i rc ra f t  c rossed  the centre line, he 
thought his  speed was "fast enough to cause 
trouble but not too fast  to get out of it." 

The f i r s t  off icer 's  account i s  that a s  the 
a i rc ra f t  left  the threshold he had h is  head down 
watching the instruments.  He said - "I was 
aware  we were moving to the left of the centre  
line - i t  definitely was not a swing in any way 
but a slight movement to the left of the centre 
line. The boost p ressures  were a t  this t ime 
t16 Ibs. each approximately. I put my left 
hand up by the captain's right hand. I anticipa- 
ted taking over f rom him and had my hand I 
think on the throttles and I felt him using dif- 
ferential throttle and stil l  juggling with them 
and I looked up to s ee  why. I saw that we were 
on the left-hand side of the runway - I would 
not know how much but towards the left. The 
captain pulled the throttles back and put his 
right hand on the control column. Almost 
immediately I pulled back No. 1 throttle - the 
port  outer - because i t  was not fully closed. " 
He went on to described the increasing severity 
of the swing and the outcome and stated that 
the port  outer throttle was ''not a s  much a s  
half opea" when he himself closed i t  but more  
than would have been the ca se  if i t  had merely 
bounced back a little on being closed. He was 
not conscious af ter  putting up h i s  left hand 
that the captain made any violent o r  abnormal 
movement of the throttles. 

The investigator s ta tes  that, in the light 
of the evidence, he cannot think that this swing 
can  have developed without some grave e r r o r  
on the pa r t  of the captain. The violent swing 
a t  so ear ly  a stage of the a i rc ra f t ' s  run  could 
only resul t  f rom a correct ion of the portward 
course due either to a sudden and excessive 
differential use  of the throttles o r  to a moment- 
a r y  application of brake to the s tarboard wheel 
o r  to both these factors.  The captain was not 
conscious that he did ei ther  of these things. 
The investigator has no doubt that the captain 
over-corrected violently and excessively when 
he used the throttles to  bring the a i rc ra f t  
s t raight  and that this caused the beginning of 
the swing. In the light of the s tarboard wheel 
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mark * and despite the captain's belief to the 
contrary, the investigator is inclined to 
think that he must a t  the same time have also 
applied the starboard brake. The latter 
supposition is  necessarily speculative but 
nothing else in the investigator's opinion 
accounts for the sudden development of so 
severe a swing that even before he crossed 
the centre line he decided to close all throttles 
and to abandon the take-off. The fact that 
in closing the throttles he left the port outer 
open would, since i t  had been a t  16t boost, 
serve to accentuate the swing, but the effect 
of this e r ro r  was quickly corrected by the first 
officer. 

It is  difficult, without experiencing the 
violence of the swing a s  the captain did, to 
attempt to judge whether his decision to close 
the throttles and to abandon the take-off was 
the right decision. Equally, it i s  not easy to 
criticize what he did o r  failed to do after he 
had closed the throttles. In the latter stages 
of the swing use of the rudder would hardly 
have influenced his course whilst experienced 
pilots who gave evidence expressed the opinion 
that it was better a t  this stage not to use the 
brakes. 

In these circumstances the investigatar 
i s  not prepared to condemn the captain's 
decision to close the throttles or  his subsequent 
failure to control the course of the aircraft. 
The e r ro r  was committed earlier when he 
started to correct his portward course. 

Probable Cause 

An over-correction of the portward cour- 
se  of the aircraft possibly accompanied by 
some application of the starboard brake 
caused the aircraft to swing to starboard off 
the runway and to encounter the "French" 
drain with the resulting failure of the under- 
carriage. The over-correction by the pilot, 
whether or not accompanied by some applica- 
tion of the starboard brake, should be termed 
a grave e r ro r  of judgment and skill rather 
than a wrongful act or default. 

Recommendation 

Whilst the investigator did not think that 
the manner in which the I1Frencht1 drain was 
filled had any significant effect in the circums- 
tances of the accident, it must be recognized 
that if  the top of the trench i s  left over uproudll 
to the extent that it was left in this case and if 
the stones at  the top a r e  of the size employed 
here, danger could still a r ise  if an aircraft 
had left the runway in more normal circums- 
tances. There can be no justification for a 
filling which involves risk to an aircraft if i t  
runs off the runway for a distance a s  short a s  
25 feet. It i s  recommended that, in the case 
of this particular drain, steps should be taken 
to reduce the extent to which it i s  over "proud" 
to at  most two inches and to substitute for the 
top layer of stones a t  present in position. 
smaller stones less likely to cause damage. 
It i s  suggested that since this method of filling 
i s  apparently employed a t  other airfield*, all 
necessary steps should be taken to check the 
top layer in these cases also. 

* It was cbserved from the track of his tires that the initial tire mark was that of the starboard 
wheel and that a t  this point the width of the track was over 24 feet and accordingly somewhat 
wider than the normal track width of 23 feet 9 inches. Although the wheels a r e  so set  that they 
can float to a tolerance of some inches, the start of the track and the fact that the starboard 
wheel track was the f irst  to appear a r e  in the investigator's opinion important factors. 

ICAO Ref:: ~ ~ / 4 5 5  
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No. 19 

Trans  World Airlines, Inc., Martin 404, was damaged on landing a t  
Greater  Pittsburgh Airport,  Pittsburgh, Pennsylvania, on 7 June 1956. 

Civil Aeronautics Board (USA) Accident Investigation Report, 
Fi le  No. 1-0055, released 23 July 1957. 

Circumstances 

Flight 509 was r e g d a r l y  scheduled be-  
tween La Guardia Airport,  New York and 
Houston, Texas, with several  scheduled stops 
including Pittsburgh. The a i rc ra f t  departed 
La  Guardia on schedule a t  1120 hours  eas te rn  
daylight t ime  carrying 3 crew,  28 adult pa s -  
sengers  and Z infants. The flight operated 
uneventfully in VFR weather over the entire 
route New York to Pittsburgh. On a r r i va l  
there, the crew requested and received c lear -  
ance to make a simulated ILS approach to 
runway 28, the instrument runway. During 
the l a s t  portion of the final approach the a i r -  
c ra f t  los t  altitude rapidly. This high r a t e  of 
descent continued until the main landing gear  
of the a i rc ra f t  s t ruck two centreline approach 
lights and then contacted the ground just short 
of and below the approach end of the overrun 
extension of the runway. The a i rc ra f t  slid 
down the runway, without appreciable yaw, on 
i t s  undamaged nose wheel and the r e a r  por - 
tion of the bottom of the fuselage, for a dis - 
tance of approximately 3 500 feet. Two pas - 
sengers  received minor injuries during 
evacuation via emergency exits.  

Investigation and Evidence 

The f i r s t  officer was in the left  seat  be-  
ing checked for upgrading to captaincy by a 
company qualified check pilot and this was the 
f i r s t  flight they had made together. The f i r s t  
officer had made other simulated ILSapproaches 
a t  Pittsburgh but f rom the right seat.  Nis 
total left  s ea t  t ime in  Martins was about nine 
hour s acquired during transitional training a t  
Kansas City. It i s  company policy not to give 
f i r s t  officers left  sea t  t ime except during this 
transitional checking for captaincies. 

Runway 28, the one nsed, i~ approximate- 
l y  7 500 feet long with a 600.-foot paved overrun 
a r e a  on i ts  approach end. This end of the run-  
way i s  1 137 feet above sea  level; the f a r  end 
of the runway i s  1 168 feet above sea level. A 
horizontal row of high intensity approach lights 
Leads to the approach end of the overrun a rea .  

At 1321, two minutes after the accident, 
the weather conditions were a s  follows: 
scat tered clouds a t  5 000 feet; visibility 
7 miles; wind calm; temperature 78 degrees; 
altimeter 30.00. 

Investigation a t  the scene disclosed that 
the right main gear  wheels struck the l a s t  two 
high intensity centreline approach light towers 
located 800 feet  and 700 feet f rom the thresh-  
old of the runway. These lights, a s  well a s  
others  beyond them, a r e  substantially a t  the 
same elevation a s  the runway and its overrun 
a rea .  A f resh  cut, three-quarters  of an inch 
wide and one -half inch deep, in the outboard 
r i m  of a right main landing wheel was made 
when that wheel s t ruck the tower 800 feet from 
the threbhold. Guard ra i l s  on the other tower 
were broken and bent in the direction of flight 
arid one of i ts  right-hand lights was broken 
off. 'T i r e  marks  were found on both light 
tower railings and a six-inch section of inner 
tube was found on the ground below the light 
tower 700 feet short of the runway threshold 
and 100 feet f rom the beginning of the overrun 
a r ea ,  

Both main landing gears  struck the em-  
bankment about 50 inches short  of the overrun 
a rea ,  and approximately 22 inches below its 
level. Marks a t  the s t a r t  of the pavement 
indicate that the nose wheel made f i r s t  contact 
a t  that point. Both main gears  were displaced 
rearward  a s  their drag s t ru t s  failed, with the 
left gear separating a t  the s t ru t  cylinder and 
coming to r e s t  on the runway forward of the 
threshold. Blades of the left  and right p ro-  
pel lers  were bent rearward  and their tips 
were ground down. 

The ent i re  landing gear support s t ruc-  
tu re  and the shear shelf of the left  nacelle 
were  bent and torn loose and the s t rut  cylinder 
was swung rearward.  

After the accident the wing flaps were 
found up, the flap handle was in i ts  "up" detent 
and the flap position indicator in the cockpit 
read  ,'up". The trailing edges of the flaps 
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were not damaged by contact with the runway. 
However, the r ea r  portion of the right in-  
board flap was deformed downward a t  i ts  t ra i l -  
ing edge by a pair  of concavities closely mating 
with the contour of the outer curvature of the 
pair  of right t i res .  

Following the 'accident, an intensive 
investigation was made of the flaps and their 
operating mechanisms and associated com- 
ponents. No irregularity of any eignificanc e 
was found during thie examination. 

While the a i rc ra f t  was in the TWA 
hangar on jacks, the right gear was moved 
rearward in a n  effort to match the fractures ,  
abrasions, and deformities of the gear with 
the bottom skin of the wing and flap. This 
was accomplished. Both hinge joints of the 
right landing gear  were intact; however, the 
support bracket of the right side of this gear  
was fractured.  The Y section of the main land- 
ing gear  was dieplaced upward and rearward,  
leaving i ts  imprint in the bottom of the wing 
skin aft of the-wheel nacelle. The T door unit 
that i s  normally attached and remains with the 
gear  while it i s  in the full down position was 
found crushed a8d displaced. It had broken 
f r ee  f rom the lower attach point on the gear  
s t rut  cylinder. This lower attach fitting i s  
approximately 33 inches below the hinge point 
of the gear s t rut ,  When the gear  was placed 
in position, this fitting on the cylinder match- 
ed a puncture in the lower skin of the trailing 
edge of the wing. The trailing edge of the 
wing had been deformed and displaced to some 
extent. The landing gear scissor  was extend- 
ed full length. The upper end of the piston 
portion of the landlng gear  s t ru t  had bottomed 
against and fractured the retaining unit a t  the 
lower extremity of the main s t ru t  cylinder. 
A grease  fitting located on the hinge position 
of the scissor  matched a puncture in the 
lower skin of the flap. This puncture was 
elongated by the flap moving upward. Damage 
to the underside of the wing and to the flap 
mated with the landing gear when the flaps 
were  extended about 12-1/2 degrees. 

Certain hydraulic sys tem components 
were  removed f rom the a i rc ra f t  and bench 
checked. Among these was the wing flap load 
relief va!ve, a spring -loaded hydraulic relief 
valve that relieves hydraulic p r e s su re  in the 
flap extension mechanisxri when the flaps a r e  
subjected to high airloads, This unit prevents 
full flap extension and/or allows partial flap 
retraction before excessive airloads a r e  de - 
veloped, thus preventing damage to the mecha-  
nism o r  the wing structure. All components 

tested were found to operate in a normal 
fashion with no significant variations f r o m  
accepted performance tolerances being noted. 

There were no indications of any failure 
o r  malfunctioning of any sor t  pr ior  to initial 
impact with the ground. 

Crew testimony was a s  follows: 

Upon approaching the localizer course,  
the captain lowered the flaps to  take-off 
position and verified that position by the 
flap indicator. Approach control advised 
the flight of i t s  position, and told i t  to 
continue the approach and to contact the 
tower. When established on the localizer 
course the landing gear  was lowered, a l so  
by the captain and checked down and locked, 
with three green lights showing. The pro- 
pel lers  were se t  a t  the customary 2 300 
rpm,  and the remainder of the'checklist 
was completed. 

The tower was contacted about one 
minute east  of the River radio beacon (about 
5. 6 miles  east  of runway 28), and the flight 
was cleared to continue i ts  approach to run-  
way 28, with the tower advising that traffic 
was a jet a i rc ra f t  making a low approach to 
the runway and about three miles  out. Upon 
approaching the glide path the flaps were 
extended by the captain to the approach posi- 
tion and this position was verified by the flap 
indicator. According to the crew, the ILS 
approach was normal.  The left  t ransparent  
sun visor was in the down position to lessen 
outside visibility a s  i s  customary during 
simulated ILS approaches. The right sun 
visor was up. The captain testified that a t  
approximately 1 400 feet  m.  s .  l., about 
250 feet  above the level of the runway, he  
raised the left sun visor with his left hand 
and extended the flaps to landing position, 
the la t ter  a t  the request of the f i r s t  officer. 

Shortly thereafter,  the a i rc ra f t  lost  
altitude more  rapidly. This was apparent 
to both pilots by sensation and ground r e f e r -  
ence. Airspeed a t  that t ime was noted to be 
about 110 knots (about 5 knots more  than 
normal because the long runway permitted 
a longer landing roll). The captain s tar ted 
to advise the f i r s t  officer of the settling, 
but the la t ter  was already taking correct ive 
action by applying power. The a i rc ra f t  sink 
appeared to be a r r e s t ed  momentarily, but 
it then resumed despite the application of 
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power. The amount of power applied was 
nearly full throttle - almost to the stops. 
Although the aircraft  was low, and getting 
lower, it appeared to both pilots that they 
would reach the runway without difficulty. 

As power was applied, the nose of the 
a i rc raf t  came up more and more.  'The f i r s t  
officer, along with applying power, was also 
bringing back the control wheel. This nose- 
up attitude was such that the runway threshold 
was lost to view f rom the cockpit, although the 
f a r  portion of the runway could still  be seen. 
A tower controller who observed the settling 
estimated that i t  started about one-fourth 
mile short of the approach end of the runway 
and about 50 feet above the row af approach 
lights. 

The sinking continued until contact with 
the approach light$, 200 and 100 feet f rom the 
end of the overrun. It was the impression of 
both pilots that they had f i r s t  contacted the 
runway proper. The captain testified that he 
believed that he started the flaps up upon 
sensing the runway contact, but did not recol- 
lec t  specifically raising them at  any time. 

The only ~ t h e r  traffic in  the vicinity a t  
the approximate time was an Air Force  jet 
fighter, also making a simulated ILS approach. 
When Flight 509 reported to the tower a s  pass-  
ing the outer marker  inbound, i t  was told that 
the jet aircraft  was about 3 miles ahead. Nei- 
ther pilot saw it. When the jet aircraft  dis- 
continued its approach, TWA 509 was cleared 
to land. Observation of the path of the jet by 
the tower controller leads to his estimate that 
i t  passed over the approach end of runway 28, 
where TWA 509 f i r s t  made ground contact, a t  
an  altitude of f rom 200 to 300 feet, and that 
i t  did so between one and two minutes before 
TWA 509 reached that location. Both pilots 
stated that there was no significant turbulence 
either f rom the jet aircraft  o r  f rom any eddy- 
ing of a i r  just beyond the approach end of the 
runway where the terrain falls away rather 
sharply. 

The rapid settling should not have been 
caused by natural turbulence because a jet that 
landed seven minutes pr  eviously experienced 
none of any importance. Also, the lack of 
wind - reported a s  calm - coupled with a rather  
normal noonday temperature df 78 degrees 
militate against it. The rapid aettling seems 
most  certainly not to have been cause: by the 
jet making the low pass over runway 28 just 
ahead of Flight 509 because neither of the pilots 

of Flight 509 reported trouble from that source. 
Considering this primarily, and recalling there 
was some 3 miles separation between the flight 
and the jet, the Board believes that insufficient 
jet wash o r  natural turbulence existed to cause 
the sink. 

The f i r s t  officer stated that the airspeed 
was 110 knots and that engine manifold pres  - 
sure  was 20 inches when he called for  "land- 
ing" flaps. Bench testing of the wing flap load 
relief valve disclosed that i ts  cracking pres - 
sure  was 870 p. s . i .  A valve so adjusted would 
prevent full flap extension a t  speeds above 
98 knots, with engine power a s  reported. At 
20 inches of manifold pressure,  and a t  an  
airspeed of 110 knots, the flaps would not 
extend fully, but due to load relief valve action 
they would cease their downward movement and 
become stabilized a t  an intermediate position 
of approximately 36 degrees. An increase in 
engine power a t  this time would cause further 
flap retraction; however, flight tests  have 
shown that such retraction i s  accompanied by 
a slight increase in airspeed and litt le o r  no 
settling of the aircraft  i s  experienced. 

Because it is believed that neither jet 
wash nor natural turbulence were factors and 
because no defect was found in the aircraft  
o r  its components, the reason for the low 
altitude appears to be operational. However, 
the physical evidence available to us concern- 
ing the flight path of the aircraft  cannot be 
reconcile-d with the testimony of the flight crew 
concerning airspeed, flap management, and 
time of power application. If the airspeed of 
the aircraft  was a s  testified, 110 knots, and 
sufficient power was applied a t  the proper 
time and the flaps were not retracted, there 
i s  no known reason why the aircraft 's descent 
could not have been arrested in time to avoid 
undershooting the runway and striking the 
lights. In the light of the testimony of the 
pilots, along with the physical evidence avail - 
able, the Board is left with no other conclusion 
than that the landing approach was so poorly 
executed by the copilot a s  to have made it 
obligatory for the captain to have taken, o r  
caused to be taken, earl ier  corrective action. 

In reconstructing this accident i t  i s  
necessary to premise certain happenings upon 
possibilities rather than known actualities. 
A reconstruction so constituted would be a s  
follows: 

At o r  shortly before the time when the 
captain raised the copilot's sun visor and then 
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lowered the flaps, the copilot increaeed his 
rate of descent. Thia ie underatandable inae- 
much ae he had only then changed from inrtru- 
ment to vieual reference. At that time, eee- 
ing ahead of him a 600-foot overrun area ehort 
of the runway and indirtinguirhable from it  in 
colour, i t  may eafely be presumed that he in- 
craared hir rate of'dercent so that his touch- 
down would be a t  the proper place on the run- 
way, but in relation to the approach end of the 
overrun area rather than in relation to the 
approach end of the runway proper. Then, 
when it became apparent that thie resulted in 
the aircraft einking too rapidly, the correc - 
tive application of power war made too late 
to a r res t  the deecent before the lights were 
struck. There lights, a r  previously stated, 
a r e  rubstantially a t  the eame altitude as  the 
runway and its overrun area. As has been 
pointed out, the attitude of the aircraft a t  that 
time war such that only the far  end of the run- 
way could be eeen, the approach end being 
blocked off by the intervening noee of the air  - 
craft. 

The above hypotheeie eeeme to be 
etrengthened by an incident which occurred 
a t  the identical place some time after the 
accident. In the latter caee, the main wheels 
oleo atruck just below the level of, and jurt 
rhort of, the approach end of the overrun 
area. 

Since thin laet incident and a r  a reeult 
thereof, the eubject overrun area hae been 
conspicwuely marked to distinguish it from 
the runway proper. 

Probable Cause 

The probable caure of thin accident was 
that during the final approach the captain per - 
mitted the f i r r t  officer to dercend too low 
before power war applied to a r r e r t  the a i r  - 
craftla dercent. 

ICAO Ref: ARl467 
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No. 20 

Piedmont Airlines, DC-3C, lost a passenger near Shelby, North Carolina on 
13 June 1956. Civil Aeronautics Board (USA) Accident Investigation Report 

released 21 February 1957. File No. 1-0093. 
L .  

Circumstances 

Flight 5 originated at  Fayetteville, 
North Carolina, for Louisville, Kentucky, 
with stops at Charlotte and Asheville, North 
Carolina, and Tri-Cities , Tennessee. On 
board were 3 crew members and 24 paseengere. 
Seated in next to the rearmort pair of seats 
on the left side were a man and his wife, who 
had been tranrferred to thir flight after arriving 
at  the airport (Charlotte) too late to claim 
their rerervation on another carr ier  '8 flight 
that departed Charlotte at approximately 
17 15 hours. Flight 5 departed Charlotte at 
1744 hours eastern standard time. The a i r -  
craft reached 6 500 feet m. s .  1. cruising 
altitude at approximately 1806. About one 
minute later while the purser was on the flight 
deck obtaining information for a passenger, 
the aircraft suddenly yawed to the left as  the 
cockpit door-warning light came on. The 
first  officer and purser immediately went to 
the rear of the cabin where they found the 
main cabin door fully open. A passenger check 
revealed that the male passenger previously 
mentioned was missing. The captain circled 
to establish the location and then proceeded 
to Asheville where a routine landing wael 
made. 

Investigation and Evidence 

Investigation disclosed the main cabin 
door of the aircraft to be a Metropolitan Air 
Stair, model A, serial number 2363, located 
on the left side of the aircraft. Attached to 
i ts  inner side are five steps, which a re  an 
integral part of the door and provide a means 
of entering and leaving the aircraft when the 
door is  down. The a i r  stair door is  hinged 
at  the bottom and opens out and down when the 
door latch is  released. 

The door latch mechanism is  actuated 
by a five-inch lever handle pivoted at its 
lower end and recessed in the center of the 
step r iser  between the second and third step 
from the top of the door when viewed from the 
closed position. The handle is  approximately 
waist-high when the door is  closed. Latching 
of the door i s  accomplished by rotating the 
lever handle approximately 90 degrees counter- 

clockwise through an a rc  of approximately 
6- 112 inches. This extends three tapered 
latch pins 1-314 inches into the doorframe in 
the fuselage. Inspection windows a r e  installed 
in the fuselage so that engagement of the latch 
pins can be checked. The lever handle i s  held 
in the locked o r  unlocked position by a detent- 
type friction plate, which is  also a part of the 
latching mechanism. There are  three warning 
lightr installed - one near the outride of the 
door, another at  the purser's station in the 
cabin, and a third on the pilot18 inetrument 
panel. When the door i r  closed and latched 
all warning lights go off. When the lever 
handle i s  moved clockwise o r  toward the open 
position approximately one-half inch, the three 
warning lights come on. The handle movement 
continues more than two inches before the latch 
pins start  to move slowly from their closed 
position. When the pins are  retracted suffi- 
ciently for the door to open, the lever handle 
has traveled 70 o r  75 degrees of the full 
90-degree movement. This 90-degree move- 
ment is  45 degrees on either side of vertical. 

A test of the subject door, after the 
accident, revealed normal functioning of the 
latch pins, all warning lights, and the latching 
mechanism. A check of the door-warning 
lights was made for correct door closure prior 
to take-off from Charlotte. 

In the main cabin door ins tallation of the 
aircraft there was no means of preventing the 
door from fully opening if the latches were 
inadvertently actuated. Investigation revealed 
that the door can be opened accidentally. Many 
operators of DC-3 aircraft equipped with a i r  
stair doors have a safety device installed, 
such as  a quickly removable chain preventing 
full door opening, or  a means of retarding 
movement of the unsafeguarded door latch 
handle. 

Since this accident, Piedmont Airlines 
has installed on its entire fleet a means of 
safeguarding against accidental opening of the 
door. As a result of its investigation of this 
accident, the Civil Aeronautics Board recom- 
mended to the Administrator of Civil Aero- 
nautics that an Airworthiness Directive be 
issued requiring correction of this unsafe 
condition. 
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The seat belt sign had been on for the 
entire 22 minutes of the flight because of 
anticipated turbulence. However, the turbu- 
lence did not develop. In fact, both passengers 
and crew stated that the flight was smooth. 
Therefore, i t  is  highly improbable that the 
passenger was thrown against the door by 
turbulence. 

In view of the inve.stigation which found 
the door latching mechanism normal in its 
operation, it must be concluded that the 
passenger opened the door by operating the 
unlatching handle. 

It is probable that the passenger 
while standing in the area by the main door 

accidentally grasped the daor handle and moved 
i t  to the open position, This accidental act 
is substantiated by the statement of a passenger 
who observed the subject passenger's efforts 
to retain his grasp of the doorframe from 
outside the aircraft. A lack of normal acute- 
ness on the part of the passenger is suggested 
by evidence of his drinking before arrival a t  
the airport. 

Probable Cause 

The probable cause of this accident 
was a passengerls accidental opening of the 
main cabin door in flight. 

ICAO Ref: All1457 
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Figure 12 

PIEDMONT AIRLINES DC-3C, N45V 
NEAR SHELBY, NORTH CAROLINA, 3UNE 13,1956 
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No. 21 

British Overseas Airways Corporation, Canadair C. 4 (Argonaut),  G-ALHE, crashed 
' a t  Kano Airport, Nigeria, on 24 June 1956. Report by Ministry of Communications 

and Aviation, Federation of Nigeria. ( Also released a s  C. A. P. 141 by 
Ministry of Transport and Civil Aviation - U. K. ) 

Circumstances 

The aircraft  was operating on a B. 0. A, C. 
scheduled service Lagos - Kano - Tripoli - 
London. It took off normally at  1721 -1 12 hours 
Greenwich Mean Time from Runway 25 a t  Kano 
Airport for  Tripoli in moderate rain and 
climbed to 250 feet. The aircraft  then began 
to lose height rapidly and although the pilot-in- 
command ordered full power, the descent could 
not be checked. Notwithstanding the increased 
power he was unable to prevent i t  striking a 
t ree  and the aircraft  crashed about 1-1 12 miles 
from the end of the runway. Of the 7 crew and 
38 passengers aboard, 3 crew members and 
29 parsengers were killed. 

Investigation and Evidence 

The aircraft  arr ived a t  Kano f rom Lagos 
a t  1640 houre and refuelling commenced a t  
once. The pilot-in-command discussed with 
the incoming pilot-in-command the a i rc raf t  
serviceability and was informed that the auto- 
matic propeller spchronisat ion control was 
inoperative but full manual control was avail- 
able. After being told that previous attempts 
a t  rectification had been unsuccessful, he 
decided to proceed without delaying the aircraft.  

Ear l ie r  the pilot-in-command had seen 
the meteorological forecast and had noted that 
i t  mentioned scattered thunderstorms in the 
vicinity of Kano. He could see that there was 
a large thunderstorm centred some distance 
away to the east-northeast of the Airport,  but 
did not hear any thunder. At the time the sky 
over the Airport was c lear ,  and i t  was also 
clear  to the north (on  the aircraft ' s  intended 
t rack) ,  but to the west he could see one o r  
two cumulus type clouds in the distance. 

After his discussion with the incoming 
pilot-in-command, he noticed that the edge of 
the overhang from the storm to  the east-north- 
east was over the Airport and the s torm itself 
had moved round to the northeast. This move- 
ment had also revealed the tops of more  thun- 
derstorms further east.  The pilot -in-command, 

therefore, decided to consult the meteorological 
forecaster  to ascertain whether there was any 
line squall reported near  the airport  and t o  
inquire how fast and in what direction the thun* 
derstorm to the northeast was moving. The 
duty forecaster informed him that there  was a 
line of thunderstorms about 400 miles t o  the 
east  but that the thunderstorme in the Kano a rea  
were purely local and had no association with 
any line squall. The pilot-in-command was 
advised that the thunderstorm to the northeast, 
being a local s torm, would probably move very 
little but if i t  did i t  would move slowly from ear t  
to  west. 

After leaving the forecaster ,  the pilot-in- 
command met the navigating officer and told him 
that they would probably have to go a little way 
off t rack to the west after taking-off, t o  avoid 
the main belt of rain from the thunderstorm whicl 
he  estimated would pas8 about 8- 10 miles north 
of the airport.  He mentioned that they had ade- 
quate fuel for the flight as they had over 100 gal- 
lons more  than flight plan requirements. He 
then informed both the navigating officer and the 
duty operations officer that he wanted to  take off 
a s  quickly a s  possible. 

The engines were started a t  about 1715 
hours and the aircraft  received taxy clearance 
from the tower at  1716 hours; permission to 
taxy to  runway 25; QNH 1012 mbs. and surface 
wind 300 15 knots. Both pilots set the QNH of 
1012 mbe. on their respective altimeters. 

During the time the engines were being 
started, rain began to fall and during the taxy 
out it became quite heavy though the visibility 
remained fairly good. The pilot-in-command; 
looked particularly for any sign of wind gusting 
and roll type cloud, which a r e  usually associated 
with the line squall type of storm, but there were 
no such indications, though the centre of the 
black a rea  was now very near to the northeast. 

In order  to save time, most of the pre-  
take-off checks were carr ied out and engines 
run up during the taxy out. Windscreen wipers 
were operating. When the aircraft  stopped a t  
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the threshold of runway 25, the pilot-in-com- 
mand did not check the visibility with the tower, 
a s  he could see  clearly to the end of the runway 
and estimated the visibility a s  2 miles. It was 
now completely overcast and raining heavily 
and no clear  patches could be seen. 

At time of take-off, the reported weather 
conditions on runway 25 were a s  follows: - 
cloud 318 base 2 500 ft) wind 270' 20 knots; 
visibility 1 500 yds, moderate rain. 

The take-off was perfectly normal and 
the aircraft  became airborne after a run of 
approximately 2 000 yards. 

During the take-off, the visibility de- 
creased owing to the heavy rain on the wind- 
screen which caused the pilot-in-command to 
fly on his  instruments after the aircraft  became 
airborne. At no time before taking-off o r  during 
the take-off did the pilot-in-command have any 
misgivings about the chdi t ions  or  consider 
abandoning the take-off. He had previously 
taken-off on several occasions in weather con- 
ditions that had appeared t o  be of a similar 
nature. 

Note. - All heights in this report a r e  
a c t u a l x g h t s  above the official Reference 
Point of the airport ,  which i s  the highest point 
pn runway 25 (1 575 feet a .m. s.  1.). Both pilots 
in their evidence gave QNH heights and the 
heights given in the report a r e  the difference 
between their altimeter readings and 1 575 feet. 

After taking-off the undercarriage was 
retracted, and when the aircraft  passed over 
the end of the runway at  about 100 feet i ts  a i r -  
speed was 125 knots. Shortly afterwards, the 
pilot-in-command called for the fir s t  power 
reduction to  2 850 rpm and 54'' manifold pres-  
sure. As the aircraft  passed over the end of 
the runway the pilot-in-command noticed a 
slight updraught. Before reducing power he 
had assessed flight conditions and found them 
quite reasonable with a maximum airspeed 
fluctuation of 5 knots and felt no tendency for 
either wing to drop. 

A normal climb was made to above 240 
feet when the pilot-in-command called for  
'Flaps up'. At this time the airepeed was fluc- 
tuating 125- 130 knots with a ra te  of climb of 
300 feetlmin. 

The rain was st i l l  heavy and there appear- 
ed to  be more  ahead but the pilot-in-command 
could see a gap to  the west-northwest. 4t this 
stage (when about 250 feet) the aircraft  was seen 
to disappear into heavy rain. 

No sink was noticed by the pilots when 
the flaps were retracted although the speed 
dropped and remained steady at  123 knots. The 
pilot-in-command checked the altitude after the 
flap retraction and nated i t  was 260-270 feet; 
the aircraft  was quite level and steady. This 
situation remained the same for what seemed 
a few seconds - long enough for the pilot-in- 
command to think that the airspeed should be 
building up - when he was horrified to see the 
indicated airspeed dropping steadily and quickly. 
He immediately called for full power and eased 
the aircraft 's nose down slightly but by that time 
the airspeed was down to 103 knots. 

Note. - The stalling speed of the aircraft  
at  t h a t m e  haabbeen calculated a s  97 knots indi- 
cated airspeed with power on, and 104 knota with 
power off. 

The co-pilot, who had just checked that the 
engine instrument readings were normal, imme - 
diately opened the throttles fully with the rpm 
still  set  at  2 850. He did not have time to increa-  
se rpm to 3 000 because the master  rpm lever 
was not serviceable. 

The application of full throttle did not in- 
c rease  the airspeed, which remained ~ t e a d y  at  
about 103 knots, and there were no unusual reac-  
tions to the handling characteristics of the a i r -  
craft when increased power was applied. 

During the .sudden emergency, the pilot- 
in-command did not find i t  necessary to  adjust 
the t r im  of the aircraft ,  and does not recall 
experiencing any turbulence or  sinking of the 
aircraft.  His sole concern was the low airspeed 
and neither he nor the co-pilot had time to  note 
what lose of height, o r  rate  of descent, was being 
indicated by the instruments. The aircraft  lost 
height very rapidly and by the time the co-pilot 
had fully opened the throttles, and taken note of 
the rising manifold pressures ,  he looked out 
quickly and saw that the aircraft  was nearly down 
to tree-top height in an almost level attitude. 
After he was satisfied that the aircraft  was not 
losing any more airspeed, the pilot-in-command 
looked out and saw that i t  was flying level about 
15-20 feet above the ground with a t r ee  directly 
in i t s  path 100-200 yards ahead and was amazed 
that the aircraft  had lost height so  rapidly. He 
star ted to bank the aircraft  to the right, being 
careful that his right wing did not touch the 
ground, and attempted to climb. The aircraft  
began to respond t o  the controls but the pilot -in- 
command was unable to prevent i t  striking the 
t ree.  

Inspection at  the scene of the accident 
showed that the f i r s t  point of impact was with a 
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35-foot tree: about 2 500 yards from the end 
of runway 25 and approximately 100 yards north 
of the extended line of the runway. The a i rcraf t  
had struck the t ree  about 17 feet from the ground 
wlth the left wing and the underside of the nose 
s r ~ t l o n .  The left wing fuel tanks becarne rup- 
tured and caused fire to break out immediately; 
thr l r i t  outer wing after becoming detached came 
to rest 160 yards frorn the t ree.  A second t ree  
about 300 yards from the first was then struck by 
the left wing root, the left side of the r ea r  fuse- 
lage, and the leading edge of the right tai l  plane. 
T l ~ i s  impact caused the rear  fuselage and tai l  unit 
to  break away and the aircraft  to yaw to the left,  
and third and fourth impacts with t r ee s  followed 
almost immediately. These last  two impacts 
caused the break-away of the remaining portion 
of the left inner wing; the rear  passenger cabin 
to fail under side loading, and the aircraft  to  
disintegrate a s  it swung around to  the left. 
Wreckage was scattered forward over a distance 
of 140 yards and the right wing broke into three 
sections. The main wreckage sustained exten- 
sive f i re  damage and the forward fuselage and 
cockpit were burned out. 

The main undercarriage and nose wheel 
were found in the fully retracted and locked-up 
position. Examination of the flap operating me-  
chanism which was severely damaged showed 
that the flaps were almoet certainly in  the r e -  
tracted position. The flying control system was 
severely damaged but no  evidence of pre-crash 
failure was revealed. 

All instruments had suffered incineration 
and, therefore, provided little useful evidence 
but the left side cockpit altimeter was found set  
to 1012 mbe. 

Detailed examination of the four engines 
revealed no mechanical defect. The domes of 
the four propellers were removed and the posi- 
tion of their rotating cam istons checked. The 
angles of the blades of NoP 1.2 and 4 were found to 
be in the fine pitch range and No- 3 had moved 
into the feathering range due to crash damage. 
The engine reduction gear casings in each case 
had been torn out and were s t i l l  attached to the 
propellers; from this evidence and from the 
damage suffered by the blades of each propeller, 
it was apparent that al l  were under a high degree 
of power on impact. 

The Kano weather conditions from 1600 - 
1800 hours on 24 June were a s  follows:- 

"At 1600 Greenwich Mean Time there 
were two thunderstorms in the vicinity of 
Kano, one about ten miles to the northeast 

of the airport  and the other about six 
mlles to the southwest. Both were mo- 
ving slowly towards the southwest and 
by 1700 GMT the former lay a mile o r  
two to the northeast with an associated 
cloud overhang extending over the a i r -  
port itself. Moderate rain from this 
overhang s t a t e d  to fall a t  the Terminal 
Building a t  1714 GMT and ended a t  
1722 CMT. The main centre of the thun- 
ders torm passed a little to the north of 
the airport  but a new cell appears to have 
developed in the overhang which gave 
heavy rain and squalls over the western 
half of the airport  a t  about 1720 GMT and 
moved westwards. A probable synoptic 
map of the wind and rain a t  and near the 
airport ,  based upon official observations 
a t  the Terminal Building and Temporary 
Tower and upon lay evidence elsewhere, 
i s  given a s  Figure 13. The evidence of 
witnesses in  the a rea  south and west of 
the end of the runway establishes beyond 
reasonable doubt that a strong easterly 
squall with associated heavy rain was 
experienced there, though instrumental 
evidence i s  lacking. A probable vertical 
c ros s  section through the runway-line of 
the wind i s  given a s  Figure 14." 

"The strong wind and heavy rain from the 
new cel l  appear t o  have reached the 
ground a s  the aircraft was taking-oft. 
The surface wind from this cell would 
fan out from the centre, but the easterly 
winds in the western sector would be con- 
siderably stronger than the westerly winds 
in the eastern sector because of the m o  - 
mentum brought down from the easter ly a i r  
current prevailing above about ten thousand 
feet. This is the normal experience in 
squalls in this region a t  this season of the 
year. I' 

"Initially, the aircraft  would experience a 
moderately enhanced head wind, which i s  
suggested by the evidence of the captain 
( 'up-draft 3 and a passenger ( 'air pocket 9. 
This would rapidly change to a strong tail  
wind, with possibly an element of down- 
draft,  though i t  is improbable that any 
significant downdraft was experienced 
near the surface. 'I 

"There would probably have been a pres  - 
sure r i se  of the order of 2-3 millibars 
within the cell which would have caused 
the altimeter of the aircraft  to indicate 
a height 50- 100 feet lower than the t rue 
height; that i s ,  the aircraft  would have 
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actually been 50-100 feet higher than was 
registered on i ts  altimeter.  " 

"The relatively sudden change of wind 
from a moderate head wind to a strong 
tail  wind experienced in the cell would 
cause a corresponding decrease in  the 
airspeed of the aircraft." 

The Board gave close consideration to 
the question a s  to whether the pilot -in-command 
was justified in commencing the flight in the 
weather conditions that obtained a t  the time of 
take-off. That he had taken care  to ascertain 
the nature of the approaching storm is  clear 
from the questions that he posed to the meteor- 
ological forecaster. .  He was mainly concerned 
a s  to whether the thunderstorm approaching from 
the northeast was associated with a line squall 
and how fast and in what direction it was moving, 
The forecaster rightly assured him that the thun- 
derstorm had no association with any line squall 
and that i t  was a slow moving local thunderstorm. 
The moderate rain that fell a t  the time of take- 
off did not cause the pilot any concern, a s  the 
conditions were considerably above B. 0. A. C.'s 
minima, and a s  he had taken-off in a s  bad con- 
ditions on several previous occasions he did not 
at  any time consider the need to abandon the 
take-off. Neither he nor the forecaster could 
have been aware that a thunderstorm "cell" was 
forming close to the west of the airport  along 
the take-off path from runway 25, since the 
associated vertical cloud development was obs- 
cured by lower cloud. Kano Airport was equip- 
ped with s torm warning radar capable of identi- 
fying storms some distance away but incapable 
of detecting the formation of a thunderstorm 
cell a t  close range, 

The Board was not aware of any official 
notification to pilots prohibiting them f rom o r  
advising them against taking-off in, o r  in the 
vicinity of, thunder s torms,  

The Board, therefore, was of the opinion 
that the pilot-in-command was justified in taking- 
off in the prevailing conditions. 

The effect of the weather conditions on the 
aircraft ' s  performance when it was at  a height 
of approximately 250 feet after taking-off has 
been closely investigated. It i s  clear from the 
meteorological analysis that a thunderstorm cell 
was developing in the a r e a  into which the aircraft 
was climbing. In the early stages of the climb 
the aircraft  encountered an increased westerly 
wind component a s  i t  passed over the end of the 
runway. But when i t  reached approximately 

250 feet it became affected by a sudden reversal  
of wind direction of considerable magnitude 
accompanied by heavy rain and possibly a down- 
draught. The effect of these conditions was to 
cause the aircraft  to  lose speed relative to  the 
surrounding a i r ,  i. e., airspeed, and to lose 
height rapidly. The situation was aggravated 
by the fact that the speed of the aircraft  had 
become very close to its stalling speed. 
Throughout this period, all engines were opera- 
ting at  a high degree of power but had no noti- 
ceable effect in preventing rapid loss of height. 
The approximate path of the aircraft  in elevation 
has been plotted from the take-off point to a point 
about 150 yards short of the f i r s t  point of impact, 
and shows that the descent occurred in a very 
short period of time - probably within the range 
5-15 seconds. It has not been poeeible to est i -  
mate the exact height and point at  which the a i r -  
craft became affected by the cell conditions and, 
therefore, the rate oS deecent i s  largely a matter 
for conjecture. The rapid descent was in no way 
caused by the attitude of the aircraft  which r e -  
mained almoet level throughout. 

The question a s  to whether the accident 
might have been averted had full power been 
applied, i. e., 3 000 rprn instead of 2 850 rpm, 
has been carefully considered. If the master  
control lever of the automatic synchronising 
unit had been operative, the co-pilot would have 
been able to apply maximum power with 3 000 
rprn in less  time than if he had t r ied  to obtain 
3 000 r w  by "MANUAL" means, i. e., using 
the toggle switches for individual rprn control. 
However, in the event, a s  an  emergency action, 
he applied full throttle without increasing the 
rprn and although this action has been timed to 
take about 3 seconds, he has stated that after 
applying full throttle and taking note that the 
manifold pressures  were rising, he looked out 
and saw that the aircraft  was nearly down to  
tree-top height. It seems reasonable to assume,  
therefore, that had he attempted to  obtain 3 000 
rprn by manual operation of the toggle switches 
the accident might have occurred before he could 
have obtained full power. The Board, having 
considered al l  the factors involved, considers 
that even if the mas ter  control lever had been 
operative, i t  i s  a matter of doubt whether the 
extra power available would have had any marked 
effect on the aircraft1* ability to climb. 

Probable Cause 

The accident was the result of loss of 
height and airspeed caused by the aircraft  en- 
countering, at approximately 250 feet after take- 
off, an unpredictable thunderstorm cell which 



ICAO Circular 54-AN149 93 

gave r i se  to a sudden reversal  of wind direc- 
tion, heavy rain, and possible downdraught 
conditions. 

Recommendations 

It i s  recommended that: - 
(i) the International Civil Aviation Organi- 

zation (ICAO) should be asked to  consi- 
der  setting up a technical committee to 
investigate the danger to aircraft  taking- 
off or  landing when in close proximity to 
thunder s torms,  and to frame recommen- 
dations to member Statea for the safer 
operation of aircraft  in such conditions 
and, 

(ii) a s  an interim measure,  al l  pilots should 
be warned of the danger of taking-off or  
landing when thunderstorms a r e  in the 
vicinity. 

The following remarks have been recei- 
ved (25 January 1957) from the United Kingdom 
Member on the Air Navigation Cornmiseion of 
ICAO concerning recommendation (i) : - 

"The United Kingdom has given most 
serious consideration to this recornrnen- 
dation and concluded that there i s  not 
sufficient justification for  asking ICAO 
to consider setting up a technical com; 
mittee. It i s  the United Kingdom view 
that there i s  already a great deal of 

information available on the nature of 
the r isks and the real  problem i s  to 
apply the known lessons. Therefore, 
instead, United Kingdom action will be 
a s  fol1owe:- 

a) to  revise the United Kin dom Infor- 
mation Circular NO* 131 71954 deal- 
ing with the effect of thunderstorms 
on aircraft  operations in order  t o  
make special mention of the take- 
off and landing risks shown up a t  
Kano. 

b) to prepare and issue a new Infor- 
mation Circular on the effects of 
cross-winds, gusts and wind-shear 
on take-off and landing. This will 
incorporate a description of the 
wind-shear effect demonstrated at  
Kano. 

c) to inform ICAO of these actions 
with the purpose of enabling ICAO 
to take any further steps that might 
seem appropriate but without making 
a United Kingdom request for com- 
pliance with the Board's original 
recommendation. 

