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FOREWORD 

Accident investigation is recognized today as one of the fundamental elements of 
improved safety and accident prevention. Nearly every accident contains evidence which, 
if correctly identified and assessed, will allow the cause to be ascertained so that cor- 
rective action can be undertaken to prevent further accidents from similar causes. Thus, 
the ultimate object of accident investigation and reporting, which is to permit the com- 
parison of many accident reports and to observe what cause factors tend to recur, can be 
accomplished. These factors can then be clearly identified and brought to the attention 
of the responsible authorities. 

The Accident Investigation Division of the Air Navigation Committee of PICAO* at 
its first session in 1946 recommended that States forward copies of reports of aircraft 
accident investigations and inquiries, and aeronautical publications and documents relating 
to research and development work in the field of aircraft accident investigation, to PICAO 
in order that the Secretariat might appraise the information gained and disseminate the 
knowledge to Contracting States. 

The world-wide collection by ICAO of accident reports and aeronautical publications 
and documents relating to research and development work in the field of aircraft accident 
investigation, and publication of the material in condensed form, assist States and aero- 
nautical organizations in research work in this field. By stimulating and maintaining 
continuity of interest in this problem the dissemination to individuals actively engaged 
in aviation of information on the actual circumstances leading up to the accidents and of 
recommendations for accident prevention also contributes to the reduction of accidents. 

The first summary of accident reports and safety material received from States was 
issued in October 1946 (List No. 1, Doc 2177, AIG/56) under the title of "Consolidated 
List of Publications and Documents relating to Aircraft Accident Investigation Reports and 
Procedures, Practices, Research and Development Work in the field of Aircraft Accident 
Investigation received by the PICAO Secretariat from Contracting States". This was followed 
by further summaries at regular intervals, the last report being issued on 31 July 1950 
(List No. 12, Doc 7026, A1~1513). These summary reports were found to be of considerable 
technical interest to States, and in view of the large number of requests for copies, it 
was decided, early in 1951, to revise the method of publication and to produce the material 
in the future in the form of an information circular entitled "Aircraft Accident Digest1'. 

The first Digest was issued in 1951 under the present title and with the new method 
of presentation. Since then, the usefulness of the series has continued to elicit favour- 
able comment from the aeronautical world. 

However, late in 1964, the Secretariat carried out a study of the problems asso- 
ciated with the publication of the Digest and considered various methods which, it was 
thought, would lead to a more rapid dissemination of accident reports forwarded to ICAO 
for release in summarized form in the Digest. This study also considered amending the 
presentation of the summaries with a view to producing them in a more standardized manner. 

*Provisional International Civil Aviation Organization. 
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Accordingly, t h e  S e c r e t a r i a t  prepared a  uniform p l a n  us ing f i x e d  s u b j e c t  headings,  i n  an 
agreed order  and wi th  s tandard  paragraph numbering, t o  enab le  r eade r s  t o  e x t r a c t  p e r t i n e n t  
informat ion more r e a d i l y ,  according t o  t h e i r  p a r t i c u l a r  i n t e r e s t s .  This  p l an  w a s  submitted 
t o  t h e  Third Sess ion of t h e  Accident I n v e s t i g a t i o n  Divis ion (Montreal, 19 January - 
11 February 1965) f o r  i t s  cons ide ra t ion  and development. The meeting accepted t h e  concept 
of a  uniform p l a n  bu t  modified t h e  d e t a i l s .  Summaries of acc iden t  inqu i ry  r e p o r t s  a r e  now 
being prepared i n  accordance wi th  t h e  f i n a l  v e r s i o n  of t he  uniform plan,  as approved by the  
Council. Th is  p l a n  f o r - t h e  "Summary of Accident - Report" appears  i n  ~ ~ ~ e n d i x  3 of Annex 13 - 
A i r c r a f t  Accident Inqui ry  (Second Ed i t i on ) .  

Diges ts  a r e  now publ ished i n  s e p a r a t e  volumes. Two of t he se  volumes con ta in  
summaries prepared by t h e  S e c r e t a r i a t  from t h e  i nqu i ry  r e p o r t s  received from S t a t e s  on 
acc iden t s  which occurred i n  a  p a r t i c u l a r  year  and a l s o  normally con ta in  one o r  more s a f e t y  
a r t i c l e s .  The second volume con ta in s ,  i n  a d d i t i o n ,  accident  d a t a  such a s  c l a s s i f i c a t i o n  
t a b l e s ,  s t a t i s t i c s  and a  l is t  of laws and r e g u l a t i o n s  of S t a t e s  p e r t a i n i n g  t o  acc iden t  
i n v e s t i g a t i o n .  The o the r  volume(s) con ta in  summaries of r e p o r t s  prepared by S t a t e s  i n  
accordance wi th  paragraphs 6.3 and 6.4 of Annex 13. These summaries a r e  published a s  
r ece ived  a s  soon a s  a  s u f f i c i e n t  number j u s t i f y  t h e  p u b l i c a t i o n  of a s e p a r a t e  volume,  

It i s  hoped t h a t  S t a t e s  w i l l  continue t o  co-operate t o  t h e  f u l l e s t  ex t en t  permit ted  
by t h e i r  n a t i o n a l  laws i n  submit t ing m a t e r i a l  f o r  t h e  Diges t s  i n  accordance wi th  t h e  provi- 
s i o n s  of 6.3 and 6.4 of Annex 13. It i s  recognized t h a t  i n v e s t i g a t i o n s  t ake  a d i v e r s i t y  of 
forms under t he  v a r i e t y  of c o n s t i t u t i o n a l  and j u r i d i c a l  systems t h a t  e x i s t  throughout t h e  
Contract ing S t a t e s  of ICAO and t h a t ,  f o r  t h i s  reason,  acc iden t  i n v e s t i g a t i o n  p r e s e n t s  one 
of t h e  most d i f f i c u l t  problems of s t a n d a r d i z a t i o n  i n  i n t e r n a t i o n a l  c i v i l  av i a t i on .  A t  t h e  
same t i m e  i t  is a most f r u i t f u l  source  of m a t e r i a l  f o r  t h e  a t ta inment  of t h e  o b j e c t i v e s  of 
t h e  Chicago Convent ion. 

The use fu lnes s  of such a p u b l i c a t i o n  as t h i s  i s  d i r e c t l y  p ropor t i ona l  t o  t h e  thorough- 
nes s  wi th  which acc iden t s  a r e  i n v e s t i g a t e d ,  t h e  f rankness  and i m p a r t i a l i t y  of t h e  f i nd ings ,  
and t h e  r ead ines s  wi th  which they a r e  d i sc lo sed  and au thor ized  t o  be published.  I t  i s  i n  
t h i s  way only  t h a t  t h i s  most f e r t i l e  f i e l d  f o r  i n t e r n a t i o n a l  co-operation can be  e f f e c t i v e l y  
exp lo i ted .  The measure of i n t e r e s t  t h a t  t h i s  p u b l i c a t i o n  has  aroused,  and the  v i t a l  i n fo r -  
mation i t  impar ts  amply demonstrate t h e  p o s s i b i l i t i e s  of u l t i m a t e  achievement when every 
acc iden t  i s  i n v e s t i g a t e d  wi th  t he  g r e a t e s t  thoroughness and t h e  f i nd ings  d i sc lo sed  wi th  
complete f rankness .  

R e s t r i c t i o n  upon reproduct ion i n  t h e  Digest  s e r i o u s l y  impairs ,  of course,  t h e  use- 
f u l n e s s  of any r e p o r t ,  a s  i t  i s  only  by comparison between the  circumstances t h a t  occasioned 
t h e  acc iden t  and t h e  circumstances of o t h e r  ope ra t ions  t h a t  p o t e n t i a l l y  hazardous circum- 
s t a n c e s  can be fo reseen  and avoided. N a m e s  of persons  involved may, however, be omit ted 
without  d e t r a c t i n g  from t h e  va lue  of t he  r e p o r t .  

Follow-up a c t i o n  and o t h e r  supplementary informat ion o r  comments on an acc iden t  
r e p o r t  by t h e  S t a t e  of Regis t ry  o r  S t a t e  of Occurrence provide u s e f u l  m a t e r i a l  f o r  inclu-  
s i o n  i n  t h e  Digest .  

The m a t e r i a l  f o r  t h i s  Diges t  has  been obta ined from va r ious  sources ,  i s  p r i n t e d  f o r  
informat ion only and does no t  n e c e s s a r i l y  r e f l e c t  t h e  views of t h e  I n t e r n a t i o n a l  C i v i l  
Avia t ion Organization. 
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No. 1 

Austin Airways Ltd.. DC-3C. CFILQ, acc iden t  near  Rupert R iver ,  
!%-ebec, on 9 January 1964. Report r e l ea sed  by t h e  Canadian Department 

of Transpor t  (undated).  

1. - I n v e s t i g a t i o n  

1.1 His to ry  of t h e  f l i g h t  

The a i r c r a f t  was on a non-scheduled f l i g h t  from Moosonee, On ta r io ,  t o  
Nemiscan Set t lement  with only two p i l o t s  on board. About 45 minutes a f t e r  t ak ing  o f f  t h e  
l e f t  engine f a i l e d ,  followed almost immediately by f a i l u r e  of t h e  r i g h t  eng ine ,  and t h e  
a i r c r a f t  made a fo rced  landing i n  t h i c k  f o r e s t .  Both p i l o t s  were s e v e r e l y  i n j u r e d .  

The l o c a t i o n  of t h e  acc iden t  was l a t .  510201N, long.  77O34'W. The t i m e  was 
0818 hours,  Eas te rn  Standard T i m e .  

1 . 2  I n j u r i e s  t o  persons  

1.3 Damage t o  a i r c r a f t  

I n j u r i e s  

F a t a l  

Non-f a t a l  

None 

The a i r c r a f t  was s u b s t a n t i a l l y  damaged. 

1.4 Other damage 

Crew 

2 

None repor ted .  

1.5 C r e w  informat ion 

Passengers 

The pilot-in-command h e l d  an a i r l i n e  t r a n s p o r t  p i l o t ' s  l i c e n c e  w i th  a v a l i d  
instrument r a t i n g ;  he  had flown a t o t a l  of 9 500 hours i nc lud ing  400 hours  on DC-3 a i r c r a f t ,  
of which 50 hours  had been flown dur ing t h e  90 days p r i o r  t o  t h e  acc iden t .  

Others  
- 

L 
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Tb.e co-p i lo t  he ld  a s e n i o r  commercial p i l o t ' s  l i c e n c e ;  he had flown a  t o t a l  
of 15 000 hours ,  of which 100 hours  were on DC-3 a i r c r a f t ,  inc lud ing  5 hours on t h i s  type  
dur ing  t h e  90 days p r i o r  t o  t h e  acc iden t .  

1.6 A i r c r a f t  informat ion 

A c e r t i f i c a t e  of a i rwor th ines s  had been i s sued  f o r  t h e  a i r c r a f t ,  and t h e r e  
was no evidence t o  i n d i c a t e  any f a u l t  i n  t h e  eng ines ,  a i r f rame o r  c o n t r o l s  p r i o r  t o  t h e  
acc iden t .  

The r e p o r t  g i v e s  no informat ion on weight ,  c e n t r e  of g r a v i t y  and t ype  of 
f u e l  used. 

1.7 Weather informat ion 

Overcast cloud about 2  500 f t ,  no wind. 

1.8 Aids t o  nav iga t i on  

Not mentioned i n  t h e  r e p o r t .  

1.9 Communications 

Not mentioned i n  t h e  r epo r t .  

1.10 Aerodrome and ground f a c i l i t i e s  

Not r e l evan t .  

1.11 F l i g h t  r e c o r d e r s  

Not mentioned i n  t h e  r e p o r t .  

1.12 Wreckage 

Not desc r ibed  i n  t h e  r epo r t .  

1.13 F i r e  

Not mentioned i n  t h e  r e p o r t .  

1.14 Su rv iva l  a s p e c t s  

Not desc r ibed  i n  t h e  r e p o r t .  

1.15 T e s t s  and r e sea rch  

None mentioned i n  t h e  r e p o r t .  

1.16 Other  p e r t i n e n t  in format iop  

None. 
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2. - Analys is  and Conclus ions  

2.1 Analys is  

On r e f u e l l i n g  t h e  p rev ious  n i g h t ,  281 g a l l o n s  were loaded which f i l l e d  t h e  
r e a r  tanks.  There were also about  40 g a l l o n s  i n  each of t h e  f r o n t  tanks.  The f r o n t  t anks  
were used f o r  s t a r t i n g  and t h e  p r e - f l i g h t  run i n  o r d e r  t o  l e a v e  t h e  rear t anks  f u l l  f o r  
t h e  f l i g h t .  

The p i l o t  s t a t e d  t h a t  he used t h e  rear tanks  f o r  take-off and c r u i s e  and 
t h a t  they  conta ined about 150 g a l l o n s  of f u e l ,  wi th  about 10 - 15 g a l l o n s  i n  each of t h e  
f r o n t  tanks.  The power s e t t i n g s  used f o r  t h e  f l i g h t  were about 28 i n c h e s  manifold p r e s s u r e  
and 2 050 rpm with  automat ic  l e a n  mixture.  About 50 minutes a f t e r  take-off  t h e  l e f t  eng ine  
f u e l  p r e s su re  dropped t o  ze ro ,  and t h e  engine  f a i l e d .  The boos t e r  pumps were swi tched on, 
and t h e  tank s e l e c t i o n s  were changed wi thout  e f f e c t .  A t  t h i s  t ime t h e  r i g h t  eng ine  f u e l  
p r e s su re  dropped t o  zero ,  and t h e  engine  f a i l e d .  Attempts t o  re-start were unsuccess fu l  
and when t h e  a i r c r a f t  was 200 f t  above t h e  ground t h e  p i l o t  r e a l i z e d  he  could  n o t  reach  
t h e  Rupert River .  A forced landing w a s  made i n t o  t r e e s  about 1 000 f t  from t h e  r i v e r  w i th  
t h e  undercar r iage  down. 

The co-pi lo t  d i d  not  know which t anks  were used dur ing t h e  f l i g h t  nor which 
t anks  were s e l e c t e d  by t h e  p i l o t  a f t e r  t h e  eng ines  f a i l e d .  

Examination of t h e  wreckage showed t h a t  t h e  f r o n t  f u e l  t a n k s  were empty and 
no f u e l  had apparen t ly  been used from e i t h e r  of t h e  r e a r  tanks .  Damage t o  t h e  cockp i t  w a s  
such t h a t  i t  was not  p o s s i b l e  t o  t e l l  which t anks  had been s e l e c t e d  a t  t h e  t i m e  of impact. 

2.2 Conclusions 

Findings  

Both p i l o t s  he ld  a p p r o p r i a t e  l i c e n c e s  and had cons ide rab l e  f l y i n g  exper ience .  
The a i r c r a f t  had a c e r t i f i c a t e  of a i r w o r t h i n e s s  and no evidence  of d e f e c t s  p r i o r  t o  t h e  
acc iden t  was found i n  t h e  eng ines ,  t h e  a i r f r ame  o r  c o n t r o l s .  

It w a s  found t h a t  both  f r o n t  f u e l  t anks  were empty and t h a t  no f u e l  had 
apparen t ly  been used from e i t h e r  of t h e  rear tanks .  

Cause o r  
Probable cause(s )  

Engine f a i l u r e  due t o  f u e l  exhaus t ion .  