The agreement of the Nigerian Govern- 
ment to this proposal has been obtained. 
Action is in hand now on items (a) and 
(b) above. I' 

ICAO Ref: ~ ~ / 4 4 9  
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No. 22 

Trans World Airlines, Inc. , Lockheed 1049A, N 6902C and United Air  Lines, h c .  
Douglas DC-7, N 6324C collided over the Grand Canyon, Arizona on 30 June 1956. 

Civil Aeronautics Board (USA) Accident Investigation Report, SA-320, 
File No. 1-0090, released 17 April 1957. 

Circums tances 

TWA Flight 2 took off from Los Angeles 
International Airport on an  instrument flight 
rules flight plan a t  0901 hours Pacific standard 
time for  Kansas City, Missouri, via Green 
Airway 5, Amber Airway 2, Daggett direct 
Trinidad, direct Dodge City, Victor Airway 
10 Kansas City. Cruising altitude was to be 
19 000 feet. On board were 70 persons. The 
a i rcraf t  reported Iton top" (2 400 feet) and 
then switched to Los Angeles Air Route Traffic 
Control Centre* frequency 118.9 mcs. ,  for i ts  
en-route clearance. This clearance specified 
the routing a s  filed in the flight plan, however, 
the controller specified that the flight climb 
to 19 000 feet in visual flight rules conditions. 
The flight then requested a routing change to 
Daggett via Victor Airway 210, which was 
approved. At 0921 the aircraft  reported 
approaching Daggett and requested a change 
in  flight plan altitude f rom 19 000 to 21 000 
feet. Los Angelee Centre advised that they 
could not approve the request because of 
traffic (United Air Lines - 718). Flight 2 
then requested a clearance of 1 000 feet on 
top. Ascertaining from the radio operator 
that the flight was then a t  least  1 000 on top, 
Los Angeles Centre cleared the flight. At 
0959 TWA 2 reported that i t  had paased 
Lake Mohave a t  0955, was 1 000 on top at  
21 000 feet and estimated that i t  would reach 
the 321-degree radial of the Winelow omni- 
range station (Painted Desert) a t  1031, This 
was the laet radio communication with the 
flight. 

United Air Lines Flight 718 was regular- 
ly scheduled from Los Angeles, California 
to Chicago, Illinoie. It took off from Lo6 
Angeles International Airport a t  0904 hours 
on an IFR flight plan to Chicago via Green 
Airway 5 Pa lm Springs intersection, direct 
Needles, direct Painted Desert, direct 
Durango, direct Pueblo, direct St. Joseph, 
Victor Airway 116 Joliet, Victor Airway 84 
Chicago Midway Airport. Cruising altitude 
was to be 21 000'feet. Fifty-eight persons 
were aboard. Flight 718 made position reports 
to Aeronautical Radio, Inc. , which serves 
under contract a s  United company radio, and 

reported passing over Riverside and later  over  
Palm Springs intersection. At approximately 
0958 United 718 made a position report to the 
CAA communications station located a t  
Needles and stated that the flight was over 
Needles a t  21 000 feet and estimated the Painted 
Desert a t  1031. At 1031 an  unidentified radio 
transmission was heard at  Salt Lake City and 
San Francisco. The message could not be 
understood but later  when the recorded trans-  
mission was played back i t  was interpreted as :  
"Salt Lake, United 718.. . a h . .  . we're going 
in. 'I 

The two aircraft  collided a t  approximate- 
ly 1031 hours in visual flight rule weather 
conditions a t  21 000 feet over the Grand Canyon 
and fell into the Canyon near the confluence of 
the Colorado and Little Colorado Rivers. 
There were no survivors among the 121) per-  
sons aboard the flights and both aircraft were 
destroyed. 

Investigation and Evidence 

The L- 1049 Constellation crashed in 
a draw on the northeast slope of Temple 
Butte, which is on the west bank of the 
Colorado River within the Grand Canyon. The 
main wreckage site was a t  an  elevation of 
3 400 feet. The wreckage was found strewn 
across the draw along a southwesterly heading, 
with portions of the nose section on the south 
bank of the draw and sections of the cabin 
fuselage on the north bank. A relatively short 
wreckage distribution path showed that the air- 
craft contacted the ground a t  a steep angle. 
The distribution and condition of parts  indi- 
cated that the Constellation was inverted a t  
initial impact. Severe disintegration of the 
L- 1049 had occurred during ground impact, 
followed by an intense ground f ire .  With the 
exception of the empennage, portions of the 
aft fuselage, and light pieces of aft cabin 
interior,  a l l  of the aircraft  was at  the main 
wreckage area .  Several par t s  of the DC-7 
left outer wing structure were also found a t  
the L-1049 wreckage area.  

The main wreckage a r e a  of the DC-7 
was located 1 .2  statute miles northeast of the 

* referred to as. Los Angeles Centre 
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L-1049 a r ea .  The DC-7 s t ruck the south face 
of Chuar Butte opposite the Little Colorado 
River.  Impact was about 10 feet below the 
top of this ridge a t  an  elevation of 4 050 feet. 
Initial impact was on a northeast heading with 
the a i rc ra f t  nosed down and i t s  right wing 
below a level attitude. 

Impact forces  caused severe  disintegra- 
tion of the DC-7 with major  components falling 
into an inaccessible deep chimney and upon 
sheer  ledges below the impact site.  An intense 
ground f i re  followed impact,  Except f o r  a 
l a rge  portion of i t s  left wing, the DC-7 major  
components were accounted for by identification 
of par t s  and pieces found a t  o r  reasonably near 
the main wreckage a r ea .  

During the difficult and hazardous struc- 
tural  investigation every effort was made to 
determine whether o r  not an in-flight collision 
had occurred and, i f  so,  the manner  i n  which 
the a i rc ra f t  collided. Results disclosed several 
a r e a s  of damage which conclusively established 
that such collision did occur .  

One of the significant a r e a s  involved i n  
the in-flight contact was the left outer wing 
panel of the DC-7. The la rges t  single piece 
of left wing outer panel was found between 
Temple and Chuar Buttes about one - third mile 
west of the TWA wreckage s i te .  This piece 
consisted of the outer portion of the panel 
f rom the tip inboard to approximately station 
627. To this station the upper and lower wing 
skin and the leading edge were generally in- 
tact. Portions of lower skin were  in place for  
another six feet inboard. Collision evidence 
in the form of dents,  scratches,  t e a r s  and 
bends were found on much of the lower surface 
of this entire s t ructure .  P a r t  of this damage 
consisted of an  upward and inboard deformation 
in  the wing tip cap between the position light 
and ai leron cove. Black rubber s m e a r s  and 
r ed  paint smudges were  evident a t  several  
locations i n  the deformation. Examination 
showed the s m e a r s  on the DC-7 were  f rom the 
L-1049 de-icer hoot; a lso,  the paint smudges 
were  f rom the L-  1049 

A fragment of DL-? wing tip assembly 
was found separately. This 11-inch piece was 
par t  of the ai leron cove f rom the extreme wing' 
tip a r ea .  Fragments  of top and bottom wing 
skin were sti l l  attached to this piece. Jus t  
aft  of the t e a r  the tip radius was deformed 
inboard, rea rward ,  and upward with heavy 
deposits of L-1049 red paint i n  the crumpled 
a r e a ,  Fur ther ,  the tip lower surface inboard 
to the tip attach point was deformed upward 
and marked by scratches running inboard and 

aft Also, in this general a r e a  on the lower 
wing surface, smea r s  and scratches ran 
diagonally aft and inboard about 23 degrees  
in  relation to the wing centre spa r  l ine. 

* 
Two pieces of the DC-7 left a i leron were 

found severely buckled inboard and upward 
and both bore heavy deposits of black rubber 
s m e a r s  on their lower surfaces .  

Between stations 627 and 603 the wing 
leading edge of the DC-7 was deformed r e a r -  
ward and outboard. Rearward and inboard 
scratches on the lower leading edge were 
continuous through a r e a s  of deep buckling, 
indicating they were  made before the leading 
edge s t ruck the object causing buckling. Aft 
of the leading edge on the lower wing surface 
there  were more  scratches running aft and 
inboard at  an angle of approximately 25  degrees 
relative to the centre spar .  

At tho L-1049 wreckage a r e a  a section 
of lower wing skin f rom the DC-7 was found. 
This section was f rom the left  wing where the 
a i rc ra f t  registration is painted. Scrape marks 
corresponded directionally to those previously 
described. Imbedded i n  a t e a r  on this par t  
was a piece of Constellation headlining used 
i n  the aft  cabin ceiling. Brown smudges, run- 
ning in the same general direction a s  the 
scratches, were determined by chemical 
analysis to be mate r ia l  used  to sea l  Constel- 
lation fuselage seams  and s t r ingers  in the 
p r e s su re  cabin a r ea .  

A second a r e a  of damage significant to 
the investigatory objectives and closely allied 
with the DC-7 wing damage was the Constel- 
lation empennage. This major  component had 
s t ruck the ground inverted but came to r e s t  
in an upright position about 550 yards  north 
of the concentration of L-1049 wreckage. It 
was generally intact except for the left and 
right fins and rudders .  Respectively, these 
were  found about 30 and 10 yards  removed. 
The distance of the empennage f rom the res t  
of the L- 1049, together with the evidence of 
severe  damage where i t  was separated f rom 
the aft fuselage, showed this major  component 
had separated in  flight af ter  collision impact. 
Heavier pieces of the L-1049 aft  fuselage 
s t ructure  and aft inter ior  equipment were 
found west of the main TWA wreckage s i te .  
Light inter ior  mate r ia l s  f rom the aft fuselage 
were  found on Cape Solitude 1- 112 miles  eas t ,  
indicating that they we re  torn o r  spilled out 
a t  a sufficient altitude to drift this distance. 

Two pieces f r o m  the Constellation 
empennage were recovered away f rom the 
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main empennage at  sufficient distance to indi- 
cate separation prior to ground impact. These, 
consisting of sections of the left upper fin 
leading edge and bearing portions of red and 
white stripes of the Constellation colour scheme, 
showed collision evidence. One piece was 
concaved on i ts  leading edge, in the a rea  of 
the red stripe, by an object moving right to 
left. The concave a rea  fitted precisely with 
the damage on the DC-7 left wing tip. The 
red paint found on the wing tip came from this 
red stripe, and the black marks resulted from 
contact with the fin leading edge de -icer boot. 
The second piece, which fitted below the con- 
caved piece, wae crumpled to the left by the 
same force that damaged the concaved piece. 

The L- 1049 aft fuselage was a third a rea  
of collision damage. Most significant was a 
piece of fuselage skin about 1 - 112 x 4 feet in 
size. Identification showed i t  came from the 
upper right side of the Constellation fuselage 
just forward of the tail. Its outer surface 
was painted white. This metal piece was bent 
inwrrd about 90 degrees so  that i ts  inner 
surfaces were folded toward each other. There 
were red, blue, and black marks in various 
directions on the white outer surface paint in 
the area  af t  of the bend. In addition to these 
marks there were gray deposits in a random 
pattern creating a stippled effect over the 
entire surface. Together with these there 
were also long grayish smears  progressing 
in the same direction a s  the stippling. Pile-up 
of the indivjdual marks within the deposits - 

was heavier on the upper edge. This evidence 
indicated that the gray deposits were made by 
an object moving up and along the circum- 
ferential frames of the Constellation fuselage. 

The final a rea  of important damage was 
also in the aft fuselage of the L-1049. It was 
a series  of three propeller cuts in the lower 
and bottom fuselage in  the vicinity of the r ea r  
baggage compartment. The cuts were generally 
upward and inboard and of varying lengths. 
They were essentially parallel about 35 inches 
apart with the middle cut about 52 degrees 
relative to the longitudinal axis of the aircraft.  
Red and blue paint marks a t  the edge of one cut 
in the baggage bin a rea  coincided with the paint 
scheme on the DC-7 propeller.  

Two additional propeller cuts were 
located in the L- 1049 forward fuselage. One 
cut was approximately in line with the L- 1049 
No. 3 propeller a r c  and the other was about 
four feet forward. This damage was not 
consistent with the other collision damage and 
the cuts were probably made by the propeller 
of the Constellation during ground breakup. 

Both flights were planned a s  high-altitude 
operations (above 14 500 feet west of the 100- 
degree Meridian) which under current regu- 
lations and operating specifications permitted 
them to be planned and flown off airways over 
direct courses to take advantage of the most 
favourable weather and wind factors a s  well 
a s  the shortest distance between origin and 
destination of the long-range non-atop flights. 
Before flight, however, a definite flight plan 
i s  required over the direct route with numeroue 
reporting points indicated to clearly define the 
proposed route to be flown. To this end numer- 
ous company high-altitude routes have been 
established. F rom these the most favourable 
i s  selected for an  individual operation commen- 
surate with existing conditions. 

United Airlines' operational policy per-  
mitted a high altitude flight to be conducted on 
an IFR o r  VFR flight plan but the company did 
not permit i ts  flights to be flown in instrument 
weather conditions, regardless of the flight 
plan, during that portion of the flight off a i r -  
way s .  In this regard Trans World Airlines* 
policy, a t  the time of the accident, permitted off 
airways flights in instrument weather conditions 
but only on an IFR flight plan with an assigned 
altitude. When operating 1 000 on top the com- 
pany required adherence to visual flight rules. 

As previously stated, approaching Daggett 
the TWA flight asked for a change in i ts  flight 
altitude from 19 000 feet to 21 000 feet on its 
IFR clearance, and i f  unable, 1 000 on top. 
The TWA radio operator who received this 
request from the flight called Los Angeles 
ARTC and a t  0921 advised. "TWA 2 i s  comina " 
up on Daggett requesting 21 000 feet. The 
Los Aneeles controller then contacted the 
Salt ~ a E e  ARTC controller and said, "TWA 2 
i s  requesting two one thousand, how does i t  
look? I see he i s  Daggett direct Trinidad, I 
see yoh have United 718 crossing his altitude - 
in his way at  two one thousand. I* According 
to the recording of this conversation the 
Salt Lake controller replied, "Yes, their courses 
cross and they a r e  right together. " The Los 
Angeles controller then called the TWA radio 
operator and said, I8Advisory, TWA 2, unable 
approve two one thousand. 'I At this time the 
radio operator interrupted and said. "Just a 
minute. I think he wants a thousand on top, yes 
a thousand on top until he can get it. " After 
determining from the flight, through the TWA 
radio operator, that i t  was then 1 000 on top the 
Los Angeles controller issued the following 
amended clearance, "ATC clears  TWA 2, 
maintain at least 1 000 on top. Advise TWA 2 
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h i s  traffic i s  United 718, direct  Durango, 
estimating Needles a t  0957. The T WA ground 
radio operator stated that this  clearance was 
given TWA 2 and i t  was repeated back to him 
verbatim by the flight. The operator said that 
in this t ransmission he included the information 
concerning United 7 18, adding that i t  was a t  
21 000 feet which he concluded from the over- 
all  situation although the altitude was not par t  
of the information from the controller.  The 
TWA operator testified that he recognized the 
voice of the captain of the TWA 2 flight and 
that the captain acknowledged the information 
on the United flight a s  "traffic received. l1 

The two controllers participating in this 
action were called to testify a t  the Board's 
public hearing. In response to questions they 
stated that because TWA 2 would soon pass  
from the Los Angeles ARTC a r e a  of respon- 
sibility to the S ~ l t  Lake a r ea  i t  was necessary 
to coordinate the TWA request for altitude 
change. Both stated that a t  this time the 
flights were IFI i  traffic operating in con t~o l l ed  
airspace and ARTC was required to separate  
them f rom each other as  well a s  from any other 
a i rc ra f t  on IFR clearances.  The controller 
who gave the clearance said he offered the 
United Information to TWA merely a s  an ex- 
planation for the denial of 21 000 and not a s  a 
traffic advisory. 

The Director of the CAA Office of Air 
Traffic Control explained that when TWA 
requested 21 000 feet the flight had not reached 
Daggett nor had the United flight reached 
Needles. They were not traffic fo r  each other 
a t  that t ime but in  projecting their t racks 
eastward both would c ross  Red Airway 15 with 
ill-defined horizontal separation, On this 
airway ARTC was required to separate  the 
flights; thus TWA was denied 21 000. The 
witness added that this separation was an  
ARTC responsibility for instrument flights 
only in the controlled airspace and that Red 
Airway 15 was the las t  such a r e a  for  the flights 
to t raverse  until they were  well beyond the 
accident scene. He said that ARTC maintains 
only progress  information with respect to 
I FR flights flying through uncontrolled airspace 
and that this information i s  used fo r  the pur-  
pose of providing a safely spaced flow of 
instrument traffic into the next controlled a i r -  
space to be entered. He stated that a i r  traffic 
control does not provide any control service 
o r  function in uncontrolled airspace.  The 
witness explained that flights a r e  not bound 
by clearance o r  flight plan, whether VFR o r  
IFR, while operating in  uncontrolled airspace 
and that instrument traffic must  only leave 
and re-enter a control a r e a  according to traffic 
control clearance. The control lers '  manual 
of control procedures stated that, "Clearances 

authorize flight within control zones and 
control a reas  only; no responsibility for 
separation of a i rc ra f t  outside these a r e a s  i s  
accepted. " 

When TWA amended i t s  flight plan f rom 
an assigned 19 000 feet to 1 000 feet on top, 
no information concerning this was given to 
United 718. The Director of Air Traffic 
Control stated that none was required though 
the flights were in  controlled airspace a t  the 
time. The clearance to TWA 2 was to maintain 
1 000 feet on top while i t  was in  a control a rea .  
The witness said the flight was not restr ic ted 
to any specific altitude in  control a r e a s  except 
that i t  be a t  least  1 000 feet above the general 
cloud layer .  When outside controlled airspace 
and under cer tain conditions of limited visi- 
bility flight should be conducted a t  an altitude 
conforming to the "Quadrantal Rule*. I' The 
witness stated that the controller therefore 
did not know what altitude the captain of 
TWA 2 would select a s  a cruising altitude o r  if 
he might l a te r  change the altitude from time to 
time. The witness stated that with respect to  
separation the TWA flight a t  this t ime was a 
VFR flight and that the basic VFR minima 
applied for  i t  to maintain flight in VFR con- 
ditions. ** 

Civil Air Regulations do not provide a 
definition for  1 000 on-top operation either 
within o r  outside controlled airspace;  however, 
with respect to on-top operations in  control 
a r e a s  the Flight Information Manual states; 
"At leas t  1 000 feet on top1 may be filed in 
an IFR flight plan, o r  assigned by ATC in  an  
IFR clearance, in lieu of a cruising altitude. 
Even though this type of operation places the 
responsibility for avoidance of collision with 
other a i rc ra f t  on the pilot, the flight i s  an  
IFR operation and must  obtain a n  amended 
clearance for a specific altitude before pro-  
ceeding into IFR weather conditions. " It 
fur ther  s ta tes ,  "Air Traffic c learances which 
specify 'at least  1 000 feet above a l l  cloudo' 
in lieu of a cruislng altitude permits  flight to 
be conducted at any altitude a t  o r  above the 
minimum en-route altitude which is 1 000 feet 
o r  more  above the cloud layer .  . . ' I  

The present concept for  separation of 
a i rc ra f t  and avoidance of collision in VFR 
weather conditions, regardless  of flight plan 
o r  clearance, depends on the flight c rewst  
ability to  visually provide separation between 
a i r c r a f t .  Civil Air Regulations expressly 
place this responsibility on the pilots* ** and 
the concept i s  commonly re fe r red  to a s  the 
"see and be seen" principle. Rules fo r  
avoidance and right-of -way a r e  se t  out in the 

* Civil Air Regulations. P a r t  60. 32 (b) 1, 2 ,  3, and 4. 
**: Civil A i r  Regulations, P a r t  60. 30 (b)  (1) 
***Civil Alr Regulations. P a r t  60.12 (c) 
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Regulations also*. With respect to an  IFR 
flight operating in VFR weather conditions the 
Flight Information Manual states, "During the 
time an IFR flight is operating in VFR weather 
conditions, i t  is the direct responsibility of 
the pilot to avoid other aircraft ,  since VFR 
flights may be operating in the same a rea  
without laowledge of ATC. I' In consonance 
with these provisions the vast percentage of 
flying today i s  separated by the "see and be 
seen" philosophy with little o r  no external 
traffic control assistance. 

During the public hearing the Salt Lake 
controller and the CAA Director of Air Traffic 
Control were questioned a s  to whether o r  not 
traffic advisory information should have been 
issued the flights when the controller had 
received position reports from both flights 
and knew both were flying a t  the same altitude, 
estimating the Painted Desert line of position 
at  the same time on converging courses The 
controller stated that when the reports were 
received by him he had no knowledge of the 
track that either flight would make to the line 
of position because both were in the uncon- 
trolled a rea  and a specific track was not 
required. He said the Painted Desert line of 
position is nearly 175 miles long with no 
definite position within this distance. The 
estimates from the flights, therefore, did 
not mean that they would converge there but 
merely that both would pass the line eastbound 
at that time. He testified that he was not re -  
quired to give advisory information to flights 
which were i n  uncontrolled airspace and i t  
was only a discretionary duty in the controlled 
area .  He also said this advisory service would 
not be possible a s  a day-to-day practice with- 
out control of flights and more definite position 
information, a s  well a s  additional facilities 
and personnel. 

The CAA Director of ATC testified that 
i t  was not the policy o r  concept of ATC to 
provide traffic information outside of control- 
led airspace and that normally such informa- 
tion would be of little value. hiany aircraft  
unknown to ATC may be operating in this 
area;  further, ATC has no authority over 
those aircraft  that a r e  known. The witness 
testified that with respect to these two partic- 
ular flights, the controller certainly knew 
about them; however, he explained that ad- 
visory information must be viewed in i t s  over- 
all  application in day-to-day operations. He 
stated that advisory service for traffic in  
uncontrolled areas  would be tantamount to 
positive control of all  traffic which would 

require personnel, facilities, and equipment 
not presently available. He added that this 
was known to be correct ,  having several years  
ago attempted to provide this service on a test  
and evaluation basis.  He added that the work- 
load of an  advisory service was found to be 
nearly equal to that required for a control 
service. He concluded that the present com- 
plement of persons assigned to perform the 
controller's functions in the uncontrolled a reas  
could not be considered sufficient to offer either 
an advisory service o r  perform a control service. 

According to the United estimate the 
flight would reach the Painted Desert a t  1031, 
o r  33 minutes after passing Needles. Investi- 
gation showed the accident occured a t  1031, 
approximately 17 miles o r  nearly 3 1/2 minutee' 
flying time from the position of expected pro- 
g re s s .  Compared to another United flight 
which climbed over the same course to cruise 
at  21 000 feet approximately one hour earl ier ,  
Flight 718 ahould have reached the Painted 
Desert in i ts  estimated elapsed time. 

The TWA 2 estimates were in accord 
with accepted performance of the Constellation 
and the flight expected to reach the Painted 
Desert a t  1031, o r  36 minutes after passing 
Lake Mohave. This flight also was approxi- 
mately 3 11 2 minutes' flying time from i ts  
estimated position when the collision occurred. 

The winds aloft were carefully reviewed 
to determine whether o r  not they could have 
been a factor i n  the delays, however, it was 
learned that they were light in consideration 
of altitude and varied little from the winds 
forecast. 

The severe damage sustained by the 
United aircraft  leaves little question but that 
the aircraft  crashed soon after  the collision and 
therefore the last  transmission from i ts  crew 
(1030:53) came very close to the collision time 
(1031). 

The recorded transmission was examined 
under laboratory conditions to determine what 
the exact measage was, whether o r  not any- 
thing was said which was inaudible under nor- 
mal  listening conditions, and whether o r  not 
the tragedy was reflected during al l  o r  just 
part  of the message. The lat ter  objective 
would ass is t  in determining whether o r  not the 
DC-7 crew sighted the L-1049 during the trans- 
mission and if the accident occurred during it .  
The analysis was based on a correlation of the 
spoken words with a spectrographic analysis, 

* See CAR P a r t  60.14 (a) through (c) and CAR P a r t  60.15 
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a technique used in glVisible Speech. 'I Tests 
involving binaural listening and speech 
stretching were also made. 

The results showed the principal speaker 
said, "Salt Lake, a rea  (or  ah), seven eighteen.. . 
we a r e  going in. I t *  During the time represented 
by the dots a second speaker yelled two known 
words which were,  "up.. . up. I' This speaker 
also yelled words which preceded "up. I t  These 
were indefinite but fitted energy patterns of 
"look", "pull", o r  8tcome". The tests  showed 
clearly that the principal speaker throughout 
was speaking between 100 and 200 cycles 
above the normal male voice pitch spectro- 
grams.  The background o r  second speake r t  s 
pitch was even higher, being well above that 
of a female voice; however, i t  was fairly 
certain that i t  was a male speaker. According 
to the laboratory study both general voice 
patterns, particularly a s  to pitch, showed 
the speakers were under great emotional 
s t r e s s ,  indicating that they were already in 
serious trouble. 

An exhaustive search for eyewitnesses 
to the in-flight collision was conducted. During 
this search no witnesses were found who saw 
the collision although a t  least  one person 
apparently saw smoke from the crashes and 
dismissed i t  a s  a brush fire in  the Canyon. 
On 10 July two witnesses were made known 
to the Board and were called to appear a t  
the public hearing. They stated that while 
driving west on Route 66 between Winona and 
Flagstaff they saw two aircraft  collide. Their 
descriptions fitted the subject aircraft  and 
especially the Constellation. Both stated that 
when collision occurred there was no evidence 
such a s  f i re ,  smoke, o r  falling pieces and that 
following impact the aircraft  seemed to con- 
tinue on without falling but locked together . 

Investigation showed that the collision 
occurred a short distance west of and above 
the wreckage locations, approximately 70 
miles from the witnesses. Calculations and 
visual capability indicated that a t  this distance 
i t  would be impossible to see the aircraft.  
Relative positions with respect to each other 
if visible, would be extremely deceptive. The 
Board does not question the sincerity of these 
witnesses but believes they must have seen 
two other aircraft;  several a r e  known to have 
been operating in this general area. At a 
considerable distance and a t  certain angles of 
observation two widely separated aircraft  
could well present the illusion of a collision. 

A third witness reported having seen a 
puff of smoke in the sky over the Grand Canyon 
area .  This witness was near  Winslow, about 
80 miles from the accident site,  and was also 
proceeding in a private automobile west on 
Route 66. The puff of smoke seemed very 
high and from i t  two objects appeared to fall 
on a trajectory path and disappeared into lower 
clouds. This observation may have been the 
collision but because little detail could be seen 
i t  adds little to the investigatory objectives 
other than those already clearly established 
by more positive evidence. 

To establish conclusively the importance 
of the information offered by these witnesses. 
Board investigators were stationed about 
14 miles east  of Flagstaff, the approximate 
position of the nearest witnesses a s  indicated 
by their testimony. On separate days United 
and Trans World flights flew the proposed 
routes of Flights 2 and 718, making position 
reports to the investigators according to a 
prearranged detailed plan. These were 
received by a CAA communications truck 
located with the investigators. Weather 
conditions on one day were better than those 
on the day of the accident and on the second 
day they were equal to o r  better than the 
accident day. Results of this work showed 
that the aircraft could not be seen though their 
exact positions were known, a s  were the angles 
on which to sight to the positions. Many 
reports and sighting6 were undertaken. Once 
a reflective flash was seen and binoculars 
were trained on i t .  With this assistance to 
the observers'  normal vision the aircraft  
could be seen but i t  could not be identified a s  
to type o r  make. 

The Board was about to publish i t s  report 
on this accident when, on 1 February 1957, 
i t  was advised of another alleged eyewitness to 
the collision. All of the testimony of this 
witness was carefully evaluated; however, i t  
was concluded that i t  had no probative value. 
Under the circumstances , the Board could 
not accept the witnesst testimony. 

The possibilit y that both aircraft  could 
have been south of their courses,  using the 
3 -112 minutes of unaccounted for  time in this 
manner, is remote. A radius of action 
computation shows the time to be insufficient 
to bring the aircraft ,  especially TWA Flight 2, 
to a position much closer that 45 miles to the 
observers'  point and thereafter flown to the 
known collision position. 

* Differences between initial listening and laboratory results relative to message context a r e  
recognized. 
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The initial impact occurred with the DG7 
moving from right to left relative to the L1049 
and with the L-1049 moving to the right and 
aft relative to the DG-7. From analysis of 
physical damage in consideration of locations 
of the damaged components of the aircraft, it 
appears that first contact involved the centre 
fin leading edge of the L-1049 and the left 
aileron tip of the DC-7. Instantly thereafter 
the lower surface of the,DC-7 left wing struck 
the upper aft fuselage of the Constellation with 
disintegrating force. Without question this 
force caused complete destruction of the aft 
fuselage and destroyed the structural integrity 
of the left wing outer panel. As this occurred 
and the aircraft continued to pass laterally, 
the left fin leading edge of the Constellation 
and the left wing tip of the DC-7 made contact, 
tearing off pieces of both components. During 
this same time the DC-7 No. 1 propeller in- 
flicted a series of cuts in the area of the aft 
baggage compartment of the L-1049. This 
entire sequence occurred in less than one- 
half second and in such a manner that an inter- 
locking of the aircraft was virtually impossible 

From the extent of damage and the loca- 
tions of various components on the ground, the 
collision ripped open the fuselage of the Cons- 
tellation from just forward of i ts  tail to near 
the main cabin door. The collision also caueed 
the empennage of the Constellation to separate 
almost immediately. Thin aircraft then pitched 
down and fell on a short forward trajectory to 
the ground. Consideration of these factors 
leads the Board to conclude that the collision 
occurred in space over a position just west of 
the TWA crash site. 

The United aircraft appears to have 
sustained lesser but equally critical damage 
affecting flight. Most of its left outer wing 
separated during the collision and i t  appears 
likely that the horizontal stabilizer of the 
DC-7 was struck by pieces torn off the Cons- 
tellation. It i s  d e o  reasonable that damage 
to the left wing restricted aileron control. It 
is  believed that the DC-7 fell less steeply, 
probably on a turning path, to the ground. 

For damage to have resulted a s  des- 
cribed earlier and for other areas to have 
escaped in-flight contact, the aircraft had to be 
oriented in a certain manner relative to each 
other when the collision occurred. Additionally, 
and independent of the matching of damage, a 
study was also made relative to the propeller 
cuts. Both studies gave nearly identical results 
relative to the angle between the aircraft a t  the 

instant of impact. This angle was found to be 
approximately 25 degrees relative to the 
longitudinal axes. 

From the layout work matching the in- 
flight contact areas,  i t  was determined that 
the DC-7 left wing was above the L-1049 
relative wing plane o r  the DC-7 was rolled 
approximately 20 degreee right wing down 
relative to the L-1049. The study also indi- 
cated the aircraft were oriented such that the 
vertical distance between empennages of the 
aircraft was less than the vertical distance 
between their nose sections. The difference 
a s  an angle was between 5 and 10 degrees. It 
i s  important to recognize that the aircraft 
attitudes described a re  relative o r  with rerpect 
to each other and do not necessarily reflect 
their orientation with respect to the ground. 

From all that could be examined there 
was no evidence of malfunction or  failure of 
the aircraft and from all the evidence surround- 
ing the accident the Board believes there was - 
none. 

Analysis of all the available weather 
information, including pilot reports, irldicates 
that the forecast conditions for the flights were 
reasonably accurate. It shows that the two 
flights departed Los Angeles and climbed 
through an overcast approximately 700 feet 
thick to clear conditions 0x1 top. The overcast 
was local in nature and confined to the Lo8 
Angeles coastal area. Thereafter, the flights, 
except for some scattered clouds, were in 
clear weather a s  they climbed eastbound over 
their respective tracks. 

Clear weather appears to have prevailed 
east of Las Vegas along the Colorado River 
to near Havaeu Creek but becoming overcaet 
with a few breaks beginning a short distance 
east of Havasu Creek. Along the proposed 
routes of TWA 2 and UAL 718, scattered 
clouds commenced shortly east of the Cali- 
fornia-Arizona border. Eastward therefrom 
clouds increased to broken, then overcaet 
with some breaks in the Grand Canyon area to 
somewhat east of the accident site. Tops of 
thie main weather coverage were approximately 
15 000 feet with several lower layers, the 
lowest being about 2 000 feet above the ground. 

I 

Northweat of Grand Canyon Village, o r  
over the western portion of the main Grand 
Canyon, the first of several acattered build- 
ups appears to have existed. It appeare to 
have been isolated with others northeast of it. 
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The build-ups were apparently formed in the 
lower clouds and protruded through and above 
them to approximately 25 000 leet. An airline 
captain described the westernmost build-up a s  
Large but of an indeterminable width and length. 
He believed i t  was almost over Grand Canyon 
Village. Pilots below the overcast saw no evi- 
dence of i t  there but at least two noted a rain 
area northwest of this position. It i s  entirely 
likely that the rain area was f -om the build-up 
noted by the captain from above. Pilots flying 
below the overcast also stated that they saw 
breaks in the overcast but that they were few 
and scattered. They observed that the over- 
cast condition covered most i f  not all of the 
Grand Canyon. 

From the evidence available the Board 
i s  of the opinion that the weather conditions 
a t  21 000 feet would not have precluded flight 
in VFR conditions in this accident area  but 
that deviations may have been required to cir- 
cumvent the build-ups while the subject flights 
traversed the area. 

According to company procedures United 
flights were not permitted to fly in instrument 
weather conditions while operating off airways, 
Similarly, TWA procedures precluded instru- 
ment flight under the flight clearance on which 
i ts  Flight 2 was proceeding a t  the time of the 
accident, Each company, under the conditions 
during which this accident occurred, therefore 
required its flight to adhere to visual flight 
rules. Further, i t  is unlikely that the captain 
of the TWA flight would proceed into instrument 
weather conditions, having previously been 
informed that the United flight was in the gene- 
ral  area  a t  21 000 feet. The Board is, there- 
fore, of the f irm opinion, based on the weather 
conditions, company procedures, and good 
pilot practice, that both flights were operating 
according to rules prescribed for VFR condi- 
tions when the collision occurred. 

The last position report from each flight 
indicated, a t  the time the report was given, 
that each was at  21 000 feet. Although there 
was no requirement for either to remain at  
that altitude in the uncontrolled area,  with 
respect to Air Traffic Control, each company 
did require that it be notified of an altitude 
change. Because there was no notice and no 
known reason for the flights to alter altitude, 
i t  i s  considered reasonable to believe that the 
collision occurred at 21 000 feet. 

Considering each flight's estimate to the 
Painted Desert, together with aircraft perfor- 
mance, it appears that both flights should have 
reached the line of position about 17 miles, or 
3-1/2 minutes' flying time, farther east when 
the accident occurred. Although there are  
several possibilities, no definite conclusion 
has been reached a s  to the cause of the 3-1/2- 
minute delay of these aircraft. One possibility 
i s  that it could have been caused by manoeuvring 
to provide a more scenic view for the passen - 
gers, although the evidence i s  not sufficient to 
establish this fact. Another possibility i s  that 
a less favourable wind was encountered during 
the subject segments than was used for esti- 
mates which slowed the progress of the flights. 
A third possibility i s  that one or  more build- 
ups in the Grand Canyon area may have required 
deviations and, i f  so, could account for the time 
element involved. 

At approximately 101 3 the Salt Lake con- 
troller was in possession of the last position 
report made by each of the subject flights. He 
was then aware that when the reports were made 
both aircraft were operating at 21 000 feet, were 
on converging courses, and were estimating the 
Painted Desert at the same time. He advised 
neither flight of this situation. In considering 
whether or not this should have been done, the 
traffic control concept, the controller~s express 
duties, and the requirements involved to provide 
this'information to flights must be considered. 

Air Traffic Control undertakes to sepa- 
rate a i r  traffic when i t  is operating in accord- 
ance with an IFR clearance and while it i s  
within the confines of controlled airspace. If 
instrument weather conditions exist and the 
above requirements are  met, all a i r  traffic 
would be separated. However, when visual 
flight conditions exist instrument traffic is 
separated only from other like traffic and not 
from aircraft being flown under visual flight 
rules, much of the latter being unknown to Air 
Traffic Control. For  this reason flights in 
visual conditions a re  required to provide their 
own separation regardless of flight plan or 
clearance. 

Outside the controlled airspace the a i r  
traffic control concept has not embraced the 
responsibility for separation of a i r  traffic re-  
gardless of flight plan, clearance o r  weather 
conditions. In this area no control is exercised 
by Air Traffic Control, i t s  principal function 
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being to monitor the progress of flights through 
an uncontrolled area  ao that an orderly flow 
ef instrument traffic may be accomplished 
into the adjacent control area. Control is 
not presently available in the uncontrolled 
airspace because sufficient facilities and 
means for such control do not exist. 

At the present time traffic advisory 
information to flights i s  offered when and 
where control of a i r  traffic i s  being exercised. 
Then. such advisory is discretionary with 
the controller and i s  not a mandatory procedure 
of control. Accurate and worthwhile traffic 
information requires that the controller be 
informed of the aircraft involved and have 
precise and timely information on the position 
of flights relative to their altitude and lateral 
and forward position along a defined track. 
This information must thereafter be posted 
and correlated with like information on other 
flights to determine whether or  not a conflict- 
ing situation exists. In the uncontrolled air-  
space. flights a r e  permitted greater flexibil- 
ity to take advantage of wind and weather fac- 
tors. Further, in this area  the navigational 
aids enabling a flight to report i ts  position 
with the precision necessary to enable accurate 
advisory information a re  insufficient. The 
aforementioned factors affecting the value of 
traffic adviaory information a r e  evident with 
respect to TWA 2 and United 718. Both fligbb 
were somewhat north of their proposed tracks, 
both were approximately 17 miles west of 
where they had estimated they would be a t  
that time, and their actual tracks intersected 
a considerable distance before the proposed 
tracks converged. Such deviations a r e  not 
unusual in off-airways operation. 

Although knowledge of the projected 
flight paths of the subject flighb could hrva 
prempted the Salt Lake controller to offer 
both flights traffic advisory information on 8 

voluntary basis, giving the best informatiem 
available to him at  the time. the Board is d 
the opinion that the existin8 control concept, 
Air Traffic Control mlicier and vrocedures. 
and the express duties of a controller did & 
require him to do so. 

This accident, a s  nearly all other mid- 
a i r  collisions, ap&ently occ;rred in visual 
f l i ~ h t  weather conditions and there ia no reason 
to ielieve the aircraft were not being oper- 
ated in accordance with cloud separation cri-  
teria of visual flight rules. Under these 
conditions and according to these rules the 

vast portion of flying today is being conducted. 
Accordingly, the present means for avoiding 
collision rests  with the pilot to see and avoid 
other aircraft. 

Extensive study ot most collision accident8 
has shown that there -6 ra epprkmity,  of 
varying degree, for the piW or pi- to see 
the conflicting aircraft in sufficient time for 
them to take evasive rrunoeuvres 6s avoid the 
accident. In many of these accidents where 
then was survival, however, testimony of 
the pilots was that they were maintaining a 
carefull lookaut but despite i t  they did not see 
the 0th- aircraft in time to avoid i t  o r  that 
they did not see i t  at all. 

Collision studies, including controlled 
flight tests, have pointed out that seeing other 
aircraft in flight i s  difficult. The degree of 
such difficulty 1s variable with numerous 
tangible and intangible factors affecting it. 
The first  tangible factor is the angular limits 
of cockpit vision, or  the vision afforded by 
cockpit structure and design only. 

The second tangible factor i s  visual 
range o r  the distance that an cjbject can be 
seen. Many conditions and circumstances 
enter into this factor and are  variable. Some 
of these are colour of the object, its background, 
and the contrast between them. Others a r e  -man 
of the object, its angular size and shape, and 
the atmoaphe sic condition of visibility. The 
latter may also include altitude effect and cloud 
obstruction. 

A W r d  group of factors i s  physiological 
o r  human and many of these are  intangible, 
depending on the individual's phy sical condition, 
degree of fatigue, and training. The human 
eye will best see an object when it i s  within the 
sensitive o r  focal field of vision, which i s  two 
to thrae degrees. An object may be seen 
through the peripheral portion of vision o r  the 
area of several degrees outside of the focal 
field. The number of degrees i s  dependent 
upon motion and/or the aforementioned factor8 
providing sufficient stimuli. It may be noted 
that aircraft converging on constant, unvarying 
collision courses provide no relative motion 
when viewed from the aircraft. Searching for 
aircraft within the visual limits of cockpit 
visibility required scanning thrmgh tbose 
limits. This requires time, the amourt being 
allied to the physiological factors and the 
adaquacy depending on all considerations, 
including closure rpeed. 
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Allied to the element of opportunity i t  i s  
important to recognize that the operation of a 
modern aircraft requires regular and frequent 
attention of the pilot or pilote to duties within 
the cockpit. Attention to inetrumentation, 
both operational and navigational, ie required 
during all phases of flight, as  well a s  com- 
putations and records pertaining to the progress 
and anticipated progress of the flight. 

Many combinations of adverse factors. 
conditions, and circumstances can result in a 
limited opportunity to see another aircraft. 
On the other hand the opportunity to see another 
aircraft may be good. Here the factors act 
to a good and reasonable opportunity for the 
vigilant pilot and in this regard the Board 
expects pilots to maintain the highest degree 
of vigilance. 

It i s  recognized that the basic means 
for traffic separation in VFR conditions i s  
presently d ~ e  "see and be seen" philosophy. 
This concept has existed as  a matter of 
necessity, with ite known limitatione, and 
will continue until there a re  sufficient tech- 
nological advancee to provide additional 
assistance to the pilot for collision avoidance. 
The progress of aviation ie moving rapidly. 
toward higher altitudes and greater epeeds, 
with traffic in increasing density. Fully 
aware of thie and ite effect, the Board is  
lending its support to industry, other govern- 
mental agencies, and interested persons to 
find and develop methods, means, and devices 
which will assist  the concept of vieual sepa- 
ration. 

Knowing full well that insufficient 
evidence would preclude determining with 
positive resulte the existing opportunities 
for the subject crews to see the conflicting 
aircraft, the Board nevertheless conducted 
an exhauntive analyeis. Thie was done to 
present all information possible from the 
available evidence. The analysis was euccess- 
ful in thir objective and disclosed much which 
the Board believes will assist  its principal 
goal of greater safety in aviation. 

Since the attitude6 of the aircraft 
relative to the ground and their probable 
flight paths prior to collision a re  so closely 
interrelated, they can be treated together. 
A determination of these is imperative relative 
to the opportunity for the pilots to have seen 
the conflicting aircraft. 

As indicated, correlation of the physical 
damage relates one aircraft with respect to the 
other and not with respect to the ground. 
Obviouely, the physical orientation ie valid 
only at  the instant of impact. Becauee of this, 
and in the absence of eyewitnesses, i t  i s  not 
known whether one or both aircraft were rolled, 
pitched, or  yawed relative to the ground. With- 
out a known orientation of at  least one of the 
aircraft with respect to the ground, an analysis 
cannot determine a single flight path of the 
aircraft prior to the collision, nor i s  it poeeible 
to establish the flight pathe by other known 
factore in this accident. It i s  therefore necee- 
sary to evaluate the objective on the baeis of 
several flight path combinations, knowing that 
only one existed. Generally, however, the 
poe sibilities may be narrowed into two broad 
categories with variations. The possibilitier 
may aleo be limited by the known orientation 
of the aircraft to each other at  the instant of 
impact, which precludes certain other relative 
attitudes between the aircraft. 

The first  category aesumes that there wae 
no evasive action prior to collision and that one 
or  both aircraft were turning within the limits 
afforded by the known collision orientation. 
This category accepts a s  reasonable that both 
aircraft were being flown commensurate with 
their performance for the en-route phase of 
flight. Analytical studies recognized the vari- 
ations to thie category but found that three 
limit coneideratione eeem to cover the infinite 
number with respect to the pilots' vieual 
opportunitiee. Two of these a r e  that either 
aircraft was turning while the other flew 
straight and level to collision; the third i s  that 
both were turning prior to the accident. 

The second category of possibility ie 
baaed on the assumption that there was an 
evasive action initiated by one or  both flights 
but that i t  came too late to avoid the accident. 
Again, it i s  reaeonable to believe the evasive 
action wae limited to the known orientation and 
that the aircraft were being flown according to 
the normal performance for the en-route phase 
of flight. The evasive action was also limited 
to aileron-elevator type manoeuvres. Although 
rudder displacement was studied and evaluated, 
the aileron-elevator action appeared to be more 
consistent with the preponderance of all evidence; 
however, this was not entirely conclunive. Even 
accepting this limit there a r e  variations, but 
these can be narrowed by a limit conrideration. 
This ie possible becaume manoeuvre charac3erht.h 
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of both aircraft ehowed that an evaeive action 
without eufficient time to avoid the collieion 
would not appreciably alter the flight path 
of either aircraft from flight pathe which 
preeumed there wae no evaeive action. It 
muet be noted, however, that relative 
attitude8 of the aircraft would be changed. 
Accordingly, the etudiee under the eecond 
category relating to the virual opportunitiee 
of the crewe a re  not appreciably altered from 
the eituation where both aircraft were approach- 
ing one another in straight and level flight a t  
the angle between the longitudinal axee ehown 
to have exieted at  the initial impact, 25 degreee. 