ICAO Ref.: AR/839 
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No. 2  

a s v o r t e s  L i t o r a l  Argentino S.A. (A.L.A.). DC-3. LV-FYJ. 
a c c i d e n t  9  km west of  irate, Province  of Buenos Aires, Argentina,  

on 9  January  1964. Report No. 1965 r e l e a s e d  by t h e  Na t iona l  
D i r e c t o r a t e  of C i v i l  Avia t ion .  Argent ina  

1. - I n v e s t i g a t i o n  

1.1 His to ry  of t he  f l i g h t  

The a i r c r a f t  w a s  on a scheduled domest ic  f l i g h t  from Santa  F6 t o  Buenos 
Aires wi th  an  i n t e rmed ia t e  s t o p  a t  Rosario.  The f l i g h t  from Santa  F& t o  Rosario was 
normal; t h e  a i r c r a f t  took o f f  from Rosar io  a t  0901 hours .  The f l i g h t  p l an  a l t i t u d e  was 
1 200 m. A t  0904 hours  t h e  p i l o t  informed Ezeiza  Cont ro l  t h a t  h e  was cl imbing t o  1 800 m 
because of tu rbu lence ,  and a t  0912 hours  he  reques ted  - and was g ran ted  - c l ea r ance  t o  
2  400 m. A t  0936 hours  t h e  p i l o t  r epo r t ed  o v e r f l y i n g  San Pedro, e s t ima t ing  L i m a  a t  0948 h 
and Buenos Aires C i ty  A i rpo r t  a t  1008 hours .  A t  0943 hours  t h e  p i l o t  r epo r t ed  a  l o c a l i z e d  
f i r e  i n  t h e  cab in  t o  Ezeiza  Control ,  and t h a t  he  would t r y  t o  land a t  ~ L r a t e .  Having 

I t  r ece ived  no r e p l y  t o  t h i s  message a subsequent  message was s e n t  Due t o  f i r e  i n  a i r c r a f t  
cab in ,  I am going t o  l and  a t   irate". This  was t h e  last communication from t h e  a i r c r a f t ,  
which was subsequent ly  seen  by w i tne s se s  t o  be descending and t r a i l i n g  smoke. An emergency 
l and ing  w a s  a t tempted i n  a  f i e l d  9  km from Z i r a t e .  The a i r c r a f t  f i r s t  s t r u c k  t h e  ground 
wi th  i t s  land ing  g e a r ,  l e f t  engine and l e f t  wing, which were t o r n  o f f ,  then h a l f  of t h e  
r i g h t  wing and t h e  r i g h t  engine were a l s o  t o r n  o f f .  Following t h e s e  almost  s imultaneous 
impacts  t h e  a i r c r a f t  t r a v e l l e d  ano ther  150 m be fo re  coming t o  an abrup t  s top .  The f u e l  
t anks  were t o r n  open and a  f i r e  r e s u l t e d  which, however, d i d  no t  spread over  t h e  e n t i r e  
a i r c r a f t .  The acc iden t  occurred  a t  approximately 0950 hours.  

1.2 I n j u r i e s  t o  persons  

1.3 Damage t o  a i r c r a f t  

The a i r c r a f t  w a s  des t royed  by t h e  impact and t h e  subsequent f i r e .  

1.4 Other damage 

None w a s  r epo r t ed .  

I n j u r i e s  

F a t a l  

Non-f a t a l  

None 

C r e w  

3 

Passengers  

27 

1 

- 

Others  
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1.5 C r e w  in format ion  

The pilot-in-command h e l d  a v a l i d  a i r l i n e  t r a n s p o r t  p i l o t ' s  l i c e n c e .  H e  had 
flown a  t o t a l  of 7 032 hours ,  of which 5  070 hours  were on DC-3 a i r c r a f t .  

The co-p i lo t ,  who he ld  a  v a l i d  commercial p i l o t ' s  l i c ence ,had  flown a  t o t a l  
of 1 851 hours ,  of which 1 330 hours  were on DC-3 a i r c r a f t .  He had a l s o  flown approxi- 
mately 2  500 hours  wi th  t h e  a i r l i n e  a s  a r a d i o  o p e r a t o r .  

The s tewardess  w a s  p rope r ly  c e r t i f i c a t e d .  

1.6 A i r c r a f t  i n f o r n a t i o n  

The a i r c r a f t ' s  c e r t i f i c a t e  of a i r w o r t h i n e s s  was v a l i d  u n t i l  9 September 1964. 
It had flown a  t o t a l  of 31  545 hours ;  t h e  eng ines  had had 750 and 844 hours  of f l i g h t  t i m e  
s i n c e  t h e i r  l a s t  overhau ls ,  and both eng ines  were c e r t i f i c a t e d  up t o  1 200 hours.  

The a i r c r a f t  had no b u i l t - i n  h e a t i n g  system. Heat exchangers had been 
i n s t a l l e d  on t h e  o u t s i d e  exhaust  o u t l e t  of each engine,  and t h e s e  conducted h o t  a i r  t o  t h e  
crew and passenger cabins .  

The a i r c r a f t ' s  weight and c e n t r e  of g r a v i t y  were both  w i t h i n  t h e  p r e s c r i b e d  
l i m i t s  a t  t h e  t i m e  of take-off from Rosar io  and a t  t h e  t i m e  of the  acc iden t .  

The t ype  of f u e l  used w a s  n o t  mentioned i n  t h e  r e p o r t .  

1 . 7  Meteorological  informat ion 

Meteorological  c o n d i t i o n s  throughout  t h e  f l i g h t  were c e i l i n g  and v i s i b i l i t y  
unl imi ted .  

1.8 Aids t o  nav iga t ion  

No mention of t he se  i s  made i n  t h e  r e p o r t .  

1.9 Communications 

These were normal u n t i l  t h e  pilot-in-command r epo r t ed  t h e  cab in  f i r e  and 
h i s  i n t e n t i o n  t o  land a t   irate. No f u r t h e r  communications were rece ived .  

1.10 Aerodrome and ground f a c i l i t i e s  

Not p e r t i n e n t .  

1.11 F l i g h t  r e c o r d e r s  

Not mentioned i n  t h e  r e p o r t .  

1.12 Wreckage 

The wreckage was s t rewn over a d i s t a n c e  of 280 by 50 m. 
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The cockpi t  emergency door was found 12 km from t h e  site of the acc iden t .  
One of t h e  door ' s  corners  was scorched showing t h a t  i t  had been a f f e c t e d  by s l i g h t  h e a t  
bu t  not  by flames. 

1.3 F i r e  - 
The cab in  r o o f ,  passenger seats, r a d i o  equipment, etc. which were thrown 

from t h e  a i r c r a f t  on impact showed no evidence  of f i r e .  The remainder of t h e  l e f t  s i d e  of 
t h e  fu se l age ,  t h e  rear s e c t o r  and t a i l  u n i t  were p a r t l y  a f f e c t e d  by t h e  f lames and t h e  
covering of a l l  moveable s u r f a c e s  w a s  des t royed;  t h e  r i g h t  s i d e  of t h e  f u s e l a g e  was unaf- 
f e c t e d  and t h e  p a i n t  u n b l i s t e r e d .  There were no s i g n s  of f i r e  i n  t h e  engines  and t h e  
e l e c t r i c a l  cab les .  Two manual f i r e  e x t i n g u i s h e r s  were found wi th  t h e i r  c o n t e n t s  almost 
i n t a c t .  

1.14 Su rv iva l  a s p e c t s  

The sudden d e c e l e r a t i o n  fo l lowing t h e  f i n a l  impact broke o f f  t h e  b o l t s  of 
t h e  passenger seats, and t h e s e  were thrown a d i s t a n c e  of 20 m, t e a r i n g  t h e  cab in  roof from 
t h e  seventh  window t o  t h e  cockpi t  w a l l .  

The r e p o r t  g i v e s  no i n d i c a t i o n  of any f i r e - f i g h t i n g  o r  r e scue  a c t i v i t i e s .  

1.15 Tests and r e s e a r c h  

A medico-legal examination of t h e  body showed no evidence of a p o s s i b l e  
i n t o x i c a t i o n  of t h e  pilot-in-command caused by t o x i c  gases.  

The i n j u r i e s  su s t a ined  by t h e  passengers  showed t h e  same c h a r a c t e r i s t i c s  
as those  of t h e  co-p i lo t ,  and were e n t i r e l y  d i f f e r e n t  from those  of t h e  pilot-in-command. 
Th i s  would i n d i c a t e  t h a t  t h e  co-p i lo t  was no t  i n  t h e  cockpi t  a t  t h e  t i m e  of t h e  acc iden t ,  
and t h i s  is confirmed by t h e  f a c t  t h a t  h i s  body w a s  found toge the r  w i th  t h e  bodies  of t h e  
passengers  o u t s i d e  t h e  a i r c r a f t .  

2. - Analys is  and Conclusions 

2 .1  Ana lys i s  

The f i e l d  chosen by t h e  pilot-in-command f o r  the  p recau t ionary  landing was 
q u i t e  s u i t a b l e .  It had a d iagona l  l e n g t h  of 1 500 m and was even and f i rm,  wi th  no 
o b s t r u c t i o n s .  

Evidence showed t h a t  t h e  p recau t ionary  l and ing  was c a r r i e d  ou t  wi th  t h e  
l and ing  gear  extended and locked and t h e  f l a p s  extended t o  t h e  114  p o s i t i o n .  Grooves on 
t h e  ground, spaced 28 cm a p a r t ,  i n d i c a t e d  t h a t  No. 1 engine was func t ion ing  normally,  but  
t h e r e  w a s  evidence t h a t  No. 2  engine had been c u t  o f f  and was windmilling. No.etridence 
of malfunct ion o r  f i r e  w a s  found on t h e  engines and t h e  engine f i r e  e x t i n g u i s h e r s  were s o  
badly  des t royed t h a t  i t  was imposs ible  t o  determine i f  they  had been used. 

The messages s e n t  by t h e  crew d i d  n o t  i n d i c a t e  where t h e  f i r e  took p lace .  
The eyewitnesses  desc r ibed  b l ack  smoke escaping from t h e  forward s e c t i o n  which lead  t o  t h e  
assumption t h a t  t h e  f i r e  might have come from t h e  e l e c t r i c a l  system; however, no s i g n s  of 
f i r e  damage were found on t h e  e l e c t r i c a l  cab les .  Patches  of o i l  on t h e  r i g h t  s i d e  of t h e  
fu se l age  i nd i ca t ed  a  cons iderab le  l o s s  of o i l  i n  f l i g h t  coming from No. 2  engine. The o i l  
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Leak was a t t r i b u t e d  t o  a  break i n  t h e  e x t e r n a l  connexion of t h e  o i l  l i n e .  The l eak ing  o i l  
probably came i n t o  con tac t  wi th  t h e  hot  exhaust  p ipes  and produced fumes which were f ed  
In to  t h e  fu se l age  through cab l e  openings. 

Although t h e  cockp i t  emergency door was scorched i t  was be l i eved  t h a t  t h e  
scorching was u n r e l a t e d  t o  t h e  acc iden t  s i n c e  a  f i r e  i n  t h i s  s e c t i o n  of t h e  cockp i t  would 
c e r t a i n l y  have a f f e c t e d  t h e  p i l o t  and no evidence  of burns  were found upon him. 

The f a c t  t h a t  the  pilot-in-command r epo r t ed  a f i r e  does  not  n e c e s s a r i l y  
imply t h a t  t h i s  was t h e  ca se ,  s i n c e  a p i l o t  would do s o  when n o t i c i n g  smoke o r  fumes 
e n t e r i n g  t h e  cockpi t .  

It was considered t h a t  i f  t h e r e  w a s  a  f i r e  p r i o r  t o  t h e  f i r s t  impact ,  i t  
was not  s u f f i c i e n t l y  s e r i o u s  t o  have a f f e c t e d  t h e  a i r w o r t h i n e s s  of t h e  a i r c r a f t .  

No reason w a s  found t o  exp la in  why the  p recau t iona ry  l and ing  had such a 
c a t a s t r o p h i c  ending. 

2.2 Conclusions 

Findings  

The crew were w e l l  q u a l i f i e d  f o r  t h e  f l i g h t .  

The a i r c r a f t  had been maintained.  p roper ly  and had a v a l i d  c e r t i f i c a t e  of 
a i rwor th iness .  

The f i e l d  which was s e l e c t e d  by t h e  pilot-in-command was q u i t e  s u i t a b l e  f o r  
a  precaut ionary  landing.  The landing was c a r r i e d  out  wi th  unde rca r r i age  extended and 
locked, and f l a p s  extended t o  t h e  114 pos i t i on .  A t  impact No. 1 engine  was developing 
power, but  No. 2 engine was shu t  o f f  and i ts  p r o p e l l e r  windmil l ing.  

An ex t ens ive  o i l  l e ak  on No. 2 engine was a t t r i b u t e d  t o  a break  i n  t h e  
e x t e r n a l  connexion of the  o i l  l i n e .  The r e s u l t i n g  fumes might have en t e r ed  t h e  cab in  and 
caused t h e  p i l o t  t o  b e l i e v e  t h e r e  was a  f i r e .  

No reason  w a s  found t o  exp la in  why t h e  p recau t ionary  l and ing  which seemed 
t o  be f u l l y  under c o n t r o l  u n t i l  t h e  f i r s t  impact wi th  t h e  ground had such a  c a t a s t r o p h i c  
ending . 

Cause o r  
Probable cause(s )  

Impact wi th  t h e  ground,for  reasons  which could no t  be a s c e r t a i n e d ,  dur ing  
a  precaut ionary  landing.  There were fumes o r  smoke i n  the cab in  and No. 2 eng ine  was c u t  
and i ts  p r o p e l l e r  w a s  windmil l ing,  due t o  o i l  leakage.  

3 .  - Recommendat i ons  

No recommendations were conta ined i n  t h e  r e p o r t .  

ICAO Ref.: AR1895 
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No. 3 

Swissa i r  Ca rave l l e  111, HB-ICX, a cc iden t  a t  Zurich-Kloten A i rpo r t ,  
on 30 January 1964. Report No. 1964/4/155 da ted  11 March 1964, 

r e l e a s e d  by Fede ra l  Board of Inqu i ry  i n t o  A i r c r a f t  Accidents ,  Switzer land 

1. - I n v e s t i g a t i o n  

1.1 His to ry  of t h e  f l i g h t  

F l i g h t  101  was a scheduled i n t e r n a t i o n a l  f l i g h t  from London t o  Zurich. The 
f l i g h t  w a s  normal and the  approach and landing on runway 16 a t  Zurich/Kloten were c a r r i e d  
out  i n  l i g h t  snowfa l l  and v a r i a b l e  cross-wind. The runway was covered wi th  a  t h i n  l a y e r  
of wet snow and t h e  a i r c r a f t  landed about 5  m t o  t h e  l e f t  of t h e  c e n t r e  l i n e .  Af t e r  about 
800 m t h e  a i r c r a f t  veered s l i g h t l y  t o  t h e  l e f t  and, notwi ths tanding t h e  pilot-in-command's 
e f f o r t s ,  r a n  o f f  t h e  l e f t  edge of t h e  runway and des t royed fou r  runway l i g h t s  damaging i t s  
nose wheel and r i g h t  landing gear .  Then t h e  a i r c r a f t  swerved t o  the  r i g h t ,  but  was f i n a l l y  
stopped on t h e  runway c l o s e  t o  the  r i g h t  edge a f t e r  a  t o t a l  r o l l  of 1 915 m. The acc iden t  
took p lace  i n  darkness a t  2006 hours  GMT. 

1.2 I n j u r i e s  t o  persons  

1.3 Damage t o  a i r c r a f t  

Damage t o  t h e  landing gear  amounted t o  about Swiss f r .  60 000. 

- 

Others 

. 

1.4 Other damage 

Passengers 

4 4 

I n j u r i e s  

F a t a l  

Non-f a t a l  

None 

Four runway l i g h t s  (va lue  of Swiss f r .  3 600) were des t royed.  

Crew 

7 

1.5 C r e w  informat ion 

The pilot-in-command,aged 3 4 , h e l d  a v a l i d  a i r l i n e  t r a n s p o r t  p i l o t ' s  l i c e n c e  
wi th  Ca rave l l e  r a t i n g .  He had flown a t o t a l  of 5 900 hours ,  inc lud ing  over 1 400 hours  
on Carave l les .  

The pilot-in-command i n  t r a i n i n g , a g e d  4 0 , h e l d  a  v a l i d  a i r l i n e  t r a n s p o r t  p i l o t ' s  
l i c e n c e  wi th  Ca rave l l e  r a t i n g ;  he  had flown a  t o t a l  of 4 800 hours ,  i nc lud ing  100 hours  on 
Caravel les .  
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The co -p i l o t , aged  37, h e l d  a v a l i d  p r o f e s s i o n a l  p i l o t ' s  l i c e n c e ;  h e  had f lown 
a  t o t a l  of about  2  500 hours ,  i nc lud ing  more than  1 000 hours  on Ca rave l l e s .  A t  t h e  t i m e  
of  t h e  a c c i d e n t  t h e  pilot-in-command w a s  i n  t h e  right-hand s e a t  and a p i l o t  be ing t r a i n e d  
a s  pilot-in-command was i n  t h e  l e f t -hand  s e a t ;  t h e  co-p i lo t  was s e a t e d  behind. 

There were four  cab in  a t t e n d a n t s .  

1.6 A i r c r a f t  in fo rmat ion  

The c e r t i f i c a t e  of a i r w o r t h i n e s s  f o r  t h e  a i r c r a f t  w a s  v a l i d  u n t i l  3 December 
1964. A t  t h e  t i m e  of l and ing  t h e  weight and c e n t r e  of g r a v i t y  of t h e  a i r c r a f t  were w i t h i n  
p r e sc r ibed  l i m i t s .  

1.7 Weather in fo rmat ion  

There w a s  a l i g h t  snowfa l l  a t  Zurich-Kloten A i r p o r t  between 1830 h o u r s  and 
2330 hours.  A t  1950 hours  t h e  wind was 230113, v i s i b i l i t y  was 1.5 km wi th  snow, v e r t i c a l  
v i s i b i l i t y  1 000 f t ,  and t h e  tempera ture  ranged between O0 and - l °C .  The wind c h a r t  f o r  
2005 hou r s  showed a c l e a r l y  de f ined  s q u a l l  head 230°/16 k t .  

A t  1950 hours  t h e  a i r  t r a f f i c  c o n t r o l l e r  r epo r t ed  t o  t h e  f l i g h t  t h a t  t h e r e  was 
5 mm of snow on t h e  runway and t h a t  braking a c t i o n  was "medium". A t  2001 h o u r s  he r e p o r t e d  
t h e  wind a s  be ing 2100/10 k t  t o  ano ther  f l i g h t  and two minutes l a t e r  t o  t h e  s u b j e c t  f l i g h t  
a s  be ing 220°/8 k t .  F i n a l l y  a t  2005 hours ,  when t h e  f l i g h t  w a s  over  t h e  middle marker ,  
t h e  a i r  t r a f f i c  c o n t r o l l e r  t r a n s m i t t e d  t h e  fo l lowing in format ion  wi thou t  mentioning any 
addressee:  "Surface wind 230° s t r e n g t h  12 k t  wi th  g u s t s  t o  16 kt". Th i s  message was no t  
r ece ived  by e i t h e r  of t h e  p i l o t s  a t  t h e  c o n t r o l s .  

1.8 Aids t o  nav iga t i on  

Not mentioned i n  t h e  r e p o r t .  

1.9 Communications 

Communications were normal. 

1.10 Aerodrome and ground f a c i l i t i e s  

Ins t rument  runway 16 i s  3 700 m long and 75 m wide. Taxiway 7  e n t e r s  t h e  runway 
from t h e  l e f t  1 700 m from t h e  t h r e s h o l d ;  t h e  west runway c r o s s e s  i t  a t  2  200 'h from t h e  
t h r e sho ld  and t h e  n o r t h  runway a t  2 600 m. The runway i s  i l l u m i n a t e d  by l i g h t s  on bo th  
s i d e s  a t  i n t e r v a l s  of 30 m.   he l e f t  r o w  of l i g h t s  is i n t e r r u p t e d  f o r  about  180 m a t  t h e  
p l ace  where t h e  runway is  jo ined  by taxiway 7. 

A t  t h e  t i m e  of t h e  acc iden t  a l a y e r  of snow s l u s h ,  a  few m i l l i m e t r e s  t h i c k ,  
covered t h e  runway. 

1.11 F l i g h t  r e c o r d e r s  

The a i r c r a f t  w a s  equipped wi th  a  f l i g h t  r e co rde r .  
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1.12 Wreckage 

Not appl icable .  

1.13 Fire 

None. 

1.14 Survival aspects  

Not appl icable .  

1.15 Tes ts  and research 

None reported. 

2. - Analysis and Conclusions 

2.1 Analysis 

According t o  t he  crew, the  prescribed l im i t a t i ons  regarding cross-winds and 
runway conditions were observed. However gus t s  up t o  16  k t  reported inrmediately p r i o r  to  
touchdown gave a cross-wind component of up t o  14 k t ,  a value i n  excess of t he  10 k t  
tolerance l a i d  down f o r  "medium" runway conditions. It was therefore  considered that 
runway conditions had de te r io ra ted  below "medium" by the  time of landing. Also, the  f l i g h t  
recorder showed a maximum braking coef f i c ien t  of 0.19 during the  e n t i r e  landing r o l l ,  which 
corresponded t o  a cross-wind l i m i t  of around 5 k t .  

The f a c t  t h a t  ne i ther  of the two p i l o t s  picked up the l a s t  wind report  i s  under- 
standable. They probably f a i l e d  t o  hear t he  message on account of a conversation a t  t he  
c r i t i c a l  moment or  t o  comprehend i t  owing t o  the passage of the a i r c r a f t  through the  middle 
marker s i gna l  a t  about t he  same time. The f a c t  t h a t  the  co-pilot ,  who had been the only 
one t o  hear the  message, did not r e lay  i t  t o  t he  p i l o t s  i s  explainable because he thought 
t h a t  t he  p i l o t s  had a l so  heard the message and because he had no d i r e c t  r e spons ib i l i ty  fo r  
the  conduct of t he  f l i g h t  a t  t h a t  t i m e .  The l o s s  of d i r ec t i ona l  cont ro l  began near the 
entrance t o  taxiway 7 when t he  a i r c r a f t  probably ran i n t o  subs tan t i a l ly  stronger cross- 
wind components a s  it l o s t  the  wind protec t ion  provided by the  wood located on the w e s t  
s i de  of the runway. The snowfall,  the f a c t  t h a t  the  cent re  l i n e  was covered with snow, 
and the  lack of runway l i g h t s  on the left-hand s i d e  of the  runway a t  t h i s  pa r t i cu l a r  point 
made it d i f f i c u l t  t o  recognize the l o s s  of d i r ec t i ona l  control .  It was not ascer tained 
whether an e a r l i e r  recognition would have prevented the deviation.  

Also, i n  a r o l l  through snow f l u r r i e s  and cross-wind, an o p t i c a l  i l l u s i o n  may 
a r i s e  and make it appear t h a t  t he  a i r c r a f t  i s  moving sideways agains t  the wind. Therefore 
the  crew might tend t o  s t e e r  i n  the d i r ec t i on  of the wind. There was, however, no evidence 
t h a t  t h i s  occurred. 

The deviat ion might possibly have been avoided i f  the pilot-in-command had 
released the  parabrake i n  the f i r s t  phase of the landing r o l l .  There was, however, no 
spec ia l  reason f o r  doing so i n  view of the f a c t  t h a t  he did not  ge t  t he  last wind report .  
That he ref ra ined  from doing so when the a i r c r a f t  was r o l l i n g  towards the runway edge a t  
a sharp angle was appropriate,  s ince  the  e f f e c t  might possibly have aggravated t he  s i tua t ion .  
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2.2 Conclusions 

Findings 

The crew were properly c e r t i f i c a t e d  and had considerable f l y ing  experience. 
A t  the  t i m e  of t h e  accident t he  pilot-in-command was in the right-hand seat and a p i l o t  
being t ra ined  as pilot-in-collmand was i n  t he  left-hand s ea t ;  the  co-pilot was seated behind. 

The c e r t i f i c a t e  of a i rworthiness  of the  a i r c r a f t  w a s  va l i d  and the  weight and 
cen t re  of g rav i ty  were within prescribed limits a t  t h e  time of landing. The l a s t  message 
of t he  a i r  t r a f f i c  con t ro l l e r  indica t ing  a cross-wind component i n  excess of the l i m i t  
recommended i n  t he  F l igh t  Manual was not received by t he  p i l o t s .  

After  a s t r a i g h t  landing r o l l  of approximately 800 m, the  a i r c r a f t  encountered 
s t ronger  gus t s  because of the t e r r a i n  configurat ion and i t  s t a r t e d  t o  veer t o  the  l e f t .  
Because the runway was covered with 5 mm of snow, adherence w a s  considerably d imhished 
and, notwithstanding t he  p i l o t s '  e f f o r t s ,  t he  a i r c r a f t  ran  s l i g h t l y  o f f  the  l e f t  s i de  of 
the runway and the nose wheel and r i g h t  landing gear s t ruck  some runway l i g h t s  and were 
damaged. 

Cause or  
Probable cause(s) 

Loss of d i r ec t i ona l  cont ro l  during t he  landing r o l l  because t he  a i r c r a f t  ran  
i n t o  unexpected cross-wind gus t s  on a runway where snow had considerably diminished t i r e  
adherence. 

ICAO Ref: AR/847 
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No. 4 

B r i t i s h  Overseas Airways Corporat ion.  Coie t  4 ,  G-APDL. a c c i d e n t  nea r  
Na i rob i  A i r p o r t ,  Kenya. on 2 February 1964. Report  da t ed  December 1964, 

r e l e a s e d  bv t h e  Eas t  Af r ican  Common Se rv i ce s  Organ iza t ion  

1. - I n v e s t i g a t i o n  

1.1 His to ry  of t h e  f l i g h t  

The a i r c r a f t  l e f t  Johannesburg f o r  Sa l i sbu ry  and Nai rob i  a t  1523 hours  Z on 
2 February 1964. The a i r c r a f t  a r r i v e d  a t  S a l i s b u r y  a t  1700 hours ,  but  take-off was delayed 
u n t i l  1926 hours  because of u n s e r v i c e a b i l i t y  of t h e  a i r c r a f t ' s  weather  r ada r .  The f l i g h t  
from S a l i s b u r y  w a s  uneven t fu l  u n t i l  2200 hours;  a t  t h i s  t i m e  t h e  a i r c r a f t  w a s  f l y i n g  a t  
f l i g h t  l e v e l  290, and approach c o n t r o l  gave it QNH 1 020, QFE 839. A minute later t h e  
a i r c r a f t  r epo r t ed  l e av ing  f l i g h t  l e v e l  290 and was i n s t r u c t e d  t o  r e p o r t  r each ing  f l i g h t  
l e v e i ' 9 5  and 1 8  NM DME f o r  a s t r a i g h t - i n  ILS approach. When descent  w a s  begun t h e  a i r -  
c r a f t  DME read  80 NM from Nairobi ,  and both altimeters were set  a t  1 013 mb. 

Na i rob i  Radar i d e n t i f i e d  t h e  a i r c r a f t  a t  45 NM on t h e  210° VOR r a d i a l .  I ts  
heading a t  t h a t  t i m e  was 025O, and it was i n s t r u c t e d  by Radar t o  t u r n  l e f t  t o  015O t o  
p o s i t i o n  f o r  l and ing  on runway 06. A t  about  20 NM DME a t  f l i g h t  l e v e l  100 t h e  co-p i lo t ,  
who w a s  f l y i n g  t h e  a i r c r a f t  from t h e  r ight-hand seat, c a l l e d  f o r  t h e  approach check and 
changed t h e  s e t t i n g  on h i s  altimeter t o  QFE, but  s topped a t  a s e t t i n g  of "938 mb" i n s t e a d  
of con t inu ing  u n t i l  t h e  c o r r e c t  s e t t i n g  of "839 mb". A t  2209 hours  Na i rob i  Radar c l e a r e d  
t h e  a i r c r a f t  t o  2 000 f t ,  QFE 839; t h i s  w a s  acknowledged and repea ted  by t h e  a i r c r a f t .  
The pilot-in-command set up t h e  c o r r e c t  QNH of 1 020 mb on h i s  a l t i m e t e r ,  checked t h e  sub- 
scales on both  altimeters but  f a i l e d  t o  check t h a t  t h e  d i f f e r e n c e  between t h e  two altimeter 
r ead ings  corresponded t o  t h e  aerodrome h e i g h t .  The co-pi lo t  checked t h e  s e t t i n g  of t h e  
lef t -hand a l t i m e t e r  a t  1 020 mb, c a l l e d  f o r  t h e  l and ing  check when approximately 12 NM ou t  
and c lo sed  t h e  t h r o t t l e s  t o  descend. H e  s t a t e d  t h a t  a t  about  10 NM t h e  ILS i n d i c a t e d  " f l y  
up" and h i s  altimeter 4 500 f t .  Looking ahead he saw t h e  runway and approach l i g h t s  almost  
fused  i n t o  a cont inuous  l i n e  and what appeared t o  be cloud between t h e  a i r c r a f t  and t h e  
l i g h t s .  Rea l i z ing  t h a t  he  w a s  t o o  low, he  a p p l i e d  power t o  check t h e  descen t .  The air- 
c r a f t  then  touched t h e  ground and r a n  a long it f o r  about  t h r e e  seconds as t h e  p i l o t - i n -  
command opened t h e  t h r o t t l e s  t o  f u l l  power and t h e  co-pi lot  l i f t e d  t h e  a i r c r a f t  of f  t h e  
ground. The pilot-in-command then r e t r a c t e d  t he  unde rca r r i age  and reques ted  c l e a r a n c e  f o r  
a v i s u a l  c i r c u i t  and landing.  The unde rca r r i age  was lowered on t h e  down wind l e g ,  and t h e  
co -p i l o t  c a r r i e d  ou t  t h e  landing from t h e  r ight-hand seat and t a x i e d  t h e  a i r c r a f t  t o  t h e  
apron. The p o i n t  of premature touchdown was a t  l a t i t u d e  1°24' S ,  l ong i tude  36048' E; 
e l e v a t i o n  was approximately 5 500 f t .  

1.2 I n j u r i e s  t o  persons  

I n j u r i e s  

F a t a l  

Non-fatal  

None 

C r e w  

7 

Passengers  

6 2 - 

Others  
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1.3 Damage t o  a i r c r a f t  

The a i r c r a f t  w a s  s l i g h t l y  damaged (two s l a s h e d  tires, a brake  line f r a c t u r e d  
and a  t i e  rod damaged). 

1.4 Other damage 

None. 

1.5 C r e w  in fo rmat ion  

The pilot-in-command he ld  a v a l i d  a i r l i n e  t r a n s p o r t  p i l o t ' s  l i c e n c e  wi th  c u r r e n t  
ins t rument  and Comet-4 r a t i n g s ;  he had flown a  t o t a l  of 13 467 hours  i n c l u d i n g  12 864 hou r s  
a s  pilot-in-command. H i s  exper ience  on Comet-4 a i r c r a f t  amounted t o  a t o t a l  of 2  246 hou r s ,  
o t  which 38 hours  were flown a s  pilot-in-command dur ing  t h e  30 days  p r i o r  t o  t h i s  i n c i d e n t .  
During t h e  p a s t  t h r e e  months he had opera ted  through Nai rob i  A i r p o r t  on t h r e e  occas ions .  

The co-p i lo t  h e l d  a  v a l i d  commercial p i l o t ' s  l i c e n c e  wi th  Comet-4 and ins t rument  
r a t i n g s ;  he  a l s o  he ld  a v a l i d  f l i g h t  n a v i g a t o r ' s  l i c ence .  He had flown a t o t a l  of 4  176 
hours ,  of which 336 hours  had been i n  command, 2 226 hours  as co -p i l o t  and 1 614 hours  a s  
nav iga to r ;  t h e s e  times included 68 hours  under t r a i n i n g  as co-p i lo t  and 84 hours  under 
t r a i n i n g  as n a v i g a t o r  on Comet 4s. During t h e  p a s t  t h r e e  months he  had opera ted  through 
Nairobi  A i rpo r t  on f i v e  occas ions .  

The f l i g h t  eng ineer  h e l d  a  v a l i d  f l f g h t  eng inee r ' s  l i c e n c e  and had 2  344 hours  
a s  eng ineer ,  a l l  on Comet 4s.  

1.6 A i r c r a f t  i n f  ormat i o n  

The a i r c r a f t ' s  c e r t i f i c a t e  of a i r w o r t h i n e s s  w a s  v a l i d  u n t i l  3  May 1964, and t h e  
r equ i r ed  checks had been performed. No i n d i c a t i o n  of any d e f i c i e n c i e s  is given i n  t h e  
r e p o r t .  

The weight of t h e  a i r c r a f t  on t ak ing  o f f  from S a l i s b u r y  w a s  62 172 kg, and t h e  
c e n t r e  of g r a v i t y  was w i t h i n  t h e  p r e sc r ibed  l i m i t s .  

1.7 Meteorologica l  in fo rmat ion  

Meteorologica l  c o n d i t i o n s  at  Na i rob i  A i rpo r t  a t  t h e  t ime of t h e  i n c i d e n t  were: 
s u r f a c e  wind 350012 k t ,  v i s i b i l i t y  16 NM, cloud 2 / 8  a t  2 000 f t .  Between 2155 and 2225 
hours ,  t h e  QFE changed from 839.0 mb t o  838.8 mb and t h e  QNH from 1020.5 mb t o  1020.3 mb. 

A t  2156 hours  t h e  approach c o n t r o l l e r  passed t h e  fo l lowing  weather  informat  i o n  
t o  t h e  f l i g h t :  "wind 020 v e l o c i t y  less than  5 ,  v i s i b i l i t y  16 NM, 218 a t  2  000 f e e t ,  QNH 
1021, QFE 839, t empera tu re  14", and 4  minutes later "weather unchanged, QNH now 1020 mb 
QFE 839". 