It ie known that several cloud buildup8 
exieted in the immediate area of the collision 
and their heights extended well above the 
cruieing altitude8 of both flighte. Although 
i t  ie unknown, i t  ie entirely poeeible that the 
aircraft may have been flown eo that one war 
on each aide of a buildup ahortly before 
collision. The effect of thie would, of couree, 
preclude the crewe from eeeing the other air-  
craft during the time the cloud o r  cloude were 
between them. Cloude would aleo require 
couree deviation in certain eituatione. They 
would aleo eeriouely limit the time for pilote 
to eee the conflicting aircraft, the amount 
depending on the size and shape of the cloude, 
the lateral distance maintained by the flighte 
from them, and the distance of the cloude from 
the collision point. Thus, a cloud positioned 
cloee to the collision point would limit the time 
opportunity. a8 would one which was narrow or 
elongated. The intervening cloud factor appear8 
to be a poeeibility and therefore wae a necee- 
eary coneideration in the vieual opportunity 
etudy. To thie end eeveral repreeentative 
cloud eiaee and ehapee were eelected and 
introduced in the analytical etudy. The etudy 
aleo included the coneideration which preeumed 
that cloude would not have been a factor. The 
etudy accepted ae the limit of vieual range a 
distance of five to eix etatute milee and 
aeeumed that the aircraft paeeed the cloud 
formation at  a horizontal distance of 2 000 
feet and that they were at  the same altitude. 

The reeulte of thie analyeie were then 
applied to the individual crew membere from 
their reepective cockpit poeitione. Thie wae 
accompliehed in the form of windehield die- 
playa, thereby incorporating the eeveral 
eituatione with the angular limite of cockpit 
vieion. (See Figurer 16 and 17). 

From the dieplay i t  ie apparent that the 
L-1049 wae within the angular limit6 of the 
DC-7 window area from the captainla eeat 
during all the flight path eituatione. In the 
eituation of no intervening cloude, motion 
would be involved in three of the four eituationr. 
Windshield formere would block the captainla 
view for varying portiona of the time o p p o r w ,  
The time opportunity with no cloude war 50 to 
120 eeconde according to the eituation being 
conaidered. The woret cloud eituation could 
reduce the time opportunity to ae low a# 
12 eeconde. 

With reepect to the DC-7 firet officer1# 
position, the L- 1049 wae within the angular 
limite of the DC-7 window area  during two of 
the limit coneideratione and during the early 
part of the other two. In the "no cloudt1 factor 
eituatione the L-1049 would have been near 
maximum vieual range in two conditions, with- 
out relative motion in one, and with relative 
motion in another. Time opportunity without 
intervening cloude and with both aircraft 
etraight and level was 120 seconde. For the 
other three coneide'ratione, including the inter- 
vening cloud condition, the opportunity varied 
from 12 eeconde to 50 eeconde. 

In only one of the conditions doe8 i t  
appear that the L- 1049 captain could have seen 
the DC-7 from his eeat; in thie the time oppor- 
tunity wae for a period of up to 40 eeconda with 
no intervening clouds. In the other three con- 
d i t ion~,  according to the etudy, his opportunity 
wae precluded by the limite of cockpit etructure 
or becauee the DC-7 wae beyond vieual range. 

The etudy indicates that without the inter- 
vening cloud condition the DC-7 wae within 
vieual range and within the angular limite of 
cockpit vieion from the L- 1049 co-pilotle meat 
during three of the four flight path eituationr. 
Then the time opportunity varied from 50 to 
120 eeconde, according to the eituation. Two 
of the dieplaye reveal relative motion. Again, 
in the woret cloud eituation hie time opportunity 
wae ae low as  12 eeconde. 

Analyeie of the varioue poeeible flight 
path variation8 relative to cockpit angular 
limite of vieion hae ehown that one or  both 
pilote of one aircraft could have been precluded 
from eeeing the conflicting aircraft during 
critical periode. The etudy must aleo recognite 
the poeeible effect if one crew member wae 



occupied with cockpit duties and he alone had 
the visual opportunity during this time. 

The Board has shown the existence of 
cumulus-type clouds in the accident area. It 
has shown that these clouds may not have been 
an intervening factor between the flight paths 
of the aircraft. Here the time oppottunities for 
the pilots to effect visual separation were good. 
In'this situation, despite the possible flight 
path variations, and in consideration of the 
aforementioned factors controlling visual 
ability of the pilots, the Board is  of the opinion 
that the range of opportunities was adequate. 
If this situation existed, the Board believes 
the pilots should have seen and avoided the 
other's aircraft. 

On the other hand, evidence has shown 
that during other of the possibilities the pilot's 
opportunity to effect visual separation could 
have been seriously impaired. Analysis has 
shown how clouds, i f  positioned between the 
flights at a critical time, could have reduced 
the time opportunity for collision avoidance to 
less than the minimum of 15 or more seconds 
necessary for scanning, pilot reaction, and 
aeroplane response. 

The Board has carefully studied and 
arduously evaluated all the available evidence 
surrounding this accident. It  has learned all 
that existing methods of investigation and 
evaluation enabled i t  to do. This was done 
without the assistance of sqrvivors or  eye - 
witnesses whose testimony is considered 
imperative to a complete knowledge and to 
single conclusions in the collision-type acci- 
dent. Because of the lack of this vital infor- 
mation and when all factors, including inter- 
vening clouds, cockpit visual limitations, 
cockpit duties, the several flight path varia- 
tions, the time opportunities, and the physio- 
logical limit8 to human vision a re  considered, 

tne Board concludes there i s  not enough 
evidence to determine whether or  not there 
was sufficient opportunity for the pilots to 
avoid the collision. 

Probable Cause 

The probable cause of this mid-air 
collision was that the pilots did not see each 
other in time to avoid the collision. It is  not 
possible to determine why the pilots did not 
see each other, but the evidence suggests 
that i t  resulted from any one or a combination 
of the following factors: 

( 1) Intervening clouds reducing 
time for visual separation; 

(2) visual linlitations due to 
cockpit visibility, and; 

(3) preoccupation with normal 
cockpit duties; 

(4) preoccupation with matters 
unrelated to cockpit duties 
such as  attempting to provide 
the passengers with a more 
scenic view of the Grand Canyon 
area;  

(5) physiological limits to human 
vision reducing the time oppor - 
tunity to see and avoid the 
other aircraft, or;  

(6) insufficiency of en-route a i r  
traffic advisory information 
due to inadequacy of facilities 
and lack of personnel in air  
traffic control. 

ICAO Ref: A ~ / 4 6 2  
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X This point indicotas DC-7 position just before collision, Angle ChongeS ropldiy i n  lost 1-2 sswnds and moves to 
the riqht of f  cockpit window 

V R  Point ot which the 3C-7 f i rs t  OPpeOrS oslUminqa viSwI ronqe of  5 t o 6  mites ond wi th crew Positions in  cockplt 

assumed as overage 
1-1 Mcnoculor vision area - where crew members con see with only one eye 

1 1  Cleor orda within windshield or window out l inr -  crew members coo saa with both eyls 

- - --. Dash lines connect eorrespondinq Points on three poths Shewn 
EiongatBd cloud or cloud shelf d~minishing costword to a point 

DC-7  PATHS ONL-1049 COCKPIT W I NOOWS 
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No. 23 

Trans-Canada Air l ines ,  Viscount, CF-TGR, los t  propel ler  and par t  of engine near  
*'lat Rock, Michigan, on 9 July 1956. Civil Aeronautics Board (USA) Accident 

Investigation Report,  F i l e  No. F-111-56 re leased 11 March 1957. 
(Also  re leased under Ser ia l  No. 56-12 by Dept. of Transpor t ,  

Ottawa, Canada. ) 

Circumstances 

Flight 304 was scheduled between Chicago, 
Illinois, and Montreal, Quebec, with stops a t  
Toronto and Ottawa, Ontario. On board were  
a c rew of 4 and 31 passengers.  The pilot oc- 
cupying the left-hand cockpit sea t ,  a qualified 
Viscount captain, was being checked in  route 
competency by the pilot-in-command who was 
occupying the right-hand seat.  After departing 
Chicago on an  IFR flight plan a t  1304 hours 
Eas te rn  Standard Time the a i rc ra f t  was climbed 
to i t s  cruis ing altitude of 19 000 feet ,  in ac -  
cordance with i ts  ATC clearance. At approx- 
imately 1345 hours  in  the vicinity of F la t  Rock, 
powerplant difficulty developed. During an  
emergency descent the No. 4 propeller broke 
loose and one blade passed through the fuse  - 
lage,  killing one passenger  and injuring 5 
others. The flight continued to Windsor, 
Ontario,  where an emergency landing was 
made a t  1402 hours. Not until af ter  landing 
did the pilots l e a r n  that a propel ler  blade had 
passed through the fuselage. 

Investigation and Evidence 

The pilots stated that a t  about 1345 hours  
they noted a momentary drop in  r .  p. m. of 
No. 4 engine - 200 to 300 below the normal  
c ru i se  r .  p. m. of 13 600. Engine r ,  p. m.  then 
re turned to and remained normal  for  5 minutes. 
No. 4 engine r. p. m. was next observed to 
inc rease  rapidly to approximately 13 900 o r  
14 000. Shortly thereaf ter  and concurrently 
with attempting to feather the propel ler ,  the 
overspeed increased appreciably and feathering 
at tempts ,  using both the manual and automatic 
s y s t e m s ,  were  unsuccessful. 

During and following attempts to feather ,  
the a i r speed  decreased ,  a s  did the sound of 
the No. 4 engine overspeed. The c rew in- 
c reased  power on the remaining th ree  engines 
and with the resultant increase in a i rspeed the 
sound of No. 4 engine indicated i ts  r ,  p. m. was 
rising. Because of this development an  e m e r -  
gency was declared a t  approximately 135 1 and 

clearance to descend was obtained f r o m  the 
Traffic Control Center a t  Detroit. Power was 
reduced on Nos. 1 ,  2, and 3 engines,  then a n  
emergency descent was s ta r ted  and was con- 
tinued a t  near ly  maximum airspeed.  At some 
time during this phase of the descent the c rew 
depressur ized the cabin. 

At approximately 1353, a t  an  altitude of 
about 9 000 feet ,  the No. 4 propel ler  broke 
loose and al l  four blades separated f r o m  the 
hub. One of the blades s t ruck  No. 3 engine, 
then passed through the passenger-occupied 
portion of the fuselage. Descent was continued 
to about 3 000 feet ,  where power was again 
applied to Nos. 1 ,  2, and 3 engines. The 
r. p. m. of No. 3 engine did not go above 11 500 
and the f i r e  warning came on. Although no 
f i re  was observed,  the engine f i r e  procedure,  
which includes feathering of the propel ler ,  was 
successfully accomplished. 

Examination of the a i rc ra f t  a t  Windsor 
revealed that the propel ler  and the front p a r t  
of the No. 4 engine forward of the propel ler  
reduction gear  layshafts had broken away in  
flight. All of these par t s  were  recovered in 
the vicinity of F la t  Rock, Michigan. 

The path of one propeller blade passed 
completely through the oil cooler of No. 3 
engine and the forward portion of the passenger  
cabin. Major cabin damage occurred in the 
a r e a  of the two mos t  forward rows of seats .  
A smal l  piece of propel ler  blade that matched 
with the No. 2 blade was recovered f r o m  the 
cabin. The remaining propel ler  blades w e r e  
found to be intact. 

The No. 4 engine r .  p. m. indicating 
sys tem and propel ler  feathering sys tem up to 
the point of separation of the nose case  w e r e  
checked, and both functioned satisfactorily.  
Subsequent checks a t  Winnipeg of the individual 
components which make up these oystems 
showed them to be satisfactory, 
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The No. 4 engine revealed evidence of oil 
starvation throughout. Investigation disclosed 
that the driven bevel gear of the bevel box 
drive* had suffered a fatigue failure and rota- 
tion of the drive was completely disrupted. 
Laboratory study revealed the fatigue failure 
started on the load side of one tooth. Other 
than the fatigue fracture,  this tooth was 
relatively undamaged, whereas the teeth that 
remained in place on the gear exhibited gross 
damage. 

There is no known history of failure of 
driven bevel gears  and a laboratory study 
showed no manufacturing or  metallurgical de- 
fects in this one. The bushing within which 
this gear rotates had turned and worn panel 
material away until i ts  thrust face was . 030" 
below the machined surface of the panel on 
which the bushing flange normally beds. Dam- 
age resulting f rom the bushing turning in its 
panel precluded a determination of why the 
bushing was initially allowed to spin. The 
bushing flange was cracked. Displacement of 
the bushing resulted in a partial disengagement 
of the driven and driving bevel geare and thus 
altered the s t resses  in these parts.  

The teeth of the high-speed pinion of the 
propeller reduction gearing were etripped to 
the extent that the propeller had become un- 
coupled from the engine, Diecoloration from 
overheat was evident on the high-speed pinion 
and thrust bearing, with eome deterioration 
having occurred to this latter part  aleo. 

The forward edgee of the teeth of the 
high-epeed pinion were displaced forward a s  
the pinion progreseively failed. The propeller 
oil transfer houeing, which i s  located just for- 
ward of the high-speed pinion, had a circular  
groove cut into its aft face. Thie groove mated 
with the deformed pinion teeth which, by meae - 
urement , interfered with the propeller oil 
t ransfer  housing. The circular groove was of 
sufficient depth to intersect the internal oil 
par sager. Three eucceeeive teats to deter- 
mine the oil preeeur e available for  feathering 
subsequent to, the described damage resulted 
in 300 p. s. i. , 250 p. e. i. , and 215 p. e. i. 

The hub, with the propeller shaft, and 
the four propeller blades fell in five separate 
unite and were found separately but in relative- 
ly close proximity to each other where they 
had fallen from the aircraft.  The blades had 
pulled radially out of the hub bores, a s  evi- 
denced by the shear  pattern on the threads of 
the hub bore and on the blade retention nuts. 

All blades were intact except the previously 
reported tip portion of No. 2 which was found 
inside the fuselage, No irregularities of the 
propeller were evident except for impact dam- 
age. 

The propeller control unit was function- 
ally tested, disassembled, and examined. All 
was normal except that the pressure switch 
setting was 345 p. s. i. The specified setting 
is 460 plus o r  minus 20 p. s. i. 

The crew reported that although cruise 
flight was conducted above a cloud layer ,  breaks 
in the clouds permitted the entire deecent to be 
made with visual reference to the ground. 

It was not poaeible to determine whether 
the momentary drop of 200 to 300 r .  p. m. in 
No. 4 engine had any connection with events 
that followed. The initial overspeed of No. 4 
engine to 13 900 or 14 000 r. p. m. undoubtedly 
occurred when the normally fixed bushing 
turned and failure of the driven bevel gear 
followed to the extent that rotation of the bevel 
box drive was completely stopped. At this 
stage of the engine difficulty the propeller 
could have been feathered. 

Following failure of the driven bevel gear 
the engine was rotated with no pressure  lubri- 
cation by the windmilling action of the propeller 
while the blade8 were a t  the inflight fine pitch 
angle. It was during this interval that the 
high-epeed pinion progressively failed and wae 
deformed eo a s  to damage the propeller oil 
tranefer houeing, with the reeult that feather- 
ing oil a t  the required preeeure could not be 
directed to the propeller; finally, the propeller 
became decoupled from the engine. No other 
reaeon for failure of the propeller to feather 
wae revealed by the investigation. According 
to the crew the second overspeed occurred 
juet a s  the f i re t  attempt was being made to 
feather the propeller. At this time, however, 
damage that precluded feathering had already 
occurred. 

The matter of an uncontrolled decoupled 
propeller such a s  occurred in this instance had 
not been anticipated with respect to Viscount 
aircraft  and was not treated in Viscount train- 
ing o r  manual material. However, the fact 
that the sound of overspeed decreased with 
decreased airspeed and increased with an in- 
crease  in  airspeed should have alerted the 
crew to the necessity for maintaining a mod- 
erate  airspeed during the deecent. Maintain- 
ing a low airspeed to reduce r. p. m. of an 

* The engine fuel pump, propeller control unit, and oil pump a r e  driven by the bevel box drive. 
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uncontrolled propeller has been for many yzars 
the basic procedure in use for reciprocating 
englne-propeller combinations and 1s widely 
known. Despite this,  the captain ordered that 
an emergency descent be executed. The Board 
concludes that had a moderate airspeed been 
maintained, failure of the propeller a s  subse- 
quently happened would not have occurred. 

Blade retention failure of the windmilling 
No. 4 propeller occurred when the aircraft  
was a t  approximately 9 000 feet altitude and 
a t  nearly the maximum permitted airspeed. 
According to information from the propeller 
manufacturer, based on the calculated blade 
retention strength and tests  of the propeller,  
failure of this nature would be expected under 
approximately these circumstances. There 

were no ~ndications of faulty material o r  
workmans hip. 

Failure to obtain power from the No. 3 
engine and the subsequent f i re  warning after  
leveling off a t  the lower altitude were the 
direct result of damage inflicted by the No. 2 
blade of the No. 4 propeller when i t  became 
detached. 

Probable Cause 

The probable cause of this accident wae 
the inflight separation of the No. 4 propeller 
a8 a resul t  of exceesive loads induced by a 
descent at too high an airspeed while th; pro- 
peller was windmilling decoupled f rom the 
engine and its rpm was known to be uncon- 
trolled. 

ICAO Ref: MI461 
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No. 24 - 
Swissair,  Convair 440, HB-IMD, crashed while approaching to land a t  Shannon 

Airport,  Ireland, on 15 July 1956. Report released by Department 
of lndustry and Commerce, Dublin, Ireland. 

Circumstances 

The a i rc ra f t  departed f rom San Diego, 
California, at 0407 houre on 12 July for  Zurich 
Airport,  Switzerland, with two Americanpilots 
a t  the controle,  on a delivery flight to Swiseair. 
Intermediate stops included New York, Gander 
and Shannon. Having left New York a t  1240 
GMT on 14 July 1956, the a i rc ra f t  landed a t  
Gander a t  1659 GMT. After a stop of 57 min- 
u tes ,  i t  left Gander for  Shannon at 1748 GMT 
carrying the same crew of 4 members .  Fol-  
lowing an uneventful ocean crossing the a i r -  
c ra f t  a t  0008 hours on 15 July was given initial 
descent clearance to Shannon and was then 
cleared into the Shannon Holding Pattern, 
where four other a i rc ra f t  were holding. At 
0125 hours the a i rc ra f t  commenced a Ground 
Controlled Approach to runway 23 and on e s -  
tablishing visual reference to the ground broke 
off the approach for  a left-hand visual circuit  
to runway 05. During the turn onto final 
approach to runway 05, the a i rc ra f t ,  while 
banking steeply was observed to drop. The 
a i r c r a f t  was destroyed on impact with the 
ground a t  approximately 0 135 hours  and the 4 
occupants were killed. There  was no f i re .  

Investigation and Evidence 

The weather conditions a t  Shannon a t  the 
time of the accident were - drizzle; cloud 218 
a t  600 feet  and 618 a t  900 feet;  horizontal visi- 
bility 10 miles;  surface wind 34011 1 knots. 
The conditions experienced by the flight a t  
Shannon were  equal to o r  better than the con- 
ditions reported to it. 

The a i rc ra f t  was constructed in June 1956 
and received a Certificate of Airworthiness on 
10 July 1956. Its total flight time a t  the time 
of the accident was about 33 hours. 

There was no evidence of any mechanical 
o r  s t ructural  failure of the a i rc ra f t  and no 
operating difficulty wae reported by the crew. 

All appropriate procoduree aerociated 
with the flight were car r ied  out in a proper 
manner by the Ground Services a t  Shannon 
Airport. 

The procedure adopted by the flight in 
effecting a visual circuit  to runway 05 af ter  
establishing visual contact with the ground, 
following the completion of a Ground Controlled 
Approach to runway 23, was normal .  The turns 
effected by the a i rc ra f t  during the visual circuit  
were steeper than normal .  The position on the 
approach from which a left-turn was commenced 
to align with runway 05 did not allow sufficient 
distance for  a normal  turn onto final approach 
to runway 05. The visual circuit  and turn onto 
final approach to runway 05 were effected over 
te r ra in  which, in the conditions prevailing a t  
the time of the accident, provided poor visual 
reference to the ground plane. 

Probable Cause 

The probable cause of the accident was 
an e r r o r  of judgment by the pilot, resulting in  
the execution of an abnormally steep turn onto 
final approach during which the a i rc ra f t  slipped 
into the ground. 

Possible contributory factors  were:- 

a )  that for the euccessful execution of 
an approach involving a steep turn near  
the ground on a very dark night, there 
had been insufficient visual guidance 
f rom the terrain;  

b)  impairment of the pilots' proficiency 
due to the length of the period on duty. 

ICAO Ref: AR/463 
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No. 25 

Saudi Arabian Airlines, Convair 340, HZ-ABA made a forced landing a t  Deir-ez-Zort  
.Syria, on 27 July 1956. Report by Commission appointed by the Director General 

of Civil Aviation. Republic of Syria 

Circumstances 

The non- scheduled flight departed Jedda 
for Damascus, Syria a t  1430 hours Greenwich 
Mean Time. The pilot set  a course of 346' 
magnetic a t  an altitude of 16 500. When abeam 
Medina the course was altered to  a heading of 
343" magnetic to cor rec t  for an estimated right 
drift  of 6'. The pilot later  tuned both the au- 
tomatic direction finders t o  the Amman non-di- 
rectional beacon and car r ied  out a t rack and 
distance check while passing abeam. This in- 
dicated that the a i rc raf t  was either on track 
with a very strong headwind o r  was far ther  
east  of the trackthan i t  should be; the pilot ac- 
cepted the former alternative. Amman was 
not visible at  this time and there was no for- 
ward visibility. After passing abeam Amman 
both ADFfs were tuned on an NDB which was 
assumed to be Damascus which gave a fairly 
steady QDM of 015" magnetic. Course was 
then altered from 343" to 015O to home on 
this station. After unsuccessful attempts to 
contact Damascus on VHF the pilot succeeded 
(at 1820 GMT) in making contact with Damascus 
on HF. He reported the aircraft ls  position a s  
5 minutes south of Damascus at  12 000 feet and 
stated that his VHF was out of order. The a i r -  
craft  was cleared to descend f i r s t  to 11 500, 
then a t  1836 to 8 500 feet, At 1843 the FIC 
gave the flight the following information - land- 
ing runway 20. QNH 1005.8 mbs. , 29.71 inches, 
report downwind. When the FIC asked (1850 
GMT) whether the pilot could see the aero- 
drome, the pilot replied ". . . cannot see the 
aerodrome now but my approximate ETA 
Damascus in 10 minutes. I t  The pilot was fur-  
ther convinced that he had a strong headwind. 
This was confirmed in his mind by the delayed 
arr ival  over the beacon and also based on h is  
track and distance check when passing abeam 
Amman. The pilot flew 50 minutes beyond his  
ETA on the course of 015" magnetic and still 
homing on the same station which he thought 
was the Damascus NDB. At this time he said 
that he suspected that this radio bearing might 
be in e r r o r .  He tr ied to tune his ADF1s to 
Beirut NDB and Baghdad NDB but was only able 
to identify Beirut without obtaining a bearing. 
Many cal ls  were made on the VHF but no replies 

were received. An emergency was then de- 
clared. When the pilot reaLized that he was 
lost and was planning an  emergency landing, 
he sighted a r iver  (the Euphrates) and decided 
to follow i t  eastbound. After 15 minutes flight 
a large town was sighted and the pilot decided 
to land there. An emergency wheels-up land- 
ing wae ca r r i ed  out approximately 5 miles  
north-northeast of Deir-ea-Zor a t  2010 GMT 

Investigation and Evidence 

No technical examination of the wreck- 
age was made. 

Adequacy of Ground Facilities 

a )  At Jedda, the point of departure, 
the facilities a r e  considered adequate. After 
leaving a point abeam and 62 nautical miles  
west of Medina no radio facilities exist for  a 
distance of approximately 500 n. m.  until a 
point i s  reached abeam and 30 n. m. east  of 
Amman. 

It  should be noted that the Amman NDB 
is usually weak, and the LUD NDB i s  generally 
reported strong and reliable. 

b) Fo r  approximately 600 n.m. after 
leaving Jedda the pilot must  rely on DR (dead 
reckoning) navigation and under the weather 
conditions described in the co-pilot's report for 
the flight in question i t  i s  considered that for  
this part  of the flight the navigational aids were 
not adequate. 

c) From Amman to  Damascus, a dis- 
tance of approximately 85 n, m. , the naviga- 
tional aids a r e  considered adequate. 

Navigational Procedures and Actions of 
Pilot -in-Command 

From information and details received 
from the pilot during questioning and discus- 
sions which took place a t  the enquiry, the flight. 
was reconstructed and plotted on Figure 19. 

In addition to the information under 
"Circumstances" and with reference to FQure  



118 ICAO Circular 5 4 - ~ ~ / 4 9  

19 the Commission considered that the course 
flown by the pilot to the point abeam Amman 
was routine and i s  acceptable, 

When passing abeam Amman the pilot 
carr ied out a t rack and distance check on 
Amman NDB which indicated to him that he 
was within 10 minutes of his ETA And assu med 
he was on track, but was experiencing a strong 
headwind, He evidently did not consider the 
possibility that he might be at  a considerable 
distance from the station rather  than having 
a strong headwind, either one of which could 
be the indicated results with this type of check. 

The pilot, satiefied that the flight wae 
proceeding normally, tuned both his  ADF8e on 
what he assumed to be Damascus NDB (DS). 
This showed a QDM of 015' magnetic at  this 
point. 'She pilot altered course to the right 
and proceeded to home on this QDM. 

The subsequent couree of the a i rc raf t  
and the actual point of the forced landing a s  
shown clearly on the map proved that this al- 
teration of course was an e r r o r  on the part  
of the pilot. 

When the pilot made hie t rack and 
distance check on his  ETA Amman and believ- 
ing that the wind was north-northwest a t  a high 

velocity with the knowledge that he was east  of 
Amman and with only 85 n. m. to go before 
reaching Damascus, he elected to al ter  course 
towards the east  making this decision only on 
the indication of the one bearing given by the 
ADF which he assumed to be DS NDB. Know- 
ing he was already east  of Amman with the 
assumed north-northweet winds would have 
required the a i rc raf t  to be west of Amman 
(see Figure 19) to juetify homing on this heading 
to reach Damascus. Therefore, i t  i s  coneid- 
ered that the pilot was decidedly remies in not 
double checking his  position before altering his  
couree to  015' when he did. 

Probable Cause 

The probable cauee of the accident waa 
inadequate navigational procedure on the part  
of the pilot. 

Recommendation 

It i s  recommended that the airline con- 
cerned ensure that i t s  aircrewe follow adequate 
flight procedures when navigating extensive 
a reas  not equipped with suitable navigational 
ground aids. 

ICAO Ref. : AIL1479 
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No. 26 

Fanadian Pacific Airlines. Ltd., Douglas DC-6B, CF-CUP, crashed 
following a missed approach a t  Cold Bay Airport,  co ld  Bay, Alaska on 

29 August 1956. Civil Aeronautics Board (USA) Accident investigation Report 
SA-321. F i le  No. F109-55 released 9 May 195'1 

Flight 307 departed Vancouver, British 
Columbia a t  1347* hours  Bering standard 
time en route to Hong Kong, China, with a 
refueling stop a t  Cold Bay, Alaska and an 
intermediate stop a t  Tokyo, Japan, carrying 
a c rew of 8 and 14 passengers.  At 2011 the 
flight reported 100 miles  out, estimating Cold 
Bay a t  2036. It reported being over the Cold 
Bay range station outbound on a standard instru- 
ment approach a t  2035, and a t  2042 a s  comple- 
ting a procedure turn and proceeding inbound. 
This  was the las t  t ransmission f rom the flight. 
At 2045 the a i rc ra f t  was observed to descend 
f rom the overcast  north of the airport  fo r  a 
landing on runway 14 and c ro s s  the field a t  low 
altitude to the i ~ ~ t e r s e c t i o n  of the two runways. 
At this point a shallow leftturn was s tar ted and 
the a i rc ra f t  went out of sight southeast of the 
airport .  Shortly af terwards a f l re  was observed 
and i t  was ascertained that the a i rc ra f t  had 
crashed.  Eleven passengers and 4 crew mem- 
b e r s  were fatally injured. The a i rc ra f t  was 
destroyed by impact and f i re .  

Investigation and Evidence 

Examination of the wreckage and ground 
marks  disclosed that the a i r c r a f t  f i r s t  s t ruck 
the ground a t  an  elevation of 10 fee t  on a head- 
ing of approximately 40 degrees magnetic and 
4 300 feet east-southeast of the approach end 
of runway 26. The physical evidence indicates 
that a t  the t ime of impact the a i rc ra f t  was 
descending in a slightly nose-down attitude 
with the left wing down about 15 degrees.  
Computed ground speed a t  impact was approxi- 
mately 186 knots. 

There was no indication of inflight s t ruc-  
tu ra l  failure o r  malfunction of the engines, 
propellers,  o r  their related accessories .  
Examination revealed that the blades of a l l  
propel lers  were a t  a blade angle of approxima- 
tely 40 degrees and that the engines were 
operating a t  an average speed of 2 460 r.p.m. 
a t  the time of impact. Computations show 
that each of the four engines was delivering 
approximately 1 385 horsepower a t  impact,  

which i s  slightly more than c ru ise  power. 
Landing gear and flaps were determined to be 
in the retracted position a t  the time of impact. 

The Canadian Pacific Operations ManuaI 
specifies that in the case of a missed  approach, 
MET0 (maximum except take-off) power i s  
applied, the gear  i s  retracted, and the flaps 
a r e  retracted to 20 degrees for the climbout. 
MET0 power of the a i rc ra f t  involved was 1 900 
h.p. and 2 600 r.p.m. 

Ground witnesses testified that the a i r -  
craft ,  during its pass  over  runway 14, was 
flying a t  an  estimated altitude of 100 - 200 
feet  above the ground, with the landing gear 
down, and landing lights on. 

The company dispatcher,  standing on the 
ramp eas t  of runway 14, observed Flight 307 
break out of the overcast ,  appear to be making 
a landing, and then he heard power applied. 
He next observed the a i r c r a f t  turn to the south- 
eas t  over  the intersection of runways 14 and 26 
in a shallow climb f rom i t s  estimated height 
over the runway of 50 to 75 feet. The dispatcher 
held a micraphone for VHF radio contacts with 
the flight and was on the point of asking if the 
pilot wanted the lights switched to runway 26 
when he saw f i r e  a t  ground level. 

The surviving stewardess testified that 
she saw the runway lights a short  t ime before 
the crash.  None of the c rew survivors  recalled 
any a i rc ra f t  operating difficulties p r io r  to the 
impact. One flight c rew member,  who was 
resting In a c rew sleeping compartment a t  the 
time of the accident stated that the approach 
f rom over the range station did not s e e m  a s  
smooth a s  usual, the power was changed f re -  
quently during the descent, and that the power 
applied for a missed  approach seemed l e s s  
than normal. He also said that he thought there 
was a feeling of "sink" just before the ground 
contact. The duty navigator s ta ted that when 
power was being applied over runway 14 he 
observed a reading of 160 feet on h i s  a l t imeter .  
This a l t imeter  was se t  a t  29.92 inches, which 
produced a reading approximately 30 feet  
higher than true. 

* 1747 Pacific daylight time 
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The Cold Bay  Airport IS located on the 
Alaskan Pen~nsula ,  572 miles southwest of 
Anchorage, Alaska. Its elevation i s  9 3  feet. 
The two runways a r e  7 500 and 5 000 feet in 
length and their intersection i s  on the south 
side of the airport.  The control tower was 
r.ot operative and there was no CAA Commu- 
nications Station available. There were two 
private air-ground communications stations 
on the airport  operated by Reeve Aleutian 
Airways and Northwest Orient Airlines. CPA 
utilized the fac~l i t i es  of Northwest to relay 
position reports ,  and to receive traffic c lear-  
ances, weather ~nforrnation, and local traffic 
conditions. 

Navigational facilities in operation a t  
Cold Bay consisted of a low frequency range 
without voice, equipped with a VHF station 
location marker .  The range i s  located 2.2 
miles northwest of the airport .  A privately 
owned (Reeve) nondirectional beacon i s  loca- 
ted off the approach end of runway 14 and i s  
operated on request only. Such a request 
was not made by Flight 307. The low fre-  
quency range was flight-checked following 
the accident and found to be operating within 
allowable limits. 

The airport  i s  equipped with a rotating 
beacon and high-intensity runway lights that 
can be operated on only one runway a t  a t ime. 
During Flight 307's approach, the high-inten- 
sity runway lights were lighted on runway 14, 
a s  were the high-intensity approach lights to 
the runway. Runway 14 lights, and al l  other 
lights, were reported to have operated normal- 
ly the evening of 29 August. In the vicinity 
of the airport ,  and in  the quadrant in which 
the a i rc ra f t  was flying when the accident 
occurred, there were few, if  any, lights which 
would a s s i s t  in orientation. 

The ceiling and visibility landing minima 
for Canadian Pacific Airlines DC-6 flights a t  
Cold Bay a r e  400 feet and one mile  for  
straight-in approaches a t  night, and 500 feet 
and 1-1/2 miles for  circling approaches. 

The weather briefing received by the 
crew of l?1ight 307 a t  Vancouver included a 
forecast  f o r  Cold Bay for  the period 1200 to 
2200, 29 August, a s  follows: Ceiling 800 feet, 
overcast;  visibility 3 miles;  light drizzle and 
fog; wind west 16; af ter  2000, ceiling 1 200 
feet, overcast;  visibility 7 miles; wind north- 
west 12. 

T h e  actual weather en route appears  to 
have been qmte close to that forecast  at  the 
briefing, with the exception of the lower ceiling 
a t  Cold Ray. The 2024 Cold Ray report  was: 
indefimte ceiling, 500 feet, sky obscured; visi- 
bility 1-1/2 miles;  light drizzle,  fog; temper- 
ture  47; dewpoint 46; wind west-northwest 21; 
and al t imeter  setting 29.89. This report  was 
received by the flight before the a r r iva l  at  
Cold Bay. 

It i s  probable that the intention of the 
pilot during the approach was to land on runwdy 
14, a straight-in landing fra>:n the inbound 
overheadlng of the range station. The break- 
out, a f te r  descending through the overcast,  
may have been too close In and hlgh and these 
factors ,  together with excessive groundspeed 
due to a qua r t e r~ng  tailwind, may have caused 
the captain to d e c ~ d e  to go around. 

Whether the flight intended to turn and 
climb to 2 700 feet on the north leg of the Cold 
Bay range, a s  the missed-approach procedure 
prescr ibes ,  o r  to c i rc le  under the 500-foot 
ceiling and land on another runway i s  not known. 
However, the company dispatcher,  who observed 
the a i rc ra f t  and was in radio contact with it ,  
thought the decision was for the la t ter  course. 

Considering that very little altitude was 
gained af ter  the application of power i t  is 
probable that a circling approach had been 
decided upon when the left turn f rom runway 
14 was made. 

Since the wing flaps during the circling 
approach would be extended 20 degrees,  and 
since they were found in the fully retracted 
position, i t  i s  believed that they were retracted 
shortly before ~ m p a c t .  Fully re t rac ted  wing 
flaps at this t ime would explain the feeling of 

experienced by the off-duty flight c rew 
member . 

The Board believes that the airspeed of 
the a i rc ra f t  a t  the time the flaps were re t rac ted  
was approximately 130 to 140 knots. This is 
supported by several  facts .  According to 
company procedure i t  i s  normal on the down- 
wind leg of an approach to a runway for  the 
a i rc ra f t  to fly at an airspeed of approximately 
140 knots with wing flaps extended 20 degrees. 
Since the subject a i rc ra f t  was in a clean confi- 
guration (gear and f laps up) immediately pr ior  
to the accident, with a tailwind of approximately 
20 knots, i t  would be reasonable to assume that 
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the speed of the a i rc raf t  increased during the 
final descent. In addition, when the a i rc raf t  
passed over runway 14 it was in landing confi- 
guration. Since only slightly better than cruise 
power was applied a t  this time. and a s  the 
distance to the point of impact was approxirna- 
tely one mile, i t  i s  unlikely that the speed of 
the a i rc raf t  would have been much grea te r  than 
140 knots when the flaps were retracted. 

It is evident that the a i rc raf t  struck 
the ground while descending in a slight left 
turn and while a l l  four engines were not 
operating a t  ihe prescribed power settings 
necessary to execute a missed-approach 
procedure. 

Probable Cause 

The probable cause of this accident 
was the full retraction of the wing flaps a t  
low altitude during a circling approach without 
necessary corrective action being taken by 
the crew. 

F i r e  Aspects - Excerpt from NFPA 
Aviation Bulletin No. 190 

dated July 1957. 

Following a missed approach a t  an 
island refueling stop, this DC-6B crashed and 
burned in a tidal flat a r e a  about 7 200 ft. f rom 
the end of a,runway. The contact with the 
ground was a t  a high rate of speed a s  the pilot 
was apparently attempting to "go around" for  
a second landing attempt (gear and wing flaps 
having been retracted following the initial 
missed approach). 

The DC-6B literally disintegrated a t  
impact,  the wreckage consisting of the follow- 
ing sections: (1) remains of the center section 
and wings which burned furiously; (2) a small  
bit of af t  fuselage; (3) a small  bit of nose; and 
(4) countless small  pieces along the path the 
a i rc raf t  took for  a distance of approximately 
2 000 feet. An initial flash f i re  occurred 
followed by a mushroom topped column of 
flame which rose to approximately 200 ft. 
When rescue personnel reached the scene 
(about 40 volunteers) the center section and 
wings were stil l  burning and an oil  tank explo- 
ded during the rescue operations. No f i r e  
fighting equipment was available a t  the site. 

Fifteen of the 22 persons aboard 
perished. Of this  number, 14 had no burns 
and only 1 had minor burns so  i t  is felt  that 
a l l  died of impact injuries. Three of the 7 to  
escape, escaped unaided and the other 4 were 
rescued, only 1 having burn injuries. I t  is 
c lear  that this resul t  was largely influenced by 
the impact disintegration effects. Four  of the 
survivors were in the separated small  aft  sec- 
tion which was totally c lear  of the f i r e  area.  
Three of these got out by themselves through 
an emergency exit while the fourth was helped 
out. Two flight crew members were found in 
ankle deep water along the shore having been 
thrown out - one sitting and the other standing. 
Both of these were helped to safety having 
suffered ser ious injuries. Another c rew 
member was removed f rom the small  separate  
piece of nose and this c rew member also had 
been seriously injured. Thirteen of the dead 
were found along the wreckage path, two o r  
three near the center section; one body was 
removed f rom the small  nose section and the 
body of one infant could not be found. 

ICAO Ref. : ~ ~ / 4 6 4  
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No. 27 

Continental Air Lines, DC-3A and Cessna 170-B collided in flight approximately 
miles  southeast of Phillips Airport, Bartlesville, Oklahoma, on 9 September 1956. 

Civil Aeronautics Board (USA) Accident Investigation Report, File No, 1-0094, 
released 25 A ~ r i l  1957. 

Circumstances 

Flight 190 (the DC-3A) was scheduled 
between El  Paso, Texas and Kansas City, 
Missouri, with planned stops including Tulsa. 
and Bartlesville, Oklahoma. The flight depar- 
ted Tulsa a t  1418 hours central standard time 
and the t r ip to Bartlesville was planned and 
operated in accordance with visual flight rules 
a t  an altitude of 2 000 feet. Ten minutes after 
leaving Tulsa and in the vicinity of Ochelata, 
Oklahoma, the captain advised his company 
that the a i rc raf t  was in range of Bartlesville 
and then changed to Bartlesville Radio F r e -  
quency a s  advised. Some time after  the cap- 
tain initiated his  f i r s t  radio call, the f i r s t  
officer began the "in-range" cockpit check, 
which took approximately 30 seconds. Just 
a s  i t  was completed the collision occurred. 
At the time of collision, the DC-3 was conti- 
nuing north and about to enter the downwind 
leg of the airport  traffic pattern on a recipro- 
cal  heading to the intended landing on runway 
17. (See Figure 20) 

The Cessna took off t r o m  Dewey, Okla- 
homa, Hi-Way Airport, 3 miles  northeast ot 
Bartlesville Airport, a t  1417 hours on a sight- 
seeing trip, carrying the pilot and 4 passengers. 
The aircraft  flew from Dewey to Bartlesville 
and a s  i t  completed a 45-degree right turn to 
the northwest i t  ccllided with the DC-3A at  
approximately 1432 hours. 

Both aircraft  landed safely a t  Bartlesville 
Airport and there were no injuries to the pas- 
sengers  o r  crew of either aircraft.  

Investigation and Evidence 

DC-3 damage 

The right aileron lower fabric covering 
was cut a distance of 13 inches by the propeller 
of the Cessna. This cut began one-half inch in  
f r o m  the leading edge and extended diagonally 
inboard toward the trailing edge a t  an angle of 
45 degrees f rom the lateral axis of the aircraft.  

This cut also damaged the seventh aileron rib 
and the spar  lower cap. A second cut paralleled 
the f i r s t  approximately 1-1/2 inches outboard 
f r o m  it. This cut began about two inches r ea r -  
ward f rom the inboard end of the f i r s t  cut and 
extended in the same direction through the 
trailing edge cutting both lower and upper sur -  
faces. The fracture of the trailing edge metal 
s tr ip tore the fabric both top and bottom adja- 
cent to the cut. 

The right horizontal stabilizer and eleva- 
tor  were severed diagonally a t  an angle of 43 
degrees with the fore and aft ax is ,  inboard and 
rearward from the stabilizer tip through the 
elevator trailing edge. Both eurfacee were cut 
upward and the lower surface of the tip contained 
red paint s imilar  to that on the propeller hub 
spinner of the Cessna. The outboard elevator 
hinge bracket was broken and the lead counter- 
weight was severed upward. The elevator 
torque tube and four ribs were cut and broken 
upward. All severed parte were recovered. 

Cessna damage 

The leading edges of both metal propeller 
blades were scar red ,  nicked and abraded, and 
one tip was curled forward. The propeller hub 
spinner was crushed and torn and the upper left 
nose cowl was crushed rearward. The upper 
left engine cowling was torn f ree  along the centre 
hinge line and the upper engine baffling on that 
side was crushed. Sparkplugs from cylinders 
NoS.4 and 6 were torn from the cylinders and 
broken. The right side of the windshield was 
scuffed and cracked a s  if struck by the cowling 
when i t  left the aircraft.  At a point about eight 
feet outboard from the root, the leading edge of 
the left wing was flattened somewhat for a dis- 
tance of 10 inches and there were abrasion marks  
and scratches sloping inward a t  an angle of 25 
degrees. There was no evidence of f i re  having 
occurred in either aircraft.  

The impact between the two a i rcraf t  occur- 
red  about 1 000 feet over the southwest section 
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of Bartlesville.  Relatively small  severed 
pieces fell to the ground but caused no injury 
to persons o r  damage to property. A group 
of witnesses on the ground, several  with aero-  
nautical ,experience, observed both a i rc ra f t  
p r ior  to and a t  the time of collision. The con- 
sensus of their observations was that the Cessna 
was proceeding westward and then turned to the 
northwest just before the impact,  and that the 
DC-3 was proceeding level laterally and longi- 
tudinally almost due north. The statements of 
the Cessna pilot and the DC-3 c r ew  a r e  in subs- 
tantial agreement with regard to the headings 
of both a i rc ra f t  when the collision occurred. 
Both pilots gave accurate est imates  of their 
a i rspeeds a t  the time. 

Computations, using the angles of the 
propeller cuts  on the DC-3 aileron and tail 
surfaces,  the Cessna propeller rpm and 
diameter,  and the furnished airspeeds,  pro- 
duce the following results:  Angle of convergen- 
ce of the two a i rc ra f t  - 44 degrees; ra te  of 
c losure - 98 m.p.h. (144 feet per  second); 
viewing angle of Cessna f rom DG-3 - 52 degrees 
to the right; viewing angle of DC-3 from Cessna 
- 84 degrees to the left, 

At 1430 hours on 9 September, the alti- 
tude of the sun (angular elevation above the 
horizon) a t  Phillips Airport was 48 degrees. 
The az imuth  of the sun (measured eastward 
f rom zero  north) was 229.3 degrees. This 
placed the sun in front of the Cessna while i t  
was on its westward heading. 