1.8 Aids t o  n a v i g a t i o n  

Na i rob i  A i rpo r t  is equipped wi th  t h e  fo l lowing  n a v i g a t i o n a l  a i d s :  ILS and 
ou t e r  and inner l o c a t o r s  f o r  runway 06; VOR; 10-cm s u r v e i l l a n c e  r ada r ;  DME; VDF. A l l  t h e s e  
a i d s  were s e r v i c e a b l e  and o p e r a t i n g  normally.  
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1.9 Communications 

No communications d i f f i c u l t y  w a s  i nd ica t ed  by t h e  r e p o r t  except  t h a t  a rep ly  
from t h e  a i r c r a f t  t o  t h e  weather information a t  2200 hours w a s  very d i s t o r t e d  and t h a t  t h e  
a i r c r a f t  was unable t o  e s t a b l i s h  communication with Nairobi  Radar on t h e  appropr ia te  
119.5 m c / s  frequency but d i d  on 119.7 mc/s, t h e  approach frequency. 

1.10 Aerodrome and ground f a c i l i t i e s  

Nairobi  Ai rpor t  had red-coded c e n t r e  line approach l i g h t i n g  t o  runway 06, a s  
w e l l  as VASIS set t o  a 3O g l i d e  path.  This l i g h t i n g  was operat ing.  

1.11 F l i g h t  r eco rde r s  

Not mentioned i n  t h e  r epor t .  

1.12 Wreckage 

The scene of t h e  premature touchdown could not  be reached by motor t r a n s p o r t  
because of d i f f i c u l t  t e r r a i n  and was v i s i t e d  by he l i cop te r .  It w a s  i n  an open savannah 
wi th  pigmy tho rns  and l i g h t  d ry  grass .  The s o i l  w a s  dry black co t ton  wi th  outcrops  of 
aged and mainly smoothed vo lcan ic  rocks. The wheel marks headed 0 2 0 ' ~  and were 195 yards  
long. The impact marks were i n i t i a l l y  4 t o  5 in.  deep, becoming l i g h t e r  and then  again  
4 t o  5 in .  deep towards t h e  end of t h e  t r acks .  

1.13 F i r e  - 
There w a s  no f i r e .  

1.14 Surv iva l  a spec t s  

Not p e r t i n e n t  . 
1.15 T e s t  and r e sea rch  

Both a l t i m e t e r s  were checked a t  Nairobi  Airpor t  f o r  leakage and c a l i b r a t i o n  
and were found t o  be  se rv iceab le .  

2. - Analysis  and Conclusions 

2.1 Analysis  

A t  the  t i m e  of the  premature touchdown, t h e  a i r c r a f t  was being flown approxi- 
mately 3 000 f t  too  low because t h e  sub-scale of t h e  right-hand a l t i m e t e r  had been incor-  
r e c t l y  set by t h e  co-pi lo t  who was f l y i n g  t h e  a i r c r a f t  from t h e  right-hand s e a t  t o  a QFE 
of 938 mb ins t ead  of 839 mb. This mistake was not  discovered by e i t h e r  p i l o t  u n t i l  a f t e r  
t h e  impact. 

When t h e  a i r c r a f t  was c l ea red  t o  descend t o  2 000 f t  a t  2209 hours,  t h e  p i l o t -  
in-counnand set t h e  c o r r e c t  QNH of 1 020 mb on h i s  a l t i m e t e r ;  he  checked t h e  sub-scale of 
t h e  two altimeters but he d i d  not  read t h e  two a l t i m e t e r s  and d i d  not  check, a s  r equ i r ed ,  
t h a t  t h e i r  d i f f e r e n c e s  corresponded t o  t h e  he igh t  of t h e  a i r f i e l d .  The co-pilot  checked 
the  sub-scale of t h e  s t a rboa rd  a l t i m e t e r  s e v e r a l  times and each t i m e  he obtained what he  
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l a t e r  r e f e r r e d  t o  a s  "a v i s u a l  app rec i a t i on"  of what he knew was t h e  c o r r e c t  QFE of 839 mb. 
i n s t ead  of the  a c t u a l  s e t t i n g  of 938. Subsequently,  whi le  cross-checking t h e  a l t i m e t e r s  
he  s u b s t i t u t e d  f o r  t h e  a i r f i e l d  e l e v a t i o n  t h e  he igh t  t o  which he had been c l e a r e d  (2 000 f t )  
which w a s ,  by shee r  coincidence ,  t h e  d i f f e r e n c e  i n  r ead ing  between t h e  two altimeters. 
This  prevented him from d e t e c t i n g  h i s  e r r o r .  

Th i s  i n c i d e n t  stemmed from t h e  t r a n s p o s i t i o n  of f i gu re smade  by t h e  co -p i lo t  when 
he s e t  h i s  a l t i m e t e r  sub-scale.  Th is  i s  t h e  s o r t  of human e r r o r  which i s  d i f f i c u l t  t o  
prevent .  Th is  i s  why o p e r a t o r s  should ensure  t h a t  i f  such an  e r r o r  i s  made it w i l l  become 
apparent  through a p p r o p r i a t e  checks. Had t h e  r e q u i r e d  checks been d i l i g e n t l y  c a r r i e d  
out on t h i s  occas ion,  t h e  e r r o r  i n  s e t t i n g  would have been discovered.  The p i l o t - i n -  
command's f a i l u r e  t o  ensure  t h a t  t h i s  was done i n d i c a t e d  an u n s a t i s f a c t o r y  f l i g h t  deck 
superv i s ion .  

It is t h e  o p e r a t o r ' s  normal p r a c t i c e  t h a t  t h e  p i l o t  c a r r y i n g  out t h e  l and ing  
should have h i s  altimeter set t o  t h e  QFE and t h e  p i l o t  a c t i n g  as co-pi lo t  t o  have h i s  
a l t i m e t e r  s e t  t o  t h e  QNH. On t h i s  occas ion t h e  QFE w a s  s e t  on t h e  s t a r b o a r d  altimeter and 
t h e  QNH on t h e  po r t .  Although t h e  pilot-in-command s t a t e d  t h a t  he  d i d  no t  confuse  t h e  QNH 
set on h i s  a l t i m e t e r  f o r  t h e  QFE, it i s  considered t h a t  t h e  p r a c t i c e  of changing t h e  a l t i -  
meter s e t t i n g  i n  t h i s  way might l ead  t o  confusion.  

2.2 Conclusions 

Findings  

The a i r c r a f t  w a s  a i rwor thy ,  p roper ly  maintained and c o r r e c t l y  loaded. 

The two p i l o t s  and t h e  f l i g h t  eng ineer  were p roper ly  l i c ensed .  

There was no evidence of a t e c h n i c a l  d e f e c t  which would have l e d  t o  t h e  premature 
touchdown. 

A t t h e  t i m e  of t h e  premature touchdown t h e  p o r t  a l t i m e t e r  sub-scale  w a s  set t o  
t h e  QNH of 1 0 2 0  mb and t h e  s t a rboa rd  a l t i m e t e r  was set t o  read 3 000 f t  t o o  high. 

The approach t o  landing was c a r r i e d  ou t  from t h e  r ight-hand seat. 

The i n c o r r e c t  a l t i m e t e r  s e t t i n g  was no t  d iscovered by t h e  crew u n t i l  a f t e r  t h e  
impact. 

Cause o r  
Probable cause (s) 

The i nc iden t  stemmed from an e r r o r  by t h e  co-pi lo t  i n  s e t t i n g  h i s  altimeter 
which r e s u l t e d  in  t h e  instrument read ing  3 000 f t  t o o  h igh.  F a i l u r e  by t h e  p i l o t - i n -  
command and t h e  co-pi lo t  t o  c a r r y  out  d i l i g e n t l y  a l l  t h e  e s s e n t i a l  checks allowed t h i s  
e r r o r  t o  pass  unnoticed.  

3 .  - Recommendations 

The ope ra to r  should examine t h e  f l i g h t  check procedures  l a i d  down. 

- 5 X O  R e f . :  m/851 
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No. 5 

South C e n t r a l  Airlines Inc. Beech D-18s. ~ . 2 9 9 9 .  a cc iden t  a t  G a i n e s v i l l e  
Municipal  A i rpo r t .  F lo r ida .  on 3 February 1964. C i v i l  Aeronaut ics  Board (USA) 

A i r c r a f t  Accident Report .  F i l e  No. 2-0001. r e l e a s e d  5 January 1965 

1. - I n v e s t i g a t i o n  

1.1 His to ry  of t h e  f l i g h t  

F l i g h t  510/3 w a s  a scheduled domest ic  a i r  t a x i  s e r v i c e  from Ocala t o  Ta l l ahas see ,  
w i t h  s t o p s  a t  G a i n e s v i l l e  and J acksonv i l l e .  The a i r c r a f t  depar ted  Ocala a t  0720 hours  
E a s t e r n  Standard  Time and t h e  13-minute f l i g h t  t o  G a i n e s v i l l e  was uneventfu l .  A t  Gaines- 
v i l l e  nine passengers  boarded t h e  aircraft; t h r e e  of t h e i r  bags were placed in t h e  nose  
baggage compartment and t h e  remainder in t h e  a f t  baggage compartment. 

The a i r c r a f t  took o f f  from G a i n e s v i l l e  on runway 6 a t  0800 hours .  Witnesses 
who observed t h e  take-off  s t a t e d  t h a t  t h e  a i r c r a f t  made a s t e e p  cl imb t o  an  a l t i t u d e  of 
200 f t  w i th  f l a p s  i n  t h e  extended p o s i t i o n .  A t  t h i s  a l t i t u d e  t h e  a i r c r a f t  appeared t o  
s ta l l  and d i v e  i n  a left-wing-down a t t i t u d e  t o  t h e  end of runway 6. I n i t i a l  impact was 
79 f t  from t h e  end of t h i s  runway and 10 f t  t o  t h e  l e f t  of t h e  c e n t r e  l i n e .  

1.2 Inlur ies  t o  pe rsons  

1.3 Damage t o  a i r c r a f t  

I 

The a i r c r a f t  was des t royed by impact and subsequent f i r e .  

1.4 Other damage 

None repor ted .  

I n j u r i e s  

F a t a l  

Non-fatal  

None 

1.5 C r e w  in format ion  

Passengers  

9 

C r e w  

1 

The p i l o t , a g e d  47, had a t o t a l  of 16  647 f l y i n g  hours ,  i nc lud ing  486 hours  
on Twin-Beech type  a i r c r a f t .  He h e l d  a v a l i d  commercial p i l o t ' s  c e r t i f i c a t e ,  endorsed f o r  
s i n g l e  and mult i -engine l and  a i r c r a f t  w i th  ins t rument  and f l i g h t  i n s t r u c t o r  r a t i n g s ,  He 
a l s o  h e l d  an FAA second-class  medical  c e r t i f i c a t e  wi th  t h e  fo l lowing l i m i t a t i o n :  "Holder 
s h a l l  possess  c o r r e c t i n g  g l a s s e s  f o r  n e a r  v i s i o n  whi le  e x e r c i s i n g  t h e  p r i v i l e g e s  of h i s  

Others  

- 
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airman c e r t i f i c a t e " .  I n  1954 he  had been discharged from t h e  United S t a t e s  Navy wi th  a  
d i s a b i l i t y  r a t i n g  of loo%, and i n  1959 he was p laced on t h e  Navy's permanent d i s a b i l i t y  
re t i rement  list wi th  a  d i s a b i l i t y  r a t i n g  of 100%; h i s  cond i t i on  a t  t h a t  time w a s  c l a s s i f i e d  
a s  " a r t h r i t i s  due t o  trauma r a t e d  a s  s eve re  l i m i t a t i o n  of t h e  lumbar s p i n e ,  rheumatoid 
a r t h r i t i s  and s l i g h t  impairment of a u d i t o r y  acuity".  

1.6 A i r c r a f t  in£ ormat i on  

The a i r c r a f t  was o r i g i n a l l y  manufactured as a Beech D-18s c e r t i f i c a t e d  i n  
accordance wi th  FAA A i r c r a f t  S p e c i f i c a t i o n s .  I n  1962 a Supplemental Type C e r t i f i c a t e  (STC) 
was i s sued  au tho r i z ing  convers ion of c e r t a i n  models of Beech a i r c r a f t  t o  a l low a take-off  
weight of 10 200 l b  and t o  extend t h e  a f t  cent re-of-gravi ty  l i m i t s  t o  120.5 i n .  I n  December 
1963 t h e  conver t ing  f i r m  app l i ed  f o r  FAA approval  of an "economy vers ion"  a l lowing  a 
maximum g ros s  take-off weight of 9 360 l b  and extending t h e  r e a r  cen t re -of -grav i ty  l i m i t  
from 117.7 t o  120.5 in . ;  t h i s  convers ion a p p l i c a t i o n  w a s  t r e a t e d  by t h e  Engineering and 
Hanufacturing D i s t r i c t  O f f i c e  of t h e  FAA a t  M i a m i  as a n  amendment t o  t h e  o r i g i n a l  STC 
r a t h e r  than  a s  a  new STC and a F l i g h t  Manual Supplement f o r  t h e  "9 360" convers ion was 
approved p r i o r  t o  completion of t h e  FAA's conformity i n s p e c t i o n  and f l i g h t  t e s t i n g .  I n  t h e  
meantime, wi th  t h e  approved F l i g h t  Manual Supplement and an STC number on ly ,  but without  
approval  of t h e  amended STC, t h e  conver t ing  f i r m  con t r ac t ed  f o r  mod i f i ca t i on  of a t  l e a s t  
two a i r c r a f t  of which one was t h e  s u b j e c t  a i r c r a f t .  These a i r c r a f t  were modif ied i n  accord- 
ance wi th  t h e  unapproved a p p l i c a t i o n  f o r  an  amended STC. However,, t h i s  mod i f i ca t i on  was 
never approved by t h e  FAA due t o  t h e  absence of an  elevator-down sp r ing .  S ince  t h e  modifica- 
t i o n  included t h e  ex t ens ion  of t h e  a f t  cent re-of-gravi ty  l i m i t  of t h e  Beech D-18s t h e  down- 
sp r ing  was requ i red  i n  o rde r  t h a t  t h e  c o n t r o l  i n p u t s  dur ing a l l  regimes of f l i g h t  would be 
i n  accordance wi th  t h e  c e r t i f i c a t i o n  requirements  under P a r t  3 ,  C i v i l  A i r  Regula t ions .  
Such a sp r ing  does no t  a f f e c t  e l e v a t o r  power o r  a u t h o r i t y  of t h e  p i l o t  but  merely keeps t h e  
s t i c k  f o r c e s  w i th in  a normal envelope of accep t ab l e  l i m i t s .  

Th i s  a i r c r a f t  had e i g h t  passenger s e a t s  and two p i l o t  seats i n s t a l l e d .  The 
empty weight and c e n t r e  of g r a v i t y  and the  requirements  of P a r t  3 of t h e  C i v i l  A i r  Regula- 
t i o n s  i nd i ca t ed  t h a t  i t  was not  p o s s i b l e  t o  pu t  a  170-lb passenger i n  each seat without  
exceeding t h e  a f t  cent re-of-gravi ty  l i m i t .  Addit ion of any f u e l  t o  t h e  a i r c r a f t  moved t h e  
cent re-of-gravi ty  f u r t h e r  a f t .  It was no t  p o s s i b l e  t o  o p e r a t e  t h i s  a i r c r a f t  wi th  e i g h t  
passengers  u n l e s s  b a l l a s t  was c a r r i e d  i n  t h e  nose compartment. There were no p l a c a r d s  t o  
warn of t h e s e  dangerous loading r e s t r i c t i o n s ,  nor were any r equ i r ed  by t h e  p r o v i s i o n s  of 
Pa r t  3 of t h e  C i v i l  A i r  Regulat ions.  

An a f t  baggage compartment was i n s t a l l e d  on t h e  r i g h t  s i d e  oppos i t e  t h e  most 
rearward s e a t .  When t h e  r e a r  s e a t  was no t  occupied it  w a s  l i m i t e d  t o  276 l b  and f u r t h e r  
l im i t ed  t o  106 l b  when t h e  rear s e a t  was occupied. P lacards  were r e q u i r e d  i n  bo th  t h e  nose  
and a f t  baggage compartments i n d i c a t i n g  t h e i r  maximum load capac i ty .  There w a s  c o n f l i c t i n g  
testimony a s  t o  whether t he se  p l aca rds  were i n s t a l l e d .  

1 .7  Meteorological  informat ion 

Not s i g n i f i c a n t  i n  t h i s  acc iden t .  

1.8 Aids t o  nav iga t i on  

Not s i g n i f i c a n t  i n  t h i s  acc iden t .  
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1.9 Communications 

Not s i g n i f i c a n t  i n  t h i s  a cc iden t .  

1.10 Aerodrome and ground f a c i l i t i e s  

Runway 6 i s  an a s p h a l t  runway 150 f t  wide and 5 027 f t  i n  l eng th .  

1.11 F l i g h t  r e c o r d e r s  

Not mentioned i n  t h e  r e p o r t .  

1.12 Wreckage 

The l e f t  wing and eng ine  s epa ra t ed  from t h e  a i r c r a f t  a t  impact and t h e  f u s e l a g e ,  
r i g h t  wing, r i g h t  eng ine  and t a i l  assembly bounced and s l i d  approximately 100 f t ,  be fo re  
coming t o  rest on a 220' magnetic  heading.  

1.13 F i r e  - 
The a i r c r a f t  caught f i r e  on impact and t h e  f u s e l a g e  s t r u c t u r e  from t h e  nose 

through t h e  passenger  compartment w a s  almost  e n t i r e l y  consumed by f i r e .  

1.14 Su rv iva l  aspect 

I n t e n s e  h e a t  and door jamming prevented  r e s c u e r s  from opening t h e  rear compart- 
ment door.  No s i g n s  of l i f e  were observed i n s i d e  t h e  passenger  compartment. 

1.15 T e s t s  and r e s e a r c h  

None mentioned i n  t h e  r e p o r t .  

2. - Analysis and Conclusions 

2.1 Ana lys i s  

No ev idence  of mal func t ion  o r  f a i l u r e  of t h e  a i r f r a m e  o r  t h e  eng ines  p r i o r  t o  
impact w a s  found. The f l i g h t  c o n t r o l s  were found i n t a c t ,  t h e  e l e v a t o r  t r i m  t a b  i n  t h e  f u l l  
nose-down p o s i t i o n  and t h e  rudder  t r i m  t a b  i n  n e u t r a l .  

The l and ing  gea r  was f u l l y  r e t r a c t e d  and t h e  f l a p s  f u l l y  extended at  impact. 

There was no i n d i c a t i o n  t h a t  t h e  p i l o t ' s  p h y s i c a l  d i s a b i l i t y  con t r i bu t ed  t o  
t h e  acc iden t .  

Take-off appeared t o  be normal u n t i l  gear  r e t r a c t i o n  when uncon t ro l l ed  manoeuvres 
were observed. These were t y p i c a l  of an  a i r c r a f t  which w a s  u n s t a b l e  because o f  an exces s ive  
a f t  c e n t r e  of g r av i t y .  

The p i l o t  and a l l  t h e  passengers  were i d e n t i f i e d  and t h e i r  r e s p e c t i v e  p o s i t i o n s  
in  t h e  a i r c r a f t  loca ted .  The a i r l i n e ' s  r e co rds  r evea l ed  t h a t  t e n  p i e c e s  of luggage weigh- 
i ng  a t o t a l  of 209 l b  were p laced  aboard t h e  a i r c r a f t .  
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Computations of t h e  weight and centre-of-gravi ty  p o s i t i o n  a t  t h e  t i m e  of take- 
sf:, ba:;ed on conse rva t ive  e s t i m a t e s ,  r evea led  t h a t  the  a i r c r a f t  was overloaded and t a i l  
heavy. The a i r c r a f t ' s  weight was computed t o  be 9 402 l b ,  i.e. 652 l b  i n  e x c e s s  of t h e  
maximum al lowable  take-off weight f o r  t h e  b a s i c  D-18s t ype  and 42 l b  i n  exces s  of t h e  
praposed maximum take-off weight f o r  t h e  "9 360 l b  convers ion type". The c e n t r e  of g r a v i t y  
was computed a s  being 124.7 i n .  a f t  of datum wi th  gear  extended and 125.9 in .  a f t  of datum 
with gear  r e t r a c t e d .  The proposed rearward centre-of-gravi ty  l i m i t  f o r  t h i s  t y p e  of a i r -  
c r a f t  was 120.5 in .  and t h e  c e n t r e  of g r a v i t y  (gear  r e t r a c t e d )  was l o c a t e d  5.4 in. behind 
t h a t  l i m i t .  Furthermore, due t o  t h e  l a c k  of t h e  elevator-down s p r i n g ,  t h e  a l lowable  r e a r  
cent re-of-gravi ty  l i m i t  f o r  t h i s  p a r t i c u l a r  a i r c r a f t  was i n  f a c t  117.7 i n .  and t h e r e f o r e  
t h e  c e n t r e  of g r a v i t y  (gear  r e t r a c t e d )  was a c t u a l l y  l oca t ed  8 . 2  i n .  behind t h e  l i m i t .  

This  p laced t h e  a i r c r a f t  o u t s i d e  i t s  aerodynamic c o n t r o l  parameter wi th  insuf -  
f i c i e n t  e l e v a t o r  e f f e c t i v e n e s s  t o  prevent  a n  exces s ive ly  nose-high a t t i t u d e  which r e s u l t e d  
i n  a  low a l t i t u d e  s t a l l  from which recovery was no t  pos s ib l e .  Furthermore, when t h e  f l a p s  
a r e  f u l l y  extended on t h i s  a i r c r a f t  t h e  c e n t r e - o f - l i f t  moves a f t ,  and a  slower-than-normal 
l i f t - o f f  speed and increased  drag  are obta ined.  However, t h e  c e n t r e  of g r a v i t y  w a s  s o  f a r  
a f t  of t h e  a i r c r a f t ' s  c o n t r o l l a b i l i t y  l i m i t s  t h a t  t h e  e f f e c t  of f u l l  f l a p s  w a s  n e g l i g i b l e .  

The f u l l  nose-down e l e v a t o r  t r i m  p o s i t i o n  confirmed t h e  t a i l  heavy load ing  of 
t h e  a i r c r a f t  a t  t h e  t ime of t h e  acc iden t  and i n d i c a t e d  an a t t empt  by t h e  p i l o t  t o  lower 
t h e  nose by use  of t r i m  i n  a d d i t i o n  t o  t h e  use  of t h e  e l e v a t o r .  

According t o  r e g u l a t i o n s ,  t h e  pilot-in-command was r e s p o n s i b l e  f o r  proper  
loading of t h e  a i r c r a f t .  L t  could  no t  be e s t a b l i s h e d  whether t h e  p i l o t  computed t h e  weight  
and balance of t h e  a i r c r a f t  a t  Ga inesv i l l e .  The F l i g h t  Manual, which is r equ i r ed  aboard 
a i r c r a f t  over 6  OCO l b  by t h e  C i v i l  A i r  Regula t ions  and which c o n t a i n s  important  informa- 
t i o n  f o r  s a f e  ope ra t i ons  ( i nc lud ing  weight and balance  d a t a )  was no t  found i n  t h e  wreckage. 
A copy of a F l i g h t  Manual i d e n t i c a l  t~ t h e  copy a l l e g e d l y  aboard d i d  no t  con t a in  informa- 
t i o n  o r  c h a r t s  on t h e  s e a t  l o c a t i o n s  o r  baggage compartments of t h i s  a i r c r a f t .  

Also no evidence of a  cockpi t  check - l i s t  was found i n  t h e  wreckage and t h e  
presence of such a  check - l i s t  aboard was no t  e s t a b l i s h e d .  Nei ther  of t h e  two c h e c k - l i s t s  
f o r  Twin Beech a i r c r a f t  p resen ted  by t h e  company a f t e r  t h e  a c c i d e n t  was a p p l i c a b l e  t o  t h e  
sub j ec t  a i r c r a f t .  

2.2 Conclusions 

Findings  

The p i l o t  was p roper ly  c e r t i f i c a t e d  and had cons ide rab l e  f l y i n g  exper ience .  

The a i r c r a f t , w h i c h  was o r i g i n a l l y  a  type  I)-18s had been modified i n  accordance 
wi th  a  proposed Supplement Type C e r t i f i c a t e  t o  i nc rea se  t h e  maximum take-off weight  t o  
9360 l b  and t h e  a f t  cent re-of-gravi ty  l i m i t  t o  120.5 in .  The F l i g h t  Manual Supplement was 
approved on 10 January 1964 and t h e  Supplemental Type C e r t i f i c a t e  on 24 February 1964. 
The p r a c t i c e  of back-dating t h e  ITC opened t h e  door t o  ope ra t i on  of an unairworthy a i r c r a f t .  

No evidence of malfunct ion o r  f a i l u r e  of t h e  a i r f r ame ,  t h e  c o n t r o l s  o r  t h e  
engines  p r i o r  t o  impact w a s  found. The undercar r iage  was f u l l y  r e t r a c t e d ,  t h e  f l a p s  f u l l y  
extended and t h e  e l e v a t o r  t r i m  t a b  i n  t h e  f u l l  "nose-down" p o s i t i o n  a t  impact. 
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Computations of t h e  weight  and p o s i t i o n  of t h e  c e n t r e  of g r a v i t y  of t h e  a i r c r a f t  
r evea led  t h a t  it w a s  overloaded and t a i l  heavy a t  t h e  time of take-off .  

A s  a r e s u l t  t h e  a i r c r a f t  was u n s t a b l e ,  t h e  e l e v a t o r  was no t  e f f e c t i v e  enough t o  
prevent  a n  exces s ive ly  nose-high a t t i t u d e  and t h e  a i r c r a f t  s t a l l e d  a t  low a l t i t u d e .  

Cause o r  
P r ~ b a b l e  cause  (8) 

F a i l u r e  of t h e  p i l o t  t o  load t h e  a i r c r a f t  p rope r ly ,  r e s u l t i n g  i n  i n s u f f i c i e n t  
e l e v a t o r  e f f e c t i v e n e s s  t o  r e v e r s e  an unwanted p i t c h i n g  motion. 

3 .  - Recommendations 

1. That  urgent  cons ide ra t i on  be given by t h e  FAA t o  t h e  d r a f t i n g  of a  sub-part of 
t h e  Fede ra l  Avia t ion  Regula t ions  governing a i r  t a x i  ope ra t i ons  and cover ing ma t t e r s  such 
a s  f l i g h t  t i m e  l i m i t a t i o n s ,  requirements  f o r  i n i t i a l  and r e c u r r e n t  t r a i n i n g  and p ro f i c i ency  
checks as w e l l  a s  company r eco rds  regard ing  them, d e f i n i t i o n  of f l i g h t  deck and cond i t i ons  
under which a passenger may be c a r r i e d  i n  t h e  p i l o t ' s  cab in ,  development, maintenance and 
approva l  of a company o p e r a t i o n s  manual. The ope ra t i ons  t o  be a f f e c t e d  would be those  i n  
which a c e r t i f i c a t e  of p u b l i c  convenience and n e c e s s i t y  w a s  no t  involved.  

2. That e x i s t i n g  Supplemental Type C e r t i f i c a t e s  should only be amended f o r  such 
purposes  as improvement of t h e  e x i s t i n g  approved modi f ica t ion  o r  c o r r e c t i o n  of d a t a .  The 
p roces s  should no t  be used f o r  an  a p p l i c a t i o n  f o r  a d i f f e r e n t  modi f ica t ion ,  p a r t i c u l a r l y  
where t h e r e  are changes i n  maximum weight ,  c e n t r e  of g r a v i t y ,  t r a v e l ,  performance, o r  
hand l ing  c h a r a c t e r i s t i c s .  

3. That t h e  FAA re-examine t h e  e n t i r e  Supplemental Type C e r t i f i c a t e  towards t h e  
g o a l  of t i g h t e n i n g  t h e  c o n t r o l  over  approved Supplemental Type C e r t i f i c a t e s  and su rve i l -  
l ance  of a i r c r a f t  and component modif i c a t  ion .  

4. That t h e  FAA cons ider  an amendment t o  e i t h e r  paragraph 3.74 o r  3.76 of t h e  
Civi l  A i r  Regula t ions  which w i l l  r e q u i r e  a p l aca rd  i f  t h e  c e n t r e  of g r a v i t y  f a l l s  o u t s i d e  
t h e  e s t a b l i s h e d  l i m i t s  when loaded according t o  paragraph 3.74 ( b ) ( l ) .  

ICAO Ref. : A~1853  
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No. 6 

Turkish  A i r l i n e s .  Douglas DC-3 (C47A) TC-ETI, 
acc4dent near  Ankara. Turkey. on 3 February 1964. - .- 

Repor- r e l e a s e d  by t h e  Turkish  Min i s t ry  of Communications 

1. - I n v e s t i g a t i o n  

1.1 His tory  of t h e  f l i g h t  

The a i r c r a f t  took of f  from I s t a n b u l  a t  1710 hours  GMT on a non-scheduled domestic  
f l i g h t  t o  Ankara (Esenboga Ai rpo r t )  wi th  t h r e e  crew members and 841 kg of f r e i g h t  aboard. 
~t 1809 hours  t h e  pilot-in-command asked f o r  - and rece ived  - weather cond i t i ons  a t  ~ s e n b o g a .  
A t  1826 hours  t h e  a i r c r a f t  passed t h e  Z I R  beacon and began a descen t  from FL90 t o  FL80. Its 
es t imated t i m e  of a r r i v a l  a t  t h e  AN beacon i n  t h e  Ankara c o n t r o l  a r e a  was 1835 hours.  A t  
1830 hours  t h e  a i r c r a f t  r epo r t ed  t h a t  it could not  r e c e i v e  AN. The beacon was checked and 
found t o  be ope ra t i ng  normally. The a i r c r a f t  was s o  informed. By t h a t  time t h e  a i r c r a f t  
had reached t h e  ANK r a d i o  beacon, and began i t s  descent  t o  reach  AN a t  6 500 f t .  The 
Ankara c o n t r o l  tower t o l d  t h e  pilot-in-command t h a t  he w a s  c l e a r e d  f o r  an  ILS approach t o  
runway 03 immediately a f t e r  pass ing t h e  AN beacon and asked him t o  r e p o r t  when t h e  runway 
was i n  s i g h t .  Af te r  t h i s  p o i n t ,  no f u r t h e r  con t ac t  could be e s t a b l i s h e d  wi th  t h e  a i r c r a f t .  

The a i r c r a f t  wreckage was subsequent ly  found 12 km from ~ s e n b o E a  Ai rpor t .  The 
acc iden t  took p l a c e  a t  n igh t .  

1.2 I n j u r i e s  t o  persons  

1.3 Damage t o  a i r c r a f t  

The a i r c r a f t  was des t royed.  

1.4 Other d a m a ~  

None. 

I n j u r i e s  
7 

F a t a l  

Non-f a t a l  

None 

Crew 

3 

Passengers  Others  
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1.5 Crew information 

The p i lo t - in-comnd,aged  36,  had a val id  l i c e n c e  with a DC-3 r a t i n g ,  and had 
flown a t o t a l  of 4 372 hours,  

The c o - p i l o t ,  aged 45, had a valid licence with a DC-3 r a t i n g ,  and a t o t a l  flight 
t i m e  of 9 946 hours, Both had f lawn 1.35 hours during the  p r e v i o u s  24 hours. 

The t h i r d  crew member was a stewardess. 

1.6 A i r c r a f t  information 

The a i r c r a f t  was properly cewt i f  icated, and i ts  certificate of a i rworthiness  
was v a l i d  u n t i l  1 November 1964. 

Weight and centre of gravity were wi th in  prescr ibed l i m i t s .  

Actual weather candi t ions  a t  t h e  time of the accident were as follows: 

V i s i b i l i t y :  3 km 

Clouds : 618 st, a t  8 000 f t  
7/8 dc. a t  2 000 f r  
818 ns. 5 000 ft 

Temperature: 0% (snowing) 

Wind: 02Qo/ 15 k t  

The accident took p l a c e  a t  n ight .  

1.8 Navigational a i d s  

The a i r c r a f t  c a r r i e d  2 VFH R/T 
I HF R/T 
2 Af3F 
1 2 marker 

Radio communications were normal until t h e  p i l o t  was cleared t o  the  ILS approach. 

1.10 Aerodrome and ground f a c i l i t i e s  

A l l  airport f a c i  Illties functioned norrnal.1-y, 

1.11 Fl ipht  recorders  

Not carried by t h e  a i r c r a f t .  
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1.12 Wreckage 

The a i r c r a f t  s t r u c k  t h e  ground a t  an  i n c l i n a t i o n  of lo0. Wreckage was s c a t t e r e d  
over a d i s t a n c e  of 110 m. 

There was no f i r e .  

1.14 Su rv iva l  a s p e c t s  

The lower p a r t s  of t h e  fu se l age  up t o  t h e  end of t h e  compartment were 
t o r n  o f f .  The upper p a r t  of t h e  cockpi t  was opened; t h e  pilot-in-command and t h e  h o s t e s s  
were thrown 8-10 m forward, whi le  t h e  co -p i lo t ' s  body was found under t h e  wreckage. 

1.15 T e s t s  and r e s e a r c h  

None. 

2. - Analys i s  and Conclueions 

2.1 Analys is  

During take-off and c r u i s i n g  from I s t a n b u l  t o  Ankara, no abnormal i ty  was r epo r t ed .  