The pilot of the Cessna had been visiting 
friends living in the southwest portion of Bartles- 
ville and the purpose of this t r i p  was to take 
four children for  a short  t r i p  over Bartlesville. 
After taking off f rom Dewey, the Cessna pro- 
ceeded about four miles  due south and then 
turned westward a t  an  altitude above the ground 
of 1 000 - 1 100 feet. According to the pilot, 
who was in the left f ront  seat ,  af ter  reaching 
a point where the home he had been visiting 
was seen to the right by occupants of the Cessna, 
a 45-degree turn was made to the northwest. 
While coming out of this turn, the collision 
occurred. The Cessna pilot stated that he  did 
not intend to land a t  Phillips Airport and was 
not aware that he was nearing the a i rpor t  t raf-  
fic pattern. His two-way radio was not turned 
on. He a l so  stated that the visibility was unli- 
mited and that the sun did not interfere  with h i s  
vision when on a west heading. 

Testimony of the DC-3 flight crew dis- 
closed that shortly af ter  making the in-range 

repor t  approximately ten mi les  south of Bart les-  
ville, the co-pilot, seated on the right side, 
s tar ted the in-range cockpit check. This portion 
of the cockpit checklist consis ts  of seven i tems,  
the l a s t  being a check of hydraulic fluid which 
requires  that the co-pilot turn left towards the 
r e a r  of the cockpit in order  to see the fluid 
quantity indicator. The collision occurred a t  
this time. The captain's scope of vision, f r o m  
h is  s ea t  on the left, i s  hampered by the compass 
and radio installation located over the centre  of 
the instrument panel and a t  the bottom centre  of 
the windshield. The DC-3 c rew also testified 
that, although the bright sun did not hamper 
their vision, the form of haze present  a t  low 
altitudes, coupled with the variegated back- 
ground of the populated a r e a  of Bartlesville 
over which they were flying, would make i t  
difficult to spot the small,  aluminum-coloured 
aircraf t .  They were a t  the co r r ec t  altitude to 
enter  the downwind leg of the a i rpor t  traffic 
pattern. 

The a i rpor t  a t  Bartlesville i s  operated 
by the Phillips Petroleum Company. Local 
traffic rules  stipulate left-hand turns on two 
pat terns - a la rger ,  c i rcular  pattern for large 
a i rc ra f t  to be flown at 1 000 feet,  and a smal le r  
rectangular pattern for  smal l  a i rc ra f t  to be 
flown a t  500 feet,  fo r  a l l  a i rc ra f t  in flight below 
1 500 Ieet above the surface (2 215 feet m. 8.1.) 
within a three-mile radius of the airport .  
Straight-in approaches may be made, providing 
Bar'lesville Radio i s  in operation. This a irport  
is classified a s  uncontrolled, i .e . ,  there i s  no 
control tower. 

Bartlesville Radio, owned and operated 
by the Phillips Petroleum Compar~y, i s  in opera- 
tion between 0600 and 1800. The radio operator  
i s  not licensed by the CAA a s  an a i rpor t  traffic 
control operator - nor i s  he required to be - 
and only l i m ~ t e d  advisory service, to be used a t  
the pilot's discretion, i s  furnished to flights 
operating into the airport .  The radio room i s  
located on the second floor of the Administration 
Building and i t s  windows provide visibility on the 
west, north, and south sides only. It does not 
s e rve  a s  a control tower. 

It i s  apparent that the attention of the 
Cessna pilot was largely directed to his  right 
a s  he approached over the a r e a  of his hosts t  
and passengers '  homes. While the Cessna was 
proceeding westward, 60 seconds before the 
collision, the DC-3 was three mi les  away and 
about 45 degrees to the left of the forward view 
f rom the Cessna. Thirty seconds before the 
collision, the DC-3 was 1-1/2 mi les  away a t  
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the same bearing. The altitudes of both a i r -  
craft  could not have differed more than 100- 
200 feet during this time. Regardless of the 
sun's position and the reported haze, i t  seems 
that regular scanning of the horizon by the 
Cessna pilot during th l  last minute o r  so before 
the collision would have revealed the DC-3. 

This applies equally to the co-pilot of the 
DC-3 seated in the right-side pilot seat. If 30 
seconds, ending at  the time of collision, was 
required to complete the in-range cockpit 
checklist, there was a t  least  a pr ior  minute 
when the Cessna would have been visible on a 
bearing of about 45 degrees to the right and 
near  the altitude of the DC-3. The compass 
a t  the bottom centre of the windshield would 
res t r ic t  the captain's field of vision to the right 
but a small  movement of his body to either side 
would again place this a r ea  in his  view. It is 
possible that the Cessna was in this sector 
during the minute o r  so before the collision. 

Other than the cockpit check, there were no 
duties requiring attention inside the aircraft  
a t  that time, according to crew testimony. 

The Board is of the opinion that the DG-3 
flight crew were aware of al l  restrictions to 
cockpit visibility and the necessity for continual 
outside scanning. Such a scanning i s  necessary 
even though i t  requires a break o r  interruption 
in cockpit duties. Both a i rc raf t  were flying VFR 
under weather conditions fa r  better than VFR 
minima. Consequently, the Board believes that 
the entire responsibility for observing and avoid- 
ing other aircraft  rested on the pilots of the two 
a i rcraf t  involved in the accident. 

Probable Cause 

The probable cause of this accident was 
the failure of the pilots of both aircraft  to 
observe and avoid the other aircraft.  

ICAO Ref. : AR/465 
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No. 28 

Alaska Airlines, Inc.,  Stinson AT-19 crashed during a snowstorm near Nome, Alaska, 
on 2 October 1956. Civil Aeronautics Board (USA) Accident Investigation Report, 

F i le  No. 1-0124 released 29 Julv 1957. 

Circumstances 

The flight, a scheduled one between 
Unalakleet and Nome, was restr ic ted to day 
visual flight rule conditions and had left 
Unalakleet at  1321 hours  Bering standard time. 
It was routine to Council, the l a s t  stop before 
i ts  final destination, and departed Council a t  
1745 carrying 4 passengers  and the pilot. The 
estimated flying time f rom Council to Nome 
was 40 minutes and the departure time of the 
flight indicated that i t  would not be completed 
before the end of civil twilight, which was of 
approximately 48 minutes duration, beginning 
a t  1727. After take-off the a i rc ra f t  was seen 
taking up a southwesterly heading toward the 
coastline route over low te r ra in  to Nome. At 
2023 a s  the flight was overdue and unreported, 
search  procedures were initiated. The wreck- 
age was found the following day on Cape Nome, 
15  miles  east-southeast of Nome. There were 
no survivors and the a i rc ra f t  was demolished. 

Investigation and Evidence 

Initial impact was on level ground a t  an  
altitude of 25 feet m. s. 1. a t  the eastern base 
of a 650 -foot ridge of high ground running north 
and south. The southern end of this ridge i s  
three-tenths of a mile north of the shoreline 
to which it descends in a steep slope. This 
ridge l i e s  ac ros s  the flight path between the 
point of impact and Nome. The point of impact 
i s  within the intersection of airways Amber 1 
and Green 7, 

The wreckage showed that the a i rc ra f t  
had s t ruck the ground a t  a downward angle of 
m o r e  than 45 degrees while heading approxi- 
mately 157 degrees t rue.  The bearing f rom 
this point toward Nome i s  284 degrees t rue.  

Impact occurred while the left  wing was 
low. A gouge in the ground 12 feet long a t  
right angles to the centreline of the fuselage 
ended a t  the left  wing. This wing, the nose, 
and the landing gear  which had separated, had 
absorbed mos t  of the impact forces .  

The left wing remained attached to the 
fuselage by the aileron cables only, the s t ruc-  
tural  attachments having failed in an  upward 
and rearward direction. The aileron, although 
severely damaged, remained attached to the 
left  wing a s  did the flap. The left wing tip was 
demolished by forces  which included dragging 
contact with ';he ground. The leading edge of 
the wing was flattened along its length into a 
plane almost normal to i t s  chordline. 

Both fuel tanks, located in the wing butts, 
were severely buckled and ruptured by impact. 
Considerable fuel spillage had occurred.  Flaps 
were  in the retracted position with controls 
sti l l  connected. The powerplant was completely 
imbedded in the frozen ground. Gouges in the 
ear th showed that the propeller was rotating a t  
high r p m  a t  impact. The elevator tab was s e t  
slightly to t r i m  the nose downward. 

Because of severe impact damage the 
only cockpit control positions that could be de-  
termined were: Fuel tank selector on "Right 
Tank, I t  ignition switch "On Both, radio receiv-  
e r  s e t  a t  250 kc. Equipment included a complete 
s e t  of blind flight instruments with artificial 
horizon, directional gyro, and bank and turn 
indicator, a l l  operated f rom an engine -driven 
vacuum pump. 

All components of the a i rc ra f t  were a c -  
counted for  in the wreckage and there was no 
evidence found to  indicate f i re ,  s t ructural  fail - 
ure ,  o r  malfunction of equipment in flight. 

The U. S. Weather Bureau forecast  fo r  the 
period 1400, 2 October to 0200, 3 October was 
available to the pilot before his  take-off f rom 
Nome eastbound and before his take -off f rom 
Unalakleet westbound (returning to Nome) a t  
1321. The forecast  fo r  the southern Seward 
Peninsula (which included the scene of the acc i -  
dent), the remainder of the Koyukuk Valley, and 
the middle Yukon Valley west of Ruby, was: 
Ceiling 3 000 and scat tered to  broken clouds. 
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On 15 October an af tercast  was made by 
the U. S. Weather Bureau Airport Station a t  
Anchorage, Alaska a s  follows: 

"AFTERCAST O F  WEATHER CONDI- 
TIONS IN THE VICINITY O F  CAPE 
NOME, ALASKA, DURING THE AF - 
TERNOON ANq EARLY EVENING 
O F  2 OCTOBER 1956 

"The weather maps for October 0218302, 
0300302, and 0306302 showed an elongated 
trough of low pressure  oriented north-south 
along a line f rom Bettles to Anchorage, with 
a complex low pressure  system to the south- 
east  of Kodiak Island. While the trough was 
moving slowly eastward during the day, a 
cold front that had passed over the Seward 
Peninsula the night before was moving south- 
ward over southwestern Alaska in the strong 
northerly flow behind the trough. By evening 
the front had passed to the south of Bristol 
Bay. 

"The a i r  mass  in the vicinity of Cape 
Nome was cold and unstable, and there was 
scattered snow shower activity in the a rea .  A 
study of available evidence indicates that there 
were broken to scattered clouds with bases a t  
3 500 to 4 000 feet mean sea level, tops gen- 
eral  6 000 feet, but with occasional cumulus 
build-up to 10 000 feet ,  The weather a t  the 
scene of the accident could have ranged f rom 
the above described condition to a s  low a s  
500 feet obscured, one half mile visibility, in 
moderate snow showers. The surface winds 
were very likely f rom the northwest a t  about 
15 m. p. h . ,  but could have been a s  strong a s  
25 m. p. h. The freezing level was a t  the s u r -  
face, and light icing could have occurred in 
the clouds. Some low level turbulence undoubt- 
edly existed; this would have resulted f rom the 
unstable a i r  mass  and the fair ly strong low 
level winds. 

On 2 October atmospheric conditions 
made radio communications difficult and no 
message was received f rom the a i rc raf t  a l -  
though i t  was equipped with two-way radio. 

The pilot had logged proposed details 
of this flight a s  a (day) VFR flight plan. He 
was not certificated to fly under instrument 
flight rules, nor wau the company authorized 
to conduct instrument flight over this route 
with light aircraf t .  Also, a s  fa r  a s  can be 
learned, the pilot had had no training o r  expe- 
rience with instrument flight. 

F r o m  Council to Nome along the coast i s  
74 miles ,  o r  17 miles  longer than the direct 
route. At the planned true cruising airspeed 
of 90 m. p. h. it would require  some 11 minutes 
more  than the direct  route. The coastal route 
could be flown a t  near  sea  level whereas the 11 
minute shorter  direct  route passed over rugged 
terrain.  Also, the coastal route offered an oc - 
casional ground light. 

When the flight departed Council at 1745 
the weather there,  and reported weather ahead, 
was above VFR minima. Sunset a t  Council on 
that date was a t  1719; a t  Nome i t  was a t  1726. 
Official civil twilight on that date and for that 
a r ea  lasted f rom 1727 to 1815. The operations 
specifications of the a i r  c a r r i e r  restr icted i ts  
operation over this route to day only. By defi- 
nition llday" ends a t  the end of civil twilight. 
There was an  overcast  in the c rash  a r e a  and it 
i s  probable that total darkness existed a t  the 
time of the crash.  This condition i s  confirmed 
by a qualified witness who was in the a r ea  of the 
c rash  at 1745. 

The restr~ct irru against night o r  IFR oper - 
ations contained in the a i r  c a r r i e r ' s  operations 
specifications i s  provided in order  to prevent 
the type of situation which occurred in this in- 
stance. The judgment of the pilot in planning 
and executing a flight under these circumstances 
i s  open to ser ious question. Having departed 
Council for  Nome so short a time before sunset, 
he was committed to complete the flight a t  Nome 
since the lack of lighting facilities a t  Council 
made i t  impossible to return to his  point of 
departure and no other suitable airports  were 
available along the route for  use a s  alternates. 

It  appears  that the pilot, aware of the 
failing light, flew directly to the coastline and 
then proceeded westward along i t  toward Nome. 
He may well have seen no evidence of snow 
showers approaching f rom the northwest be - 
cause of the overcast  and failing light. As the 
flight, now in near total darkness, approached 
Cape Nome snow showers may have been en- 
countered which further reduced visibility. 
However, the flight continued with the pilot 
probably attempting to fly contact by reference 
to the road o r  coastline. It appears likely that 
the pilot was not completely su re  of his  position 
when he reached a point near  the scene of the 
accident. It i s  believed that a t  this time he 
completely lost  visual contact, and without 
instrument training, lost control and struck the 
ground in a steep spiral.  It i s  also possible 
that he had a fleeting glimpse of the ridge while 
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a t  low altitude and in attempting to avoid it 
lost control of the aircraft.  

Probable Cauee 

The probable cause of thie accident was 
Since the only icing conditione men- the action of the pilot in flying into conditions 

tioned in the aftercast were ' I .  . . and light of darknese and adverse weather in which he 
icing could have occurred in the cloude" and could not maintain adequate control of the a i r  - 
Lince the flight was limited to day VFR con- craft.  
ditions, it eeems improbable that the icing 
conditione could have contributed to thie acci- 
dent. 

ICAO Ref: AR/468 
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No. 29 

Pan American World Airways, Inc. , Boeing 377, ditched in the Pacific Ocean between 
Honolulu, Terr i tory of Hawaii and San k'rancisco, California on 16 October 1956. 

Civil Aeronautics Board (USA) Accident Investigation Report released 11 July 1957. 

Circumstances 

Trip 6 of 13 October was a regularly 
scheduled Itaround-the -world" flight eastbound 
f rom Philadelphia, Pennsylvania to San Fran- 
cisco, California with en route stops in Europe, 
Asia and various Pacific Islands. The aircraft  
departed Honolulu on the las t  leg of the t r ip  on 
15 October at  2026 hours Hawaii standard time, 
and was cleared to San Francisco Airport via 
Green Airway 9, then track to position 300N. 
140°W, a t  13 000 feet,  then 21 000 feet to San 
Francisco. On board were a crew of 7 and 24 
passengers (including 3 infants). The flight 
was planned IFR and carr ied enough fuel for 
12 hours, 18 minutes. At 01 02, the approx- 
imate midpoint of the flight, a request for  VFR 
climb to i ts  secondary altitude of 21 000 feet 
was approved by Air Traffic Control and simul- 
taneously with the reduction of power on com- 
pletion of the climb, the No. 1 engine oversped. 
Airspeed was reduced by the use of flaps and 
reduction of power. It was impossible to con- 
t rol  the engine or  to feather the propeller and 
the captain decided to freeze the engine by 
cutting off the oil supply. Shortly after this 
was done there was a momentary decrease in 
the r. p. m. , followed by a heavy thud. The 
propeller continued to windmill. At this time 
airspeed had slowed to 150 knots and the a i r -  
c raf t  was losing altitude at  a rate  of approx- 
imately 1 000 feet per minute. 

The captain contacted the U. S, Coast 
Guard weather station I1NovemberH * a t  01 22, 
alerted i t  to a possible ditching, and asked 
assistance. He also alerted the passengers to 
the emergency and told them to prepare for a 
possible water landing. 

The flight course was altered to "home 
in1# on station flNovember" and climb power 
applied to engines Nos. 2,3, and 4 to check the 
rate  of descent. At this time i t  was noticed 
that No. 4 engine was only developing partial 
power at  full throttle. At 01 25 the flight noti- 
fied llNovemberll that ditching was imminent 
and received a ditching heading from the cutter. 
During the descent the crew found they could 

* "November" is a U. S. Ocean Station vessel loc 
Islands and the west coast of the United States. 
was "on stationt1 a t  the time of ditching. 

maintain altitude at  an  airspeed of 135 knots 
with rated power on engines Nos. 2 and 3 and 
the partial power on No. 4. About 0137 the 
flight overheaded the cutter. 

P r io r  to overheading the cutter the max- 
imum range with the fuel remaining had been 
computed and i t  was determined to be insuffi- 
cient either to complete the flight to San Fran-  
cisco o r  return to Honolulu (over  1 000 miles 
either way). Mortar f la res  had been fired by 
the cutter and electric water lights laid to 
illuminate a t rack for the aircraft.  However, 
i t  was decided to postpone the ditching until 
daylight, if possible, meanwhile remaining 
close to the cutter. 

About 0245 the No, 4 engine backfired 
and power dropped off. Its propeller was 
feathered normally. The flight was still  able 
to maintain altitude and continued to orbit 
lgNovemberl~ to burn the fuel aboard down to a 
minimum while awaiting daylight. 

At 0540 the captain notified the U. S. S. 
Pontchartrain he was preparing to ditch the 
aircraft.  A foam path was laid along the r e -  
vised ditching heading of 315O by the cutter 
and the aircraft  was ditched a t  0615. Passen- 
gers  and crew safely evacuated the aircraft ,  
boarded life raf ts ,  and were completely c lear  
of the a i rc raf t  a t  0632. The a i rcraf t  sank a t  
0635 a t  position 30°01. 5'N. 1 4 0 ~ 0 9 ~ ~ .  

Investigation and Evidence 

The weather and sea conditions a t  the 
time of ditching were a s  follows: 

wind calm; skies partly cloudy; major  
swells f rom 80 degrees, height 3 to 4 
feet, speed 24 knots, distance between 
swells 500 feet; minor swells f rom 
130 degrees, height 2 to 3 feet,  speed 
13 knots, distance between swells 
75 feet; barometer 30. 28; s ea  water 
temperature 74 degrees F. 

ated approximately midway between the Hawaiian 
The U. S. Coast Guard Cutter "PONTCHARTRAIN" 
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At 01 19 the aircraft was levelled off at  
21 000 feet and speed allowed to increase to 
188 knots. When the f i rs t  officer, who was 
flying the aircraft ,  called for cruise power he 
noted a vibration in the controls and an in- 
crease in the propeller noise. Upon noticing 
the tachometer for No. 1 engine reading about 
2 900 r. p. m. , he immediately depressed the 
feathering button for that propeller, and then 
lowered 30 degrees of flaps. The flight 
engineer actuated the No. 1 fire switch gangbar, 
closed the No. 1 throttle, and cut the mixture 
control. He then reduced power on the other 
three engines. 

After several unsuccessful attempts to 
feather, the captain told the engineer to cut 
off the oil supply to the engine and to freeze 
it. This was followed by a momentary de- 
crease in the r, p. m. , a heavy thud and an 
immediate increase again in the propeller 
speed. They thought this indicated that the 
engine had frozen; that the propeller uncoupled 
through a failure in the propeller drive mech- 
anism and was windmilling in the airstream. 

Several attempts were made during the 
remainder of the flight to feather the No. 1 
propeller. It was then noted that the tachom- 
eter  indicated zero and that the circuit breaker 
in the No. 1 feathering system would not 
remain closed, The No. 1 oil quantity gauge 
indicated empty while prior to feathering at- 
tempts the quantity had been normal. 

The aircraft 's position was determined 
by radar aboard nNovemberfl to be approx- 
imately 38 miles from the ship on a bearing 
of 256 degrees. 

About 0124 climb power wae placed on 
engines Nos. 2, 3 and 4. No. 4 engine failed 
to respond with normal power. When full 
throttle was applied the engine instrument 
readings were a s  follows: 2 350 r. p.m.; 
80 BMEP; 23 inches manifold pressure; oil 
and fuel pressures normal; fuel flow was 
600 pounds per hour; oil temperature, carbu- 
retor  a i r  temperature, and cylinder head 
temperature were lower than normal; turbo 
supercharger operation appeared normal. 
There was a slight r i se  in manifold pressure 
and in cabin airflow when the No. 4 turbo cali- 
brating control was rotated to the Itfull ongf 
position. When the crew reduced r. p. m. to 
1 75.0, closed the oil cooler and intercooler, 
and closed cowl flaps to one-half inch, the 
BMEP increased to 90 with 26 inches of 

manifold pressure at the same fuel flow. All 
patterns on the engine ignition analyzer were 
normal, oil temperature, carburetor a i r  
temperature , and cylinder head temperature 
increased slightly, and the engine continued to 
operate. 

By this time the aircraft had descended 
to about 5 000 feet. It was found that this alti- 
tude could be maintained at  an airspeed of 
approximately 135 knots with flaps up, rated 
power on engines Nos. 2 and 3, and the partial 
power available from No. 4. However, the 
aircraft  was allowed to descend slowly to about 
3 000 feet before overheading the cutter, 

Pr ior  to overheading ftNovember" the 
flight had called Honolulu and notified them of 
the situation. It was also in constant contact 
with ItNovemberf' and had received the latest 
weather, wind, and sea conditions for the prob- 
able ditching. The cabin attendants had issued 
instructions to all  passengers to remove eye 
glasses, shoes, and sharp objects from their 
pockets, and to put on life jackets. Adult-sized 
life jackets were improvised for the children. 
Locations of life rafts were pointed out and 
several passengers assigned to ass i s t  in launch- 
ing them. All loose gear was stowed in the 
lower lounge. Passengers were relocated in 
the safest seats ,  forward of the tail section 
(which the captain believed would break off 
upon landing), and were instructed to bend over 
with a rms  clasped around their legs. The 
children aboard were placed on the floor and 
held tightly between their parentst feet. 

I t  was found that the r .  p. m. of the wind- 
milling propeller could be kept under control 
if the airspeed was kept below 140 knots (20 
knots less  than that required for  efficient 
two-engined flight). The range of the aircraft 
was seriously impaired by the additional drag 
of the windmilling propeller and necessarily 
low airspeed. With the remaining fuel aboard, 
maximum range under these conditions was 
computed to be 750 miles. 

A shuttle pattern had been set  up over 
"Novemberw on the ditching track of 240 degrees 
during the latter part of the descent. The cutter 
had laid out a string of electric water lights 
along the track and was standing by for the 
rescue. 

About 0245 (when No. 4 engine backfired 
and its power dropped off) an engine analyzer 
check showed many low resistance shorts and 
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no combustion pattern on the I1Btt row of cyl- 
inders. Engines Nos. 2 and 3 a t  this time 
were maintaining the aircraft at  2 000 feet at  
an airspeed of 140 knots, with 2 550 r. p. m. , 
190 BMEP, and 2 000 pounds per hour fuel 
flow. 

As the fuel weight burned off the aircraft 
was allowed to climb to about 5 000 feet, where 
several practice approaches were made to 
determine the controllability of the aircraft  a t  
low speeds. 

As daylight arrived Coast Guard person- 
nel removed the water lights and requested 
that they be notified 10 minutes prior to the 
time when the flight intended to ditch. 

At 0540 the captain notified the cutter 
of the intended ditching time, notified the pas- 
sengers to take their ditching positions a s  
instructed and then descended to 900 feet to 
establish a landing pattern. A final warning 
was given to the passengers one minute before 
landing. 

Touchdown was made at  0615 with full 
flaps a t  a speed of 90 knots with the landing 
gear retracted. F i r s t  contact with the water 
was slight, followed almost immediately by a 
tremendous impact. The aircraft  was partial- 
ly driven under water but bobbed quickly to 
the surface and stopped with very little forward 
travel. 

As anticipated, the fuselage broke off 
aft of the main cabin door. After the aircraft  
stopped, members of the crew and the passen- 
gers  assigned to assis t  removed the emergency 
doors. Two 20-man life rafts were launched 
through the emergency exits over the wing and 
one raft was launched through the main cabin 
door. All occupants then evacuated the a i r -  
craft successfully through these exits. The 
life raft that had been launched from the main 
cabin door was trapped against the wing and 
fuselage by the broken tail section, which had 
swung to the left. The raft launched between 
Nos. 1 and 2 engines did not inflate properly 
and filled with water while it was being pulled 
clear by a Coast Guard rescue launch. All of 
the occupants of this raft were immediately 
transferred to the rescue boat. The remaining 
passengers and crew, who evacuated the air-  
craft on the starboard side, were then trans-  
ferred from the raft to the cutter Pontchartrain. 
The aircraft  sank three minutes later,  

Since there was no opportunity to examine 
the aircraft  engines and propellers,  an analy- 
eis must be based on the most logical conclu- 
sions drawn by experience and knowledge from 
the evidence available. 

No discrepancies were noted in any of 
the records of the aircraft. 

The Board i s  of the opinion that two 
separate and unrelated mechanical malfuncti~ns 
occurred during this flight and the relationship 
of each failure to the accident should be treated 
separately. 

The aircraft  was powered by four Pra t t  
and Whitney R4360-B6 engines and equipped 
with Hamilton Standard, model 24260, pro- 
pellers. The initial difficulty encountered 
resulted in the overspeed of No. 1 engine and 
inability to feather i ts  propeller. Engine 
r ,  p. m. is normally maintained by engine oil 
a t  boosted pressure which is directed by the 
propeller governor to either side of a piston 
in the propeller dome. Movement of this 
piston changes propeller blade angle to main- 
tain the desired r. p. m. Feathering is nor- 
mally accomplished by auxiliary pump oil 
taken from the engine oil supply tank and di- 
rected by the governor through passages used 
for r .  p. m. control to the outboard side of the 
piston. Consequently, a portion of the gover - 
nor and the increased pitch side of the dome 
piston a r e  common to both feathering and 
constant speed operation. It i s  considered 
most likely that the inability to feather was 
caused by the same malfunction which re-  
sulted in the original overspeed. If the auxil- 
iary pump had failed there would have to have 
been a second near-simultaneous failure in  
the propeller system. This possibility is con- 
sidered to be remote. Furthermore, depletion 
of the oil supply from the No. 1 tank, subse- 
quent to the overspeed, with no external signs 
of leakage, i s  most logically attributed to 
operation of the auxiliary pump during attempts 
to feather following the stoppage of the engine 
by freezing. 

The most likely causes of the overspeed 
and inability to feather a r e  that oil was being 
misdirected a t  the governor pilot valve or that 
there was insufficient oil pressure at  the dome 
piston. Improper direction of the oil would 
involve governor malfunctions, caused either 
by a fault within the unit itself o r  by contami- 
nated oil being supplied to the governor. 
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Contaminated oil would indicate some failure 
within the engine which would most likely be 
of a progressive nature. No such failure was 
evident to the crew prior  to the overspeed. In- 
sufficient oil pressure a t  the dome piston is  
most generally due to excessive leakage. Leak- 
age usually involves seals ,  passages, transfer 
tubes, o r  bearings in the propeller , 'propeller 
control, o r  the engine. 

The Board believes that a single failure 
occurred which affected the portion of the 
system common to the constant speed and 
feathering portion of the propeller control 
system. Oil was being delivered to the system 
by the feathering pump and then dumped into 
the engine. A more  specific reason for the 
overspeed cannot be determined. 

Subsequent to this accident PAWA 
Pacific-Alaska Division experienced two uncon- 
trollable engine overspeeds and inability to 
feather propellers due to failure of the propel- 
l e r  oil transfer bearing. A redesigned pro- 
peller oil transfer bearing has been provided 
by the manufacturer and i ts  use was made 
mandatory by CAA Airworthiness Directive 
issued 25 March 1957. 

F rom the information available concern- 
ing the No. 4 engine, i t  would appear that the 
initial power 10s s resulted f rom a reduction of 
the airflow through the carburetor. Fuel to 
the engine i s  metered by the carburetor in 
proportion to the a i r  mass  flow through the 
throttle body. Engine instrument readings 
reported by the crew indicate oil and fuelpres-  
sures  were normal but that temperature indi- 
cations and fuel flow were low. Turbo super- 
charger responses indicated that that system 
was a t  least partially operating, These con- 
ditions could result from an obstruction caused 
by a deformation o r  partial breakup and dis- 
placement of the carburetor inlet a ir  duct sys-  
tem, o r  a failure of the engine-driven impeller 
drive a s  sembly. Although the f i rs t  possibility 
cannot be completely discounted, the latter 
appears to be more probable. 

PAWA records indicate three engine- 
driven impeller drive failurea on like engines 
prior  to this accident. The BMEP and mani- 
fold pressure  readings, taken subsequent to 
one of these failures, were almost identical 
to those on No. 4 engine in this accident. Also, 
in the prior  engine failure the crew reported 
light backfiring approximately one minute 
after the impeller drive failure and the pro- 
peller was feathered immediately. In the sub- 
ject accident the engine continued to run at 

reduced power for some time before backfiring 
commenced. Then, indications of many low- 
resistance shorts and the lack of combustion 
pattern on the "B" row of cylinders were ob- 
served on the engine analyzer. This evidence 
i s  not inconsistent with an impeller drive fail- 
ure. With the failure of the impeller drive 
assembly, impeller rotation would stop thus 
reducing the airflow which in turn would reduce 
the fuel flow. Turbo supercharger a i r  and 
normal engine breathing would provide a limited 
combustible air-fuel mixture to the cylinders; 
however, distribution of the mixture to the 
cylinders would be impaired. It i s  believed, 
therefore, that all of the indications reported 
by the crew of Flight 6 could result f rom the 
engine-driven impeller drive assembly failure. 

Following these failures, the basic design 
of the Prat t  and Whitney R-4360-B6 impeller 
drive was re-evaluated by the manufacturer and 
the CAA. No design deficiency was found to 
exist and it was concluded that this type of fail- 
ure i s  not chronic with this model engine. As 
a result of this study, the Board coacluded that 
the design of the impeller drive is  adequate and 
that no corrective measures a r e  necessary. 

Required fuel for the subject flight was 
computed on the basis of two-engine operation; 
therefore, only if the crew had been able to 
feather the No. 1 propeller and maintain the 
most efficient two-engine airspeed ( 165 knots) 
could i t  have reached land. 

Data received from Hamilton Standard 
and Boeing, and derived from calculation and 
tests of the subject type propeller,  indicate 
that the drag resulting from this propeller with 
the blades on the low pitch stops, 21. 3 degrees, 
a t  145 knots, 2 000 feet m. s. l . ,  would be: 

a. Uncoupled windmilling 520 lbs. 
b. Coupled windmilling 1,880 '1 

c. Frozen 2,320 It  

The additional power necessary to compensate 
for the additional drag in each of the above 
conditions is: 

( Brake Horsepower) 

a. 520 lbs. 
b. 1,880 l1 

c. 2,320 

295 BHP 
1,060 
1,380 1' 

Since drag resulting from these conditions varies 
as the square of the velocity, it is  evident that 
exceedingly higher drag forces would be en- 
countered a t  speeds greater than 145 knots. 
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This drag information i s  extremely 
important because prior to the investigation 
of this accident it was not widely known. In 
fact, i t  i s  believed, many thought that the 
drag with the propeller windmilling and coupled 
was greater than that with the engine and pro- 
peller frozen, whereas the drag condition is 
greatest with the engine and propeller rotation 
stopped. It is noted, however, that the above 
data apply only to the subject aircraft and pro- 
pellers. 

The Board highly commends the crew 
members for their ability in recogniaing the 
malfunctions and taking correct  emergency 
actions consistent with al l  known procedures. 

Their calm and efficient control of the situa- 
tion averted what could have been a major a i r  
disaster.  

In addition, the prompt response by the 
Coast Guard to the emergency and the immeaa- 
urable assistance rendered to the flight a r e  
deserving of particular praise. 

Probable Cause 

The probable cause of this accident was 
an initial mechanical failure which precluded 
feathering the No. 1 propeller and a subsequent 
mechanical failure which resulted in a com- 
plete loss of power from the No. 4 engine, the 
effects of which necessitated a ditching. 

ICAO Ref: ~ ~ / 4 6 9  
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No. 30 

Britavia Limited. Hermes G-ALDJ. crashed while aaaroachinc to land 

at Blackbushe Airport on 5 November 1956. Report by Ministry of 
Transport and Civil Aviation (UK) C. A. P. 144 

Circumstances 

The aircraft was flying under charter 
to the Air Ministry and had flown from Idrie 
Airport, Tripoli with a crew of 6 and 74 pad- 
sengers, nearly all members of servicemen's 
farnilie e. Shortly before midnight, on landing 
at Blackbuehe in poor visibility, the aircraft 
undershot the runway, hit a beech t r ee  
3 617 feet short of the threshold, swung 
sharply to port, came down among pine t r ee s  
about 3 000 feet from the beech t ree  and 
caught fire. Three crew members were killed 
by the impad  and four children lost their 
lives due to f i re .  

Investigation and Evidence 

The aircraft left Blackbushe at 0130 
hours Greenwich Mean Time on 4 November 
on a Nght  to Malta, Cyprus and Tripoli. It 
was expected to return direct from Tripoli 
to  Blackbushe during the afternoon of 
5 November. A fresh crew took over the 
aircraft in Malta and it was planned that this 
crew should have a 12 hour res t  period in 
Tripoli before returning to Blackbushe. Due 
to unforeseen delays the aircraft arr ived at 
Tripoli about 5 hours late and the res t  period 
before departure was reduced to about 
10 hours. The aircraft took off from Idris 
(Tripoli) at  1525. The flight to Blackbushe 
wae uneventful until very near  the end. There 
i s  no direct evidence that the captain 
or  any other member of the crew was excep- 
tionally fatigued. The flight engineer said 
in evidence that he felt t ired and strained 
but it was hard to say whether he felt more 
tired than usual after such a trip. The cap- 
tain epoke to him often in the course of the 
flight -and seemed quite normal and there 
waa nothing to indicate that he was excep- 
tionally tired. The eteward said that he 
epoke to the captain about a quarter of an 
hour before the accident and the captain 
seemed perfectly normal though he did look 
t i red and may have remarked that he was 
tired. 

The question ar i ses  why the captain 
elected to leave Idris after a res t  period 
(even assuming that al l  the time at  Idris can 
be counted a s  rest)  of only 10 hours following 
the duty period of over 19 hours. There i s  
no evidence that he was in any way pressed to  
leave, though it i s  only natural to assume 
that both he and the R. A. F. authorities were 
anxious that the evacuation should not be 
delayed. Moreover, the captain probably 
took the view, shared by al l  three survivors 
who gave evidence, that a longer stay offered 
little prospect of real  rest ,  

The rules laid down by Britavia in their 
Operations Manual with regard to the periods 
of duty and of rest  a r e  a s  follows:- 

"1. No a i r  crew member of the Com- 
pany 's staff shall accumulate more 
than 120 flying hours in any one 
period of 30 consecutive days. 

2.  Normal duty hours will not be 
scheduled to exceed 16 hours ex- 
cept in cases where a higher 
fatigue factor would result e.  g. 
unsuitable night stop facilities etc. 
In these cases only duty hours of 
up to 20 hours a r e  permissible at 
Captain's discretion. 

3. The minimum rest period following a 
16 hour duty i s  12 hours. The 
minimum rest  period following a 
20 hour duty i s  16 hours or  pro 
rata. " 

The crew had had over 19 hours on duty 
(including nearly 13 -1 12 flying hours) on the 
4th/5th November and something between 
8 and 12 hours on duty (including about 8 fly- 
ing hours) on the afternoon and evening of the 
5th. The rest  between these two periods of 
duty had been not more than about 10 houre 
spent in unhappy conditions at Idris. There 
can be no doubt that the crew were t i red,  but 
it does not necessarily follow that this caused 
the accident. 
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The flying hours of the crew in the 
30 days before the accident did not total 
more than 80 hours so that provision (1) 
above was complied with. From details 
given in evidence it i s  clear that in the 
30 days in question there had been some long 
periods of duty interspersed with periods of 
several days rest. 'There was no suggestion 
in the evidence that the crew were not quite 
fresh and in good health on the morning of 
4 November. As to (2) duty hours did exceed 
16 on 4 and 5 November, but they did not 
exceed 20. As there were no night stop 
facilities at Nicosia the long period of duty 
was within the limit allowed by this para-  
graph. As to  (3) since the duty period had 
been 19 hours, the res t  period required 
was at least 15. This paragraph unlike 
paragraph (2) does not expressly leave any 
discretion to  the captain. The Operations 
Manager and the Air Superintendent of 
Britavia both said in evidence that under ab- 
normal circumstances they would expect 
the captain to  exercise his discretion under 
(3)  as  under (2). This i s  certainly not made 
clear by the manual but a s  this i s  the view 
taken by the Company, the captain cannot 
be blamed for not adhering to the letter of 
the printed instructions. 

Blackbushe Airport has a datum level of 
329 feet above sea level. The runway with 
which the report i s  concerned lies roughly 
East and West and when approached from 
the western end i s  known a s  runway 08. It 
i s  a concrete runway about 6 000 feet long. 
The main London - Southanipton road lies 
at  a small angle with the extended runway, 
the intersection being about 2 000 feet west 
of the threshold. The beech t r ee  previously 
mentioned is on the edge of the extended run- 
way 3 617 feet from the threshold and with 
its top (before the accident) about 59 feet 
above the threshold level. (It was well below 
the 1 in 50 liapproach surface" recornmend- 
ed by ICAO). On the north side of the ex- 
tended runway a re  plantations of pine t r ee s  
intersected by f ire  breaks. 

The runway has the ordinary white 
runway lights along each side. The system 
consists of alternate high intensity and low 
intensity lights and these were al l  on at  their 
full brilliance on the night in question. 
Across the threshold there i s  a high intensity 

bar and a low intensity bar  of green lights, 
both of which were on. Extending back from 
the threshold i s  a line of 5 approach lights 
300 feet apart so that the f i rs t  approach light 
from the point of view of a n  approaching a i r -  
craft i s  1 500 feet from the threshold. These 
a r e  composite lights made up of a high in- 
tensity white light beamed upwards and away 
from the runway and a low intensity red light, 
The white lights can be set t o  full intensity o r  
a reduced intensity. They a r e  usually set to 
the reduced intensity at night and the evidence 
was that they were so set on the night in  ques- 
tion. There i s  a sodium light on each side of 
the runway about 60 yards f rom the threshold 
and there a re  the usual red obstruction lights 
marking various objects around the airfield. 
The beech t r ee  was not marked by a light a s  
i t  did not constitute an obstruction within 
ICAO recommendations. 

The system of approach lights i s  of a 
much lee s elaborate kind than i s  specified in 
Annex 14 (ICAO) for  an approach lighting sys- 
tem and does not comply with the provision 
of that Annex in relation to a lead-in lighting 
system that the lights shall be not more than 
200 feet apart. It i s  clear f rom the foreward 
to  that Annex that none of these standards i s  
applicable to installations commenced before 
1 April 1954 (as  Blackbushe was) and it i s  
clear from the supplement to the Annex that 
the United Kingdom may use a wider spacing 
than that laid down in the Annex. The Coupcil 
of ICAO has,  however, urged Contracting 
States t o  take early action to  bring a l l  approach 
lighting o r  lead-in lighting systems into con- 
formity with the international standards now 
adopted. 

The weather conditions at Blackbushe 
at the time of the accident were a s  follows:- 

cloudless, poor visibility, light sur -  
face wind of 2 o r  3 knots from the west, 
i. e. a tai l  wind for  an aircraft ap- 
proaching runway 08, visibility on the 
ground was 1.1 nautical miles at 2200, 
1 500 yards at 2230, 1 000 yarde at 
2301 and 900 yards at  2330. Imme- 
diately after the accident an observation 
was taken at 2356 and showed a visibi- 
lity of 900 yards except t o  the southeast 
where it was 700 yards. The pilot of 
another aircraft who made an approach 
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to Blackbushe only a few minutes behind 
G-ALDJ saw the airport lights from about 
10 miles away and could distinguish the 
runway lights a t  3 o r  4 miles. He came 
down to a height of 600 feet and saw no 
mist  o r  fog. 

Arrangements have been made at 
Blackbushe for the ascertaining of Runway 
Visual Range i, e. the distance along the 
runway that a pilot should be able to see the 
runway lights at the point of touchdown. The 
method depends on a line of goose-neck 
flare8 situated on the south side of the run- 
way which a re  observed from an observation 
point just north of the ruuway. The observ- 
e r  notee how many f lares he can see, mul- 
tiplies the figure by 100 and so  obtains the 
R. V. R. in yards. 

The positions for  the f lares were com- 
puted by the Meteorological Office who were 
informed that the runway light s at  Blackbwhe 
were of the same strength a s  at Northolt. 
After the accident, testa were made at 
Blackbushe which disclosed that the system 
did not give an accurate result. This was 
partly due to  the f lares not having been 
placed quite accurately in the positions rec-  
ommended by the Meteorological Office and 
partly t o  some other factor which has not 
been ascertained. Possible explanations 
put forward in the evidence were that the 
runway lights at Blackbushe might have 
recently diminished in intensity because of 
a reduced power output at  the runway lights, 
or  that the beaming of the runway lights 
might have been altered. At any rate  the 
effect of the discrepancy was that an observ- 
e r  would over-estimate the R. V. R. and 
the discovery of this eince the accident i e  
accepted by the M. T. C. A. a s  showing the 
necereity for  periodical checks at each 
aerodrome where the system i r  in  use. 

The observer on the night of the acci- 
dent took observations f rom about 2325 up 
to rhortly before the accident and found that 
the number of f lares he could eee was at 
f irs t  4, then 5, then 7 and then 12. The 
number then remained steady at 12. Thus, 
on hi. report. to  the Control Tower, the 
R. V. R. at the. t ime when G-ALDJ was making 
i t  s approach war given as 1 200 yarda 
whereas on account of the discrepancy 

mentioned in the last paragraph i t  should have 
. been 920 yards. The improvement in visibil- 

ity alongthe runway observed by this witness 
finds no parallel in  other visibility observa- 
tions and i s  an indication that there was prob- 
ably patchy and shifting mist o r  fog which 
made visibility variable and uneven. The 
e r r o r  involved in giving the pilot the figure of 
1 200 yards instead of 920 yards i s  of no 
great significance since the important thing 
for him was to know that the R. V. R. was 
above the new company minimum of 800 yards. 
It should also be made clear that R. V. R. 
relates t o  vision along the ground and is no 
criterion of the distance at which lights can 
be seen from the air.  

The landing aids provided at  runway 08 
at  Blackbushe a re  Ground Controlled Approach 
and Instrument Landing System. GCA was 
available but not without some delay and was 
not in fact used. ILS was in operation and 
there i s  every reason to believe that the cap- 
tain was using it. 

The ILS system depends on two trans-  
mit ters  of radio energy stationed on the a i r -  
field. The f i r s t  i s  called a "localiser t rans-  
mitter" and sends out an indication of the 
centre line of the runway. The second i s  
called a "glide path transmitter1I and sends 
out an indication of the glide path, a notional 
path vertically above the line of the runway 
and sloping down a t  an angle of 3 degrees with 
the horizontal to a point 20 feet above the 
runway and 875 feet along the runway from 
the threshold. The Hermes i s  fitted with 
ILS receivers and indicators. There a re  
two indicators, one for the pilot and one for 
the copilot. The function of each receiver 
i s  to pick up the energy radiated by one of 
the transmitters and pass  an impulse t o  the 
indicators. Each indicator then shows by 
the movemente of two needles whether or  
not the aircraft i r  on or off the centre l i e  
of the runway o r  the glide path a s  the case 
may be. 