A t  1809 hours  when t h e  a i r c r a f t  w a s  between Beypazari  and t h e  ZIR beacon, a t  
F l igh t  Level 90, t h e  weather a t  ~ s e n b o g a  was passed t o  t h e  pilot-in-command a t  h i s  r eques t  
and a QNH of 29.94 in .  w a s  given t o  him. Examination of t h e  two a l t i m e t e r s  a f t e r  t h e  
acc iden t  revea led  t h a t  n e i t h e r  was s e t  a t  t h a t  va lue .  

2.2 Conclusions 

Findings 

Both p i l o t s  were p roper ly  c e r t i f i c a t e d  and had cons ide rab l e  f l y i n g  exper ience .  

The a i r c r a f t  had a v a l i d  c e r t i f i c a t e  of a i r w o r t h i n e s s  and no ev idence  of s t r u c -  
t u r a l  or  engine f a i l u r e  p r i o r  t o  impact w a s  found. 

Although a QNH of 29.94 i n .  had been given t o  t h e  pilot-in-command, n e i t h e r  of 
t h e  two a l t i m e t e r s  was set a t  t h a t  va lue .  

Cause o r  
Probable cause  (s) 

The probable  cause  was t h e  f a c t  t h a t  t h e  a i r c r a f t  g o t  below t h e  p re sc r ibed  
a l t i t u d e  l i m i t s  as a consequence of having dev i a t ed  from t h e  ins t rument  f l i g h t  r u l e s .  

3. - Recommendations 

None given. 

ICAO Ref. : ~ ~ / 8 9 0  
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No. 7 

AVIANCA DC-3, HK-326. a c c i d e n t  a t  Orocu6 A i rpo r t .  Colombia. on 5 February 1964. 
Report ,  da t ed  17 March 1964. r e l e a s e d  by t h e  Colombian Admin is t ra t ive  

Department of C i v i l  Aeronaut ics  

1. - I n v e s t i g a t i o n  

1.1 His to ry  of t h e  f l i g h t  

F l i g h t  636 was a  scheduled domest ic  f l i g h t  V i l l a v i c e n c i o  - E l  Yopal - San Luis  
de  Palenque - Tr in idad  - Orocu6 - and r e t u r n  t o  V i l l a v i c e n c i o ,  v i a  t h e  same r o u t e  wi th  
ano the r  s t o p  a t  Mare-Mare t o  disembark two passengers .  Having depar ted  V i l l a v i c e n c i o  a t  
0558 hours  ( l o c a l  t ime)  t h e  f l i g h t  a r r i v e d  a t  Orocu6 a t  0810 hours  according t o  schedule .  
A t  0912 hours  t h e  a i r c r a f t  began i ts  take-off r o l l  f o r  t h e  r e t u r n  journey on runway 26; i t  
covered t h e  f i r s t  285 m wi thout  i n c i d e n t ,  a f t e r  which i t  veered  f i r s t  t o  t h e  r i g h t  and then 
t o  t h e  l e f t ,  then  cont inued a long t h e  runway t o  a  po in t  400 m from t h e  end of runway 26. 
A t  t h i s  po in t  t h e  l e f t  wheel dropped i n t o  a d i t c h  a t  t h e  s i d e  of t h e  runway and t h e  l e f t  
wing s t r u c k  t h e  wind-sock m a s t .  The a i r c r a f t  t hen  swung f u r t h e r  t o  t h e  l e f t  and cont inued 
a c r o s s  t h e  f i e l d  f o r  ano ther  210 m where t h e  wind-sock came t o  rest. Then t h e  a i r c r a f t  
began t o  d i s i n t e g r a t e ,  l o s i n g  i t s  r i g h t  wheel, i t s  p r o p e l l e r s  w i th  p a r t  of t h e  nose cones 
and i t s  r i g h t  engine.  The l e f t  p r o p e l l e r  c u t  through t h e  p i l o t ' s  cab in  and des t royed  p a r t  
of t h e  instrument  pane l  and t h e  pilot-in-command's c o n t r o l  peda l s .  Af t e r  r o l l i n g  over  t h e  
r i g h t  engine ,  t h e  a i r c r a f t  f i n a l l y  came t o  rest 349 m from t h e  p o i n t  where it had l e f t  t h e  
runway on a  heading of 316O. 

1.2 I n j u r i e s  t o  persons  

1.3 Damage t o  a i r c r a f t  

The a i r c r a f t  w a s  s e v e r e l y  damaged. 

1.4 Other  damage 

None repor ted .  

I n j u r i e s  

F a t a l  

Non-fatal  

None 
- 

C r e w  

1 

2 

Passengers  

3 

2 7 

Others  
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1.5 Crew informat ion 

The pilot-in-command he ld  a c u r r e n t  a i r l i n e  t r a n s p o r t  p i l o t ' s  l i c e n c e  wi th  a  
DC-3 ins t rument  r e s t r i c t i o n  and a  v a l i d  medical  c e r t i f i c a t e ;  he  had been involved i n  a  
previous  acc iden t  i n  1961 t h e  cause of which was a t t r i b u t e d  by t h e  A i r  S a f e t y  D iv i s ion  t o  
" p i l o t  e r r o r  i n  t h a t  he  e n t e r e d  t h e  runway a t  exces s ive  speed". 

The co -p i lo t ,  who d i d  no t  s e r v e  i n  t h a t  c a p a c i t y  du r ing  t h e  t ake-of f ,  he ld  a  
v a l i d  commercial p i l o t ' s  l i c e n c e  wi th  C47/PB4 co-p i lo t  r e s t r i c t i o n ,  and a v a l i d  medical  
c e r t i f i c a t e .  

The steward a l s o  he ld  a v a l i d  l i c e n c e  and medical  c e r t i f i c a t e .  

1.6 A i r c r a f t  informat ion 

The a i r c r a f t ' s  c e r t i f i c a t e  of a i r w o r t h i n e s s  was v a l i d  u n t i l  13  January  1965. 
A l l  i n s p e c t i o n s  and r e p a i r s  had been c a r r i e d  out  i n  accordance wi th  t h e  maintenance p l an  
of t h e  a i r l i n e .  

The a i r c r a f t ' s  ope ra t i ng  permit  was v a l i d  u n t i l  30 A p r i l  1964 f o r  a maximum 
gross  weight of 12 202 kg. The passenger and weight-and-balance m a n i f e s t s  were not  
c o r r e c t l y  f i l e d  f o r  t h e  Orocu6 - Mare-Mare f l i g h t .  One passenger was n o t  l i s t e d  on t h e  
manifest  and 152 kg of baggage o r  cargo were i n  excess .  Centre-of-gravity in format ion  
was no t  given i n  t h e  r e p o r t .  

The type  of f u e l  used w a s  n o t  mentioned i n  t h e  r e p o r t .  

1.7 Meteorological  in format ion  

A t  take-off t i m e  t h e  weather w a s  r epo r t ed  a s  "good" excep t  f o r  a 90° cross-wind 
component of 20 t o  30 k t .  

1.8 Aids t o  nav iga t ion  

Not r e l evan t .  

1.9 Communications 

Not mentioned i n  t h e  r e p o r t .  

1.10 Aerodrome and ground f a c i l i t i e s  

The a i r p o r t  h a s  t r i a n g l e s  and a wind-sock 440 m from t h e  l e f t  boundary. The 
runway is bordered on both  s i d e s  by d ra inage  d i t c h e s  1.5 m wide by 0.6 m deep. 

1.11 F l i g h t  r eco rde r s  

Not mentioned in t h e  r e p o r t .  

1.12 Wreckage 

See 1.1. 
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1.13 F i r e  - 
There was no f i r e .  

1.14 S u r v i v a l  a s p e c t s  

I n  t h e  passenger cab in ,  s e a t  no. 6 on t h e  l e f t  s i d e  was wrenched from t h e  f l o o r .  

1.15 T e s t s  and r e s e a r c h  

None repor ted .  

2 .  - Analysis  and Conclusions 

2 .1  Analysis  

The pilot-in-command i n v i t e d  a passenger t o  t a k e  t h e  p l a c e  of t h e  co-p i lo t ,  who 
was ordered t o  vaca t e  h i s  s e a t .  Engine run-up was c a r r i e d  out  on t h e  l e f t  engine  by t h e  
pilot-in-command, and on t h e  r i g h t  engine by t h e  passenger ,  wi th  no abnormali ty being noted. 
The pilot-in-command s t a t e d  t h a t  t h e  check- l i s t  was performed be fo re  take-off and t h a t ,  
a f t e r  having f i r s t  r e l e a s e d  t h e  park ing  brake ,  t h e  passenger,  s e rv ing  a s  co-p i lo t  , inc reased  
power p rog re s s ive ly  up t o  48 i n , ,  as i n s t r u c t e d .  

It i s  noted t h a t ,  f o r  t h e  sake of p r a c t i s i n g  h i s  Engl i sh ,  t h e  pilot-in-command 
conducted h i s  conversa t ion  i n  t h a t  language wi th  t h e  passenger,  who was a United S t a t e s  
c i t i z e n .  According t o  t h e  passenger ,  t h e r e  w a s  a moment when he  thought t h e  p i l o t - i n -  
command was i n  c o n t r o l  of t h e  a i r c r a f t ,  bu t  when he considered t h i s  a f t e r  t h e  acc iden t  he 
came t o  t h e  conc lus ion  t h a t  n e i t h e r  he  nor  t h e  pilot-in-command had been c o n t r o l l i n g  t h e  
a i r c r a f t  dur ing t h e  even t s  which r e s u l t e d  i n  t h e  acc iden t .  

Evidence was found t h a t  both engines  were developing power a t  t h e  time of t h e  
acc iden t .  

2 . 2  Conclusions 

Findings  

A l l  crew members had v a l i d  l i c e n c e s  wi th  r a t i n g s  f o r  t h e  s u b j e c t  type and v a l i d  
medical  c e r t i f i c a t e s .  

The a i r c r a f t  had v a l i d  a i rwor th ines s ,  r e g i s t r a t i o n  and r a d i o  c e r t i f i c a t e s .  The 
a i r c r a f t ' s  maintenance r eco rd  showed t h a t  a l l  t h e  scheduled overhauls  had been c a r r i e d  out  
normally and t h a t  t h e  a i r c r a f t ,  i t s  engines  and o t h e r  components were w i t h i n  t h e  l i m i t s  
l a i d  down by t h e  manufacturers .  

The runway a t  Orocu6 was i n  good condi t ion .  The p r e v a i l i n g  wind a t  0912 hours  
( loca l  time)had a 90' cross-wind component of 20  t o  30 k t s .  It i s  probable  t h a t ,  i f  i t  had 
n o t  been f o r  t h e  d i t c h  and t h e  mast of  t h e  wind-sock, t h e  a i r c r a f t  might have sus t a ined  
much l e s s  damage. 

The passenger and weight-and-balance mani fes t s  f o r  t h e  f l i g h t  Orocu6 - Mare-Mare 
show t h a t  t h e r e  was one excess  passenger and an  excess  of 152 kg of baggage and cargo. 
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The preliminary r e p o r t s  submitted by the  pilot-in-command and co-pilot  d i d  not 
t o  the a c t u a l  f a c t s .  

The s t a t e  of the  p r o p e l l e r s  and the  subsequent r e p o r t s  of the  crew make it c l e a r  
thar  a t  the  t i m e  of t h e  accident  t h e r e  was no f a i l u r e  of the  eng ines  or  a i r f rame,  

A t  the t i m e  of the accident the l e f t  station i n  the crew cabin was occupied by 
the pilot-in-command. A t  the pilot-in-command's suggestion, a person who was neither an 
airline employee nor the holder of a licence or permit issued by t h e  Administrat ive Depart-  
ment of C i v i l  Aeronautics was a c t i n g  as co-pi lot ,  

It was s t a t e d  i n  the pilot-in-command's repor t  and t h e  dec la ra t ion  made by t h e  
passenger t h a t  during take-off there was a point a t  which n e i t h e r  of them w a s  c o n t r o l l i n g  
the a i r c r a f t ,  and the  accident  r e s u l t e d ,  

Cause o r  
Probable cause (s) 

The primary causa l  factor of t h e  accident  was pilot e r r o r ,  The pilot-in-command 
committed a grave breach of flight d i s c i p l i n e  i n  giving c b n t r o l  of the a i rcraf t  t o  a person 
outside t h e  a i r l i n e  who w a s  n o t - f a m i l i a r  with i t s - o p e r a t i n g  technique and d i d  no t  hold a 
l icence  o r  permit from the Administrat ive Department of C i v i l  Aeronautics t o  fly over 
Colombian territory , 

3, - Recommendations 

No obs t ruc t ion  should be authorized within 300 f t  of the runway c e n t r e  line; 
d i t ches  on e i t h e r  s i d e  of the  OrocuG runway should be e l iminated and the o r i e n t a t i o n  of 
t h e  runway changed, as i n  summer i t  i s  exposed t o  a 9Q0 cross-wind, 

A Pena l t i e s  Committee should be convened t o  consider p e n a l t i e s  t o  be imposed on 
the pilot-in-cornand f o r  the  grave breach of f l i g h t  d i s c i p l i n e ,  on the co-pilot  f o r  not  
having respected the t r u t h  i n  h i s  o r i g i n a l  statement and on t h e  a i r l i n e  f o r  i n c o t r e c t  filing 
of the  passenger and weight-and-balance manifest . 

ICAO R e f .  : AR/ 908 
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No. 8 

P h i l i p p i n e  A i r  Lines.  Inc.. DC-3C, PI-C97. acc iden t  a t  Ba r r io  Bangi Mamaan, 
Munic ipa l i ty  of Piagapo. Lanao d e l  Sur. on 2 1  February 1964. 

Report ,  da t ed  11 March 1964, r e l e a s e d  by t h e  C i v i l  Aeronaut ics  Adminis t ra t ion ,  
Department of Pub l i c  Works and Coaununications. Republic  of t h e  P h i l i p p i n e s  

1. - I n v e s t i g a t i o n  

1.1 His to ry  of t h e  f l i g h t  

F l i g h t  946 was a scheduled domestic f l i g h t  from Cotabato t o  Cayagan de  Oro, 
w i th  in te rmedia te  s t o p s  a t  Malabang and I l i g a n .  It took of f  from Malabang a t  1540 hours 
P h i l i p p i n e  Standard Time*. The pilot-in-command was i n  t h e  right-hand seat and t h e  co- 
p i l o t  was i n  t h e  l e f t .  The p i l o t  f lew VFR f o r  about 10 minutes towards t h e  Lake Lanao 
( e l e v a t i o n 2 3 0 0  f t )  a r e a  on a heading of approximately 030°. Over t h e  l a k e  t h e  weather 
w a s  t u r n i n g  from bad t o  worse. However, it i s  be l ieved  t h a t  f o r  t h i s  p o r t i o n  of t h e  f l i g h t  
t h e  p i l o t  w a s  a b l e  t o  mainta in  VFR. From Lake Lanao t h e  p i l o t  tu rned  t o  a n o r t h e r l y  d i r ec -  
t i o n  t r y i n g  t o  look f o r  breaks  i n  t h e  weather. The p i l o t  c l e a r e d  t h e  h igh  ground n o r t h  of 
t h e  l ake ,  which is approximately 3 000 it: dur ihg  t h i s  p o r t i o n  of t h e  f l i g h t  he  encountered 
ins t rument  meteorological  cond i t i ons .  He f lew on' ins t ruments  from t h e r e  on. A t  1557 hours  
he reques ted  t h e  I l i g a n  A i rpo r t  weather,  and it was given t o  him by t h e  PAL I l i g a n  r a d i o  
opera to r .  H e  acknowledged. S h o r t l y  a f t e rwards ,  t h e  a i r c r a f t  h i t  a clump of trees loca t ed  
on a r i d g e  apprcximately 2 700 f t  amsl and went out  of c o n t r o l .  The a i r c r a f t  i n s t a n t l y  
l o s t  a l t i t u d e  and t h e  p i l o t  shu t  o f f  t h e  engines.  The a i r c r a f t  c rashed and burned 400 it 
from t h e  p o i n t  of i n i t i a l  impact a t  an  e l e v a t i o n  of approximately 2 650 f t .  Although t h e  
t i m e  of t h e  c r a sh  could n o t  be e x a c t l y  determined it was be l ieved  t h a t  i t  occurred some- 
where around 1600 hours.  

1.2 I n j u r i e s  t o  persons  

1.3 Damage t o  a i r c r a f t  

The a i r c r a f t  was des t royed by impact and f i r e .  

I n j u r i e s  

F a t a l  

Non-f a t a l  

None 

* P h i l i p p i n e  s tandard  . .  ~ i m e  - is GNT + 8 hours.  

Crew 

3 

Passengers  

2 5 

1 

Others  
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1.4 Other  damage 

None r e p o r t e d .  