The glide path transmitter was in 
working order and in operation at  the time 
of the accident. The receivers and the 
pilot's indicator were so much damaged by 
the accident that there i s  no direct evidence 
aa to their condition but at least there i s  
nothing to suggest that they were not 
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working properly. Assuming that they were, 
if the aircraft  left the glide path the needle 
on the indicator would move f rom a hori- 
zontal position, reaching the full extent of 
i t s  swing ('Yive dots1? when the aircraft 
was about half a degree off the glide path 
(measured f rom the transmitter) . If the 
needle wae deflected to  ite full extent the 
pilot would know if he looked at the indica- 
tor  that he was considerably off the glide 
path. If there were a failure of any part  
of the equipment in the aircraft o r  on the 
ground, a small  red flag would appear on 

the face of the indicator, Over the beech 
t ree  which the aircraft etruck the 3 degrees 
glide path was at  a height of about 197 feet 
above the top of the t r ee  and the maximum 
divergence of the needle would be obtained 
when the aircraft was about 100 feet (or 
allowing for  acceptable instrumental e r r o r  
say 120 feet) lower than this. 

The ILS transmittere a r e  checked 
daily and the beacons a re  checked weekly; 
a l l  were found to be in order  both before and 
after the accident. 

The following a r e  excerpts f rom the messages recorded between the aircraft  and Blackbushe 
Airport: 

2335 f rom the aircraft  - I a m  descending to join Blackbushe beacon 2 000 feet 
E. T. A. Four zero (2340 hours) 

to - . . . runway visual range now 400 yarde 

t o - G. C. A. on thirty minute call a t  the moment 

2338 to  

2339 to 

2340 from 

to 

to 

2341 to 

f rom 

2342 to 

2344 from 

2346 f rom 

to 

- . . . cleared to the beacon a t  2 000 feet. No delay 
expected to your approach . . . London runway visual 
range just received two eight right 700 yards and 
two eight left nil . . . Blackbushe actual weather for 
2330 was 270 2 knots 900 yards in  fog with sky clear. 

- . . runway visual range now 600 yards on zero eight 

- . . . runway visual range now paesed a s  1 000 yards 

- Could you give me the QNH please 

- The QFE 102 1 millibars 

- . . you will be landing probably if any tai l  wind at  
all it ' l l  be about 270 to 290 at about one o r  two knots 

- confirm you a r e  westbound now 

- negative, we ' re  doing a racetrack now I I1 give you 
a call westbound over beacon 

- runway visual range now 1 200 yards 

- just passed over the beacon a t  2 000 feet and weet- 
bound 

- clear  descend to 1 500 feet on the QFE 1021 advise 
completion procedure turn 

- turn complete inbound 1 500 feet 

- advise over the outer marker  for information the 
visibility still  holding 1 200 yards range on the 
runway 
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2349 from - outer marker 

- clear to continue descent and clear to land wind 
indicating 290 about two knots 

2350 from - we've got the runway lead-in lights in sight (it i s  cal- 
culated that at this time he was a little over two 
miles from the threshold and therefore about 2 miles 
or a little lees from the outermost approach light). 

to 

2351 from 

- clear to land wind 290 now almost indicating calm 
mostly one to two knots 

- Juliet 
This was the last message from the aircraft. It was 
clear from the evidence of the Air Traffic Controller 
that this was zr,erely acknowledgement and not an 
interrupted message. It will be observed that there 
i s  no indication that up to this time the pilot felt 
himself to be in any difficulty or danger. Other 
evidence shows that the aircraft had crashed to the 
ground with a sound of explosion within the next 
minute and three-quarters. 

The only survivor from the aircraft who 
had any knowledge about the management of 
the aircraft during the approach was the 
flight engineer, He had head-phones on and 
could hear the radio telephone communica- 
tions and also the inter-corn. His story was 
as  follows:- 

"We had made a routine descent and the 
captain called for a field approach check. 
that i s  a routine check which I performed and 
it was satisfactory. I heard the captain tell 
control that he wanted a GCA approach. 
I believe he said it would take half an hour 
before GCA could be available. He said he 
was going to make his approach on the ILS 
system. All the necessary checks had been 
carried out quite some time before reaching 
the outer marker. We made a descent at 
1 800 r. p. m. and 30 inched of boost and he 
then called for 2 100 r.p.m. and subsequent- 
ly he called for 2 400 r. p. m. 2 400 r. p. m. 
i s  the normal r. p. m. to make an approach. 
Then he asked for 35 incherr of boost, that 
i s  aloo quite normal. He ouboequently asked 
me for 25 inches of' boost and then he called 
for hi. throttles. Up to that point I was 
operating the throttles and when he called 
for his throttle0 it meant he took over com- 
mand of them. A6 aoon aa he called for 
his throttles he increased the booot to 
30 inches and a few seconds later to 37 inches. 
Afew seconds later Ifeltthe first bump.11 This 
bump was the impact withthe beech tree. After 
it the captain turned the control column hard 
over to raise the port wing and raised the power. 

There was bumping and crashins and very 
soon the aircraft came to rest and caught fire 

It was not possible to discover from 
the flight engineer how the various calls upon 
him fitted in with the R, T. log. The most he 
could say was that the descent from 4 000 feet 
to the airfield was at 1 800 r.p.m, and 
30 inches of boost. It appears from the R. T. 
log that this was between 2325 and 2343. The 
investigator was advised by his assessors 
that the r. p. m. and boost called for indicate 
nothing exceptional, except that 25 inches 
of boost i s  rather a low figure and would 
result in a steeper descent than i e  usual when 
using ILS. They also advised that the higher 
rates of boost called for later are not such 
as to indicate that any emergency action was 
being taken. The flight engineer said that 
the captain made no remark during the de- 
scent to indicate that he thought anything was 
wrong with the ILS equipment or with the way 
that things were going and from hie previous 
experience of the captain he thought that if 
anything had been wrong the captain would 
have said so. 

It i s  evident that the aircraft must 
have been well below the glide path for some 
appreciable time before otriking the tree and 
no satisfactor y explanation was put forward 
as to why the captain failed to realize this, 
or if he did realize it why he took no action to 
gain height. A theory was put forward that 
the ILS receiver might have failed shortly 
before the accident. It was, however, clear 
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from evidence that if this occurred the flag 
would come up on the indicator unless by an 
extraordinary coincidence the indicator had 
failed too - and even if it had "the needle 
would look dead1' and the pilot would know 
that the system was not working properly. 
The investigator considered this theory and 
rejected it. 

Examination of the beech t ree  showed 
that a considerable amount of the top, about 
10 feet, was broken off the tree,  so that the 
impact with it must have been quite severe. 
The initial damage to the port wing was 
sufficient to cause the aircraft to bank and 
turn sharply to port and lose height. The 
engines, propeller, landing gear and flaps 
were in such a condition and in such ~ o s i -  
tions as to suggest no mechanical faiiure 
before the impact. The captain's altimeter 
was too much-damaged for -any conclusion 
to be drawn from it. The first  officer I s  was 
set to 1023 millibars; the navigator 1s to 
1022 and the engineer officer's to 1023. The 
fact that all the settings were so close to 
each other suggests that they were set before 
the accident at something very close to the 
figures mentioned. Examination of these 
altimeters and of the captain's air speed 
indicator and climb and descent indicator 
revealed no evidence of failure before the 
accident in any of these instruments. As to 
the ILS equipment, again the captain's 
indicator was damaged beyond useful testing 
but the first. officer Is indicator and the con- 
trol unit were still able to work satisfac- 
torily. 

The evidence of the flight engineer as  
to the engine settings and behaviour of the 
aircraft point to its having come considerably 
below the glide path for some appreciable 
time before the accident rather than to a 
sudden dive. Either the captain did not 
realize this or realized it but was not per- 
turbed. Because of the slight tail wind the 
captain might decide to come in a little 
lower than usual in order to touch down 
near the threshold and give himself a longer 
run along the runway but this could not 
account for the very low level reached so 
early. The magnitude of the eventual de- 
parture from the glide path was such that 
if he had realized i t  he could hardly have 
been indifferent to it,  and the strong proba- 
bility is ,  therefore, that he was unaware 

of it. If he was watching the ILS indicator 
or the altimeter and if these were working 
properly (and the altimeter was properly set) 
they must have given him warning. The same 
applies to the copilot. What arrangements 
may have been made between the two for a 
division of duties i s  not known. Another 
pilot who made an approach to Blackbushe on- 
ly a few minutes behind G-ALDJ said in 
evidence, "I think it i s  desirable to  have one 
pilot looking at his instruments solely and the 
other pilot looking out visually for the run- 
way lights, and that in fact i s  normal prac- 
tice in the Airline for which I workH. The 
investigator was informed by his Assessors 
that other Airlines give instructions that the 
copilot in addition to maintaining a lookout 
for the lights should make periodical checks 
on his altimeter and call out the height shown 
by it. There was no evidence that Britavia 
had any such practice and nothing to show to 
what extent the captain was relying on hie 
first officer for assistance. 

The evidence, points towards the instru- 
ments having been in euch a condition as to 
work properly and it seems improbable that 
any of them was at fault. I€ (as seeme not 
unlikely from the altimeters that could be 
checked) all the altimeter s were set at 
1023 millibars instead of 1021, this would 
lead anybody who took the height from hie 
altimeter to believe that the aircraft was 
about 60 feet higher than it really was. The 
investigator was advised that it i s  not un- 
usual for an error  of a millibar or two to 
be made in setting an altimeter and thinks 
this may well have occurred, but the depar- 
ture from the glide path was much more 
than 60 feet; at the beech tree it reached 
about 197 feet. 

A pilot using ILS should not come 
below a certain "critical height1' unless he 
then has the airfield lights clearly in sight. 
The critical height laid down by Britavia in 
its Operations Manual for a Hermes using 
ILS at Blackbushe i s  400 feet. Once a 
pilot has the aerodrome lights clearly in hie 
sight it i s  normal practice for him to rely 
on his vision of these rather than on the ILS 
indicator, though he should still check hie 
height from time to time by glancing at his 
altimeter or  getting his copilot to do so. 
The R. T. log indicates that the captain had, 
or believed he had, the approach lights in 
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sight when he was still about two miles from 
the threshold. It is likely that very soon 
after this he would see the runway lights and 
the threshold lights and he may well have 
believed that he was getting from them agood 
indication of his height and direction. He 
might have had a better indication if there had 
been at Blackbushe an approach ligliting sys- 
tem more in accordance with the latest rec- 
ommendations of ICAO. 

Conceivably the captain was misled by 
the lights of vehicles on the main London - 
Southampton road, but it i s  unlikely that at 
midnight in November there would be much 
traffic on the road and in any case these lights 
would be so different from the aerodrome 
lights that he could hardly mistake them for 
more than a moment. 

The misty weather with variations in 
visibility in different directions, and in the 
same direction within short periods, may 
have led the captain to draw a wrong infer- 
ence from the view that he had of the lights. 
The investigator i s  advised that the meteoro- 
logical reports spoken to  in evidence are 
consistent with there being a layer of fog or 
very low cloud, not very dense and not 
evenly spread, on or  near the ground. This 
might cause the pilot to see the lights as 
being further away and at a greater distance 
below him than they really were. This 
theory receives no support from the evidence 
of the pilot who Was approaching very soon 
after G-ALDJ but it i s  not disposed of by 
that evidence since that pilot never came 
below 600 feet at Blackbushe. 

It i s  possible that the accident was 
caused by a misjudgment which no reason- 
able care, skill and alertnee s could have 
avoided, but after considerkg the whole of 
the evidence carefully with hie Assessors, 
the investigator formed the opinion that it 
i s  much more probable that the captain did 
make one or  more of the following errors:- 

1. failinn to set his altimeter accu- - 
ratel; when given the QFE by 
R. T. ; 

2. giving up reference to his ILS 
indicator before he had a suffi- 
ciently clear view of the lights; 

3. not checking his height by glancing 
at hie altimeter. 

If the captain was relying on the first officer 
for guidance about altimeter or indicator 
readings, the error  may have been that of the 
first officer and not of the captain. 

If any of these errors  was made, it was 
probably due at least in part to some loss of 
alertnes s brought about by fatigue. The in- 
vestigator was satisfied by the evidence of the 
survivors that the officers were not suffering 
from any extreme degree of fatigue, but they 
were probably tired enough to  make their 
mental reactions a fraction slower and less 
accurate than they would normally have been. 

The long period of duty on the 4th15th 
November was due to a magneto failure not 
caused by any negligence and to military 
requirements which nobody could control. 
The poor accommodation at Idris was the 
inevitable result of the state of emergency 
ia Tripoli. The period of rest taken there 
was substantially shorter than that laid down 
by Britavia and was too short to prepare the 
captain and crew properly for another eight 
hours ' flight; the captain alone was respm- 
sible for the decision to take off without fur- 
ther rest and it i s  impossible to say that he 
was to be blamed for his decision or even 
that it was the wrong decision to take in the 
circumstance a, 

Probable Cause 

The most probable cause of the accident 
i s  that in difficult conditions and while suffer- 
ing from a degree of fatigue above the normal, 
the captain, relying on his vision of the air-  
port lights to assess his height, judged his 
height to be higher than it actually was. 

Recommendations 

The question of what regulations should 
be laid down for the government of hours of 
duty and reat of aircraft crews is  one of great 
importance which has been occupying the at- 
tention of the proper authorities for some 
time. Nothing has emerged in this Inquiry 
whichwould enable the bvestigator to make any 
recommendation as to the form that such 
regulations should take. He recommends that 
if any discretion is  to be left to the captain 
this should be clearly stated, 

Whea an ILS approach ie being made 
(and the same may apply when other aids are  
in use) the pilot has to make a series of 
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rapi  d decisions based on a judgment depend- employers. Consideration should be given 
ing on what he has been told by R. T. f rom by all operating companies t o  the question of 
the ground, what he can learn from his in- whether any definite allocation of duties 
struments and what he can see outside the should be laid down so a s  to reduce the r isk 
aircraft.  He has the aesietance of a copilot of any possible checks on height, direction 
whose share of the reeponsibility i s  such a s  and speed being omitted a s  the approach to 
the pilot thinks fit to give him unless eome land i e  made. 
directions on thie matter a r e  given by his 

ICAO Ref: AR/471 
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No. 31 

Trans World Airlines, Inc., Martin 404, N 40404, crashed at  McCarran Field, 
Las Vegas, Nevada during attempted single-engine go-around on 15 November 1956. 

Civil Aeronautics Board (USA) Accident Investigation Report, File No. 1-0150 
released 1 Julv 1957. 

Circumstances 

The flight was a regularly scheduled 
one between Kansas City, Missouri and Los 
Angele s ,  California with numerous stops, the 
las t  being Las Vegas, Nevada. The aircraft  
landed at  Las Vegas at 1440 hours Pacific 
standard time, was serviced, and the crew 
performed routine duties for continuation of 
the flight to Los Angeles. An Instrument 
Flight Rules flight plan was prepared and 
filed because of instrument weather conditions 
over the latter portion of the flight segment to 
Los Angeles. At 1449 the captain taxied the 
aircraft  to run-up position beside runway 7 
where the required pre-take-off checks were 
carr ied out. The aircraft and equipment r e -  
sponded nprmally. The flight was issued an 
instrument clearance by Air Route Traffic 
Control. Take-off was at 1456 hours. A rou- 
tine take-off was followed by a climbing left 
turn to gain altitude and establish a southwest- 
e r ly  course toward Los Angeles. At 1501 the 
f i rs t  officer radioed the Las Vegas tower that 
the flight was returning to the airport, engine 
out. All other traffic was told to remain clear 
and emergency equipment was made ready. 
The flight was cleared to land on any runway. 
The aircraft was soon observed on a wide base 
leg for runway 7 and a s  it turned onto final ap- 
proach. As it passed over the runway three- 
hold its alignment, position and altitude seem- 
ed good; however, excessive speed was appar- 
ent. The aircraft  floated 2 749 feet before 
touching the runway and bounced several times 
after which an application of power wae heard, 
obviously in an attempt to go around. The 
Martin climbed, veered to the left and its 
left wing gradually lowered. It seemed to 
"struggle" to continue flight and its airepeed 
decreased visibly. Seconds later  it struck 
the ground, left wing low, just inside the a i r -  
port boundary. Two of the crew of 3 and 14 of 
the 35 passengers received minor injuries. 

Investigation and Evidence 

Ground marks showed that the left 
wing tip of the aircraft  made the initial con- 
tact with the ground and this was followed 

closely by the left engine nacelle and aircraft 
fuselage. The aircraft  then slid on i t s  belly in 
an upright position for 225 feet along a north- 
east  heading. While sliding, the aircraft turn- 
ed left around its vertical axis so that when i t  
stopped the aircraft  was headed northwest. The 
aircraft received irreparable damage from the 
ground impacts and the subsequent sliding 
forces. 

The left engine was found turned out- 
board 40 degrees by forces which bent and 
broke i ts  engine mounts. The right engine was 
torn out during initial forces and a s  the a i r -  
craft slid forward on the ground this engine was 
rolled inward toward the fuselage. It then 
struck and penetrated the right side of the fu- 
selage floor. 

The main and nose components of the 
landing gear were found fully retracted. The 
wing flaps were found in a slightly extended 
position; however, numerous fractures in the 
hydraulic lines would have allowed the flaps 
to move from the position which existed a t  the 
instant of impact, 

The left engine was torn down to deter- 
mine the reason for its failure. All rocker 
box covere were removed and the rocker a rms  
checked for clearance. The No. 2 cylinder ex- 
haust valve rocker a r m  was found to have exces sive 
clearance. Its push rod was then removed and 
examined. The ball end assembly was found 
to be loose and the spacer between the push 
rod and the ball end was broken into several 
pieces and completely dieplaced. The end of 
the push rod was worn, with pieces broken 
away. The ball end socket was belled out and 
polished. Evidence indicated, therefore, that 
the push rod failure occurred where the ball 
end i s  preee fitted to the pueh rod. Crew tes- 
timony, in addition to the physical evidence, 
fully supported the push rod failure. 

New o r  reconditioned push rods a r e  
installed during engine overhaul. Because the 
ball ends and rods a r e  purchased separately, 
whether new o r  reconditioned, the ball ends 
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a re  press fitted to the rods a s  a TWA over- 
haul operation. 

Examination of both propellers and 
the right engine disclosed no evidence that 
they were in other than good condition prior 
to impact. Furthermore, there was no fault 
with respect to the anti-detonation injection 
sy stem. 

There was no record of any in-flight 
push rod failure on TWA Martin aircraft prior 
to the subject accident. 

The investigation of this accident in- 
cluded an examination and bench check of the 
major components of the hydraulic system. 
Test procedures were set up in advance, 
uaing as  a guide the manufacturer's accept- 
ance tests for each of the units. This inspec- 
tion disclosed no significant discrepancies. 

To protect wing and flap structure, 
the wing flap system of the Martin 404 incor- 
porates a wing flap unloading valve. Accord- 
ing to test flight data published by Trans 
World Airlines and distributed to i ts  pilots, 
the unloading valve will not permit a flap ex- 
tension beyond 35 degrees, throttles fully re-  
tarded, unless the airspeed of the aircraft 
is  at 120 knots or less. As airspeed is  de- 
creased, the flap extension is  progressive 
until full extension, 45 degrees, i s  reached 
at or  below 104 knots with throttles fully re; 
tarded. The approach flap setting is  24 de- 
grees. This. amount of extension can be ob- 
tained at  120 knots by selecting the approach 
flap position. Therefore, at this airspeed 
about 10 degrees more flap extension could 
be obtained by positioning the cockpit flap 
control in the full flap detent than in the ap- 
proach position. Examination of the various 
components of the flap system indicated the 
system of N 40404 would operate, prior to 
impact, according to the data described. 

The engine dificulty was in the form 
of an appreciable power losa, backfiring, 
and engine roughness. Attempts to correct 
the trouble were unsuccessful and when 
heavy and visible vibration began. the captain 
feathered the left propeller, taking that en- 
gine out of operation. The crew established 
single-engine operation, notified the McCar ran 
tower of the emergency, and turned toward 
the airport. The landing gear was lowered 
and approach flaps were extended during 
the final approach. 

The captain said that power was re- 
duced on the right engine and that the flight 
crossed the threshold at  a normal height, or  
slightly above. At this time the airspeed in- 
dicator showed 115 - 120 knots, The captain 
testified that this airspeed was excessive and 
that 95 - 100 knots would be normal at  the 
threshold. He added that at  this time he had 
not called for full flaps because he thought 
they would not extend appreciably beyond the 
approach position until the airspeed had re-  
duced to about 105 knots. The captain said, 
however, that when the f i rs t  officer asked if he 
wanted full flaps he answered in the affirm- 
ative. The first officer immediately position- 
ed the flap control to the full flap detent. 

The captain said that after the last bounce 
the aircraft was still airborne and i ts  air-  
speed was 100 - 105 knots. He called for 
take-off power on the operating engine and up 
gear. Flaps were retracted to the take-off 
position, 12 degrees. The captain testified 
that at the time he decided to discontinue the 
landing and execute the go-around he was 
firmly convinced the performance of the 
Martin 404 on single-engine would enable him 
to do so. He stated he believed that such go- 
around was possible provided the airspeed of 
the aircraft was appreciably above minimum 
control speed. He stated that the airspeed, 
when he initiated the go-around, was 100 - 105 
knots and the minimum control speed of the 
aircraft in the existing configuration was 91 
knots. He further stated that his impressinn 
was obviously in er ror  because as  the flaps 
retracted i t  wan necessary to raise the nose 
to prevent settling into the ground, and air-  
speed was sacrificed to the extent that contin- 
ued flight became impossible. 

The captain was questioned about his 
training with respect to the Martin 404 single- 
engine performance capabilities. He said that 
prior to the accident his training included 
f amiliarization with various single -engins 
situations; however, this training did not 
stress single-engine balked landing or go- 
around with various aircraft configurations 
and speeds. The captain added that subse- 
quent to the accident he had received a refresh- 
e r  training course which included the Martin 
404 single-engine performance capability in 
the balked landing situation. He learned from 
this that the performance he had expected at  
the time of the accident was beyond the per- 
formance capability of the aircraft. 
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Training personnel at Kansas City 
stated that flight simulating the configuration 
of the Martin 404 in the accident showed it 
was necessary to sacrifice about 300 feet of 
altitude while retracting the flaps to the take- 
off position. They stated that on single-en - 
gine the flap retraction is  necessary in order 
to allow the aircraft to accelerate, It was 
stated that following the accident a demonstra- 
tion of this loss of altitude was given to key 
operations pilot personnel for dissemination 
to line captains and the demonstration was ad- 
ded to the company training program. Further, 
it i s  stressed during training that when full 
flaps are  extended at an altitude below 300 
feet during a single-engine approach the air- 
craft is committed to a landing. Training 
personnel said that although a balked landing 
procedure was in preparation it had not as 
yet been made a part of the Trans World 
Flight Operations Manual. A company ins- 
tructor-pilot testified that perhaps the compa- 
ny pilot training had not stressed the single- 
engine balked landing situation enough prior 
to the Lae Vegas accident. He added that 
this was probably because the program in- 
tended to teach the pilots to make the single- 
engine approach and landing without over- 
shooting. He stated this proficiency and ability 
was expected of a line captain and that in all 
of the transitions he had given in the Martin 
404 over a period of several years he had 
never seen an overshoot on a simulated 
single -engine. 

The failure of the'No. 2 cylinder ex- 
haust push rod caused the exhaust valve to 
remain closed, thereby trapping exhaust 
gases under pressure which would normally 
be dissipated through the exhaust port. 
Therefore, when the intake valve opened 
the ee exhaust gase s entered the induction 
system of the engine causing 10s s of power, 
backfiring, and engine roughness. The Board 
i s  of the opinion that these conditions would 
be of much aeverity that the pilots, a s  in this 
instance, would be expected to take the engine 
out of operation by feathering its propeller. It 
i s  recognized that thereafter the pilots oper- 
ated the aircraft under the stress and demands 
of an emergency situation. Under this situa- 
tion the aircraft was handled properly during 
the downwind leg and until the flight was po- 
sitioned on the final approach for landing on 
runway 7. 

The captain stated that on the final ap- 
proach the airspeed was about 120 knots. It 
i s  not unusual to maintain a higher than 

normal approach speed under such conditions. 
However, this speed must be dissipated at a 
point when the landing is  assured and in time 
to preclude overshooting. The Board believes 
that the captain did not properly judge this po- 
sition. As a result he continued with exces- 
sive speed beyond a reasonable position for a 
safe landing. Contributing to his misjudg- 
ment the captain erroneously believed that 
with 115 - 120 knots he could not get addition- 
al  flaps beyond the approach extension. Al- 
though only about 10 degrees more extension 
could have been obtained, this difference and 
its cumulative effect may well have been the 
difference between ,the overshoot and a safe 
landing. Notwithstanding the testimony of 
the captain to the contrary, the Board does 
not discount the possibility that he forgot to 
call for the full flap position until the f irst  
officer reminded him. 

Following a series of attempts to force 
the aircraft on the runway, the captain be- 
lieved he would be unable to stop the aircraft 
in the remaining runway and decided to go 
around. Because the distance consumed dur- 
ing the bounces i s  unknown, the Board i e  un- 
able to determine whether or not the aircraft 
could have been stopped and considere such 
a determination speculative. 

When the captain decided to go around 
he believed the performance of the Martin404 
on single-engine would enable him to do so. 
He thought that 10 - 15 knots above the mini- 
mum control airspeed was sufficient although 
the aircraft was on one engine, it was in a 
decelerating condition, and the landing gear 
and approximately 45 degrees of flaps were 
extended. All of these conditions existed with 
no altitude to sacrifice. Based on these fac- 
tors, the Board is  of the opinion that the cap- 
tain's belief was unreasonable, 

The Board concluder that the training 
program of the company with respect to the 
single-engine balked landing situation was in- 
adequate prior to the accident. Thie wan re-  
flected in the captain's decision and the Board 
believes this was in a substantial degree rea- 
ponsible for the decioion. It i s  felt that the 
type of situation which confronted the captain 
should have been foreseen by the company and 
the performance capabilities of the aircraft in 
such a situation fully covered a s  a training 
subject. 

The importance of training in this po- 
tential accident cause area i s  reflected by the 
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Board's a i r  carr ier  statistical data. These 
show there have been nine accidents since 
1946 involving an engine out or  engine mal- 
function during which the pilot attempted to 
go around after an over shoot. The se data 
also reflect 80 accidents during the same pe- 
riod in which overshoot was a principal caue- 
a1 factor. 

The modifications and additions to the 
training program subsequent to the accident 

appear to be adequate corrections to the pre- 
viously inadequate eituation. 

Probable Cause 

The probable cause of this accident 
was that during an emergency situation the 
captain failed to reduce speed during the lat- 
ter  portion of a single-engine approach; this 
excessive epeed resulted in an overshoot and 
an attemptez go-around which was beyond the 
performance capability of the aircraft under 
existing conditions. 

ICAO Ref. : AR/470 
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No, 3 2  

Lineas A6reas AerovCas Guest, DC-4, XA-HEG, crashed near Puerto Somoza, 
Nicara~ua, on 15 November 1956. Report released by Ministry of Aviation, 

Managua, Nicaragua. 

Circumstances 

The aircraft  was on a flight f rom 
Tocumen Airport, Panama, to Central Airport, 
Mexico City, with a stop a t  La Aurora Airport, 
Guatemala City. The flight reported "all well'' 
Over Managua, Nicaragua, at  2053 hours GMT 
(1453 hours local time), Somewhere between 
Managua and the eastern part of ~ e 6 n  Depart- 
ment an unknown trouble originated. F i r e  in 
flight resulted and the aircraft  crashed eight 
miles  north-northwest of Puerto Somoza. All 
25 persons aboard, 20 passengers and 5 crew 
members  {including one supernumerary pilot) 
were killed. 

Investigation and Evidence 

It i s  extremely unfortunate that the wreck- 
age of the crashed aircraft did not remain undis- 
turbed and was not immediately placed under 
guard. This gave rise to looting by prowlers,  
which made accurate determination of the causes 
of the accident extremely difficult, Fo r  example, 
a number of instruments and other par ts  of the 
a i rc ra f t  which might have been of value to the 
investigation had been mov& o r  removed by per-  
sons unknown. 

Reconstruction of the flight f rom the state- 
ments of witnesses indicates that the aircraf t  
flew over Managua in a northwesterly direction 
and continued in this direction approximately a s  
f a r  a s  Nagarote o r  to a point between Nagarote 
and La Paz Centro at 8 500 feet,  where it  chan- 
ged t~ a southwest heading and lost altitude. It 
has  been confirmed that the a i rc ra f t  flew over 
the a r e a  of Puerto Somoza, and changed heading 
to the right by about 10. to follow the coastline 
to a point about 8 miles northwest of P ~ e r t o  
Somoza, then changed to a northeast heading of 
about 60". The aircraf t  flew near  the coast and 
over a se r ies  of salt flats on which a forced 
landing was feasible in an emergency. 

Weather was not a contributing factor to 
the accident, 

The aircraf t  crashed on a heading of appro- 
ximately 60" magnetic and most  of the wreckage 

was strewn along a path of 70" magnetic. The 
point of impact was on a magnetic heading of 
approximately 160" in relation to Le6n, about 
one mile from the Pacific Coast and eight miles  
north-northwest of Puerto Somoza. 

The right wing of the a i rc ra f t  hit a t ree 
on f i r s t  impact, tearing off the wing tip and the 
greater  par t  of the wing including the aileron 
which was broken, a s  evidenced by recovered 
par t s  of the structure and covering fabric; the 
aircraf t  then swerved to the right, travelled 
sideways for some 100 feet on a heading of 70" 
and then struck a large t ree.  Following this 
second impact, which was the most violent, the 
r e s t  of the right wing and other par ts  of the cen- 
t r a l  section broke off, and the a i rc ra f t  ca r r ied  
away branches of the t ree measuring 8 inches 
in diameter. F rom this point, the aircraf t  was 
observed to move on in a vertical position drag- 
ging on the ground for about 200 feet, and to 
finally strike a third t ree;  i t  i s  believed that the 
a i rc ra f t  then overturned several t imes along a 
distance of 400 to 500 feet, the disintegration of 
i t s  major  components occurring simultaneously 
with explosion and fire.  Pa r t s  of the nose, 
wheels, doors, engine housings, right wing and 
portions of the left wing constituted the original 
evidence of the impact with the third tree. 
T races  of combustion on the ground indicated 
that the f i re  broke out immediately after impact 
with the third tree. 

Pa r t s  of the inside of the cabin which were 
found f a r  from the ground f i re  a r ea  were smoke- 
blackened. Also the trailing edge of one of the 
right wing flaps was found a t  some distance f r o m  
the ground f i re  a rea ,  bearing indications of 
having been subjected to  f i re  in the air .  

Investigation of the electric wiring in the 
a r e a  of the heating plant and around the right 
engine showed that the wires were fused together 
and burned to a point which suggests the possibi- 
lity of an electrical fire.  

There was evidence of a major explosion 
either near  the ground o r  immediately upon im- 
pact with the second t ree.  The condition of the 
fuel tanks and breakage of r ivets  in the tank and 
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wing area clearly indicates that the tanks 
exploded upon catching fire. 

The positions of the pilots1 bodies indi- 
cated that, at the time of impact, two were' 
seated gripping the control wheels of the air- 
craft and the third was standing in the passage- 
way to the cockpit, 

Other important factors determined 
during the investigation a r e  a s  follows:- 

1. The flap of the right wing was burned 
although i t  was lying a t  quite a distance 
from the area of the ground fire. 

2.  The wiring was badly burned and fused 
in engines 3 and 4 and in the main cabin 
heater area the wires were melted to- 
gether, thus indicating electrical fire 
rather than ground fire. 

3. The settibg of both altimeters was 29.92 
inches of mercury (altitude above sea 
level). 

4. The wing flaps were in the "up" position. 

5. The landing gear was in the "up't position. 

6. The magnetic compass needle was jammed 
at  9 0 ' .  

Witnesses who observed the aircraft 
before the accident stated in their written testi- 
mony that the aircraft appeared to be on fire 
before the accident, a s  clouds of black smoke 
were ireuing from both sides of the fuselage 
and the central section of the wing, and they 
could tibscrve smoke within the passenger ca- 
bin, a s  the windows appeared black; this i s  
quite pdssiblt in view of the low altitude of the 
aircraft when it passed about 15 metres above 
the witnesses. 

The pilot chore the flat and sandy part 
of Salines Grandee (great salt flats) from south- 
weat to northeast tb make a belly landing, but, 
no doubt because of eircumstancea within the 
aitcraft a d  othei Sac&rs which prevented 
the bpeti%tion of the f laps ,  the approach epeed 
wae too great and when the pilot tried to level 
off fbr a landing, the dircraft remained air-  
HOrnh, overshootine the landing aeea m d  crash- 
iag ihta the t rees r d  deraribad above, 

Thd fact thkt the airbrait wak attempting 
a forcdd landihg 18 avidanocd b tha aondition 
ef Uu b l d e s  of the fbur ropelrer., which show tE by the manner in which ey are  folded back that 
the en incs were i d l i d ~  r)r set far krndihg in S order b reduce speed. 

Probable Cause 

It was not possible to determine the origin 

7. The gyroscopic direction indicator showed of the fire in the-main section of the hydraulic 
and fuel distribution systems; this determination 

120'. will depend upon the results of laboratory tests 

8 .  All fuel tanks exploded - (bulged out and and maintenance reports; when these a r e  in, a 
reasonable conclusion can be reached regarding 

rivets gone). the srobable cause of fire in flight. This may 

9 .  Intense fire on the ground. ha"; been occasioned by a numger of causes,. 
fbr example, breaking of a hydraulic pressure 

10. The elevation at  the point of the accident i s  line, sh0;t circuits &the eletrical wiring or  
about 70 feet. leakage of fuel lines o r  tanks, etc. 

ICAO Ref. : AR/447 
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No. 33 

~ e r o v i a s  del Pacifico "ARPA", DC- 3-C, HK-385, crashed and burned 
on the side of a mountain known a s  k l  Rucio in the Cordillera Occidental, 
on 17 November 1956. Report released by Department of Civil Aviation, 

Ministry of War, Republic of Colombia. 

Circumstances 

The aircraft  took off from Buenaventura 
a t  1630 hours local time on a return flight to 
el  Guavito aerodrome, Cali. Expected time 
of a r r iva l  a t  Cali was 1700 hours. On board 
the aircraft  were the pilot, a steward (who 
held no licence to act  a s  such), a flight engi- 
neer  (who on this occasion was acting a s  co- 
pilot), and 33 passengers. When 1700 hours 
passed with no sign of the aircraft ' s  arr iving 
a t  Cali, a search was initiated. The aircraft  
was located the same evening on the side of 
"El Rucio". All passengers and crew mem- 
bers  were killed. 

Investigation and Evidence 

From documents and testimony obtained 
i t  was ascertained that the aircraft  flew with- 
out the co-pilot for the following reasons: 

The co-pilot assigned for  17 November 
served on the flights from Cali toBuenaventura 
and Buenaventura to Cali. On return to the 
base the pilot asked his co-pilot for the lat- 
t e r ' ~  medical certificate. When the co-pilot 
explained that the certificate had been left a t  
the office of the Civil Aviation Department 
for  revalidation, the pilot (according to a 
statement signed by the co-pilot) instructed 
the latter to cease flying. On this occasion, 
the flight engineer acted a s  co-pilot. 

When the co-pilot was interrogated and 
asked why he did not inform the management 
of ARPA regarding the captain's decision not 
to let  him fly a s  co-pilot, he declared - "1 
was so diaguated. I went home and forgot to 
inform the airline management. 

According to statements of several 
pilots who flew in the area  a few minutee 
before and after  the accident, the weather 
conditions were as follows: 

ceiling over Buenaventurawas unlimited 
and the wind was variable but not strong; 

ceiling over Cali was also unlimited and 
there was practically no wind. 

The Cordillera Occidental in the area  of 
the valley o r  canyon between Cisneroe and 
Dagua was covered ,by scattered etratocurnulus 
which ~omet imes  covered mountain peaks 
between 6 000 and 7 500 feet. The route 
generally flown by the aircraft  was along the 
Dagua canyon to the town of that name. The 
top of the ridge called El Rucio, which was 
covered by some scattered stratus cloud, l ies  
a short distance from a point where the 105" 
track flown by aircraft  leaving Buenaventura 
changes direction. The flight was carried out 
in not very severe IFR conditions and a t  an 
altitude which appeared to be the same a s  that 
flown in visual conditions. 

The following aids were available along 
the route: 

-radio beacon and radio service on 
5589.5 kc / s  a t  Cali; 

radio beacon a t  Condoto. 

These aids could have been useful if the flight 
had been conducted a t  the prescribed altitude 
for instrument flights. 

Two inhabitants of the a rea  made a written 
declaration which may be summarized a s  
follows : 

"At 4.45 p.m. we heard the noise of an 
aircraft.  The mountain on the right of the 
Dagua valley (on the Buenaventura-Cali 
route) was covered with cloud. Shortly 
af ter  hearing the noise of the aircraft ,  we 
heard the qound of a crash and we later 
were able to identify the place where the 
accident occurred by the f i re  which broke 
out." 

The aircraft  had crashed into the mountain 
side a t  an elevation of approximately 6 200 feet. 
F i r e  had destroyed the central part of the 
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aircraft but the two wings were perfectly 
distinguishable, as  well a s  the tail surfaces. 
The fuselage was burned up to the level of the 
rear cargo door. 

The port propeller was found near the 
port engin; and-set a t  approximately cruising 
pitch. The starboard~propeller and reduction 
gear were hanging from &e nose cowling and 
one of the blades was missing. Another blade 
was in perfect condition while the third blade 
had several dents. The propeller hub had 
been struck, causing oil to escape from the 
forward portion. The blow was sufficiently 
strong to displace the gears controlling the 
blade pitch and these could easily be turned 
by hand. It should be noted that one of the 
blades was found with its rear surface facing 
forwards, which could only be explained by 
the movement of the propeller after the crash. 
Through the hole in the hub it was possible to 
see the pitch control piston which was in the 
cruising position. As a result of the impact, 
the piston was displaced to the maximum 
cruising position but did not actually raise the 
feathering cam. The position in which the 
throttle lever was found indicated that the 
engines were operating at cruise power. As 
a result of the impact and the f ire,  theinstru- 
ments had lost their covers and pointers and 
i t  was impossible to determine their readings 
prior to the accident. The fact that the pilot 
had not reported an emergency situation con- 
firms the conclusion that the aircraft was 
operating normally at  the time of the accident 
The angle a t  which the trees were broken and 
the position in which the aircraft was found 
indicate that the latter was flyinghorizontally 
when i t  crashed. The flaps were in the raised 
position and, although the tab position indica- 
tors  were not found, the position of the tabs 
on the tail appeared normal and there was no 
indication that they had been used to counter- 
act an abnormal condition. To sum up, there- 
fore, there i s  every indication that the a i r -  
craft crashed a t  cruising speed and that the 
pilot was not aware that an accident waa im- 
minent. When efforts were made to obtain 
copies of the passenger manifest and load and 
trim sheet, the investigators were informed 
that the company's agent at Buenaventura had 
given the pilot all the copies. He later cer- 
tified under oath, before a competent judge, 
the accuracy of a copy of the original load and 
tr im sheet and included the names of five 
passengers who arrived a t  the last minute and 
were accepted by the pilot. 

Apart from the cause of the accident, 
there a r e  two points which require initial con- 
sideration. First ,  the aircraft was flown with- 
out a co-pilot. According to the investigation, 
i t  was known that the individual who was 
scheduled to fly on 17 November a s  co-pilot 
actually did so on the f irst  flight Cali- 
Buenaventura- Cali. The captain of the aircraft,  
contrary to the provisions of the Colombian 
Civil Aviation Regulations, decided to fly the 
aircraft alone. If there was no co-pilot avail- 
able, for any reason, the pilot should have post- 
poned the flight and informed the company. 
Second, the aircraft was carrying a number of 
passengers in excess of the number permitted 
under the Civil Aviation Regulations. This 
point must be considered solely in the light of 
Sections 40.9.6 and 41.5.12 of these Regula- 
tions which specify that: "In accordance with 
the provisions of Article 31 of Law 89 of 1938. 
the commander of an aircraft i s  in charge of 
that aircraft and is  responsible for maintaining 
order and discipline on board. He must comply 
and secure compliance with all laws, regula- 
tions and other official orders and i s  entrusted 
with the same powers a s  a r e  given to captains 
of maritime vessels", and in the light of the 
rection entitled "Authority of Pilot-in- commandf1, 
which reads : "The pilot-in-command of an a i r -  
craft shall be directly responsible for its opera- 
tion and shall have absolute authority in all 
matters connected therewith while he i s  in com- 
mand". Consequently, the individual responsible 
for all mattere connected with the operation of 
an aircraft i s  the captain thereof. In other 
words, the captain, in the present instance. 
assumed responsibility for flying without a co- 
pilot and with an excessive passenger load, 
knowing that he was thereby rendering himself 
liable to sanctiotls under the Civil Aviation 
Regulations. 

From the investigation and the atatements 
obtained, there i s  nothing to indicate that the 
Company had authorized operation of the a i r -  
craft in the manner mentioned. From the copy 
of the load and tr im sheet which was submitted 
it i s  assumed that the aircraft was loaded with- 
in the specified limits. The runway at  
Buenaventura which measures 1 000 metres 
between threshold markings but which actually 
has a shorter usable length, does not permit 
operation of DC-3 aircraft when they a r e  over- 
loaded. Obviou6ly, therefore, weight was not 
a factor in the accident. 
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The testimony of the inhabitante of the 
area and the etatemente signed by the oumere 
of the farm near the epot where the accident 
occurred indicate that the ridge into which the 
aircraft crashed wae covered with dense miet. 
The low altitude a t  whiCh the aircraft was 
flying, in conditions reported to have been 
intermittent IFR conditionn, woe the most 
probable cause of the accident. 

The route normally followed by aircraft 
flying from Buenaventura to Cali runs along 
the Ri'o Dagua canyon. The flight time between 
Buenaventura and Cali i s  normally 30 minutes. 
The aircraft crashed approximately halfway 
along this route and the parsengere' watches 
indicated that the impact occurred after 15 to 
20 minutee of flight. On a time basie, the 
pilot must have known that he warn at the 
higheet point on hie route. An regard* flight 

altitude e , the Colombian Civil Aviation Regda- 
tione provide in Sections 41.6.2 and 41.7. 3 
that for visual flight an altitude 1 000 feet 
above mountainous terrain must be maintained 
and that for instrument flight this marginmust 
not be lees than 2 000 feet, It i s  further apeci- 
fied that these altitudes muet take into account 
obetaclee within 5 milee on either side of the 
route of the aircraft. 

Probable Cauee 

The most probable cauae of the accident 
was - flight on inetruments at  an exceaeively 
low altitude for the route. 

Contributory Cause 

Lack of discipline on the part of the 
pilot. 

ICAO Ref: AR/475 
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No. 34 

Linee Aeree Italiane, DC-6B a i rc ra f t ,  I-LEAD crashed after take-off a t  
Paray-Vieille-Poste,  France on 23 November 1956. Report by Commission 

of Inquiry s e t  up by Order of the Secretary of State for Public Works, 
Transport and Tourism, France.  Report released 24 April 1957. 

Circumstances 

The a i rc ra f t  was flying on the regular 
Rome - New York service and had stopped a t  
Orly for two hours prior to taking-off for 
Shannon, Ireland, in darkness a t  231 7 hours 
Greenwich Mean Time in cold and slightly 
misty weather. Between 10 and 15 seconds 
af ter  a normal take-off, the a i rc ra f t  lost alti-  
tude and struck a house located approximately 
on the extended centre line of runway 26(the 
take-off runway), about 600 me t r e s  from the 
runway end The a i rc ra f t  broke up and crash-  
ed in flames (at 2318 hours) destroying two 
buildings. All 10 crew members  and L 3  ofthe 
25 passengers were killed. Both surviving 
passengers were seriously injured, one 
subsequently died. 

Investigation and Evidence 

The local weather was misty with a 
visibility of 2. 2 kilometres,  wind 320" a t  
6 knots, and a ceiling of 418 a t  240 me t r e s .  
The temperature was -L0C and the dewpoint 
-4'C White frost  was forming on the ground. 

As the conditions were bordering on 
icing, the Commission asked the National 
Meteorological Service to ca r ry  out a special 
study. 

The a r ea  in which the accident occurred 
i s  located in the part  of the Commune of 
Paray-Vieille-Poste which i s  now being expro- 
priated (Orly airport  extension plan). 