1.5 C r e w  i n f o r m a t i o n  

The pilot- in-command,aged 43,  h e l d  a c u r r e n t  a i r l i n e  t r a n s p o r t  p i l o t ' s  l i c e n c e  
w i t h  t y p e  r a t i n g s  f o r  DC-3 and F-27. H e  had  f lown a t o t a l  o f  1 3  402 h o u r s ,  i n c l u d i n g  
10 987 h o u r s  on t h e  DC-3, 278 of which were  f lown d u r i n g  t h e  l a s t  9 0  d a y s .  He was a  
r e g u l a r  DC-3 pilot-in-command and f l i g h t  i n s t r u c t o r .  The CAA had no  r e c o r d  o f  a n y  v i o l a -  
t i o n  of r e g u l a t i o n s  o r  a c c i d e n t  on him. 

The c o - p i l o t , a g e d  3 0 ,  h e l d  a c u r r e n t  a i r l i n e  t r a n s p o r t  p i l o t ' s  l i c e n c e  w i t h  
t y p e  r a t i n g s  f o r  DC-3. H e  had f lown a t o t a l  of 3  419 h o u r s ,  i n c l u d i n g  3  156  h o u r s  on t h e  
DC-3, 279 o f  which were f lown i n  t h e  l a s t  90 days .  H e  r e c e n t l y  comple t ed  1 0 0  h o u r s  on 
c a r g o  f l i g h t s  as pilot-in-command and w a s  unde rgo ing  t h e  r e q u i r e d  r o u t e  q u a l i f i c a t i o n  p r i o r  
t o  f l y i n g  as a r e g u l a r  pilot-in-command. 

The f l i g h t  s t e w a r d  w a s  s u b s t i t u t i n g  f o r  t h e  a s s i g n e d  f l i g h t  s t e w a r d e s s  who was 
t a k e n  ill a t  Co taba to .  

1.6 A i r c r a f t  i n f o r m a t i o n  

a i r c r a f t  had f lown a t o t a l  o f  24  938 h o u r s .  Its last o v e r h a u l  was on 
23 J a n u a r y  1964. Its c e r t i f i c a t e  of a i r w o r t h i n e s s  was v a l i d  u n t i l  1 9  J u l y  1964. A t  t h e  
commencement of t h e  f l i g h t  t h e  a i r c r a f t ' s  a c t u a l  c e n t r e  o f  g r a v i t y  w a s  19.1% which was 
w i t h i n  t h e  p e r m i s s i b l e  l i m i t s .  The g r o s s  w e i g h t  a t  t h e  t i m e  of  t h e  a c c i d e n t  was computed 
as 24 248 l b ,  w e l l  under  t h e  maximum p e r m i s s i b l e  of  26 000 l b  f o r  t h e  f l i g h t .  

The t y p e  of f u e l  b e i n g  used  was n o t  s t a t e d  i n  t h e  r e p o r t .  

1 .7  M e t e o r o l o g i c a l  i n f o r m a t i o n  

Throughout t h e  day t h e  wea the r  i n  t h e  I l i g a n  a r e a  w a s  m a r g i n a l .  The w e a t h e r  
r e p o r t  which was p a s s e d  t o  t h e  f l i g h t  a t  1557 h o u r s  gave:  c e i l i n g  200-300 f t  o v e r c a s t ,  
v i s i b i l i t y  t o  N-NW 8 miles, wind N/8-12 k t s ,  QNH 29.87. The p i l o t  o f  a n o t h e r  f l i g h t ,  who 
was f l y i n g  f rom I l i g a n  t o  Co taba to  a t  t h e  t i m e  of t h e  a c c i d e n t ,  t e s t i f i e d  l a te r  t h a t  t h e  
wea ther  was below VFR minima. He obse rved  t h e  c e i l i n g  i n  t h e  Lake Lanao a r e a  t c  be  100 t o  
200 f t  w i t h  r a i n  showers  and some of t h e  hills betwee:. t h e  i a k e  and tnc,  a r r p o r t  were  h i d d e n  
by low c l o u d s .  For t h i s  r e a s o n  h e  f l e w  tile l o n g e r  r m r e  f r o r .  i l i g a c  t i  - o t a b a t o  v i a  Ozamis. 

1.8 A ids  t o  n a v i g a t i o n  

No n a v i g a t i o n a l  a i d s  are a v a i l a b l e  a t  t h e  lligan!Maria C r i s t i n a  A i r p o r t .  How- 
e v e r ,  t h e x e  is a b r o a d c a s t i n g  s t a t i o n  a: I l i g a n  L l t y  i o c a t e d  ;.+ hX u o r t h - n o r t h e a s t  u f  t h e  
a : r p o r t .  The re  i s  a l s o  a b r o a d c a s t i n g  s t a t i o n  a t  iizarnis City abou t  2 5  I*, west of che ai r -  
p. ,r t .  Cagayan d e  Oro A i r p o r t , w h i c h  is abou t  30 NM no r th -eas t .  i s  equ ipped  w i t h  a VOR and 
3 NDB. The a i r c r a f t  was eciulpped w i t h  cwo r a d i o  c'-mpassez an: one V:'k se r .  li 't~at a i d s  were 
,,,. ..,e:! r iu r ing  t h e  f l i g h t  wtr;. n a t  k;1ow,.n. 
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1.9 Communications 

The a i r c r a f t  was equipped wi th  a VHF t r a n s c e i v e r  and an  HF t r a n s c e i v e r .  Radio 
l ogs  a t  I l i g a n  and Cotabato i nd i ca t ed  t h a t  no communication d i f f i c u l t i e s  were experienced 
by t h e  crew. 

1.10 Aerodrome and ground f a c i l i t i e s  

Not r e l e v a n t  t o  t h e  acc iden t .  

1.11 F l i g h t  r eco rde r s  

Not mentioned i n  t h e  r epo r t .  

1.12 Wreckage 

The a i r c r a f t  was found i n  a small bowl on a c u l t i v a t e d  h i l l ,  a t  an e l e v a t i o n  
of 2 650 f t .  The wreckage was concen t ra ted  i n  a sma l l  area around t h e  a i r c r a f t .  The a i r -  
c r a f t  was des t royed except  f o r  t h e  v e r t i c a l  s t a b i l i z e r ,  rudder ,  r i g h t  h o r i z o n t a l  s t a b i l i z e r  
and r i g h t  e l e v a t o r .  

1.13 F i r e  - 
The f u s e l a g e  from t h e  nose s e c t i o n  t o  t h e  a f t  l a v a t o r y  was burned t o  t h e  f l o o r .  

Readings of t h e  f l i g h t  and engine ins t ruments  were u n r e l i a b l e  due t o  t h e  impact and i n t e n s e  
f i r e .  

1.14 Su rv iva l  aspects 

Most of the  passenger s e a t s  were broken from t h e i r  mountings and found p i l e d  i n  
t h e  forward s ec t i on .  The lone  s u r v i v o r ,  who d i d  n o t  have h i s  s e a t  b e l t  a t t a c h e d ,  was 
thrown out  of t h e  a i r c r a f t .  

1.15 Tests and r e s e a r c h  

None mentioned i n  t h e  r e p o r t .  

2. - Analysis  and Conclusions 

2.1 Analysis  

According t o  t h e  testimony of t h e  p i l o t  who f lew from I l i g a n  t o  Cotabato a t  t h e  
t i m e  of t h e  acc iden t ,  and t o  the  test imony of t h e  lone  su rv ivo r ,  t h e  Board concluded t h a t  
t h e  a i r c r a f t  f l ew  f o r  f i v e  minutes i n s i d e  c louds  wi th  moderate tu rbu lence  before  t h e  crash.  
The r o u t e  of t h e  a i r c r a f t  was e s t a b l i s h e d  as having . . .  been from Malabang t o  Lake Lanao on 
a n o r t h e a s t e r l y  d i r e c t i o n  and then  nor thwes te r ly  t o  I l igan,  a s  shown by t h e  f a c t  t h a t  the  
clump of trees h i t  by t h e  a i r c r a f t  was sou theas t  of t h e  c r a sh  site. A d i r e c t  r o u t e  from 
Malabang t o  I l i g a n  w a s  imposs ible  dur ing  marginal  weather due t o  t h e  h igh mountains 
(6 200 f t )  west of Lake Lanao. 

There was no evidence t o  show t h a t  t h e r e  was engine f a i l u ~ e ,  accessory  f a i l u r e  
or  m a t e r i a l  f a i l u r e  t h a t  might have caused o r  con t r i bu t ed  t o  t h e  acc iden t .  
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S t r i p  examination of t h e  l e f t  p r o p e l l e r  revea led  t h a t  i t  had a  2 8 O  blade  ang le  
of a t t a c k  a t  t h e  t i m e  of f i n a l  impact.  

Two wi tnes se s ,  who were near  t h e  c r a s h  s i t e  and t h e  lone  s u r v i v o r ,  s t a t e d  t h a t  
they heard exp los ions  s i m i l a r  t o  f i reworks  whi le  t h e  a i r c r a f t  was s t i l l  a i r b o r n e ,  and t h a t  
t h e  c r a s h  occurred immediately a f te rwards .  Th i s  l e d  t h e  Board t o  b e l i e v e  t h a t  t h e  eng ines  
were b a c k f i r i n g ,  because t h e  p i l o t  shu t  o f f  t h e  master  i g n i t i o n  swi tch  when he  r e a l i z e d  
t h a t  t h e  a i r c r a f t ,  a f t e r  h i t t i n g  t r e e s ,  was out  of c o n t r o l  and was going t o  c r a sh .  The 

of t h e  recovered l e f t  p r o p e l l e r ,  which had one b l ade  more badly  ben t  t h a n  t h e  
o ther  two and no s c r a t c h e s  on a l l  t h r e e  b lade  t i p s ,  confirmed t h a t  t h e  eng ine  was s h u t  o f f  
p r i o r  t o  f i n a l  impact. 

The e x t e n t  of damage caused by t h e  i n i t i a l  impact wi th  t h e  t r e e  t o p s  was no t  
determined due t o  t h e  cond i t i on  of t h e  wreckage bu t  i t  was cons idered  t h a t  i t  probably  
r e s u l t e d  i n  a  l o s s  of c o n t r o l ,  o therwise  ;he p i l o t  would have app l i ed  power and climbed. 

2 . 2  Conclusions 

Find i nns  

The crew members were s a t i s f a c t o r i l y  c e r t i f i c a t e d .  

The a i r c r a f t  was a i rwor thy  and p rope r ly  loaded a t  t h e  t i m e  of depa r tu re .  No 
evidence of a i r f r ame ,  systems o r  engine malfunct ion o r  f a i l u r e  p r i o r  t o  t h e  a c c i d e n t  w a s  
found. 

The p i l o t  f lew t h e  r o u t e  i n  weather below VFR minima. I n  s p i t e  of t h e  low 
c e i l i n g  he was overconf ident  s i n c e  he  had flown t h e  r o u t e  f o r  t e n  y e a r s  and was f a m i l i a r  
wi th  t h e  t e r r a i n  and t h e  weather i n  t h e  a rea .  

However, when t h e  a i r c r a f t  reached t h e  Lake Lanao a r e a  t h e  weather  tu rned  from 
bad t o  worse and t h e  c e i l i n g  became lower u n t i l  i t  became imposs ible  t o  main ta in  VMC. H e  
then f l ew on ins t ruments  i n  the  g e n e r a l  d i r e c t i o n  of l l i g a n  u n t i l  t h e  a i r c r a f t  h i t  a clump 
of t r e e s  on a r i d g e  2 700 f t  amsl. The a i r c r a f t  went out  of c o n t r o l .  Sensing an  imminent 
c rash  t h e  p i l o t  pu t  o f f  t h e  master  i g n i t i o n  switch.  Four hundred f e e t  from t h e  p o i n t  of 
i n i t i a l  impact t h e  a i r c r a f t  h i t  t h e  ground l e f t  wing f i r s t  in  a  nose-down a t t i t u d e  of about  
30°, exploded and burned. 

Cause o r  
Probable cause  (s) 

P i l o t  f a c t o r  

The p i l o t  continued t o  f l y  VFR i n t o  unfavourable  weather .  The weather e n  r o u t e  
and at  t h e  d e s t i n a t i o n  was below VFR minima. 

The p i l o t  f l ew a t  low a l t i t u d e  over mountainous t e r r a i n  i n  ins t rument  meteoro- 
l o g i c a l  condi t ions .  

Weather f a c t o r  

Low c e i l i n g ,  l im i t ed  v i s i b i l i t y  and r a i n  con t r i bu t ed  t o  t h e  acc iden t .  
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Turbulence cha rac te r i zed  by downdraughts or updraughts was preva len t  over the  
mountainous a r e a  a t  low a l t i t u d e s .  

3. - Recommendations 

PAL should make a thorough s tudy of hour ly  weather r e p o r t s  i n  the  Cotabato- 
I l i g a n  area and f l i g h t s  should be scheduled only during per iods  when weather condi t ions  
are genera l ly  favourable f o r  VFR f l i g h t s .  

PAL p i l o t s  should be reminded t o  adhere s t r i c t l y  t o  C i v i l  A i r  Regulat ions,  
p a r t i c u l a r l y  those  t h a t  d e a l  w i t h  v i s u a l  f l i g h t  ru l e s .  

PAL should exe rc i se  c l o s e r  superv is ion  over f l i g h t s  i n  t h e  Mindanao area .  (The 
l a s t  f a t a l  acc ident  involving PAL a i r c r a f t  w a s  i n  t h a t  region and due to  similar causes.) 

The CAA should eva lua te  more thoroughly t h e  po l icy  of t he  Ph i l ipp ine  A i r  Lines 
in t h e  matter of supervis ion of t h e i r  s en io r  p i l o t s .  Records show t h a t  t h e  last four  PAL 
a i r c r a f t  involved i n  f a t a l  acc iden t s  were flown by ve te ran  p i l o t s .  Three of t hese  p i l o t s  
had more than 10 000 hours f l y i n g  time, and one had 8 900 hours. Reports on a l l  four  
acc iden t s  l i s t e d  p i l o t  f a c t o r  as one of t h e  probable causes. ' 

ICAO Ref. :  AR/Y04 
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No. 9 

United Arab A i r l i n e s  Viscount  SU-AFX, a c c i d e n t  a t  B e i r u t  I n t e r n a t i o n a l  A i r p o r t ,  
Lebanon, on 2 3  February  1964. Repor t  r e l e a s e d  by t h e  D i r e c t o r a t e  of C i v i l  

A v i a t i o n .  Lebanon 

1.1 H i s t o r y  of t h e  f l i g h t  

The a i r c r a f t  was on a  non-scheduled i n t e r n a t i o n a l  f l i g h t  from C a i r o  t o  B e i r u t .  
NO a b n o r m a l i t i e s  were r e p o r t e d  d u r i n g  t h e  f l i g h t .  A t  app rox ima te ly  1718 h o u r s  GMT t h e  
a i r c r a f t  began i ts  f i n a l  approach t o  runway 2 1  a t  B e i r u t  I n t e r n a t i o n a l  A i r p o r t ,  a l l  c o c k p i t  
checks hav ing  been completed.  P r i o r  t o  touchdown, t h e  a i r c r a f t  encoun te red  a downdraught 
and heavy r a i n  over  t h e  runway, which suddenly  reduced  t h e  v i s i b i l i t y .  The a i r c r a f t  touched  
down v e r y  h e a v i l y ,  t h e n  became a i r b o r n e  a g a i n  and r eached  a h e i g h t  of  20 t o  30 f t  b e f o r e  
h i t t i n g  t h e  ground a g a i n ,  f i r s t  w i t h  t h e  s t a r b o a r d  u n d e r c a r r i a g e  and t h e n  w i t h  t h e  nose  
wheel. The impact caused  a  f a i l u r e  of t h e  s t a r b o a r d  main s p a r  and t h e  s t a r b o a r d  wing,  
t o g e t h e r  w i t h  Nos. 4  and 3 p r o p e l l e r s ,  t h e n  h i t  t h e  ground. P r o p e l l e r s  1 and 2 a l s o  made 
c o n t a c t  w i t h  t h e  runway. The nose  wheel s t r u c t u r e  was a l s o  broken,  and t h e  a i r c r a f t  t h e n  
began a t u r n  t o  s t a r b o a r d ,  coming t o  rest j u s t  o f f  t h e  runway on s o f t  ground. 

1 . 2  I n j u r i e s  t o  p e r s o n s  

1.3 Damage t o  a i r c r a f t  

The a i r c r a f t  was d e s t r o y e d .  

I n j u r i e s  

F a t a l  

Non-fata l  

1 .4  Other  damage 

- 
C r e w  P a s s e n g e r s  

None r e p o r t e d .  