Most dwellings in that a r ea  have been 
torn down for ground levelling purposes; a 
few houses and the Town Wall sti l l  remain 
and a r e  occupied. Contrary to  the indications 
given on the visual landing chart ,  these ob- 
stacles were not lighted, but since none of 
them penetrates above the 1 . 2 5  per cent 
slope, there i s  no regulation which requires 
that they be lighted, 

Between runway 26 and this a r ea  lie the 
existing Highway 7 and the cutting through 

which this road will pass  after i t  has  been r e -  
located to run under the airport .  

The wreckage was strewn over a distance 
of 200 met res .  The main wreckage covered an 
a r ea  measuring approximately 30 by 15 me t r e s  
only and had been greatly damaged by the f i re  
which broke out following the c rash .  

The a i r f rame began to break up with the 
impact on the house, a t  the foot of which large 
fragments of the main longeron were found. 

Large units (such a s  the outer engines, 
the forward landing gear ,  the tail unit, etc. ) 
then broke off the main body of the a i rc ra f t  
which came to r e s t  a t  a point 200 me t r e s  from 
the point of f i r s t  impact. 

The cabin and the cockpit were particularly 
damaged by the cr;.sh and by the f i re .  Onlypart 
of the controls and instruments could be identi- 
fied, and few could yield any useful information. 

The examination of the wreckage revealed 
no structural defect. 

One element of the right stabilizer and 
i t s  elevator flap, including the controlled t r im  
tab. were the only par t s  of the control surfaces 
that could be usefully examined, These par t s  
revealed no defect. 

Examination of the hydraulic jacks of the 
flap control mechanism showed that the shafts 
of those systems were in different positions: 

- one short jack, the shaft of which was 
retracted; 

- one long jack, the shaft of which was 
fully extended, but not bent; 

- the shafts of the other two jacks had 
come out of their casing and were 
folded a s  a result  of the impact.  

A reconstruction of the setting of the 
flaps a t  the time of the accident was attempted 
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with a DC-6 aircraft belonging to T .A.I .  but 
the varying positions of the jack shafts made 
it impossible to reach any valid conclusion. 

The varying positions of the shafts can 
only have been the result of an interruption in 
hydraulic pressure in the jacks due to the 
breaking up of the aircraft.  

The folding of the shafts may lead to the 
belief that the flaps were out, but cannot be 
regarded a s  sufficient proof thereof. 

The two main landing gear legs and the 
forward landing gear were found in the locked 
and "up" position, which i s  the correct  posi- 
tion for that phase of the flight. 

The bottles of C02 and oxygen which 
were carried on board were recovered, but 
their examination did not reveal any break- 
age which would indicate that there had been 
an explosion before the accident. 

The engines were examined by experts 
a t  the Air France maintenance center at  
Courbevoie. All the damage and failures 
observed were the result of the impact a t  the 
time of the aircraft ' s  crash. Dismantling 
revealed no traces of overspeed, jamming o r  
inadequate lubrication. 

The oil filters were clean. 

The injectors of engines Nos. 1.2 and 
4 were tested and found in'working order .  The 
injector of engine No. 3, twisted by the impact, 
could not be tested. 

The compressor starting selectors of 
engines Nos. 1 . 2  and 3 were found in their 
normal f i rs t  gear position. The selector of 
No. 4 engine could not be checked because of 
damage sustained in the accident. 

In short ,  nothing was found to indicate 
that the engines were not in sound working 
order .  

Only three fuel pumps were found, 
namely, pumps Nos. 1 , 3  and 4. These were 
examined by experts a t  the Air France main- 
tenance center at  Orly. This equipment was 
properly assembled and the component part8 
were in good shape. No traces of jamming o r  
scratching were found. 

The cross-feed valves of the fuel tanka 
were found connected with the main tanks, 
which i a  the normal take -off position. 

The four (Stromberg Bendix PR 58 E5) 
carburettors with which the engines were equip- 
ped were examined by experts a t  the Zenith 
works a t  Levallois-Perret.  

These carburettors were considerably 
damaged by the impact and f i re ,  and could not 
be bench-tested. All evidence pointed to the 
damage having been caused by the accident. 
As the carburettors of engines Nos. 1 and 2 
were found with perforated poppet valve mem- 
branes, comparative tests  were carried out 
with a stock Zenith carburettor,  f i rs t  with a 
membrane in working order  and then with a 
perforated one. 

The tests showed that damage to the 
membranes didnot affect the fuel flow a t  take- 
off power. When the regulator i s  fully open and 
the pressure i s  a t  i t s  maximum, the flow i s  
limited by the jets. At al l  other power settings, 
rupture of the membrane increases the rich- 
ness of the mixture and causes faulty operation 
of the choke. 

Furthermore, the "derichment" membrane 
was torn in carburettor No. 4. Since i t  was felt 
that such an anomaly could affect the operation 
of the engine, a comparative test was carried 
out with Pra t t  & Whitney R. 2800 CB 17 engine 
No. 35741 a t  Bouviers. The split membrane 
was not found to have any effect on the function- 
ing of the engine with water injection a t  2 600 
o r  at  2 800 rpm. 

Examination of the take-off water injection 
regulators gave no indication of malfunctioning. 

The four (type 43 E 60) propellers were 
examined by experts a t  the Air France mainte- 
nance centre a t  Orly. These propellers had 
broken away from the engines a t  the time of the 
accident a s  a result of the failure of the reduction 
gehr. 

Of the twelve blades, only one remained 
whole, although even this one was bent. The 
eleven others were broken and twisted. They 
appeared to have been developing power when 
they struck the obstacles. 

The pitches a t  the time of the impact were 
ascertained with reasonable accuracy by noting 
the position of the mobile cams in the case of 
propellers Nos. 1,  2 and 3 and by the marks  
left on the "shim plates" at  the blade anchor- 
age in the case of al l  four propellers. 

The average pitches thus ascertained 
were a s  fol lou*~: 
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Propel ler  No. 1: 32"; propeller No. 2: 
35" ; propeller No. 3: 38'; propeller No. 4: 
30'. 

The lower pitch setting of propellers 
Nos. 1 and 4 may have been due to two 
reasons: 

- the fact that these engines drive ac -  
cessories  and that for  a given number 
of engine revolutions the torque of the 
propellers i s  smaller;  

- the fact that these engines touched 
ground some time af ter  the impact of 
engines Nos. 2 and 3 against the house. 

In short ,  i t  may be concluded that the 
governors for propellers 1 ,  2 and 3, and very 
probably No. 4 a s  well, were on. 

Only two psopeller governors, those of 
engines Nos. 1 and 2, and an electric head 
belonging to engine No. 3 o r  engine No. 4 
were sufficiently well preserved to be 
examined. 

In the case of governors 1 and 2, t es t s  
were car r ied  out with their own springs and 
their electric heads in their position a t  the 
time of the accident. The results of these 
tests  were a s  follows: 

Engine No. 1 : 2 514 rprn. 

Engine'No. 2: 2 586 rpm. 

These were probably the rates  a t  the 
moment of impact. For  the same governors,  
the bench rpm in low pitch stop position, gave 
the following figures for take-off: 2 807 and 
2 839. 

The electric head of one of the s ta r -  
board engine s was tested on an  Air  France 
governor with the following results : 

- in the position of the head a t  the time 
of the accident: 2 473 engine rpm; 

- in low pitch stop position, three dif- 
ferent tes ts  with the Air  France 
governor and then with the springs of 
the governors of engines Nos. 1 and 
2 of a i rc ra f t  I-LEAD gave the follow- 
ing results:  2 701, 2 876 and 2 904 
engine rpm. 

Taking into consideration the differences 
in spring calibration, there i s  ample reason to 
believe that the governor and engine to which 
that head belonged had been functioning normally. 

The resul t  of the examination seems to 
indicate that the f i r s t  reduction had already 
been carr ied out. 

The cockpit was completely crushed and 
destroyed by the f i re .  Nevertheless,  i t  was 
possible to note a few facts of interest  - 

- The elevator controls parking lock was 
found unlocked; 

- Contacts: engine 1,  contact on left 
magneto; engine 2, contact on right 
magneto; engine 3, contact on both 
magnetos; engine 4 ,  contact on both 
magnetos; 

- "BMEP" - Only the indicators of engines 
Nos. 1.2 and 3 were found. Their 
pointers had stopped a t  251, 169 and 
190 PSI. These indications cannot be 
accurately interpreted because of the 
heavy damage sustained by these dials;  

- Automatic feathering: switch in the 
Iton" position; 

- Manual feathering: engines 1,  2 and 4 
in normal position. In the case of engine 
No. 3, the button was pushed i n ,  but i t s  
protective casing was bent. Consequently, 
this position cannot be taken into account. 

- Pilot-in-command1 s altimeter:  This 
a l t imeter  was found set  a t  the QNH 
(30.29): the pointer showed 820 feet; 
this anomaly was the result  of the 
impact; 

- Course indicator: on the panel of the 
pilot-in-command, the pointer of the 
flux-gate showed 260" ; 

- The pointer of the ammeter  for the de- .  
i ce r  heating elements left a m a r k  on 
the dial a t  10 amperes .  It was impos- 
sible to determine from the state of the 
connections which of the heating ele- 
ment circuits was connected with the 
ammeter ,  but, judging by the intensity 
value registered, i t  would appear to 
have been the pitot heating element; 
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- Cockpit lighting: the white lighting 
potentiometer closed the circuit and 
was, therefore, used at  the time of 
the accident. The red lighting poten- 
tiometers were destroyed as  was the 
emergency lighting control switch 
panel. 

Analysis of fuel samples from the tank 
from which the aircraft was refuelled atOrly 
showed no abnormal characteristics. 

Reconstruction of the configuration of the 
aircraft a t  the time of the impact 

A 1/50 scale model was made in order 
to reconstruct with the greatest possible 
degree of accuracy the configuration of the 
aircraft at  the time of its impact against the 
f irst  house. 

Sufficient characteristic signs were left 
to permit determination of the attitude of the 
aircraft in the three dimensions: 

1) The lower cable of a sheet of 
overhead power cables was found intact, 
while a piece of a broken conductor, 
torn off during the aircraft's passage, 
was found caught in the cabin a i r  intake. 

2) The very clear outline on the 
upper surface of a propeller blade of 
several layers of bricks on the side of 
a chimney. 

3) A notch in a roof purlin made 
by a section of the blade of a working 
propeller. 

It would appear that, a t  the time of the 
initial impact, the aircraft  was flying more 
or  less on course without bank, on the take- 
off heading and about 15 metres to the left of 
the extended runway centre line. 

The bottom of the fuselage was 10 metres 
above the ground. 

The four engine8 must have been run- 
ning normally. 

Study of the flight path 

Only two points of the aircraft 's flight 
path a r e  known with certainty: the spot where 
the pilot opened the throttle, that i s  at  the 
beginning of runway 26, and the point of impact 

against the house a t  Paray-Vieille-Poste, 
600 metres from the runway and in line with the 
centre of the left half of that runway. 

Nevertheless, the information gathered 
during the investigation from many witnesses 
makes it possible to reconstruct an approximate 
flight path. 

According to the controller on duty in the 
tower, the take-off was made from a point 
between runways 21L and ZlR, about 1 500 
metres from the beginning of the runway. 
Furthermore, a qualified witness who was on 
the highway believes that the aircraft flew over 
the latter at  a height of about 30 metres. This 
probably represents the highest point of the 
flight path because witnesses had the impres- 
sion that the aircraft lost altitude from that 
point on. 

The total time which elapsed from the 
opening of the throttle was about 35 seconds, so 
that the aircraft must have flown for about 15 
seconds a t  most. This gives some idea of the 
extremely narrow limits within which the event 
which could have brought about the accident 
must be sought. 

Discussion 

The accident occurred some 15 seconds 
after a night take-off which apparently entailed 
no special difficulties. The aircraft was rela- 
tiveiy light(6 tonnes below the ahthorized maxi- 
mum weight). The load sheet indicated that the 
centre ofgravity was properly located, well 
within the authorized limits. The night was 
opaque, but, despite a slight mist, the visibility 
was about 2 krn; the temperature was near 0' 
and the wind slight. 

The investigation showed that, at  the 
time of the accident, the aircraft was on course, 
approximately over the extended centre line of 
the runway, with landing gear up. The aircraft 
struck one of the unlighted obstructions which 
were in the take-off path. 

It i s  again pointed out that the existing 
regulations did not require that they be lighted. 

The Commission found no evidence what- 
ever to support any suggestion of malicious 
intent, or of fire or  exploeion on board. 

In the circumstances, the Commission 
concentrated i t s  study on the following points: 



ICAO Circular 54-AN 149 16 3 

Failure of one or  more powerplants Inaccurate instrument indications 

There was no indication that either the An incorrect airspeed indication or  a mal- 
fuel systems or the quality of the fuel was functioning of the Sperry horizon can mislead 
involved. the pilot. 

Expert examination of the engine a and 
their accessoriee didaot reveal any mechanical 
defect or  faulty adjustment prior to the ac- 
cident. 

Examination of the propellers indicated 
pitches corresponding to operation withnormal 
setting for that phase of the flight, 

Tests carried out with governors show- 
ed that, most probably, the first reduction 
had already been carried out. 

Lastly, i t  should be emphasized that 
the aircraft was well in the line of the take- 
off path. 

Faulty operation of landing gear or  flaps 

The landing gear was up and locked. 

There was no mechanical indication 
that the flaps were raised, while the pqsitian 
of the jacks seemed to indicate that they were 
down. It i s  probable, therefore, that they 
were still in the take-off position, and that, 
even if the order to raise them was given, 
there was not time to carry i t  out. 

Malfunctioning of controls 

The elevator controls were not locked 
for parking. 

Icing of wings 

The aircraft appears to have taken off 
within a normal distance and to have initiated 
i ts  climb a t  the usual rate. The presence of 
a film of white frost on the upper surface of 
the extremity of each wing, which had been 
reported by the refuelling employees a t  Orly, 
does not seem, therefore, to have affected 
the take-off. 

It seems improbable that this condition 
could have deteriorated in the prevailing 
weather and in so short a time, and such an 
assumption i s  contradicted by the f irst  reduc- 
tion of engine power. 

Indeed, the pilot might be misled into 
easing pressure on the control column either 
upon seeing an airspeed reading which i s  less 
than the actual value, or upon seeing a mal- 
adjusted miniature, which appears to be on the 
flight path when the aircraft i s  actually coming 
down. 

As regards the airspeed indicators, 
examination of aircraft I-LEAD showed that the 
pitot tubes and the static pressure intakes were 
heated at  the time of the accident. Further - 
more, the dynamic and static circuits of the 
DC-6B a r e  protected against the risk of obstruc- 
tion. Moreover, i t  may be assumed that if the 
airspeed reading had been lower than the normal 
value, the crew would not have been likely to 
reduce power . 

As regards the gyro horizon, if the pilot 
used a badly adjusted bar which tended to cause 
descent, the speed must have been increased 
much faster than usual. At night, however, it 
i s  imperative to maintain optimum climbing 
airspeed during the initial climb. 

Lighting failure 

Several witnesses reported that they had 
not seen any cabin lights and the surviving pas- 
senger reported that the light was off before 
the impact. The investigation showed that the 
white lighting circuit was connected a t  the 
time of the accident. 

In the circumstances, and assuming that 
there was a failure of the cabin and cockpit 
lighting, the (radium) luminescence of the dials 
in the DC-6B is  such that the second pilot, i f  
he had looked only inside the aircraft,  should 
not have been incovenienced by the disappear - 
ance of the red lighting or a failure of the white 
lighting, a s  the emergency lighting can be 
obtained very rapidly and the eyes of an observer 
who has not looked at  the runway lights can 
accommodate almost instantly. 

Nevertheless, it i s  necessary to bear in 
mind the difficulties inherent in an instrument 
take-off, especially when the crew finds itself 
suddenly and unexpectedly in these conditions. 
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Finally, the incident which caused the 
observed loss of altitude occurred during a 
phase of the flight, in which the numerous 
manoeuvres that .immediately follow take -off 
a r e  carried out at  an extremely rapid tempo 
and in a sequence which requires perfect co- 
ordination in its execution. 

Therefore, especially a t  night, 'the 
slightest incident occurring a t  this critical 
moment may have the most serious con- 
sequences unless immediately detected and 
remedied . 

Conclusions 

The Commission found: 

- that the crew was qualified to carry 
out i t s  assigned duties on this type of 
aircraft and on the Rome-Parie-New 
York route, and had had sufficient 
rest  before leaving Rome; 

-that the aircraft was used in confor- 
mity with operational regulatione, 

particularly with regard to load carried, 
load distribution and flight planning; 

- that the ground installations were in 
conformity with the standards in force. 

The Commiesion was unable to find any 
malfunctioning of the a i r  craft or its equipment 
which would make it poeeible to determine why 
the aircraft followed the obeerved flight path. 

The Commie eion , therefore. believes 
that: 

- the aircraft's slight loss of altitude 
eoQn after take-off was the main cause 
of the accident. There i s  no explana- 
tion for thie 106s of altitude. 

- although the regulations in force were 
obeerved, the preeence of unmarked 
obstructions in the take-off path 
constituted an aggravating factor; 

- the initial and direct cauee of the 
accident romaine unknown. 

ICAO Ref: AR/482 
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Wreckage area o f  $*rr ree  Aerec Italaslurr DG-6X3, I-LE*%D, which rrarsctxtd 
foi low~ng rake-off front Osly i b r p n r t ,  P a r r e ,  an 23 November 1956, 
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No. 35 

Circumstances 

The a i rc ra f t  departed Santa Cecilia Air - 
port, Bogotd a t  0647 hours local time bound 
for Medellfn and Quibd6, carrying a crew of 5 
and 11 passengers.  Take-off was made a t  a 
t ime when the airport  was closed due to poor 
visibility. While flying on instrunients a few 
moments after take-off, the s tarboard engine 
iailed. The aircraf t  continued i ts  flight over  
the Sabarla de Bogoti for approximately 23 
minutes, following which, while flying on a 
.ilagrietic heading of approximately 21;0 degrees, 
i t  ~ra:~l l t .d  violeutly (at  approximately 0705 
hodrs) agalnLt Quetalrle Hill, 25  km. north- 
N e s t  of Santa Cecilia a irport  a t  an elevation of 
L 790 rllctres (9 170 feet).  With the except~on 
oi t l ~ e  flight engineer and one of the passerigers, 
a l l  the occupants of the a l rc ra f t  were lcilled. 

Investigation and Evidence 

At the time when the accident occurred, 
the a i rc ra f t  had flown 48 minutes since i ts  
l as t  100-hour inspection and 7 891 hours 58 
minutes since its l as t  general overhaul. It 
was las t  inspected by the Colombian Civil Avi- 
ation Authorities on 30 November 1956 and was 
found airworthy by the inspector.  It was given 
a temporary 10 -day certificate of airworthiness 
valid until 9 December 1956. 

The starboard engine had flown 184 
hours,  51 minutes since i t s  l as t  general over -  
haul. On 14 November this engine was in-  
stalled in HK-133 following i ts  removal f rom 
a i rc ra f t  HK-1001, another PBY -5A, belonging 
to the same company, which was undergoing 
repa i r s .  Following the flights made by HK-133 
on 6 December the a i rc ra f t  log book car r ied  
an entry by the pilot who noted that this engine 
was losing power. In order  to remedy the de-  
fect noted by the pilot, the maintenance service 
did the following work on the engine on 6 De- 
cember: 

Corrected the basic adjustment of both 
carburetors; corrected an  a i r  leak into 
the line to the supercharger pressure  
indicator; adjusted the inlet tubes and 

checked the adjustment of the carburetor 
a i r  intake. 

When this work was completed, the en- 
gine was tested on the ground. The turbine was 
found to be stil l  making a noise and the same 
loss  of power reported by the pilot was ob-  
served. On the same day, the carburetor  was 
dismantled in order  to inspect the turbine. It 
was found that the la t ter  had been displaced to 
the r ea r  part,  which caused rubbing against 
the jet section. The mechanics therefore r e -  
moved the engine in order  to dismantle the tur - 
bine section. 

On 7 December another turbine was 111- 

stalled. This work was done under the supervi- 
uion of the owner and manager of the Tadecol 
Workshops and of AIDA1s Chief of Maintenance. 
The technical assis tance given by the manager 
of the Tadecol Workshops was limited to check- 
ing that the mechanical distribution of the en- 
gine was correct .  After verifying this, he 
withdrew and the AIDA mechanics continued the 
work. When installation of the turbine was com- 
pleted, the engine was reinstalled on the s ta r  - 
board side of the aircraft ,  following replace - 
ment of the starboard magneto and an  oil change. 
The engine was ground tested by the captain of 
the a i rc ra f t  and the flight engineer for  approxi- 
mately 20 minutes. The a i rc ra f t  was declared 
to be in satisfactory working order  by the pe r -  
sonnel who repaired i t  but the necessary test 
flight was not made before commencement of 
the scheduled passenger flight, 4 hours and 47 
minutes la ter .  

Only the following facts a r e  known con. 
cerning the accessories  of the the starboard 
engine: 

Before flights on 14 November, the fuel 
pump had been replaced and the carbure-  
tor support adjusted. Also before flights 
on 15 November the thermo -couple had 
been adjusted. On 5 December, the nuts 
fastening the carburetor to the engine 
were adjusted and an a i r  leak into the 
boost p ressure  gauge line was corrected. 
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The weather conditions at Santa Cecilia 
field a t  the t ime when HK-133 took off were a s  
follows: 

"Horizontal visibility reduced to 300 me- 
t r e s  in al l  directions owing to low cloud. The 
ceiling was a t  approximately 400 feet above 
the airport ,  with 3/8 s t ra tocumulus~ .  The 
dispatcher stated emphatically that the airport  
was closed and that he said to the captain be- 
fore the take-off that he should wait for  better 
visibility and ceiling conditions since Techo 
airport  was also closed owing to low visibility 
- he had called Techo Flight Control a t  0610 
and they had communicated the conditions a t  
that airport. Another captain, a pilot of Pato 
Gold Mine, who flew over the Sabana de Bogotd 
approximately 10 minutes after the accident, 
stated that that a r ea  was completely covered 
by cloud up to approximately 9 000 feet. He 
stated that Madrid, Techo and Santa Cecilia 
a irports  were closed owing to low visibility 
but that Guaymaral Airport, where he landed 
a few minutes la ter  a t  0725 hours,  was open. 
He also stated that f rom Guaymaral northwards 
the visibility was unlimited and that the sum- 
mits  of El  Tablazo, El  Yunque and of the Andes 
were clear  of cloud. F rom the communica- 
tions log of Techo Control Tower it  was a l so  
noted that the airport  was closed owing to low 
visibility a t  0545 hours local t ime and that i t  
was reopened a t  0820 hours. 

HK-133's radio equipment was in- 
spected by the Civil Aviation Department on 
30 November (8 days before the accident) and 
all  the equipment was found to be in  satisfac- 
tory operating condition. At 0604 hours local 
time the pilot established control on the route 
control frequency of 6589.5 kc/s, requested 
information concerning the weather a t  
Medellfn and tested his radio equipment. This 
was the only radio contact made by the pilot 
prior to and during the flight. 

It i s  noted that the pilot failed to make 
the required radio contacts with Techo Control 
Tower. As regards the ADF equipment, both 
radio compasses were found to have been func- 
tioning, a s  the readings of the left-hand and 
right-hand instruments were respectively 175O 
and 185O. All the switches of the HF trans- 
mit ters  and receivers  were in the "on" position. 
It was noted, moreover, that the radio equip- 
ment of the Techo Control Tower was func- 
tioning normally a s  borne out by the reports  
of flights which preceded and followed that of 
HK-133, and the communications log of that 
station. 

It was found that f i r e  did not threaten 
either during the flight o r  on impact and that 
the f i re  extinguishing equipment carr ied was 
not used. However, i t  was noted that the selec- 
tor valve of the C02 bottles for extinction of 
engine f i res  was s e t  for  discharge of the bottles 
on to the starboard engine. 

A witness who was 3 kilometres from the 
point of impact s ta tes  that the c rash  occurred 
a t  approximately 0700 hours local t ime when 
there was cloud in a l l  directions and the visibil- 
ity was estimated to be 20 metres.  He heard 
the a i rc ra f t  pass overhead a t  low altitude and 
presumed that i t  was going to crash. 

A statement was also obtained f rom 
another a i rc ra f t  captain, a pilot (previously 
mentioned) of Pato Gold Mine, who took off 
f rom El  Bagre for Bogoti a t  0555 hours local 
t ime on the day of the accident and began to fly 
over the Sabana de Bogoti a t  0715 hours a t  an 
altitude of 11 500 feet. He states that the sta- 
tion at Techo informed him that that a i rpor t  
was closed with ceiling and visibility zero. He 
noted that the Sabana was covered with cloud to 
an altitude of approximately 9 000 feet. He was 
able to see the peaks of the hill parallel to 
Madrid landing field, but the latter was com- 
pletely closed. This captain flew above the 
ceiling and arr ived over the city of Bogotd 
hoping to land a t  Santa Cecilia airfield. How- 
ever ,  there was no visibility a t  Santa Cecilia 
and he proceeded to Guaymaral. He also s tates  
that f rom Suba to the north of the Sabana the 
ceiling and visibility were unlimited, further- 
more,  there was no high cloud over the Sabana 
but only low lying cloud. He s tates  that the 
hills El  Tablazo, El  Yunque and Los Andes were 
clear  of cloud but that he was unable to s e e  
Quetame Hill o r  t+ other hills in the vicinity 
of BojacP. When asked if there was sufficient 
visibility over La Sabana to make an emergency 
Landing owing to the low visibility, the captain 
replied: "It was impossible to make an emer-  
gency landing owing to the low visibility". It 
i s  therefore concluded that, ten minutes af ter  
HK-133 crashed into Quetame Hill, the Sabana 
de Bogoti was completely covered by cloud up 
to an altitude of approximately 9 000 feet o r  
that a blanket 340 feet thick covered the Sabana 
level. Furthermore,  according to the state- 
ments of the aircraf t  captain and the witness, 
Quetame Hill and the range adjacent thereto 
were completely covered by cloud. According 
to these statements,  i t  i s  presumed that the 
Sabana de Bogot4 was completely covered by 
thick cloud at the time of the accident and that 
HK-133 was flying in I F R  conditions immedi- 
ately after take-off. 
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Upon ar r iva l  a t  the scene of the acci- 
dent the Investigating Commission found the 
wreckage of WK-133 lying on one of the slopes 
of Quetame Hill a t  an elevation of 2 790 metres, 
i ts  magnetic heading being 2350. 

On examination of the aircraft the fol- 
lowing facts were noted: 

1) All the wing panels had detached 
themselves from the hull and were found lying 
8 metres away. Examination of the starboard 
wing indicated that the wing had not been sub- 
jected to any excessive loads in flight. The 
port wing was broken at  two points: a t  the 
level of station 24 and a t  the level of station 
19. According to the tracks found on the 
ground, a t  the level of the port wing float and 
15 metres away on the left, it i s  assumed that 
the f i r s t  impact of the aircraft on the surface 
was taken on this wing, which pressed upon 
the float, causing the breakage of the wing a t  
the two points mentioned. By force of impact 
and the centrifugal force of a slight turn 
(about 5O bank) to port, the aircraft revolved 
about 30° to port round i ts  vertical axis. 
Careful examination of the structural elements 
of this wing shows that i t  had not been sub- 
mitted to overloading in flight. 

2) On examination of all  control sur- 
faces no evidence was found of structural 
breakage in flight. It  was considered that had 
a structural failure occurred in flight, the 
broken portion o r  an adjacent par t  of the struc- 
ture would probably have detached itself from 
the aircraft  before the crash and would have 
been found a t  some distance from the accident 
site. 

3) The control surface tabs were found 
in the following positions - 

a) the rudder control tab was 
about 6 to 8O to starboard; 
the elevator tabs were down; 
the aileron tabs (port aileron) 
were about 3O to the rear ;  

4) The aircraft  hull was completely 
destroyed up to station 367. 

5) The hull section f rom station 388 to 
the tail  was found in apparently good condition, 
with evidence of rearward bending s t r e s s  be- 
tween etations 546and 576 and stations 367 and 
388. 

6) The starboard engine was found prac- 
tically detached from the nacelle and twisted 
about 30° to the left. Inspection of this engine 
revealed the following:- 

The propeller was detached with part of 
the nose housing and the entire reduction sys- 
tem, the whole being found behind the engine 
and level with the trailing edge of the central 
section. Examination of the teeth of the reduc- 
tion gear showed that this a r ea  had been sub- 
mitted to temperatures much higher than nor- 
mal. The propeller blades were bent a t  a 19O 
angle and their folding back and the t races of - 
impact on the ground indicated that the engine 
was idling o r  turning a t  a very low rpm at  the 
time of the crash. The cooling vanes were 
found in the open position. All the steel tubes 
of the engine mounting were found broken close 
to the support of the former with the nacelle. 
All the connections between the oil tank, the 
radiator and the engine pump were found broken, 
and it was impossible to determine whether any 
of the pipes were broken o r  had come loose be- 
fore the crash. Unsuccessful attempts were 
made to find the oil valve. The fuel valve was 
found in the closed position, yet it i s  doubted 
whether i t  was in that position before the crash, 
a s  the twist of the motor to port side could 
have closed it. On the outside, the crank cases 
of the power and accessory sections showed 
signs of having been subjected to high temper- 
atures, judging by the scorched and cracked 
paint. Cylinders Nos. 1, 3, 12, 13 and 14 
were dismantled at the site of the accident, and 
the following details were noted: Cylinder 
No. 12 had a completely melted-down piston, 
and broken piston rings; the connecting rod 
was broken at  the point of juncture with the pis- 
ton, and showed signs of having been subjected 
to excessively high temperatures. The piston 
of Cylinder NO. 11 was also melted down to a 
large extent and seemed to have supported 
temperatures above normal. The remaining 
pistons were melted to a lesser  degree and had 
some broken piston rings. Owing to seizure i t  
proved impossible to dismantle cylinders and 
pistons Nos. 2, 4, 5, 6, 7, 8, 9 and 10. The 
oil filter was removed and numerous metal 
particles were found (tin, aluminium, brass  
and steel). The oil pan was dismantled, and 
inside were found a large number of piston, 
piston ring and rod fragments. All the spark 
plugs were dismounted, and it was noted that 
they were all  of the type recommended for  the 
engine and appeared to have been operating 
normally, although some of them seemed too 
tightly compressed owing to the high tempera- 
tures they had undergone. Nothing was found 
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to indicate a malfunctioning of the ignition sys- 
tem. The turbine and accessory sections 
were dismantled a few days after the accident, 
and i t  was found that the gears ,  the shafts and 
the hubs underwent temperatures well above 
normal, owing to lack of lubrication. On the 
starboard side of the tail unit, a large quantity 
of c i l  was observed; i t  had escaped f rom the 
starboard engine, which could have been due 
to filtration into the turbine section through 
misalignment, to failure of the internal return 
system, o r  to a break in one of the connections 
of the external oil line. The accessories  of 
this engine showed no evidence of failure. The 
engine's feathering system was examined, 
particularly the electric motor and the pump; 
none showed evidence of failure. The electric 
circuit of this system could not be examined 
a s  i t  had been totally destroyed. 

7) The port engine was in satisfactory 
working order .  

8) It is presumed that the landing gear 
was extended by the violent crash of the a i r -  
craft against the hill, which loosened the gear 
f rom its retracted position. 

The starboard leg was found unlocked in  
the t'downlt position, which shows that a t  the 
time of the crash  the gear must have been re-  
tracted. 

9) The cabin and instrument controls - 
Cockpit - the master magneto switch 
was in  the "on" position. 
Starboard engifie - both on. Port  
engine - both on. 
The clock showed 0729 hours. The 
pilot's airspeed indicator - 72 knots. 
The pilot's radio compass - 175O. 
Go-pilot's - 185O. It proved impos- 
sible to determine the readings of 
the other instruments o r  the position 
of the other controls, a l l  of which had 
been completely destroyed. Flight 
Engineer's station. Starboard en- 
gine tachometer, 2 600 rpm. Preci- 
sion indicator of the supercharger : 
26.5" Hg. fuel mixture controls : 
"full richi1; altimeter: 12 240 feet 
and 29.92" Hg. 

Analysis of Evidence 

The a i rcraf t  took off f rom Santa Cecilia 

maximum gross weight permitted by the 
Colombian Civil Aeronautics Authority for take- 
off a t  sea level, and with an overload of 1 505 
kgs over the operational maximum gross weight 
recommended for  Bogotb. According to the 
graphs on take-off weight limitations shown in 
CAA Manual No. 42, at  a standard altitude of 
8 260 feet and with a runway of 5 414 feet (Santa 
Cecilia) the maximum operating gross take-off 
weight i s  11 339 kgs. According to the load 
and t r i m  computations the aircraft  took off f rom 
Santa Cecilia with 12 845 kgs, and the maximum 
gross  weight at  sea level authorized by the 
Colombian Civil Aeronautics was 12 320 kgs. 

The company had not established an ade- 
quate technical system for aircraft  loading, 
and i t  was therefore impossible to determine 
the' point of the aircraft ' s  centre of gravity a t  
take-off and at  the moment of the accident. 

The aircraft  dispatcher showed that he 
lacked the technical knowledge necessary for  
the proper discharge of his functions, since he 
had not even known either the empty weight of 
aircraft  HK-133 o r  the maximum gross oper- 
ating weight for Bogotd. Moreover, he was 
working without a technical system for  loading 
o r  for determining the aircraft ' s  centre of 
gravity. 

The failure of the starboard engine was 
conclusively proved; it was caused by serious 
damage to the lubricating system, due to either 
of the following causes : 

a)  the severance of a connection in the 
external oil line to the engine; 

b) the misalignment of the turbine section, 
which might have produced an  ob- 
struction in the internal lubricating 
passages of the engine. 

It proved impossible to determine the 
condition of the connections of the oil line serv-  
ing the starboard engine, owing to the consid- 
erable damage suffered by the radiator, the 
pipes and the hoses. 

It was impossible to determine exactly 
why the pilot did not feather the damaged engine. 
However, i t  i s  assumed that this may have 
been due to either 

a )  exhaustion of the oil supply for  the 
pitch control system; or  

b) failure of electrical system of the 
airport  with an overload of 525 kgs over the ' feathering circuit. 
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The weather conditions at  Techo and 
Santa Cecilia Airports were completely ad- 
verse a t  the time of HK-133's take-off, for 
which reason the take-off was effected under 
IFR conditions as  shown by the Meteorological 
Report and the Route Control and Techo Ap- 
proach Control logs. 

On establishing radio contact with Techo 
Control Tower, the pilot merely tested his 
radio equipment and enquired about weather 
conditions a t  Medellfn, which would suggest 
that his take-off was deliberately undertaken 
in spite of unfavourable weather and the prohi- 
bition of Techo Control Tower. Apart from 
this radio contact the pilot did not contact any 
ground station, notwithstanding the relatively 
long flight time and the satisfactory working 
order of the aircraft 's radio equipment. 

Santa Cecilia Airport was approved by 
the Civil Aeronautics Authority, for opera- 
tional use, subject, however, to control by 
Techo Tower. 

The journey log book wae not kept in 
conformity with the recommendations of the 
Colombian Civil Aeronautics Authority. 

The Company forms covering ground 
testing of the engines do not include a specific 
item relating to the checking of the pitch con- 
trol  system. It is ,  therefore, not known 
whether the testing of the starboard engine, 
accomplished some hours before the accident, 
included this check, and, consequently, wheth- 
e r  the aircraft took off with the system in 
good working order. 

The aircraft did not undergo the neces- 
sary  flight test after the replacement of the 
turbine section of its starboard engine. This 
appears to have been the Company's practice 
in its maintenance work on HK-133, a s  i t  was 
found moreover that the proper test flight was 
not performed after the replacement of the 
port engine. 

The facts which follow give evidence of 
serious shortcomings in the Company's main- 
tenance Service a s  well a s  in its Operations 
Section: 

a)  The pilot discharged the functions 
of Maintenance Superintendent, and was in 
charge of some technical aspects of the work 
entailed by such functions without being duly 
licensed for this by the Colombian Civil k r o -  
nautics Authority; 

b) There was no responsible Maintenance 
Department to plan and take decisions' on the 
various kinds of work to be performed on the 
aircraft a s  these functions were assigned to 
the Chief of Operations; 

c) The chief maintenance officer was 
unable to perform his duties successfully as  he 
did not have sufficient experience with PBY-5A 
equipment and as part of his functions were 
being discharged by the pilot. 

The role of the owner and manager of the 
Tadecol Workshops in the installation of the 
starboard engine's turbine was limited to 
seeing that the engine's mechanical distribution 
was correct; he did not, however, assume total 
responsibility for this work. 

AIDA was operating without taking the 
precaution of having available a spare engine 
in good working order, which would have en- 
sured maximum safety. In its absence, the 
starboard engine of HK-133 was repaired hast- 
ily and without conforming to technical stand- 
ards,  a few hours before the accident. This i s  
further borne out by the fact that the Company 
had to ask the Colombian Air Force for the 
loan of the port engine used on the aircraft at  
the time of the accident. Previously this en- 
gine was installed on a PBY-5A that had not 
been in service for eome time. 

The fact that the Company did not have 
an aircraft available that could have replaced 
HK-133, led to the excessive haste with which 
this aircraft was reconditioned to enable i t  to 
perform the flight of 8 December, carrying 
passengers, 

Two mechanics were on board the air- 
craft to advance their flight mechanic's train- 
ing couree. They were flying a s  additional 
crew without holding the appropriate licences. 
The Civil Aeronautics Authority had not been 
informed of this training being given by the 
Company to the mechanice. 

The pilot reported a t  Santa Cecilia Air- 
port on 7 December at 0630 hours local time 
to assist  in getting HK-133 ready for flight. 
He remained at work all day, the night of the 
7th and part of the early morning hours of the 
8th (until 0230 hours local time) when he re- 
tired, only to return for the flight a t  0545 on 
the same day. This suggests that, at the time 
of the accident, the pilot was tired owing to 
the continuous work he had performed on the 
7th and 8th. The same may be said of the 
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flight engineer, who had worked to service the 
a i rc ra f t  before a s  well a s  during the flight. 

Reconstruction of the flight 
until the time of the accident 

On 6 December a t  1350 hours local t ime 
HK-133 landed a t  Santa Cecilia Airport f rom 
Miraflores, Comisaria del Vaupes, piloted by 
a captain who was also Chief of Operations and 
Maintenance Superintendent of the Company 
(AIDA). After this flight the pilot stated in the 
a i rc ra f t  log that the s tarboard engine was 
losing power. The Company's maintenance 
service proceeded, on the same day, to  deter- 
mine what was wrong with the engine. The 
fault was found in the turbine section and con- 
s is ted of an inadequate tolerance between the 
turbine and the distribution section, which pro- 
duced appreciable friction between the two 
parts.  The s tarboard engine was taken down, 
the turbine section was removed and replaced 
by another one in working order .  The work on 
the s tarboard engine continued throughout the 
whole of 7 December and part  of the morning 
of the 8th until, at about 0150 hours, the engine 
was tested on the ground for some 30 minutes. 
The a i rc ra f t  was declared airworthy and ready 
for  the s t a r t  of the scheduled passenger flight 
a few hours la ter .  

At 0604 hours  the captain called Techo 
Route Control Centre f rom the a i rc ra f t  in order  
to test  the a i rc ra f t  radio equipment and to in- 
quire about the weather conditions a t  Medellfn. 
Route Control informed him that the radio sig- 
nal was fair ly  good and very clear  but did not 
give him the Medellfn weather information. 
There were no fur ther  contacts f rom the a i r -  
c ra f t  with any ground station. At 0610 the dis- 
patcher called Techo Control Tower to inquire 
about weather conditions both a t  Techo and a t  
Medellfn airports .  He was told that Techo a i r -  
port was completely closed due to poor visibil- 
ity. This information was passed on to the 
pilot of HK-133. Ignoring the weather conditions 
prevailing a t  the time a t  Techo airport  and a t  
Santa Cecilia, the captain gave o rde r s  for  pas- 
sengers  to board HK-133 a t  0630 hours local 
time. Take-off was s tar ted a t  0647 hours 
local time. At take-off Santa Cecilia a i rpor t  
was s t i l l  completely covered by thick, low fog 
and, therefore, a s  soon a s  the a i rc ra f t  became 
airborne i t  was under IFR conditions. A few 
minutes af ter  the a i rc ra f t  had begun to climb, 
the s tarboard engine became damaged follow- 
ing complete failure of the lubricating system. 
As the a i rc ra f t  was overloaded and the engine 
was not feathered it  was impossible to maintain 

the r a t e  of climb required to break through the 
340 foot thick fog blanket covering most  of the 
Sabana de Bogoti. This circumstance forced 
the a i rc ra f t  to continue flying under IFR condi- 
tions. It is thought that the pilot was trying to 
find a way to Magdalena Valley in o rde r  to be 
able to fly a t  a lower altitude and obtain better 
performance f rom the engine s t i l l  functioning 
a s  well a s  better visibility, but that 

1) he t r ied to do so  a t  an inadequate 
height (due to fai lure  of the engine which pre- 
vented his  climbing to a higher altitude) o r ,  

2) thinking he was on the border of the 
Sabana he s ta r ted  descent too early. 

The Chief, Technical Control and Investigation 
Branch a l so  believes that the a i rc ra f t  was not 
turning a t  the moment of impact (opinion of 
Chief, Technical Section, Investigator). He 
believes that owing to the slope of the hill and 
the heading of the aircraf t ,  the la t ter  was 
s t ruck on the port wing float which made i t  
turn to the s ame  side. It may be, however, 
that there was a slight bank to the left due to 
the fact  that the only engine functioning was on 
that side and that a twin-engined plane when it  
i s  stabilized for  flight with only one engine 
leans on the latter.  

Probable Cause 

The probable cause of the accident was 
complete failure of the s tarboard engine due to 
the breakdown of the lubricating system. 

Contributory causes included: 

1. Recklessness of the pilot in taking 
off f r o m  a closed airport  while aware 
of the poor weather conditions pre- 
vailing throughout the Sabana - a 
circumstance which prevented re- 
turning to the airport  of departure 
when complete breakdown of the s ta r -  
board engine occurred; 

2. The 1 506 kilograms overload of the 
a i r c r a f t  above the maximum g ros s  
operating weight f o r  Bogotfi accord- 
ing to the performance curves of the 
a i rc ra f t ;  

3. The adverse weather conditions pre- 
vailing f rom the moment of take-off 
until the moment of the accident; 
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4.An e r ro r  of judgment on the part of 
the Operations and Maintenance Sec- 
tions of the Company in failing to 
provide for a test flight of the air- 
craft after the turbine section had 
been changed and in finding aircraft  
HK-133 airworthy for the purpose of 
a scheduled flight with passengers 
under such conditions; 

5. The lack of competent a i r  traffic 
and weather authorities at  Santa 
Cecilia airport in a position to check 

civil aviation regulations and to 
prohibit take off from a closed air- 
port; 

6. Faulty internal organization within 
AIDA which should have defined 
exactly the duties of the Maintenance 
Superintendent, of the Maintenance 
Chief and of the Dispatcher; 

7. The failure of the Company to have 
available a Rpare engine which would 
have avoided carrying out such deli- 
cate repair work in a hasty manner. 

ICAO Ref: A ~ / 4 7 6  
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No. 36 

Columbia-Geneva Steel Company. Lockheed Lodestar, N 1245V, 
crashed near Tvrone. Pennsylvania on 20 December 1956. Civil Aeronautics 

Board (USA) Accident h v e s t i ~ a t i o n  Report, File No. 2-0065, released 
8 November 1957 

Circumstances 

The a i rcraf t  departed Greater  
Pittsburg Airport,  Pittsburg4,Pennsylvania 
a t  1850 hours eastern standard time on an  
IFR flight plan to New York International 
Airport,  Jamaica, New York. On board were 
2 crew members and a company official. At 
1921 the CAA Communications Station a t  
Philipsburg, Pennsylvania received a cal l  
f rom the flight giving i ts  position a s  over the 
Coalport intersection a t  1916, estimating 
Philipsburg a t  1930. Philipsburg radio then 
requested the flight to change over to the fre-  
quency of the New York Air Route Traffic 
Control Centre and this message was acknowl- 
edged.. This was the last  radio contact with 
the aircraft.  It crashed a t  1923 hours approx- 
imately 5 miles north of Tyrone, Pennsylvania. 
There were no survivors. 

Investigation and Evidence 

A detailed study of the wreckage indi- 
cated that the left wing and the empennage 
failed almost simultaneously. It  was deter- 
mined that the left horizontal stabilizer was 
the f i r s t  empennage unit to separate, followed 
by the right horizontal stabilizer. This lat ter  
component showed evidence of having been 
struck on its leading edge during the in-flight 
break-up; the most logical striking object wae 
,the left aileron balance weight assembly, which 
also separated in flight. 

Following the left wing and empennage 
failure, portions of the engines1 cowlings and 
parts  of the fuselage separated. Thereafter,  
both powerplant assemblies tore out and the 
right outer wing panel separated just before 
ground impact. 

It could not be established if the de- 
icing system components were in operation 
a t  the time of the accident, a s  the settinu of 
the de-icer control prior to impact i s  unknown, 
Impact forces caused deformation and binding 
of the de-icer distributor valve motor; however, 
i t  was found to be in good condition electrically 
and therefore i s  believed to have been capable 
of operation before impact. Except for  the 

damage sustained during the accident, the wing 
and empennage leading edge de-icing boots were 
in good condition. 

Examination of the entire wreckage 
disclosed no evidence of fatigue failure, nor 
was there any evidence to indicate that a foreign 
object struck the aircraft  in flight. All parts  of 
the a i rc raf twere  accounted for  within the wreck- 
age distribution area.  The initial airframe 
failures were a l l  the result of loads in excess of 
the design strength of the particular parts  o r  
components. There was no evidence which 
indicated that a f ire  o r  explosion occurred 
during flight. 

The aircraft  had flown 92 hours since 
the last  100-hour inspection on 3 October 1956 
and 30 minutes since the last  line inspection on 
the day of the accident. 

The Philipsburg 1928 weather sequence 
was: ceiling measured 400 feet,  overcast; 
visibility 2 miles; fog; temperature 40; dewpoint 
40; wind calm; altimeter 30.04. 

On the afternoon of 20 December an  
overcast existed over the entire State of 
Pennsylvania, with ceilings ranging f rom zero  
to about 1 500 feet in the southwestern portion 
with tops a t  approximately 11 000 to 12 000 feet. 
Fog and occasional light rain were occurring. 
At the time of the flight's departure the freezing 
level was about 10 000 feet a t  Pittsburgh and 
lowering to the eas t  to near 9 000 feet in the 
Tyrone area.  Forecasts  available before depar- 
ture of N 1245V indicated light to moderate r ime 
icing above the freezing level, with the freezing 
level forecast to be 9 000 feet in western 
Pennsylvania sloping downward to about 6 000 
feet in western New York. Meteorological 
conditions were conducive to the formation of 
carburettor o r  induction system icing. 

There were several flights through the 
Philipsburg a r e a  a t  the approximate time of the 
accident. They reported no icing o r  turbulence 
however, their flight altitudes were below the 
9 000 foot level of the Lockheed. 
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A number of witnesses in the accident 
a r ea  heard the aircraft .  One witness, located 
approximately two miles south of the crash,  
heard the flight go northeast a t  low altitude 
and then turn back toward the crash  site.  Two 
other persons, several miles northeast of the 
impact, also heard the aircraft  turn back. All 
witnesses told of hearing irregular  engine 
sounds, followed by engine silence. 

Because of the lack of certain tangible 
evidence much i s  unknown. It is known that 
the pilot was flying under IFR conditions and 
was assigned an altitude of 9 000 feet; also 
that his last position report was made a t  1921, 
five minutes after reaching Coalport. Since 
this report was made in a normal tone of voice 
and since nothing was said to the contrary, i t  
can be reasoned that an emergency situation 
was not recognized a t  that time. However, 
approximately two minutes a f te r  that report 
Was made the aircraft struck the ground. 
Therefore, whatever happened did so quickly 
and shortly after the last  report was made. 

Ground elevation a t  the scene of the 
accident i s  1 500 feet and this altitude, consid- 
ered in relation to the assigned altitude of the 
aircraft ,  means that the a i rc raf t  descended 
7 500 feet,  at an average rate of descent of 
about 3 750 feet per minute. Although the 
exact pattern of the descent is not known, i t  
is believed that the speed of the a i rc raf t  
during the descent, coupled with manoeuvring 
loads, created forces beyond the design 
strength of the aircraft.  This i s  undoubtedly 
true since no evidence was found to indicate 
any prior failure or defect of any of the compo- 
nents of the aircraft. 

The witnesses unfortunately did not 
see  but only heard the a i r c r d t .  Although 
some stated the direction of flight, the approx- 
imate altitude, and that the engines appeared 
to be functioning improperly, i t  must be 
remembered that these impressions were 
formed under conditions in which accurate 
estimates were not possible. To determine 
the direction or  height above the ground, o r  
both, f rom the sound would have been espe- 
cially difficult in this instance because of 
probable reverberation and distortion among 
the hills. The engine sounds heard could 
have been caused either by a malfunctioning 
engine o r  engines, o r  as the result of the 
pilot's intentional throttling back of the 

-engines during an uncontrolled descent, 

The engines, when examined subsequent 
to the accident, did not show any indication of 
operational failure o r  malfunctioning prior  to 

impact which could have caused o r  contributed 
to the accident. Because of the time interval 
involved during disintegration of the aircraft  
and final f r ee  fall  of the engines, evidence 
obtained f rom the propellers was of no signifi- 
cance with regard to power being produced a t  
the s ta r t  of the emergency. However, i t  was 
concluded that neither propeller had been 
feathered. 

~ e c a u s e  the azimuth ring of the course 
indicator of the Collins Integrated Flight System 
was found stopped a t  48 degrees (nearly the 
reciprocal of the heading a t  impact) and because 
this instrument i s  operated electrically, a 
possible electrical failure a s  a contributing 
cause to this accident was considered, It was 
determined, however, that the probability of 
such a failure occurring a t  cruising altitude 
was quite remote and that the failure must have 
occurred during the break-up of the a i rc raf t  
with the stoppage of the azimuth ring where it 
did a s  merely a coincidence. Furthermore,  
even if an electrical failure had occurred while 
a t  cruise,  the pilot had recourse to other 
instruments, not operated electrically, by which 
attitude and direction could be maintained. 

Another possibility considered was that 
induction o r  carburettor ice could have caused 
a complete loss  of power of the engines either 
separately o r  simultaneously and that this losa 
of power resulted in loss  of control. This is 
believed not to have been the case for  several 
reasons. Although the a i rc raf t  was probably 
in clouds a t  9 000 feet and the weather conditions 
a t  cruising altitude were conducive to this type 
of icing, i t  must be remembered that the pilot 
had available the approved anti-icing devices 
which incorporated the use of heat and alcohol. 
Weather observations and forecasts for  the a rea  
on this day indicated clearly the weather condi- 
tions which the flight would encounter. Even if 
the uae of heat o r  alcohol had failed, i t  i s  
inconceivable that a pilot with thia one ' 6  expe- 
rience would have allowed loss of power to 
result in loss  of control of the aircraft .  

There a re  possibly many unknown 
factors which might have contributed to loss  of 
control. Unfortunately, the existence of such 
factors in this instance can neither be proved 
nor disproved because of lack of evidence. 

Probable Cause 

The probable cause of the accident was 
the loss of control for  reasons unknown resul- 
ting in a rapid descent during which structural 
failure occurred. 

ICAO Ref: . A R / ~ ~ O  
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No. 37 

Linee Aeree Italiane, DC-3, crashed into Pale Perse  
' ( ~ o d t e  Ciner - Presanella Croup) on 22 December 1956. 

Report released by Minister0 della Difesa - Aeronautica, Italy. 

Circumstances 

The a i a r a f t ,  I-LINC, took off from 
Ciampino Airport, Rome, a t  15082 on a VFR 
flight plan f ram Ciampino to Elba and an IF'R 
plan from Elba to Milan-Malpenea along air-. 
ways A3 and A9, which involve flight over the 
Elba, Genoa and Lombardia beacons. The 
cruising altitade was 10 500 feet. At 15202 
the flight plan was changed from VFR to IFR.  
The radio communications exchanged between 
the aircraft and Rome and Milan area  controls 
were normal until approximately 17022 when 
the aircraft confirmed that it was maintaining 
altitude 9 500 a s  instructed by Milan ACC. 
After 17142, attempts by Milan control to con- 
tact I-LINC were unsuccessful. The aircraft  
crashed at  approximately 17202 on the northern 
slopes of Monte Giner. All 4 crew members and 
17 passengers were killed instantly. 

Investigation and Evidence 

From an analysis of the times reported 
for crossing of specific points, the route 
appeared to be that entered in the flight plan. 
As shown further on, however, the aircraft  
was not flying along the route i t  had given iu 
the flight plan but was on a more easterly route 
which led it eventually into the Val di Nambrone. 
The crash occurred beyond this valley a t  latitude 
46' 14' 45" N. longitude 10. 43' 53" E. 

The weather conditions a t  the time of the 
accident were generally unsettled over Northern 
Italy. 

From statements of witnesses, it appears 
that the weather a t  the scene of the accident was 
partly cloudy and that the flight over Val di 
Nambrone was conducted clear of cloud which 
leads to believe that there were large openings. 

The meteorological information and the 
weather forecast for the route, the destination 
aerodrome, and the alternates were supplied 
to the pilot a s  usual before departure. 

The actual weather conditions on the 
Rome-Milan route via Amber 1 - Amber 3 - 
Amber 9 between 14002 and 18002 on 22 Decem- 
ber were a s  forecast. 

The weather situation over central and 
northern Italy between 1400 and 1800 hours 
was such that navigation could be carried out 
between 1 500 and 3 000 metres  in and out of 
clouds along the Rome -Elba sector. Over the 
second sector, Elba-Milan , cloud coverage 
increased and clouds in stratified formation 
occurred more  frequently. Over the Valley 
of the Po,  the cloud base was down ae low a s  
500 - 600 metres.  

Concerning icing, it i s  thought that after 
the report on icing (moderate to heavy) trans- 
mitted at  16482, by the aircraft,  no such danger 
was feared since i t  would have been the subject 
of a further communication, 

The efficiency of the radio aids over the 
Rome-Milan segment was checked by reapon- 
sible authorities. No aircraft had reported any 
deficiencies or irregularities. 

In addition to the communications between 
the aircraft and the Rome and Milan ACC8s, no 
assistance was requested by the aircraft  from 
other D/F stations. The aircraft transmitted 
routine position reports and no difficulties or  
complaints were mentioned. 

Examination of the wreckage of the radio 
equipment did not yield any data of value. The 
372 kc/s frequency setting found in the wreckage 
of the radio compass receiver panel of the radio 
operator does not correspond to any radio beacon 
frequency in use over the P o  Valley. 

F i res  broke out following impact but were 
limited to the areas  of the nacelles where fuel 
had spilled. 

In view of the nature of the accident, the 
possibility of the aircraft 's fire fighting equip- 
ment having been used must be excluded. 
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Wreckage was scattered in an area 30 
metres in diameter a t  the same point where 
the aircraft crashed into the 45 degree slope, 

The crew cockpit was completely crum- 
pled against the slope and flattened against it. 
No technical data was obtainable from the ins- 
trument panel or  from the position of the con- 
trols. The passenger cabin was completely 
destroyed. The tail assembly was found only 
slightly damaged, owing to the cushioning 
effect produced by the bending and failure of 
the forward part  of the aircraft. 

The condition of the wreckage and in par- 
ticular that of the fuselage, completely des- 
troyed up a s  far a s  the bulkhead level with the 
door to the lavatory, indicated the violence of 
the impact. 

The absence of any trace along the area 
preceding that where the wreckage was found 
indicates that the aircraft did not come in con- 
tact with the ground before the impact. 

The first  part of the aircraft to strike the 
mountain was the nose and the left half wing, 
which were broken off approximately at  the 
point of impact, while the other parts were 
thrown forward towards the right as  a result 
of the rotation following the sudden stop of the 
left half wing. 

No useful information was obtainable from 
the piloting and navigational instruments, from 
the radio equipment or  from the controls, be- 
cause of the condition of these parts. The only 
thing that it was possible to observe was that 
the magneto switch was in the "BOTH" position 
for both engines. 

The technical examination of the wreckage 
did not reveal any data or  information leading to 
the possibility of mechanical or structural 
failure. 

Messages exchanged between the aircraft  
and Rome and Milan Area Controls indicate the 
following: 

With Rome Control 

15522 . . . it had passed over Orbetello a t  
1551 2 and was flying in and out of 
cloud a t  10 500 feet 

16142 ... over the Elba radio beacon and 
flying in cloud 

after 16142 and before 16242 

. . . the following message was en- 
tered in the aircraft station log 
(parts of which were recovered) for 
transmission to Rome Ciampino: 

"NR2 ESTIMATES ARRIVAL ABEAM 
PISA RADIO BEACON 16282 FLIGHT 
ON TOP CLOUD AT 10 500 FT LFR 
ACKNOWLEDGE - ETA MILAN/ 
MALPENSA 17302 Kt' 

(The time of transmission i s  not 
entered in the aircraft station log, 
which leads to believe that the mes- 
sage was never sent. In fact, there 
i s  no record of i t  having been recei- 
ved by Ciampino). 

With Milan Control 

16482 . . . had overflown the Pisa radio 
beacon a t  16282 and was flying 
through cloud with average to mode- 
rate icing at  10 500 feet 

Milan ACC asked the aircraft whether 
it wanted a lower altitude - i t  replied 
that it wished a lower altitude after 
Genoa 

16512 . . . was instructed to remain a t  
10 500 feet and to call back when 
over Genoa - aircraft asked whether 
after crossing the Genoa beacon i t  
could fly directly to the Malpensa 
radio beacon without overflying VOR 
Lombardia 

16532 . . . was informed by another aircraft 
(I-LOVE) that weather conditions over 
Genoa were such that lights of the city 
could be clearly seen 

15462 . . . gave its time of departure from 16592 . . . reported over Genoa radio beacon 
Rome, destination, estimated time a t  10 500 and requested permission to 
of arrival at  Milan, flight conditions, fly to VOR Lombardia at  6 500 feet 
flight altitude, true track of 330' and 
requested the QNH for Pisa and relay ACC Milan authorized descent to 
of the message to Milan . . . . 9 500 feet and instructed the aircraft 
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to maintain that altitude; i t  also 
gave the value for altimeter setting 
and the estimated time of the begin- 
ning of its approach (17282) to 
Malpensa. 

170 1 Z . . . I-LINC asked whether the ILS 
a t  Malpensa was operative 

17022 . . . requested clearance from ACC 
Milan to descend to 6 500 feet on 
the VOR Lombardia. ACC denied 
the request. 

17092 . . . the tape of channel 1 2 5 . 3 ~ c / s  
registered an unintelligible mutilated 
word, repeated twice; this word i s  
inserted between an exchange of com- 
munications between an Air France 
aircraft and Milan Control and could 
not be identified nor therefore attri- 
buted with certainty to aircraft 
I-LING; 

17142 onwards 

repeated calls from Milan control 
and from I-LOVE were unanswered. 

Until 17022 communications with the air- 
craft were normal. After that time from evi- 
dence gathered, i t  appears that the position 
lights were on, which indicates that electric 
power was available. Witnesses who heard 
the aircraft did not notice any malfunctioning 
of the engine. 

The place at  which the aircraft  crashed 
in relation to the duration of the flight and to 
the average speed of the aircraft leads to the 
belief that the track made good by the aircraft 
wae altogether east of the planned track. 

On the basis of messages sent by the 
pilot of I-LING, i t  appears that the flight was 
conducted continuously in cloud. In particular, 
a t  16482 the aircarft reported moderate to 
severe icing. These meteorological conditions 
a r e  in sharp contrast with those encountered 
and reported by other aircraft flying a t  about 
the same time on the airways indicated in the 
flight plan of I-LING, which reported fair con- 
ditions. It must be assumed, therefore, that 
the aircraft followed a course further to the 
east where the weather conditions a s  reported 
in the forecast correspond to those reported 
by the pilot. 

The message sent by the pilot, reporting 
that he was over Genoa a t  16592 cannot be 
accepted a s  accurate if i t  i s  considered thatthe 
impact occurred at approximately 17202 in the 
Giner area,  250 kilometres distant from Genoa, 
a distance which could hardly be covered in 
21 minutes. 

It was reported by the D.A.T. Command* 
that two control radars observed traces of an 
unidentified aircraft on their scopes. 

The first  radar had observed a t  16402 a 
blip 20 kilometres west of Bologna and had 
followed i t  in its flight along a track to the north 
until 16582, south of Verona. 

The second radar had observed a trace in 
the same a rea  a t  16592 and had followed it until 
17052 in the vicinity of Mori. 

In view of their position, the time of sight- 
ing and the direction of displacement of the two 
traces, the authorities concluded that they ref er-  
red to the same aircraft. 

Since the data concerning the position and 
the time which can be deduced from the reports 
a r e  in agreement a s  to the hour and to the time 
of the crash, i t  i s  believed that the traces were 
those of aircraft I-LINC. 

rhe second radar estimated the altitude 
of these traces at  14 000 feet and the speed at  
210 knots. 

These estimates do not appear acceptable, 
however, unless it i s  assumed that the aircraft,  
in contrast with the clearances received to main- 
tain the cruising altitude of 10 500 feet, decided 
arbitrarily to climb first  to an  altitude of 14 000 
feet and then to descent a t  a speed of 210 knots. 
This assumption appears entirely improbable. 

In the message sent at 15462 to Rome 
control, the aircraft reported that it was flying 
on a true heading of 330'. This heading does 
not correspond to that of airway Amber 1 which 
it should have been following, but corresponds 
closely to the direct route Ostia-Malpensa o r  
Civitavecchia-Malpensa. 

The request by the pilot at  1650Z to initiate 
descent after Genoa may indicate that he believed 
that he was in a mountain a rea  presumably east 
of Genoa. 

* Difesa Aerea Territoriale 
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The request by the aircraft a t  16502 to 
fly to Malpensa without passing over Lombardia 
NDB-VOR may be explained only if the aircraft 
thought i t  was following a route which did not 
pass by Genoa, since Malpensa, VOR Lombardia 
and Genoa a r e  on the same alignment. 

At 16562 the pilot of I-LOVE gave the 
weather conditions over Genoa to I-LINC. 

At 16592 I-LINC reported being over 
Genoa, whereas, on the basis of the considera- 
tions mentioned . . . . . r e  the crash occurring 
a t  17202 in the Giner area, 250 kilometres dis- 
tant from Genoa, a distance which could hardly 
be covered in 21 minutes . . . . . i t  could not have 
been at  that position and therefore, it could not 
observe Cenoa a s  had I-LOVE. 

The fact that the pilot was not concerned 
about this leads to the belief that he was aware 
that he was not over Genoa. 

Analysis of the information available 
leads to the reconstruction of the route followed 
as:- 

15082 take-off Rome 
15162 Ostia 
16402 20 kilometres west of Bologna 
16432 Castelfranco Ernilia 
16592 Verona 
17052 Mori 
17202 crash. 

(pressure altitude 9 500 feet 
corresponding to true altitude 
of 8 500 feet = 2 600 metres 
a t  temperature of -30°C.) 

The route from Castelfranco Emilia to 
impact i s  confirmed by data available. 

The fact that the aircraft  crashed into 
Monte Giner on a southerly track is  due to the 
change made by the pilot after flying over Val 
di Nambrone on a northerly track, as  eviden- 
ced by statements of witnesses. 

It appears that the sector Ostia (15162) 
to Castelfranco Emilia (16432) was covered in 
1 hour and 27 minutes. This time on the basis 
of an average speed of 230 kilometres per hour 
represents a distance of 330 kilometres. Since 
this corresponds to the distance between Ostia 
and Castelfranco Emilia, it may be concluded 
that the track followed by the aircraft coincides 
approximately with the line joining these two 

points. It appears, therefore, that the track 
followed by the aircraft departed considerably 
from the route requested and authorized in the 
flight plan. 

The pilot must have been aware that he 
was on a different route from that of the 
assigned airways, for the reasons already in- 
dicated and also because of the lack of radio 
checks over the compulsory crossing points. 
The pilot instead reported that he had flown 
over these points. Any failure of the radio 
compass would have been noticed at the latest 
upon overflying the f i rs t  radio beacon along 
the route. 

On the basis of his flight plan, the pilot 
should have followed three airways: 

- AMBER 1 (radio beacon Ostia, radio 
beacon Civitavecchia, .radio beacon 
Orbetello, radio beacon Elba) ; 

- AMBER 3 (radio beacon Elba, beam 
radio beacon Pisa, radio beacon Genoa); 

- AMBER 9 (radio beacon Genoa, radio 
beacon VOR Lombardia, radio beacon 
Malpensa). 

Along this route he would have had available 
all the elements to check his route, speed, 
position, drift and therefore to correct  any 
e r r o r s  in his navigational instruments and of 
the airborne radio equipment. A reconstruc- 
tion of the flight leads to the conclusion that 
the pilot, from the beginning of the flight, 
intended following a direct route from Ostia 
to Malpensa instead of that indicated in the 
above-mentioned flight plan. 

It was ascertained that the pilot did not 
request any D/F fixes from the ground stations 
to establish his exact position along the route, 
nor, on the basis of the flight itself, does i t  
appear plausible that he himself took any D/F 
bearings from the aircraft to ascertain his 
position. 

While i t  i s  not improbable that the pilot 
did take lateral bearings in flight, these were 
not sufficient to permit him to determine his 
position along the route. 

In all probability, therefore, the pilot 
navigated on the basis of an erroneously dedu- 
ced reckoning and on the basis of the indications 
of his compass and directional gyro, 
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The crosswinds along the route, possibly 
of higher intensity than those reported to the 
pilot, the disturbed weather conditions which 
the aircraft encountered along the route and 
the simultaneous occurrence of irregularities 
in the functioning of the instruments (radio 
compass and directional gyro) may have caused 
the aircraft to deviate from the route selected 
by the pilot. 

It should be pointed out that the D.A.T., 
after observing the presence of an  unannounced 
aircraft in the Bologna-Modena area,  and on 
the assumption that this was an aircraft that 
had deviated from airway AMBER 14 (Viterbo- 
Florence-Parma-Linate), communicated this 
information to Milan Control. 

Milan, after analysing i ts  traffic, exclu- 
ded the possibility that this report could con- 
cern an aircraft under its control since a t  that 
moment all assisted aircraft, through the posi- 
tion reports, communicated that they were 
flying regularly along the assigned airways. 

In particular, Milan could not imagine 
that the report concerned I-LINC, which a few 
minutes before had reported that i t  was flying 
on airway AMBER 3 along the Elba-Genoa sec- 
tor. 

It should further be pointed out that in 
this specific case, Milan control could not 
itself take any initiative on the basis of the 
communication received from the D. A. T., 
since its function i s  limited to providing assis- 
tance to reported aircraft flying under IFR 
conditions. 

Probable Cause 

The Commission concluded that the chan- 
ge in the route followed by the aircraft and the 
resulting accident may be attributed to the 
following:- 

a) the pilot did not follow the airways as- 
signed in the flight plan - which consti- 
tutes a violation of flight rules; 

b) he did not check his direction and posi- 
tion along the new route; 

c) unfavourable weather conditions and 
drift existed; 

d) there was a possibility of e r ro r  in the 
navigational instruments. 

Recommendations 

On the basis of the examination of the 
causes of the accident, the Commission 
recommended: 

1) the instruction to all pilots to follow the 
airways assigned and entered in the 
flight plan should be enforced and pilots 
should be instructed to follow clearly 
the rules governing instrument flight; 

2) that in all cases flight crews should avail 
themselves more fully of existing radio 
facilities and in particular the HF and 
VHF D/F aids available. 

ICAO Ref. : ~ ~ / 4 5 3  
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No. 38 

Jugoslovenski Aerotransport,  Convair 340. YU-ADA, crashed on approachina 
Munich-Riem Airport, Germany, on 22 December 1956. Report releasedby 

Luftfahrt-Bundesamt, Federal Republic of Germany. 

Circumstances 

The aircraf t  was on a scheduled flight 
f rom Belgrade to Munich-Riem Airport with 
an intermediate refueling stop a t  Vienna. It 
departed from Vienna for Munich a t  1837 hours, 
local t ime, with 30 people aboard. At 2033, 
after passing Munich NDB at 12 000 feet, the 
flight reported to Munich Area Control Centre 
and shortly thereafter was instructed to de- 
scend to 10 000 feet. The pilot was asked 
whether he wished an ILS approach monitored 
by GCA but he decided on a GCA approach. 
At approximately 2048, after overflying non- 
directional beacon DHR (35 km east  of Riem 
airport) ,  a further descent to 7 000 feet was 
car r ied  out. A subsequent instruction to 
descend to 4 000 feet was also complied with 
and the pilot was asked to notify GCA when 
passing 6 000 feet. At 2053 the flight was 
cleared for a direct  instrument approach to 
runway 25. At 2056 i t  reported passing 
6 300 feet and a t  2058 a s  having reached 
3 500 feet. It was then cleared to  descend to 
3 000 - this altitude was to be maintained. 
The flight was then 7 miles eas t  of the airport.  
At 2059 the pilot reported leaving 3 000 feet 
and was requested to car ry  out the necessary 
cockpit checks for landing. GCA ordered a 
course of 240 degrees and advised the pilot 
that he was 4.5 miles  f rom touchdown. He 
was requested to maintain 3 000 feet and was 
ordered to pull up to this altitude a s  he was 
below the minimum height of his  glide path. 
No answer was received. The a i rc raf t  struck 
the ground a t  approximately 2103 hours, killing 
2 c rew members and 1 passenger and injuring 
12 others. 

2050 hours and no appreciable change was noted 
before o r  around 2103 hours, the time of the 
accident: 

surface wind - 
approx. 210 - 230 degrees ,  2 - 3 knots 

visibility - 
between 1 . 0  and 1 .5  NM 

moderate snowfall 

818 FS a t  700 f t .  , precipitation ceiling 

QNH - 1017.6 mb.  QFE - 955.6 mb.  

The weather conditions a t  the scene of the 
accident a t  the time when the c rash  occurred 
were reported by Munich Airport MET Office to 
have been a e  follows: 

wind close to ground - 
approx. 210 - 240 degrees ,  3 - 5 knots 

visibility - 
1.0  - 1.5 NM, poseibly only 0 . 7 -  1 . 0  NM 

moderate snowfall 

cloud base approximately 600 - 800 feet 

fluctuating QNH between 1017 and 1018 mb. 

temperature on ground -lOc 

The weather conditions en route between Vienna 
and Munich were normal .  

-:- The above altitudes a r e  above The point of f i r s t  impact was a t  a distance 
mean sea level. The Munich-Riem Airport of 6.85 km from the runway threshold and 
altitude is 1 732 feet. 200 me t r e s  to the right (north) of the glide path. 

Investigation and Evidence 

The captain, who was acting a s  an in- 
structor on this particular flight, was seated 
in  the right-hand sea t  of the cockpit and was 
listed a s  pilot-in-command of the aircraf t .  
The co-pilot was i n  the left-hand seat.  

The following weather conditions were 
observed by Munich Airport MET Office a t  

The a i rc raf t  touched the ground with i te  
left undercarriage and i t s  left wing almost 
simultaneously. Both were destroyed a t  that 
point. P a r t s  of the wing and the port  engine, 
however, were still connected with the fuselage 
and were dragged along fur ther .  The a i rc raf t  
then turned around i t s  longer axis  onto i t s  back 
whereupon the right wing a s  well a s  parts  of 
the tudder were also torn off. In this position 
the fuselage slid along until i t  came to a etand- 
s t i l l ,  The distance from the f i r s t  point of 
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impact to the point where the wreckage came 
to r e s t  was 400 metres .  Only short  stubs of 
both torn off wings remained attached t o  the 
fuselage a s  well a s  the damaged elevator unit. 

The fuselage had split  a c ro s s  on the left- 
hand side, the fracture being a t  the level of the 
second window. The panelling of the ceiling 
was ripped open. A passenger was thrown 
out of the a i rc ra f t  while i t  was sliding along 
the ground. Whether he was properly fastened 
to his  seat a t  the t ime of the accident couldnot 
be determined with certainty. 

Objects in  the cockpit obviously had had 
to be moved in  order  to  remove the bodies, and 
this made it  almost impossible to  determine 
the exact position of levers  and switches a t  the 
time of the accident. 

The left-hand altimeter showed a setting 
of 28. 33 inches, the right-hand one 30.03 inches, 
At 2034 hours Air Traff ic  Control gave the 
aircraf t  a QNH value of 1018 mb o r  30.06 inches. 

No traces of icing were noticed on any 
par t s  of the aircraf t  immediately af ter  the 
accident. 

No evidence of technical defects of any 
kind was found. 

According to the position of one limit 
ewitch, the wing flaps were extended to approx- 
imately 20 degrees. The .landing gear  was 
down. Both propellers and one governor were 
carefully examined by experts.  The Commis- 
sion of Inquiry, af ter  considering the outcome 
of the examination, came to  the conclusion 
that these particular pa r t s  did not show any 
evidence of malfunctioning a t  the time of impact. 

The ground ILS equipment was checked 
on 22 December before and af ter  the accident 
and was found to be functioning normally on 
both occaeions. The ILS was a l so  used by 
three other a ircraf t  on the day of the accident 
between 1908 and 2333 hours and no deficiencies 
were reported. 

According to the recorded R/T commu- 
nications, the captain confirmed that the cock- 
pit check had been car r ied  out. When asked 
(at approximately 2059 hours) by GCA for  the 
present course, the co-pilot answered, but 
his reply was interrupted i n  the middle of the 
sentence and instead of "270 degrees", only 
the f i r s t  digit (2) could be heard. At this point 

the tape only recorded a brief cracking noise. 
No further report  was received f rom the a i r -  
craft .  The co-pilot testified that further 
communication f rom GCA to the a i rc ra f t  had 
been heard by him, referr ing in  particular to 
the request to follow a course of 240 degrees. 

At this moment, the a i rc ra f t  was located 
somewhat north (in t e r m s  of the flight direction: 
to  the right) of the outer marker ,  the light 
signals of which were noticed by the co-pilot 
on the receiving instrument. Based on the re -  
ported altitude of 3 070 feet above s ea  level, 
the a i rc ra f t  was 420 me t r e s  (1 380 feet) above 
the ground. 

Immediately after the request f rom GCA 
to follow a course of 240°, the a i rc ra f t  rapidly 
lost altitude. The co-pilot testified that the 
nose of the a i rc ra f t  dipped, and both the alti- 
meter  and rate  of descent indicator showed a 
sudden loss  of height. 

The distance between the outer marker  
and the runway threshold is 8.47 km, while 
the distance between the f i r s t  point of impact 
and the runway threshold was 6.85 km. The 
elevation of the s i te  of the accident is 517 
me t r e s  (1 705 feet) above s ea  level. The above 
factors  show that the a i r c r a f t  lost 420 me t r e s  
(1 380 feet) in  altitude over a distance of ap- 
proximately 1.6 km. Considering the damage 
to the aircraf t ,  caused by the impact, which 
must  have taken place almost  tangentially, it 
must  have been travelling a t  a high rate  of 
forward speed. 

Assuming the t rue airspeed to have been 
300 km/hr,  i t  must  be concluded that the 
avera  e rate  of descent must  have exceeded 
20 mfsec (4 000 feet/min) f rom the time the 
a i r c r a f t  left 420 met res  (1 380 feet) until the 
impact with the ground. 

During the descent GCA noticed that the 
a i rc ra f t  was dropping dangerously low. The 
attention of the pilot-in-command was imme- 
diately drawn to  the fact by severa l  calls in 
rapid succession, and he was urgently requested 
to  pull up. 

The co-pilot testified in  his written 
repor t  of 27 December a s  follows: 

"I noticed a cer tain jerk as i f  the a i r -  
c ra f t  was suddenly descending i n  a 
s teeper  glide and had the impression 
that we were rapidly losing altitude. 
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As far a s  I can remember, the altimeter 
and rate of descent indicator showed 
a very rapid loss of altitude a t  this 
moment. I presume that 1 reacted to 
the situation on the controle; in the 
normal manner. 

Considering the above statement, the suddenly 
increased speed of descent could have been 
caueed by the fact that the aircraft was pulled 
up to too great an extent which resulted in a 
subsequent dive. 

Even after a most thorough investigation 
of a l l  reports, testimony and evidence, the 
Commission of Inquiry was not in a position to 
reach a final conclusion a s  to what caused the 
accident. The Commission is  of the opinion 
that a further clarification would be possible 
if the surviving co-pilot, who is  suffering 
from retrograde amnesia, could be questioned 
once more on certain points of his written dec- 
laration, in particular in regard to the question 
whether and how far piloting led to a fast let- 
down of the aircraft from which it could not be 
brought up again in  time. 

ICAO Ref: A ~ 1 4 8 4  
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AIRCRAFT ACCIDENT REPORTS - GENERAL 

The following accident reports  have been requested by ICAO but were not received a s  of 
31 December 1957, the deadline for receipt of material  for inclusion in Digest No 8. If forwarded 
to ICAO, summaries  of these repor t s  will appear in the next edition - No. 9. 

Dakota a i rc raf t  
near  Toryska, Czechoslovakia 
18 January 1956 

Dakota, VT-DBA 
Gauchar Airport.  Katmandu, Nepal 
15 May 1956 

Douglas DC-3 
of l a  Empresa Cuatemalteca de Aviacidn 
crashed on a mountain near  Panzos, Guatemala 
25 May 1956 

Super Constellation 
of l a  Lihea Aeropostal Venezolana 
a t  Idlewild, N. Y .  , U.S.A. 
20 June 1956 

Union of Burma Airways 
Dakota, XY -ADC 
crashed 24 mi les  from Thazi, Central Burma 
8 August 1956 

Ceskoslovenske Aerolinie 
Ilyushin 
a t  Eglisau, Switzerland 
24 November 1956 

Con stellation, Y V - C-AMA 
of la  Lfiea Aeropoetal Venezolana 
in the Avila Mountains, Venezuela 
27 November 1956 

Trans Canada Airlines 
North S tar ,  CF-TFD 
missing 100 miles  east  of Vancouver, B. C. , Canada 
9 December 1956 

Air  France 
Viscount 708, F-BGNK 
a t  Dannemois, France 
12 December 1956 
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The following reports on accidents have been received by ICAO over the past year  but for 
various reasons have not been summarized: 

Swiflite Aircraft Corporation 
Lockheed PV- 1 ,  N-2000C 
near  Smithtown, N.Y. , U. S. A. 
26 January 1956 

The Crane Company 
Lockheed PV- 1 
near  Jeffereonville , Indiana 
15 May 1956 

R. A. F. (military) 
Vulcan, B. L.X.A. 897 
London Airport,  England 
1 October 1956 

United Heckathorn, Inc. 
Fairchild C-82 
Boca Raton Airport ,  Florida 
8 August 1956 

Braathens South American d; F a r  East  (being held over for Digest 
Air Transport  A. S. NO. 9) 

Heron LN-SUR 
east  of Tolga, near  Koppang, Norway 

Real, S. A. , Transportes AIreos 
DC-3, PP-YQA 
Congonhas Airport,  SSo Paulo , Brazil 
5 April 1956 

Phillips Petroleum Company 
Lockheed Lodestar 18- 14, N 28366 
Bartle sville , Oklahoma, U. S. A. 
12 December 1956 

Dragon Rapide, P P - A U  
Coroatd Airfield, State of Maranhao , 

Brazil 
10 May 1956 

T-11, PP-CCF 
Santana F a r m ,  ItacurdMunicipality , 

M. Gerais; Brazil  
11 October 1956 

Bonanza, P P - I P J  
Pampulha, Belo Horizonte , 

M. Gera is ,  Brazi l  
30 April  1956 

PBY -5A, PT-ASN 
Rio Tocantins. State of Pard  

Brazil  
11 July 1956 

Lockheed PP-NBI 
Arpoador Beach, 15 krn. from Tutoia, 

State of MaranhZo, Brazi l  
20 May 1956 

Syrian Airways 
DC- 3C 
46 km, south of Aleppo Airport ,  Syria 
24 February 1956 

Nacional Transportee Adreor Aeroliheae Argentinas 
DC-3, PP-ANK DC- 3,  LV-ACD 
Pampulha, Belo Horizonte, M. Gerair  , crashed 5 km. northwest of Pavih 

Brazil  station, Province of Cbrdoba, Argentina 
6 September 1956 16 July 1956 

The following Contracting States have forwarded numerous reports  on emaller a i rc raf t  
accidents - 

Argentina Netherlands 
Brazi l  New Zealand 
Canada Pakistan 
Ireland Union of South Africa 
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PART I1 

AIR CRAFT ACCIDENT STATISTICS 1956 

INTRODUCTION 

GENERAL COMMENTS 

1. T h i s  section of the Aircraf t  Accident Digest  No. 8 contains a detailed analys is  
of the s ta t is t ics  for the yea r  1956, a s  well a s  an  his tor ica l  r ecord  of se lected data for 
the y e a r s  1925 to  1957 inclusive,  Although f igures  for  the yea r s  subsequent to  1951 
were  obtained largely f rom the ICAO Air Transpor t  Reporting F o r m s  G (Aircraf t  
Accidents) filed by contracting Sta tes ,  other sources  had to  be used for  those countr ies  
which have not yet filed the required reporting F o r m  in o r d e r  to a r r i v e  a t  a s  complete a 
p ic ture  a s  possible of accidents in which public a i r c r a f t  were  involved. 

2. The s ta t is t ics  shown a r e  the bes t  available to  date but a r e  subject  t o  adjust-  
men t  when m o r e  accura te  data  is forwarded to th is  Organization on the F o r m s  G (fac- 
s imi le  copy given on pages 195 and 196). 

DESCRIPTION OF TABLES 

3.  Accident data has  been recorded under the country in which the a i r l ine  which 
suffered an  accident i s  es tabl ished and not in  the country where the accident took place. 
Data for  the y e a r s  1955 and 1956 cover the operations of 70 contracting Sta tes  m e m b e r s  
of ICAO a t  31 December  1956, while pre l iminary data fo r  the yea r  1957 c o v e r s  the 
operat ions  of those and two additional Sta tes  m e m b e r s  of ICAO a t  31 December  1957. 

4. T h r e e  detailed tables  follow for the yea r s  1955 and 1956. The tables  for  the 
yea r  1955 a r e  revis ions  to Ai rc ra f t  Accident Digest  No. 7. These  tables  give the 
following information: 

TABLE A Fata l i ty  r a t e  by contracting Sta tes  whose a i r l ines  had an  accident 
causing a passenger  to  be kil led on a scheduled flight. 

TABLE B Airc ra f t  accident summary  by country ( 7 0  contracting Sta tes  of 
ICAO ) of a l l  ope ra to r s  engaged in  public a i r  t r anspor t .  

TABLE C Ai rc ra f t  accident summary  by type of operation and by country.  

SAFETY RECORD 

5 .  There  h a s  been a remarkable  downward t r end  in  p a  s s e n g e r fatality r a t e s  
s ince  1945, indicating a steady improvement  in  safety of commerc ia l  flying over  the 
pas t  th i r teen yea r s .  Despite the increased speeds ,  weights and range of the a i r c r a f t  
flown today as compared with over  a decade ago. and the inc reased  traffic density on 
a i rways ,  the r i s k  of accident occurrence has  lessened over  the period largely  through 
technical  changes and improvements  in p r ~ f i c i e n c y .  

6 .  I t  is to be noted that  a l l  accident data  pr ior  to  1952 a r e  t o  be rega rded  a s  the  
bes t  available data only, because of the fact  that  accidents were  not s o  widely o r  fully 
r ecorded  in those years .  With this i n  mind, if the safety r e c o r d  is extended to compare  
the pre-war per iod (1925 - 1939), with the war per iod (1940 - 1944), and the post-war 
period (1945 - 1957)' i t  i s  found that  the average fatality r a t e  pe r  100 mill ion passenger-  
k i lometres  h a s  dropped f rom 12 in the pre-war period,  to  3 in the war  per iod,  t o  2 .5  in 
the f i r s t  s ix  y e a r s  a f t e r  the w a r ,  and to 0 .78  for  the next seven y e a r s .  

7.  F r o m  a pe rusa l  of the cha r t  and table shown on the following pages ,  i t  will be 
observed that the fatali ty r a t e  pe r  passenger-kilometre of 0 .55 for  1957 i s  18% of the 
3.09 for 1945, a dec rease  of 29% f rom the ra t e  of 0 . 7 8  in 1956, F o r  the sixth con- 
secutive yea r ,  the 1957 r a t e  h a s  remained a t  l e s s  than one fatality p e r  100 mill ion 
passenger-ki lometres  flown. Although the number of passengers  killed on scheduled 
flights over the period 1952 to 1956 ranged f rom a low of 356 pe r sons  in 1953 to a high 
of 552 pe r sons  in 1956, the extent of the inc rease  in passenger  traffic has m o r e  than 
offset  the change in the level of passengers  killed thereby maintaining the fatality r a t e  
below the m a r k  of one.  
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PASSENGER FATALITY HATE 1'HENI) 

COMPARED WITH GHOWl'ti IN TRAFFIC 

SCHEDULED AIR SERVICES 1945 - 1957 
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PASSENGER FATALITIES 1925 - 1957 

SCHEDULED AIR SERVICES 
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CONTRACTING STATES 01 lCAO 

AIRCRAFT ACCIDENT SUMMARY TOR 1936 

91 ALL OPERATORS ENGAGED IN PUBLIC Alsl TRANSPORT 
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INSTRUCTIONS 

Reporting Period: This form i s  to be filed annually by each State in respect of a i rc ra f t  
accidents of operators ,  registered in the country, which a r e  engaged in public a i r  
transport.  

Filing Date: This form should be filed not l a te r  than 2 months after the end of the year  
to which i t  re fe rs .  

Notes: 1) Data for individual operators a r e  required only in respect of those operators - 
whose aircraf t  were involved in an accident - regardless of where the 
accident took place. 

2) The total number of hours flown by all  operators (whether involved in 
accidents o r  not) should also be inserted in the space provided. The form 
should be filed giving this information even if there a r e  no accidents to report. 

Aircraf t  Accident means an  occurrence associated with the operation of an aircraf t  
which takes place between the time any person boards the aircraft  with the intention of 
flight until such time a s  al l  such persons have disembarked, in which: 

a )  any person suffers death o r  serious injury a s  a result  of being in o r  upon the 
a i rc ra f t  o r  by direct  contact with the aircraf t  o r  anything attached thereto, o r  

b) the a i rc ra f t  received substantial damage (Annex 13). 

Notes: 1 An accident resulting in only minor injuries o r  damages need not be reported. - 21 A collision between two o r  more aircraf t  should be reported separately for  
each operator involved, and additional details shouLd be provided under 
'Remarks' . 

Type of Operation: 
a) 'Scheduled International1, 'Scheduled Domestic1, 'Non-Scheduled International1 

and 'Non-Scheduled Domestic' operations relate to flights operated for  the 
purpose of carrying revenue load. 

b) 'Non-Revenue Flights' relate t o  positioning flights, test flights, training 
flights, etc.  . 

c)  Data should be reported in columns 3 to 12 opposite the type of operation in 
which the aircraf t  was engaged a t  the time of the accident. 

d) Data should be reported in columns 13  and 14 relating to the total activities 
of the operator during the year ,  subdivided into the types of operation indi- 
cated. 

Passenger  Injury: Include the total number of passengers involved, both revenue and 
non-revenue. 

Crew Injury: Include hostesses, stewards and supernumerary crew in addition to flight 
crew. 

Others Injured: Include al l  persons injured other than those aboard the aircraft .  

Number of Landings: If the number of landings cannot be ascertained without difficulty 
an estimate may be given and a note inserted under 'Remarks1 indicating that the figure 
i s  an  estimate. 

Hours Flown: Report t o  nearest  number of whole hours. Indicate under 'Remarks1 
basis  used - such a s  'block-to-block1. 'wheels off-wheels on1, e tc . .  
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PART 111 

"PILOTS SAFETY EXCHANGE BULLETIN 57 - 110 
(Flight Safety Foundation lnc. ) 

Runaway Propel ler  s 

BY 
CAPT. T ,  J. SLAYBAUGH 
Office of Safety, Hq MATS 

"See that! You don't have to  use but 
about half rudder and only a slight bit of 
a i leron to cor rec t  for l o s s  of an  outboard 
engine. This i s  a good, stable airplane." 

The instructor was talking. It was your 
f i r s t  flight in the four-engine t ransport ,  sev- 
e r a l  months ago. He was demonstrating the 
amount of control deflection required to  offset 
the l o s s  of an outboard engine. He said that 
you would have no control problems, even 
on take-off with the most  cr i t ical  engine fail-  
ing a t  lift off. He demonstrated that the yaw 
was easily offset and had se t  the throttle a t  
15 inches manifold p r e s su re  to simulate the 
full-feather - no drag situation. 

.And you were convinced. You had been 
a little irked a t  yourself that you had let the 
heading get off 10 degrees and you edged 
back on heading. The indicated airspeed,  
you noted, had dropped gradually, but l e a s  
than you had expected. After you had lost 
20 knots, and had made gentle, get-the-feel 
turns in both directions, the instructor 
brought the engine back to c ru ise  power. 

A lit t le l a te r ,  a t  cruising speed, he 
REALLY convinced you, He eased the throt- 
t l es  back to 15 inches on both engines on one 
side. You handled the flight controls a l l  the 
while a s  he eased power on the opposite side 
up to  MET0  and when you rolled in t r i m  you 
found that this wonderful airplane would fly 
on two engine8 - and the T. 0. (Technical 
Order) says  you can use MET0  power indef - 
initely. Your instructor had real ly  beamed 
and eat there with a r m s  folded a s  you made 
a turn  in  each direction on TWO engines. 

Yes, this had been a convincing demon- 
stration. And since then, on tes t  hops and 
training missions, you had conducted both 
actual and simulated engine-out flight. And 
one day, number three had backfired and you 
had shut it down and made an  actual three 
engine landing. 

You never had a runaway prop - but you 
know the procedure; Power off, feather,  com- 
plete the engine out check l is t .  You a l so  know 
that a runaway is a function of t rue  airspeed 
and you figure that if the prop won't feather 
just fly the bird above s tal l  and land a t  the 
neares t  suitable field. You a l so  know the en-  
gine freezing procedures and in the back of 
your mind you feel you might use them a s  a 
las t  r e so r t ,  thinking they might reduce drag,  
The main thing you fear  about freezing an  en- 
gine i s  that the prop might come off and go 
through the cabin. (That 's why you move the 
passenger s out of the prop line, you recal l ,  ) 

You Should Also Know: 

If a propeller runs away and cannot be 
feathered, you may not be able to maintain 
level flight a t  any altitude even with maximum 
power on the other three engines. 

That drag of this propeller increase8 
approximately a s  the square of the velocity 
and flight must  be just above s tal l  speed. The 
slower you can fly the better.  

That if the engine is frozen and the pro-  
peller uncouples, the drag will be reduced 
considerably. However, if the engine i s  frozen 
and the propeller does not uncouple drag will 
probably be increased. 

If the propeller is a n  outboard, you will 
probably need full rudder and aileron t r im ,  
full or  nearly full rudder deflection and full 
or  nearly full a i leron deflection to maintain 
heading - and it i s  possible that power may 
even have to be reduced on the opposite side 
in order  to keep the a i rc ra f t  f rom turning into 
the bad engine. 

Anything you can do to get the prop into 
higher pitch will help tremendously - but 
chances a r e  you can do nothing. 

Information f rom the propeller and a i r  - 
frame manufacturers and data derived f rom 
tes t s  and calculations on the Stratocruiser No Sweat. 
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that ditched in the Pacific, October 1956, 
( see  Report No. 29 in this Digest) depict the 
effects of an uncontrollable prop for this 
particular circumstance. Drag resulting 
f rom this propeller with the blades on the 
low pitch stops, 21.3 degrees,  a t  145 knots, 
2 000 feet MSL, would be: 

Uncoupled windmilling.. . . .  520 lbs.  
Coupled windmilling.. . . . . .  1 880 lbs.  
Frozen . . . . . . . . . . . . . . . . .  . 2  320 lbs .  

The additional power necessary to compen- 
sate  for the additional drag in each of the 
above conditions is: 

520 lbs.  . . . . . . . . . . . . . . . .  295 B H P  
1 880 lbs. . . . . . . . . . . . . . . . .  1 060 BHP 
2 320 lbs. . . . . . . . . . . . . . . . .  1 380 BHP 

In a C-54 accident in 1955 the plane 
crashed shortly after take-off and 2 1 / 2  miles  
f rom the take-off runway. The probable 
cause of this accident was determined to be 
due to exceasively high drag resulting from 
the improperly indexed propeller blades and 
inability to feather No. 4. The pilot stated 
that No. 4 propeller drag felt "insurmount- 
able" and i t  was impossible to  gain or even 
hold altitude. Maximum power was being 
used on the other three engines. 

A representative of the propeller manu- 
facturer testified that according to engineer - 
ing data for like conditions the drag would 
be 570 pounds if the three blades were prop- 
er ly indexed a t  24 degrees whereas with two 
of the blades improperly indexed a t  16 de- 
grees ,  a s  was the case in this accident, the 
propeller drag was 1 360 pounds, or  about 
2 .3 t imes greater.  Both c rew members  
stated that the a i rc ra f t  hit ta i l f i rs t ,  full pow- 
e r  on three engines and in a full power stall .  

Several years  ago a n  Air Fo rce  crew 
flying a B-29 out of a midwestern base had 
No. 1 propeller go out of control and into 
full low pitch. The tendency of the a i rc ra f t  
to  roll  into the dead engine was so great that 
the plane entered a continuous left turn.  The 
only way that the left wing could be leveled 
and directional control regained was by cut- 
ting power back on number 3 and 4 engines. 
Using thia system a eerie8 of descending 
spirals  was made by the c rew in directing 
their plane back toward the base.  Finally, 
estimating they were in the best attainable 
position, they pulled off power on the right 
side and made a diving, semi-controlled 
approach. Touchdown was made on the o v e r -  
run, two of the t i res  blew out, and the air  - 
craft continued onto the runway with no f u r -  
ther damage. 

Last winter, on Guam, a pilot test-hopping 
a C-54 lost  control of No. 1 upon unfeathering. 
The drag was so  great,  even a t  an  airspeed of 
approximately 120 knots and a t  2 800 rpm, 
that full t r i m  was rolled in and the descent 
made with MET0  power on the three good en- 
gines. Upon entry into the traffic pattern it 
appeared that he might not be able to maintain 
level flight in this configuration without stalling, 
and he flew a gradually descending pattern. 
Though he had been flying t ransports  for sev- 
e r a l  years ,  he was s o  amazed a t  the drag caused 
by the uncontrollable outboard propeller in the 
low pitch condition that he kept checking t o  a s -  
cer tain that cowl flaps, o r  some other par t s  of 
the a i rc ra f t  were not out of o rder  and causing 
some of the drag. Fur thermore ,  the a i rc ra f t  
was empty and car r ied  only a partial  fuel load. 

Since there i s  no way in which these t r e -  
mendous drag and control forces  can be s imu- 
lated in either a simulator o r  an a i rc ra f t ,  the 
only emergency training that can be given in 
advance i s  to  make a i rc rews  aware of this 
problem in order  to cut down panic and to 
provide them with the best possible informa- 
tion a s  to correct ive action. 

Panic could easily resul t  f rom the high 
pitched whine of the runaway, the near uncon- 
trollable yaw and rolling tendency and the fear 
that a blade might come through the cabin - 
especially since a runaway usually occurs with 
no advance warning. 

The reason for the control problem i s  
comparatively simple. For  example, equiva- 
lent parasi te  drag expressed in square feet of 
flat plate a r ea  for a C-  118 i s  slightly over 27 
square feet. The flat plate drag a r ea  of a 
single uncontrollable prop on a C - 118 i s  approx- 
imately half this and when you real ize that this 
drag,  equal to half the ent i re  parasi te  drag of 
the airplane normally, i s  located well out on 
a wing, it is easy to  under stand why the turn- 
ing moment i s  so  great.  Fur ther ,  a s  power 
i s  added to the remaining engines t o  offset the 
drag  the tendency to turn into the windmilling 
propeller i s  accentuated. 

What should the man in the left seat  do 
when a propeller suddenly runs away? 

Here i s  what Hamilton Standard recom- 
mends, a s  reported by Mr. W. H. Furnivall 
of the Field Service Engineering Section, 
Military: 

"Pull everything back but the feathering 
button - throttle,  rpm,  yoke; mixture on the 
bad engine - the works." He defines a wind- 
milling, uncontrollable prop a s  one that has 
g,one to the low pitch blade angle. 
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As a general rule the company states 
that the drag of a frozen propeller is greater 
than that of a windmilling propeller and freez- 
ing is  not recommended. MATS crews put in 
a lot of air miles every day 8ittir.g next to the 
fans built by this concern, so let's examine 
one of their charts. This one (Fig. 1) applies 
to the C - 118 prop a t  the normal low pitch 
blade angle of 30 degrees measured a t  the 
42 inch station. These curves illustrate that 
windmilling engine RPM and drag a r e  func- 
tions of airspeed. The slower the aircraft 
can be flown the better (within safe control 
limits). 

From the specialists a t  WADC (Western 
Air Defence Command) we learn that i f  the 
low angle stop i s  not effective (this i s  most 
likely on props not equipped with mechanical 
low pitch stops) the blade angle will continue 
on down until centrifugal twisting, friction 
and aerodynamic moments a r e  balanced. 

In such a case, control of the aircraft 
may not be possible and freezing should be 
considered. As the RPM drops due to freezing 
action and reaches the governing range, try 
feathering. 

It should be noted also that in the course 
of stopping the propeller through freeling, a 
peak propeller drag is  reached which is  greater 
than either the normal windmilling ar fully 
stopped value. 

Data indicate that below a blade angle 
of about 15 degrees the locked propeller will 
have less drag than the windmilling, whereas 
above that value the windmilling propeller will 
have lesu drag. The cross-over point is  a 
function of propeller geometry and amount of 
friction and pumping torque required to turn 
the engine. The most favorable case for the 
windmilling propeller occurs when the engine 
becomes uncoupled from the propeller because 
the propeller does not have to pick up addi- 
tional energy from the airstream, at  the ex- 
pense of drag, to overcome the friction and 
pumping of the engine. The only energy re-  
quired from the air  stream, in the uncoupled 
came, i s  that required to overcome the aero- 
dynamic resistance of the propeller itself. 

As a general rule, the people at  WADC 
tell us, propellers equipped with mechanical 
low pitch stops can be expected to produce 
less drag (negative thrust) when windmilling 
than when frozen, while propellers not equip- 
ped with mechanical low pitch stops can be 
expected to produce less drag when frozen. 
This is  because the mechanical low pitch stop 
is  usually above the c r  oss-over blade angle. 

Approximately two weeks prior to the 
C -97 incident in which Major Samuel W. Tyeon 
flew 1 000 miles into Hilo, T. H. with two en- 
gines out, Captain Fred L. Irwin, 48th Air 
Transport Squadron, flying a C- 124 from 
Hickam to Travis on a scheduled cargo run, 
had a malfunction of the No. 1 propeller about 
three hours after take-off. He was unable to 
feather, change blade pitch, or in any way to 
control the propeller. The drag of this pro- 
peller was so great that he was unable to regain 
level flight until 24 000 pounds of cargo had 
been jettisoned. At this time he was down to 
700 feet with maximum power on the other 
three engines. Capt. Irwin was able to climb 
back to 1 000 feet and flew approximately 250 
miles back to Hilo a t  MET0 power. Drag 
from the malfunctioning propeller was so great 
that full aileron and full rudder t r im were roll- 
ed in and level flight still required nearly full 
aileron deflection with the yoke. Flight was, 
at  times, on the burble point of stall. Subse- 
quently it was found that the blades had gone 
to appr oxirnately 5 degrees. 

The chart showing the relationship be; 
tween blade angle and drag (Fig. 2) indicate6 
that drag of a windmilling propeller increaees 
rapidly below about 15 degrees. 

One of the most critical aircraft in the 
MATS stable, in so far a s  runaway propeller e 
i s  concerned, i s  the WB-50. Indicative of the 
problems that can be encountered in this type 
aircraft i s  the following: 

The WB-50 was cruising at  18 000 feet 
on a heading of 1050 when the crew noticed the 
No. 4 propeller increase 25 RPM. The prop 
selector was immediately placed in fixed RPM 
but the RPM continued to increase. At 2500 
RPM, feathering was attempted, the aircraft 
was pulled up and all power pulled off to slow 
the aircraft and counteract the drag. 

The RPM increased to the maximum 
tachometer indication of 4500. The aircraft 
commander and co-pilot applied fulll'aft aileron 
and rudder but the flight instruments indicated- 
a 900 bank and tight diving spiral to the right. 
Rate of deacent was a t  more than 4 000 feet 
per minute, aircraft completely out of control. 

At 11 000 RPM unexplainably decreased 
to 1200 and control was regained. The heading 
was now 750. The oil shut off valve was cloeed. 
RPM again increased and at  3 000 RPM a i r -  
craft control was lost again. 

The engine seized and control was r e -  
gained at 7 000 feet and a landing accomplished 
a t  an emergency alternate. Subsequent inspection 
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showed the prop had stuck a t  a flat pitch of 
approximately 4 degrees. When the engine 
was frozen a t  this configuration blade angle 
drag was sufficiently reduced for the c rew 
to regain control. 

A mechanical low pitch stop modifica- 
tion program has been approved for the W B  -50 
and i s  to be instituted shortly after the f i r s t  
of the year a s  the a i rc ra f t  go into IRAN (In- 
spection and Repair a s  Necessary),  This 
program cal ls  for the mechanical stop to be 
set  a t  16.5 degrees blade angle which will 
entail moving the low limit switch angle to  
20.3 degrees. In substantiating information 
supporting this proposal the a i r  craf t  manu- 
facturer pointed out that f rom 1949 through 
1953 UR1e (Unsatisfactory Reports) showed 
that in 54 overspeed cases  in 971s no a i rc ra f t  
were lost. The C-97 propellers have me- 
chanical low pitch stops. In nine cases  
reported of loss  of propeller control in B -50 
aircraf t  s ix  of the a i rc ra f t  were destroyed 
and in the three other cases  the runaway pro-  
peller was either frozen or  thrown c lear .  It 
is aleo pointed out that with a low pitch stop 
of approximately 16 degrees, power can be 
reduced without excessive windmilling RPM. 
A mechanical stop limit of 16 degrees, ac  - 
cording to the manufacturer, i s  considered 
to  be the minimum position which should be 
considered a s  consistent with safe a i rc ra f t  
control. 

The following advantages a r e  cited for 
the 16.50 low pitch mechanical stop: 

a )  Prevent exceseive engine overspeed 
during take -off and climb. 

b) Give a poeitive r a t e  of climb a t  a l l  
g ross  weights under 163 000 poundr 
with one propeller windmilling. 

c) Permi t  control of the a i rc ra f t  inflight 
a t  a l l  gross  weights should an over- 
speed occur. 

C-1241s a r e  aleo in line for modifica- 
tion to incorporate the mechanical low pitch 
stop, and the f i rs t  of these kits should now be 
in the field. 

Of the 54 C-97 propeller overspeed 
cases  reported by UR1s from 1949 to 1953, 
45 were feathered normally. In one case the 
propeller was allowed to windmill and the 

a i rc ra f t  landed with the prop rotating a t  2400 
RPM. In three cases  feathering was not 
effective until partial  freezing had been accom- 
plished. In four cases  the engines were frozen 
and in one case  the pilot couldn't feather but 
whether the engine was frozen or  allowed to  
windmill was not reported. 

The a i rc ra f t  a r e  presently undergoing a 
modification in which new Dural propel lers ,  
featuring pitch locks, a r e  being inetalled to  
replace the old props in which fatigue failure8 
were occurring. 

As  to pitch lock on 34660 Dural propel- 
l e r  s on C -971s. this device hydraulically locks 
the blade angle a s  a function of overspeeding 
RPM. Locking pitch a t  a blade angle appre- 
ciably above the low pitch stops means lower 
windmilling RPM resulting in increased possi- 
bilities to feather. If feathering i s  unsuccess- 
ful, the prop can be operated a s  a fixed pitch 
propeller with windmilling drag and RPM 
substantially reduced over a non-pitch lock 
propeller due to the higher locked pitch blade 
angle. 

Safety, engineering and operations per -  
sonnel a r e  giving a hard look a t  present emer -  
gency procedures for handling runaways when 
the propeller will not feather. 

Currently, here  a r e  some consideratione: 

Slow the a i rc ra f t  down to just above stall  
speed. 

Fly a t  a low altitude where the density 
of the a i r  i s  greater  and the t rue  airspeed can 
thereby be decreased. 

Don't f reeze the engine if the runaway 
propeller is the only consideration. Drag in 
most  cases  will be greater  with the engine 
frozen and the propeller stopped than with the 
propeller windmilling. Thie appliee in a l l  
c a se s  t o  propellere with low pitch mechanical 
stops when the blade angle is a t  the limit o r  
above. Of course,  if other malfunctions exist,  
such a s  severe vibration o r  loss  of oil, con- 
trolled freezing may be dictated. If so,  f reeze  
a t  the slowest possible airspeed and, if altitude 
and al l  other factors  permit ,  consider feather- 
ing the adjacent propeller until freezing has 
been accomplished. (One engineer told us that 
if 6" i s  lost  off one blade of an  adjacent en- 
gine's propeller,  that engine will vibrate itself 
completely off the wing before it  can be shut 
down. ) 
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Don't attempt intermittent freezing, hut 
close the firewall shut off valve and leave it  
closed. Freezing will be accomplished in the 
minimum amount of t ime and there will not 
be the tendency for bearings to be washed 
away a 'little a t  a t ime a s  could be the case 
were intermittent freezing attempted. Other 
suggestions a s  to  freezing a r e  to move a l l  
per sonnel out of the prop line, depressurize, 
and a s  RPMrs decrease keep trying to  feather. 
The feathering motor may be able to  over- 
come centrifugal turning moment working on 
the blade a s  the RPM decreases .  It has been 
done just this way several t imes. 

Consider dumping fuel and/or jettisoning 
cargo. 

Remember the advantages of ground 
effect, a s  a l as t  resort .  Major Tyson, fly- 
ing his C-97 approximately 100 feet above 
the water, realized a definite gain in a i r  - 
speed and was thereby able t o  reduce power 
slightly on the two good engines and s tretch 
h i r  fuel to enable him to reach Hilo. In cases 
such a r  this, too, fuel becomer a considera- 
tion in what action should be taken to cope 
with the emergency. If the power required 
to  counteract the drag of a windmilling pro- 
peller i s  such that fuel can be reached, 
freezing, in hopes that the prop will come 
off or uncouple f rom the engine and thereby 
reduce drag, may be the best choice. 

Completely uncontrollable, high speed 
runaways a r e  not everyday occurrences. Few 

pilots have experienced such major emer -  
gencies. They should not be misconstrued 
with prop overspeeds in which the procedure 
is: Reduce throttle; t r y  decreasing RPM 
manually; i f  ineffective, t ry  reducing RPM 
with intermittent feathering and if it doesn't 
hold, feather; if the prop will not feather, 
reduce airspeed by retarding a l l  throttles and 
pulling the nose up. 

Conclusion 

The rules  set  out in this ar t ic le  r ep re -  
sent the general procedures for coping with 
the uncontrollable, runaway propeller . They 
have been evolved from questioning of a i r -  
f rame and propeller manufacturer s ,  military 
specialists in the field, and a r e  based on flight 
and engineering test  data, together with actual 
experiences. These general rules  a r e  thought 
to  be the beat available a t  thie date. It should 
be remembered, however, that each emergency 
of this kind i s  an individual emergency that 
may require  deviation from these generally 
recommended procedures. The decision a s  
to  the best way to handle each individual emer-  
gency must,  therefore, l ie with the crew in- 
volved. It i m  felt that knowledge of runaway 
character istics and aerodynamic considera- 
tions a s  presented in  this ar t ic le  will better 
enable the c rew to analyze and handle the 
emergency. - Reprinted f rom "The MATS 
Flyer ,  October, 1957. 

Randall H. Carpenter 
Manager, Air Operations 
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PART IV 

Liet of Lawe and Reeulationa of the Contracting States containine 
u - - 

provieions relating to "Aircraft  Accident Investigation" 

(Replacing l i s t  in Digeet No. 7) 

ARGENTINA 

1952 oct. 9 Reeolucibn Nbm. 100 (S.A. C. ) - Normae para  l a  inveetigacidn de 
accidentes de aviacidn civil y directivas generalee para  l a  inveeti- 
gacibn. Ampliada el 8 de enero  de 1954. 

1954 enero  12 Decreto Nbm. 299 - Creacibn de l a  Junta de Investigacionee de 
Accidentee de Aviaci6n y competencia de l a  Subsec r e t a rk  de Aviacibn 
Civil y Cornando en Jefe de l a  Fuerzg ACrea Argentina en l a  Inverti-  
gacibn de Accidentee civilee y mil i taree reepectivamente. 

julio 15 Ley Nbm. 14.307 - Cbdigo A e r o d u t i c o  de l a  Nacibn: Tltulo XVIIL. - 
Diapoeicioner var iae  (Art.  208). 

1957 feb. 19 Normar pa r a  invertigacibn de accidentee de deronavee de propiedad 
particular.  

AUSTRALIA 

1947 Aug, 6 The Air  Navigation Regulations, S. R. No. 1121 1947, a e  amended up to  
28 March, 1957: P a r t  XVI. - Accident Inquiry (Reg. 270-297). 

AUSTRIA 

1936 Aug. 21 Regulatione relating to  a i r  navigation, an amended up to  30 September,  
1938: Sectione 65 and 66. 

B OLIV M 

1949 junio 18 Procedim)ento pa r a  e l  informe de accidentes (Boletfn Oficial Niim. 2 - 
Sec. OP-100). 

1950 marzo  Reglas Generalea de Operacionee (Provieional): Accidentee de 
Aeronavee, (02.46-02.52). 

BRAZIL 

1951 July 24 Por ta r ia  No. 280 - Recommendations relating to  a i rc ra f t  accident 
investigationr . 
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BURMA 

1937 

1949 August 

CANADA 

1954 Nov. 23 

CEYLON 

1950 March 29 

1955 May 4 

CHINA ( TAIWAN) 

1953 Oct. 31 

COLOMBIA 

1948 marzo  

CUBA - 
1954 dic. 22 

CZECHOSLOVAKIA 

1947 

DENMARK 

1920 Sept. 11 

The Union of Burma Aircraft  Act, 1934. (XXII of 1934): Section 7. - 
Power of the President  of the Union to make rules  for investigation 
of accidents. 

The Union of Burma Aircraf t  Rules, a8  amended up to 13 March, 1956: 
P a r t  X. -'Investigation of Accidents. 

Notice to Airmen No. 5/ 1949 - Aircraf t  Accident and Incident 
Investigations. 

The Air Regulations, Order in Council P. C. 1954-1821, a s  amended 
up t o  7 August 1957: P a r t  VIII. - Div. 111. - Accidents and Boards of 
Inquiry. 

Air Navigation Act,  No. 151 1950: P a r t  I. - Section 12 - Power to  
provide for investigation into accidente. 

Civil Air Navigation Regulations: Chap. XVI. - Accident Iriquiry 
(Reg, 260-271). 

Civil Air  Regulations No. 102 - Accident Reporting and Investigation. 

Manual de Reglamentos ejecutadoa por e l  Decreto Ndm. 969 de 14/3/47 
y el  Decreto Ndm. 2669 de 6/8/47: P a r t e  IV - 40. 13.0. - Accidentes. 

Ley-Decreto N6m. 1863 por la  cual s e  c r ea  la  Comisi6n de Aerondu- 
tica Civil, Organizacidn y Facultadea: Art .  11, 17) Investigacidn de 
Accidentes. 

Decree of Minietry of Interior on accident investigation, No. 1600147. 

Ai r  Navigation Regulations: Pa ra .  22 - Notifications in case  of certain 
a i rc ra f t  accidente. 
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ECUADOR 

1954 julio 

EGYPT 

1941 May 

E L  SALVADOR 

1955 dic. 

FRANCE 

1937 avr i l  

1953 jan. 

1957 juin 

8 Reglamento de Aerondutica Civil del Ecuador, NGm. 7: Tftulo 11. 
Par te  8. - Investigaciones y encueatas de accidentes de aviaci6n. 

5 Decree - Air Navigation Regulations: Article 10. 

2 2  Decreto ~ d m .  2011 - Ley de Aerondutica Civil: Cap. XV. - De la 
Investigacidn de Accidentes ACreos (Art. 173- 187). 

2 1 D6cret relatif 3 l a  ddclaration des accidents dtaviation. 

3 Inrtruction interminiatbrielle relative B l a  coordination de llInformation 
judiciaire et  de l1enqu8te technique et administrative en cas  dlaccident 
aurvenu h un a6ronef f r a n ~ a i s  ou Ctranger eur le  te r r i to i re  de la  
MCtropole e t  lea terr i toiree dtoutre-mer. 

3 inntruction du Secretaire  dtEtat  aux Travaux Publics, aux Tranrportr  e t  
au  Tourirme no 300 IGAC/SA, concernant lea dirporitionr a prendre 
en can d'irrCgularit6 d'incident ou dlrccident dtaviation. 

GERMANY (FEDERAL REPUBLIC OF) 

1936 Aug. 21 Regulations concerning a i r  navigation, amended a s  of 21 June, 1955: 
Sections 65 and 66. 

GHANA 

1937 Feb. 17 Aircraft (Accident) Regulations, No. 51 1937. 

GUATEMALA 

1948 oct. 2 8 Decreto N6m. 563 - Ley de Aviaci6n Civil: Capitulo X. - De 10s 
siniestros aeronduticos (Art. 116-121). 

HONDURAS 

1950 marzo 14 Decreto Ndm. 121 - Ley de Aeroniutica Civil: Cap. IV. - Sec. Cuarta 
- Accidentes y Ernergencias (Art. 70-88). 



INDIA - 
1934 Aug. 

1937 March 

IRAQ - 
1939 Aug. 

IRELAND 

1957 Feb. 

ITALY 

1925 Jan. 

1942 Apri l  

JAPAN - 
1952 Ju ly .  

LEBANON 

1949 Jan. 

MEXICO 

1949 dic. 

1950 oct. 
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The Indian Aircraf t  Act, 1934: Section 7. - Powers of Central 
Government to make rules  for Investigation of Accidents. 

The Indian Aircraft Rules. 1937, a s  corrected up to  24 May 1957: 
P a r t  X. - Investigation of Accidents (Rules 68-77A). 

The Air  Navigation Law No. 41: Article 5 (h). 

The Air  Navigation and Transport Act, No. 40: P a r t  VII. - Section 60 - 
Investigation of Accidents. This Act has been amended by Amendment 
Acts No. 10, 1942; No. 23, 1946; No. 4, 1950. 

The Air Navigation (Investigation of Accidents) Regulations, S. I. 
No. 1911957. 

Decree Law No.- 356 - Ruler for Air  Navigation: Chapter VII. 

The Navigation Code, approved by Royal Decree No. 327 of 30 March, 
1942: Second Par t .  - Air Navigation - Invertigation of Accidentr 
(Art. 826-833). 

Civil Aeronautics Law No. 23 1, a s  amended up to 1 April, 1954: 
Chap. 9 - Article 132. - Investigation of Accidents. 

Aviation Law: Chap. Ill. - Sub-chapter 2 - Landing of Aircraf t ,  
(Art. 39). 

Ley de Aviacidn Civil (Libro IV de l a  Ley de Vias Generalee de 
Comunicaci6n): Cap. XIV. - De 10s accidentes y de la  b6squeda 
y ealvamento (Art. 358-361). 

Reglamento para Bdrqueda y Salvamento e Investigacidn de Accidentes 
ACreos (en v i ~ o r  a part i r  del 1 de enero de 1951). 
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NETHERLANDS 

1936 Sept, 10 Law - Investigation of Accidents t o  civil  a i r c r a f t ,  amended by Law of 
31 December ,  1937, (concerns  in ter  a l i a  the  g r e a t e r  p a r t  of the provi-  -- 
s ions  of Annex 13). 

1936 Sept. 22 Royal Decree:  Application of p a r a s .  8 and  9 of Ar t i c l e  1 and  of pa ra .  5 
of Ar t i c l e  32 of the Law dated 10 September ,  1936. 

Sept. 22 Royal Decree:  Application of p a r a .  2 of Ar t i c l e  6 of the Law of 
10 Sep tember ,  1936. 

NEW ZEALAND 

1948 Aug. 26 The Civil Aviation Act,  1948: A r t .  8. - Power  to  provide for  investiga- 
tion of accidents .  

1953 Nov. 11 The Civil Aviation (Investigation of Accidents)  Regulations,  S e r i a l  
No. 152/1953,(made in accordance with ICAO Annex 13). 

NORWAY 

1923 Dec. 7 Civil  Aeronaut ics  Act, a s  amended up to  17 July 1953: Chapter XI. 

Royal Resolution - Regulations on aviation enacted by the Depar tment  
of Defence, 15 Cctober 1932, in accordance  with the Civil  Aeronaut ics  
Ac t  of 7 December ,  1923, and the Royal Resolution of 22 Apr i l  1932, 
a s  amended up t o  1950: VIII. - A i r c r a f t  Accidents.  

PAKISTAN 

1 9 3 4 A u g .  19 

1937 M a r c h  23 

PHILIPPINES 

1946 May 9 

1952 June 20 

PORTUGAL 

1 9 3 1 O c t .  25 

The A i r c r a f t  Act ,  No. XXII of 1934 (cor rec ted  up t o  26 October 1950); 
P a r a .  7.  - Power  of Cen t ra l  Government to  make r u l e s  for  invest iga-  
tion of acc iden t s ,  

The A i r c r a f t  Rules ,  ( c o r r e c t e d  up to  24 F e b r u a r y ,  1956): P a r t  X. - 
Investigation of Accidents.  (Amended on 7 F e b r u a r y ,  1956. ) 

The  Civil  Aviation Regulations: Chap. XVI. - A i r c r a f t  Accident 
Investigation. 

The Civil  Aeronaut ics  Act of the  Phil ippines,  No. 776: Chap. V .  - 
Section 32 - Power  and Duties of the Adminis t ra tor :  ( 1  1) Investigation 
of Accidents .  

D e c r e e  No. 20.062 - Air  Navigation Regulations: Chapter VIII. 
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SPAIN 

1948 marzo  12 Decreto del  Ministerio del Aire  sobre investigacidn de accidentes y 
auxilio de aeronaves. 

SWEDEN 

1928 Apri l  20 Royal Proclamation No. 85 regarding Application of the Decree of 
26 May 1922, (No. 383) on Air Navigation, Amended up to 1953 - 
(Code of Law 42: 1953): Pa r a .  28. - Notification of a i rc ra f t  accidents.  

Civil Aviation Regulations (BCL) - Operational Regulations (D): 
Aircraf t  Accident Inquiry - ICAO Annex 13. 

1966 Sept. 21 Regulation No. 68 establishing a commission for the investigation of 
accident s . 

SWITZERLAND 

1948 d6c. 21 Loi fddbrale sur  l a  navigation adrienne (entrbe en vigueur l e  15 juin 
1950): Art ic les  23 -26. 

1950 juin 5 Rbglement d'ex6cution de l a  loi  sur  la  navigation abrienne: XIV. - 
Accidents d'adronefs (a r t i c les  129- 137). 

THAILAND 

1954 Sept. 1 The Ai r  Navigation Act, (B. E. 2497): Chap. 7. - Accidents 
(Sections 63 and 64). 

UNION OF SOUTH AFRICA 

1923 May 21 The Aviation Act No. 16: Article 10. - Investigation of Accidents. 

The Ai r  Navigation Regulations, G. N. 27621 1949, a s  amended up to  
22 June, 1956: Chapter 29. - Investigation of Accidents (Regulations 
29. 1 - 29.7). 

UNITED KINGDOM 

1949 Nov. 24 The Civil Aviation Act, 1949 (12 and 13 Geo. 6. Ch. 67): 
P a r t  11. - Section 10 - Investigation of Accidents. 

1951 Sept. 5 The Civil Aviation (Investigation of Accidents) Regulations, S. I. No. 1653. 
Came into operation on 1 October, 195 1. 

1954 June 24 The Air  Navigation Order,  S.I. No. 829, a s  amended up t o  31 July, 
1957: P a r t  IV. - Article 70 - Application of accident regulations 
t o  a i rc ra f t  belonging to  or erriployed in the service of Her Majesty. 
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UNITED KINGDOM COLONIES 

Article 69 of the Colonial Air Navigation Order ,  1955, and Section 10 
of the Civil Aviation Act, 1949, apply &he lat ter  by virtue of the 
Colonial Civil Aviation (Application of Act) Order,  1952, a s  amende4  
to the undermentioned Colonies: 

Aden (Colony Protectorate) 
Bahamas 
Barbados 
Ba sutoland 
Bechuanaland Protectorate  
Bermuda 
Bri t ish Guiana 
Bri t ish Honduras 
Bri t ish Solomon Islands Protectorate  
Cyprus 
Falkland Islands and Dependencies 
F i j i  
Gambia (Colony and Protectorate) 
Gibraltar 
Gilbert and Ellice Islands Colony 
Hong Kong 
Jamaica (including Turks and Caicos Islands and the Cayman 

Irlandr ) 
Kenya (Colony and Protectorate)  
Leeward Islands - Artigua 

Montser r a t  
St. Christopher and Nevis 
Virgin Islands 

Malta 
Maur itiue 
Nigeria - (a) Colony 

(b) Protectorate  
(c) Cameroons under United Kingdom trusteeahip 

North Borneo 
St. Helena and Ascension 
Sarawak 
Seychelles 
S i e r r a  Leone (Colony and Protectorate)  
Singapore 
Somaliland Protectorate  
Swaziland 
Tanganyika 
Trinidad and Tobago 
Uganda Protectorate 
Windward Inlands - Dominica 

Grenada 
St. L u c k  
St. Vincent 

Zanzibar Protectorate.  
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UNITED KINGDOM COLONIES (Contld) 

ADEN 

1954 The Civil Aviation (Inveetigation of Accidente) Regulations (G. N. 125154). 

BAHAMAS 

1952 Aug. 1 Air  Navigation (Investigation of Accidents) Regulations. 

BARBADOS 

1952 Apri l  29 Ai r  Navigation (Investigation of Accidente) Regulatione. 

BERMUDA 

1948 Dec. 18 Air  Navigation (Inveetigation of Accidente) Regulations, 

BRITISH GUIANA 

1952 Aug. 18 

BRITISH HONDURAS 

1 9 5 3 D e c .  19 

CYPRUS 

1952 Nov. 17 

FIJ I  - 
1952 May 1 

GAMBIA 

1937 May 1 

Nov. 15 

GIBRALTAR 

1952 Jan. 3 

HONG KONG 

195 1 

JAMAICA 

1953 March 24 

LEEWARD ISLANDS 

1952 July 31 

Ai r  Navigation (Inveetigation of Accidents) Regulations, No. 191 1952. 

Air  Navigation (Inveetigation(of Accidente) Regulatione, (S: I. 11 1954). 

Civil Aviation (Inveetigation of Accidente) Regulationa (G. N. 5 17 / 1952). 

Civil Aviation (Inveetigation of Accidente) Regulations (L. N. 9011952). 

Ai r  Navigation (Investigation of Accidente) Regulatione, (No. 8/37).  

Air Navigation (Inveetigation of Accidente) Regulatione, (No. 2) 
m o .  1 7 / 3 a .  

Air  Navigation (Inveetigation of Accidente) Regulatione, 1952. 

Air Navigation (Investigation of Accidente) Regulatione (G. N. ~ 2 2 8 )  5 1). 

Ai r  Navigation (Inveetigation of Accidente) Regulatione (G. N, 371 53). 

Civil Aviation (Inveetigation of Accidente) Regulatione (S. R. 0. 18/52). 
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UNITED KINGDOM GOLONIE S (Cont'd) 

MALTA 

1952 Sept. 2 Civil Aviation (Investigation of Accidents) Regulations. 

MAURITIUS 

1952 Sept. 4 Civil Aviation (Investigation of Accidents) Regulations (G. N. 200152). 

NIGERIA 

1953 Apri l  28 Civil Aviation (Investigation of Accidents) Regulations (No. 15/ 1953). 

NORTH BORNEO AND LABUAN 

1950 Jan. 6 Ai r  Navigation (Investigation of Accidents) Regulations (S. 8/50). 

ST. LUCIA 

1948 Nov. 27 Air  Navigation (Investigation of Accidents) Regulations (S. R. 0. No. 4014 

ST. VINCENT 

1953 Jan. 8 Ai r  Navigation (Investigation of Accidents) Regulations (S. R. 0. No. 6/53 

SARAWAK 

1953 The Ai r  Navigation ( h v e ~ t i g a t i o n  of Accidents) Regulationr (G. N. S6/54# 

SIERRA LEONE 

1953 Dec. 30 Civil Aviation (Investigation of Accidentr) Regulations (P. N. 114153). 

SINGAPORE 

1953 Oct. 1 Civil Aviation (Investigation of Accidents) Regulations (G. N. 301 153). 

SOMALILAND 

1951 Nov. 7 Civil Aviation (Investigation of Accidents) Regulations (G. N. 4811951). 

TRINIDAD AND TOBAGO 

1954 Nov. 23 Ai r  Navigation (Investigation of Accidents) Regulations (G. N. 205154). 

ZANZIBAR 

1937 Sept. 4 AirNavigation(InvestigationofAccidents)Regulations(G.N.41/1937).. 

UNITED STATES O F  AMERICA 

1938 C h i 1  Aeronautics Act - Title VII (Air Safety). 

1949 May 1 Civil Ai r  Regulations - P a r t  62 - Notification and reporting of a i rc ra f t  
accidents and  overdue a i rc ra f t ,  ( as  issued effective May 1, 1949, 
14 F . R .  1516; rev i sed  effective February  11, 1954. 19 F .R.  891). 
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UNITED STATES OF AMERICA (Cont'd) 

1950 Sept. 15 Economic Regulations - P a r t  303 - Rules of practice in a i rc ra f t  acciden 
investigation information, ( a s  issued September 15, 1950, 15 F. R. 
6440; revised effective February 15, 1957, 22 F .R.  1026). 

1950 Sept. 15 Economic Regulations - P a r t  3 11 - Disclosure of a i rc ra f t  accident 
investigation information. 

1951 May 14 Civil A e r ~ n a u t i c a  Board - Organizational Regulations - Description 
of Functions: Course and method by which functions a r e  channeled - 
Scope and contents of documents - Hearingr concerning accidents 
involving aircraf t .  

Title 22 - Foreign Relations - P a r t  134 - Civil Aviation; Aircraf t  
Accidents (issued in Department Regulations 108. 164, effective 
October 1, 1952, 17 F.R.  8207). 

Public Notice PN 7 - Administrator of Civil Aeronautics: Delegation of 
cer tain accident investigation functions, ( a s  issued, effective January 
1954, 18 F. R. 7499; reissued as Public Notice PN 7 and amended, 
April  13, 1954, 19 F.R. 2133). 

Public Notice PN 8 - Delegation of final authority related to substantive 
program mat te rs  (a9 isrued,  effective October 27, 1954, 19 F. R. 741 
Section 7. - Director,  Bureau of Safety Investigation, 

Economic Regulations - P a r t  399 - Statements of General Policy, a s  
issued, effective May 25, 1955: Section 399.26 - Investigation of 
Accidents involving foreign aircraf t .  

Public Notice PN 11 - Statement of Organization ( a s  iseued effective 
July 18, 1957, 22 F.R. 6124, revoking Public Notice PN 10, 
effective Jan. 1, 1956, 21 F. R. 3481): Sec. 01.3 c) - Accident 
investigation and analysie; Bureau of Safety - Sections 05. 1, 05.2, 
05.6 - 05.9. 

URUGUAY 

1955 feb. 2 Decreto Ndm. 23.826 - Reglamento para la  Investigaci6n de Accidenteu 
de Aviacidn de Cardcter Civil. 

VENEZUELA - 
1955 abr i l  1 Ley de Aviacidn Civil: 

Cap. X. - De 10s accidenter y de l a  bdrqueda y reecate.  

- END - 



ICAO TECHNICAL PUBLICATIONS 

The foliowing summary gives the status, and also 
describes in general terms the contenfs of  the various 
series of technical publications issued by the Inter- 
national Civil Aviation Organization. It does not in- 
clude specialized publications that do not fall specif- 
ically within one o f  the series, such as the ICAO 

Aeronautical Chart Catalogue or the Meteorological 
Tables for International Air Navigation. 

I N T E R N A T I O N A L  S T A N D A R D S  A N D  RECOM- 
M E N D E D  PRACTICES are adopted by the Council 
in accordance with Articles 54, 37 and 90 of the Con- 
vention on International Civil Aviation and are desig- 
nated, for convenience, as Annexes to the Convention. 
The uniform application by Contracting States of the 
specifications comprised in the International Standards 
is recognized as necessary for the safety or regularity 
of international air navigation while the uniform appli- 
cation of the specifications in the Recommended Prac- 
tices is regarded as desirable in the interest of safety, 
regularity or efficiency of international air navigation. 
Knowledge of any differences between the national regu- 
lations or practices of a State and those established by 
an International Standard is essential to the safety or 
regularity of international air navigation. In the event 
of non-compliance with an International Standard, a 
State has, in fact, an obligat~on, under Article 38 of 
the Convention, to notify the Council pf any differences. 
Knowledge of differences from Recommended Practices 
may also be important for the safety of air navigation 
and, although the Convention does not impose any obli- 
gation with regard thereto, the Council has invited Con- 
tracting States to notify such differences in addition to 
those relating to International Standards. 

PROCEDURES F O R  A I R  NAVIGATION SERV-  
ICES (PANS) are approved by the Council for world- 
wide application. They comprise, for the most part, 
operating procedures regarded as not yet having at- 
tained a sufficient degree of maturit9 for adoption as  
International Standards and Recommended Practices, as 
well as material of a more permanent character which 
is considered too detailed for incorporation in an Annex, 
or is susceptible to frequent amendment, for which the 
processes of the Convention would be too cumbersome. 
As in the case of Recommended Practices, the Council 
has invited Contracting States to notify any differences 

between their national practices and the PANS when the 
knowledge of such differences is important for the safety 
of air navigation. 

REGIONAL S U P P L E M E N T A R Y  PROCEDURES 
(SUPPS) have a status similar to that of PANS in that 
they are approved by the Council, but only for applica- 
tion in the respective regions. They are prepared in 
consolidated form, since certain of the procedures apply 
to overlapping regions or are common to two or more 
regions. 

The following publications are prepared by nuthorify 
o f  the Secretary General in accordance with the prin- 
ciples and policies approved by the Council. 

ICAO FIELD M A N U A L S  have no status in them- 
selves but derive their status from the International 
Standards, Recommended Practices and PANS from which 
they are compiled. They are prepared primarily for the 
use of personnel engaged in operations in the field, as 
a service to those Contracting States who do not find 
it practicable, for various reasons, to prepare them for 
ihe~r  own use. 

TECHNICAL M A N U A L S  provide guidance and in- 
formation in amplification of the International Standards, 
Recommended Practices and PANS, the implementation 
of which they are designed to facilitate. 

A I R  NAVIGATION P L A N  documents detail re- 
quirements for facilities and services for international 
air navigation in the respective 1CAO Air Navigation 
Regions. They are prepared on the authority of the 
Secretary General on the basis of recommendations of 
regional air navigation meetings and of the Council action 
thereon. The plans are amended periodically to reflect 
changes in requirements and in the status of implementa- 
tion of the recommended facilities and services. 

ICAO CIRCULARS make available specialized In- 
formation of interest to  Contracting States. This includes 
studies on technical subjects as well as texts d Provisional 
Acceptable Means of Compliance. 
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ANNEX 

Annex 13 - Aircraft accident inquiry. 
September 1951. 16 pp. . . . . . . . . . . . . . . . . . . . .  $0.15 

MANUAL 

Manual of aircraft accident investigation. 
(Doc 6 9 2 0 - ~ ~ / 8 5 5 ) .  2nd edition, October 1951. 130 pp. .  , . $0.75 
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18-AN/15 - Aircraft Accident Digest No. 1. 
June 1951. 116 pp. . . . . . . . . . . . . . . . . . . . . . . .  $0.15 

24-AN/21 - Aircraft Accident Digest No. 2. 
1952. 170 pp. . . . . . . . . . . . . . . . . . . . . . . . . .  $0.85 

31-AN/26 - Aircraft Accident Digest No. 3. 
1952. 190 pp. . . . . . . . . . . . . . . . . . . . . . . . . .  $1.00 

38-AN/33 - Aircraft Accident Digest No. 4. 
1953. 186 pp. . . . . . . . . . . . . . . . . . . . . . . . . .  $2.00 

99-AN/34 - Aircraft Accident Digest No. 6. . . . . . . . . . . . . . . . . . . . . . . . . .  1955. 186 pp. $2.00 

47-AN/42 - Aircraft Accident Digest No. 6. 
1956. 237 pp. . . . . . . . . . . . . . . . . . . . . . . . . .  $2.50 

SO-AN/46 -- Aircraft Accident Dlgest No. 7. 
1957. 245 pp. . . . . . . . . . . . . . . . . . . . . . . . . .  $2.50 
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