None 
\ 

O t h e r s  

1.5 C r e w  i n f o r m a t i o n  

5 4  8  

The pilot-in-command, aged 25, h e l d  a v a l i d  commercial  p i l o t ' s  l i c e n c e  w i t h  an 
endorsement i n  Group 2 f o r  Viscount  a i r c r a f t .  H e  had f lown a t o t a l  of 3 215 h o u r s ,  of  
which 475 h o u r s  were as pilot-in-command on t h e  Viscount .  He  w a s  f i r s t  a p p o i n t e d  as p i l o t -  
in-command on V i s c o u n t s  on 30  March 1963, b u t  was s u b s e q u e n t l y  suspended from f l y i n g  as 
pilot-in-command on two o c c a s i o n s  as a r e s u l t  of two minor l a n d i n g  a c c i d e n t s ,  one on a 
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DC-3 a t  Cairo A i r p o r t ,  on 19 Apr i l  1963, and t h e  o t h e r  on a Viscount a t  Nozha A i rpo r t ,  on 
2 2  August 1963. Af t e r  app rop r i a t e  f l y i n g  checks, on 23 September and 1 October 1963, he 
was regraded a s  pilot-in-command. He had been checked on va r ious  r o u t e s  inc lud ing  t h e  
Cairo-Beirut r o u t e ,  on 30 Ju ly  1963, and had p rev ious ly  flown t o  Be i ru t  by n i g h t  on fou r  
occasions.  

The co-p i lo t ,  aged 37, a l s o  he ld  a v a l i d  commercial p i l o t ' s  l i c e n c e  w i th  Viscount 
endorsement. He had flown a t o t a l  of 5 270 hours.  

An extra crew member was t h e  ho lder  of a v a l i d  commercial p i l o t ' s  l i c e n c e .  

A h o s t e s s  and a steward were a l s o  aboard. 

1.6 A i r c r a f t  informat ion 

The a i r c r a f t ' s  c e r t i f i c a t e  of a i rwor th ines s  was v a l i d  u n t i l  11 March 1964. A l l  
Viscount modi f ica t ions  had been c a r r i e d  ou t  and t h e  a i r c r a f t  had a v a l i d  c e r t i f i c a t e  of 
maintenance. 

No informat ion w a s  given i n  t h e  r e p o r t  concerning weight ,  c e n t r e  of g r a v i t y  o r  
type  of f u e l  used.* 

1.7 Meteorological  informat ion 

A s  given by t h e  meteoro log ica l  s e rv i ce :  

Surface  wind: 
V i s i b i l i t y :  
Actual  weather:  
Cloud: 

1.8 Aids t o  nav iga t i on  

Not mentioned i n  t h e  r e p o r t .  

1.9 Communications 

Not p e r t i n e n t .  

1.10 Aerodrome and ground f a c i l i t i e s  

Not mentioned in t h e  r e p o r t .  

1.11 F l i g h t  r eco rde r s  

Not mentioned i n  t h e  r e p o r t .  

230°/15 k t s  
8 km 
thunderstorm and showers 
3 / 8  cb  2 000 f t  
6 /8  Cw 2 300 f t  

* The load s h e e t  appeared a s  an  annex t o  t h e  r e p o r t ,  bu t  t h e  annexes were no t  rece ived  
by t h e  S e c r e t a r i a t .  
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. . . :  

1.12 ' Wreckage , . 

See 1.1. 
. . 

1.13 Fire 
. . 

None. . . 
. . 

1.14 S u r v i v a l  a s p e c t s  

Not mentioned i n  t h e  r e p o r t .  

1.15 Tests and r e s e a r c h  

None mentioned i n  t h e  r e p o r t .  

2. - Analysis and conc lus ions  

2.1 Ana lys i s  

Evidence w a s  found t h a t  t h e  nose wheel s t r u c k  t h e  ground a t  a lmost  t h e  same t i m e  
a s  Nos.4 and 3 p r o p e l l e r s  and t h a t  Nos.2 and 1 p r o p e l l e r s  a l s o  h i t  t h e  ground some 10 m and 
17  m r e s p e c t i v e l y  f a r t h e r  down t h e  runway. There was a l s o  evidence  t h a t  t h e  nose wheel 
door came i n t o  c o n t a c t  w i th  t h e  runway. This  proved t h a t  t h e  nose wheel s t r u c t u r e  f a i l e d  
and began t o  c o l l a p s e  g r a d u a l l y  a f t e r  i t s  f i r s t  impact w i th  t h e  runway. The p i l o t - i n -  
command s t a t e d  t h a t  when t h e  a i r c r a f t  made i t s  f i r s t  c o n t a c t  wi th  t h e  runway, t h e  f l a p s  
were a t  a s e t t i n g  of 40° and t h e  t h r o t t l e s  i n  t h e  i d l e  p o s i t i o n .  He a l s o  s t a t e d  t h a t  when 
t he  a i r c r a f t  bounced a f t e r  t h e  f i r s t  impact,  he  d i d  no t  t h i n k  i t  a p p r o p r i a t e  t o  i n i t i a t e  
an overshoot  procedure because of t h e  poor weather c o n d i t i o n s  and a l s o  because he  w a s  
a f r a i d  t h a t  t h e  a i r c r a f t  had s u s t a i n e d  cons ide rab l e  damage du r ing  t h e  f i r s t  impact.  There- 
f o r e ,  h e  j u s t  pushed t h e  c o n t r o l  column forward. 

The p i l o t  showed bo th  l a c k  of judgement and poor t echn ique  i n  f a i l i n g  t o  t a k e  
a p p r o p r i a t e  a c t i o n  t o  c o u n t e r a c t  a  downdraught on f i n a l  approach. A s  a  r e s u l t  t h e  a i r c r a f t  
s t r u c k  t h e  ground h e a v i l y  and bounced t o  an approximate h e i g h t  of 30 f t .  Adequate cor rec -  
t i v e  a c t i o n  (such as t h e  a p p l i c a t i o n  of power) was n o t  t aken  then ,  r e s u l t i n g  i n  a second 
and extremely heavy impact w i th  t h e  runway caus ing  extensive damage t o  t h e  maniplane,  the 
f a i l u r e  of t h e  nose wheel s t r u c t u r e  and cons ide rab l e  r e s u l t a n t  damage. 

2.2 Conclusions 

Findings  

The crew were p rope r ly  l i c e n s e d  and w e l l  qualified f o r .  t h e  f l i g h t ,  a l though  t h e  
pilot-in-command had two prev ious  minor l and ing  acc iden t s .  

The a i r c r a f t  had been p rope r ly  maintained and had a v a l i d  c e r t i f i c a t e  of air- 
wor th iness .  

The a i r c r a f t  encountered a  downdraught dur ing  t h e  f i n a l  p a r t  of t h e  approach. 
KO acti3n was taken  t o  coun t e r ac t  the downdrau~kt  and t h e  a F r c r a f t  t o u c h e d  down v e r y  
heav l l - -  and bounced t o  a hu- :zh t  of 20  t o  30 f e e t  abovs  t he  rdi~way. Pc.w--r was n:r ap?l:ed 
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and the  c o n t r o l  column was pushed forward. As  a r e s u l t  of t h i s  t he  second impact on t h e  
runway was extremely heavy and caused ex tens ive  s t r u c t u r a l  damage t o  the  a i r c r a f t .  

Cause or  
Probable cause (s) 

F a i l u r e  of t he  pilot-in-command t o  take  ac t ion :  f i r s t l y , t o  counteract  t he  e f f e c t  
of a downdraught on f i n a l  approach and, secondly, to  r e a c t  c o r r e c t l y  t o  a bounce t o  a he ight  
of approximately t h i r t y  f e e t .  

ICAO Ref.: AR/848 
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No. 10 

E a s t e r n  A i r  L i n e s ,  I n c . ,  Douglas DC-8, ?J 8607, a c c i d e n t  a t  New O r l e a n s ,  
L o u i s i a n a ,  USA on 25 February  1964. C i v i l  A e r o n a u t i c s  Board (USA)  
A i r c r a f t  Accident  Repor t ,  F i l e  No. 1-0006, r e l e a s e d  1 J u l y  1966. 

1. - I n v e s t i g a t i o n  

1.1 H i s t o r y  of t h e  f l i n h t  

The a i r c r a f t  a r r i v e d  a t  Mexico C i t y  a t  2212 h o u r s  C e n t r a l  s t a n d a r d  Time on 
24 February 1964 and t h e  pilot-in-command r e p o r t e d  t h a t  t h e  p i t c h  t r i m  compensator  (PTC) 
was i n o p e r a t i v e .  F l i g h t  304 w a s  a schedu led  i n t e r n a t i o n a l  f l i g h t  o r i g i n a t i n g  i n  Mexico 
C i t y  f o r  New York w i t h  i n t e r m e d i a t e  s t o p s  a t  New O r l e a n s ,  A t l a n t a a n d  Washington.  

The pilot-in-command f i l e d  a n  i n s t r u m e n t  f l i g h t  r u l e s  f l i g h t  p l a n  f o r  a  r educed  
a i r s p e e d ,  i n  accordance  w i t h  company p r o c e d u r e s  f o r  f l i g h t s  w i t h  t h e  PTC i n o p e r a t i v e .  The 
l and ing  w a s  made a t  New Or leans  I n t e r n a t i o n a l  (Moisant)  A i r p o r t  a t  0051  h o u r s .  The f l i g h t  
a t t e n d a n t s ,  who were schedu led  f o r  a  crew change a t  New O r l e a n s  and t h e  d e p l a n i n g  pas-  
s e n g e r s  i n d i c a t e d  t h a t  t h e  f l i g h t  Mexico-New O r l e a n s  was r o u t i n e  e x c e p t  f o r  l i g h t  t o  
moderate  t u r b u l e n c e  e x p e r i e n c e d  d u r i n g  t h e  l a s t  30  minu tes .  One f l i g h t  a t t e n d a n t  a l s o  
s t a t e d  t h a t  t h e  pilot-in-command was f l y i n g  t h e  a i r c r a f t .  

A t  0159:46 h o u r s  t h e  l o c a l  c o n t r o l l e r  i n  t h e  tower  observed  t h e  t a k e - o f f ,  which 
appeared t o  b e  normal .  A t  app rox ima te ly  0201 h o u r s  h e  a d v i s e d  t h e  f l i g h t  t o  c o n t a c t  
Depar tu re  C o n t r o l ,  and t h i s  w a s  acknowledged. H e  e s t i m a t e d  t h a t  t h e  f l i g h t  was two o r  
t h r e e  miles n o r t h  of  t h e  a i r p o r t  when t h e  l i g h t s  d i s a p p e a r e d  i n t o  t h e  o v e r c a s t .  Voice 
communication and r a d a r  c o n t a c t  were e s t a b l i s h e d  immediately  between t h e  f l i g h t  and t h e  
d e p a r t u r e  c o n t r o l l e r  who a d v i s e d  i t  t o  t u r n  r i g h t  t o  a head ing  of 030. The d e p a r t u r e  con- 
t r o l l e r  t h e n  c o n t a c t e d  t h e  New O r l e a n s  A i r  Route T r a f f i c  C o n t r o l  C e n t r e  (ARTCC). The 
r a d a r  t a r g e t  was i d e n t i f i e d  f i v e  m i l e s  n o r t h  of t h e  New O r l e a n s  VORTAC and a  r a d a r  handoff  
w a s  e f f e c t e d  a t  0202:38 hours .  The f l i g h t  w a s  t h e n  i n s t r u c t e d  t o  c o n t a c t  New O r l e a n s  
Cen t re  r a d a r  and t h i s  was acknowledged a t  0203:15 h o u r s .  T h i s  w a s  t h e  l a s t  t r a n s m i s s i o n  
from t h e  f l i g h t .  A t  0205:40 h o u r s ,  when no t r a n s m i s s i o n s  had been r e c e i v e d  from t h e  f l i g h t  
by t h e  ARTCC c o n t r o l l e r ,  h e  c o n t a c t e d  t h e  d e p a r t u r e  c o n t r o l l e r  t o  v e r i f y  t h a t  p r o p e r  
i n s t r u c t i o n s  had been g iven .  

During t h i s  c o n v e r s a t i o n ,  b o t h  c o n t r o l l e r s  conf i rmed t h a t  t h e  r a d a r  t a r g e t  
a s s o c i a t e d  w i t h  t h e  f l i g h t  had d i s a p p e a r e d  from bo th  s c o p e s ,  and emergency p r o c e d u r e s  were 
i n i t i a t e d  s h o r t l y  t h e r e a f t e r .  The l a s t  p o s i t i o n  n o t e d  by t h e  c o n t r o l l e r s  w a s  a p p r o x i m a t e l y  
8 miles from t h e  New O r l e a n s  VORTAC on t h e  030-degree r a d i a l .  The a i r c r a f t  c r a s h e d  a t  
14 .5  miles on t h e  034 degree  r a d i a l  i n  Lake P o n t c h a r t r a i n .  The a c c i d e n t  o c c u r r e d  a t  a b o u t  
0205 h o u r s .  (F ig .  10-1) 

1.2 I n j u r i e s  t o  p e r s o n s  

I n j u r i e s  
- 

F a t a l  

Non-f a t a l  

None 

C r e w  

7  

P a s s e n g e r s  

51 

O t h e r s  
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1 . 3  Damage t o  a i r c r a f t  

The a i r c r a f t  was des t royed .  

1 .4  Other  damage 

None. 

1.5 Crew informat ion 

The pilot-in-command,aged47, he ld  a n  a i r l i n e  t r a n s p o r t  p i l o t ' s  c e r t i f i c a t e  wi th  
r a t i n g s  f o r  s e v e r a l  a i r c r a f t ,  inc lud ing  t h e  DC-8. He had a  t o t a l  t ime of 19 160 hours :  
inc lud ing  916 hours  i n  t h e  DC-8. He had been r a t e d  i n  t h e  DC-8 on 8  January 1962 and passe(  
h i s  last p ro f i c i ency  check on 24 '.January 1964. 

The co-pi lo t  , aged 39, a l s o  h e l d  a n  a i r l i n e  t r a n s p o r t  p i l o t ' s  c e r t i f i c a t e .  He 
had a  t o t a l  p i l o t  t ime of 10 734 hours ,  inc lud ing  2  404 hours  i n  t h e  DC-8. H i s  l a s t  p ro f i -  
ciency check w a s  accomplished on 4 December 1963. H e  was involved i n  an  i n c i d e n t  on 
9  November 1963. H e  was r e s t o r e d  t o  f l y i n g  s t a t u s  on 21 November 1963 and f lew 214 hours 
on 20 s e p a r a t e  t r i p s  s i n c e  then. 

The p i l o t l e n g i n e e r ,  aged39 ,  he ld  an  a i r l i n e  t r a n s p o r t  p i l o t ' s  c e r t i f i c a t e .  H e  
was a  c e r t i f i c a t e d  f l i g h t  i n s t r u c t o r  and a l s o  he ld  a  f l i g h t  eng inee r ' s  c e r t i f i c a t e .  He had 
flown a  t o t a l  p i l o t  t ime of 8  300 hours  inc lud ing  1 069 i n  t h e  DC-8 a s  p i l o t / e n g i n e e r .  

The f l i g h t  crew accumulated 5:42 hours  f l i g h t  t i m e  and 8:35 hours duty time on 
23 February and then  had 24:55 hou r s  rest before  t h e  s u b j e c t  f l i g h t .  They had no t  exceeded 
t h e  a l lowable  monthly f l i g h t  t i m e .  

There were fou r  f l i g h t  a t t e n d a n t s  aboard. 

1 . 6  A i r c r a f t  informat ion 

A t  t h e  t i m e  of t h e  acc iden t  t h e  a i r c r a f t  had been flown 11 340 hours .  The 
DC-8 a i r c r a f t  can be c o n t r o l l e d  l o n g i t u d i n a l l y  by use  of t h e  e l e v a t o r s  o r  v a r i a b l e  i n c i -  
dence h o r i z o n t a l  s t a b i l i z e r .  The nose-down p i t c h i n g  moment encountered i n  high-speed 
f l i g h t  i s  o f f s e t  i n  t h e  DC-8 by t h e  P i t c h  T r i m  Compensator (PTC) system which a p p l i e s  
nose-up c o n t r o l  through t h e  e l e v a t o r  system. Th i s  system c o n s i s t s  of an e l e c t r i c a l  com- 
p u t e r ,  an  e l e c t r i c a l  a c t u a t o r ,  s p r i n g  loaded l i n k a g e s ,  and a  mechanical i n d i c a t o r .  The 
computer s enses  Mach e f f e c t  a t  h igh  a l t i t u d e  and dynamic p re s su re  below 20 000 f e e t ,  and 
provides  t h e  e l e c t r i c a l  s i g n a l s  t o  t h e  a c t u a t o r  which a c t u a l l y  moves t h e  c o - p i l o t ' s  c o n t r o l  
column. The a c t u a t i o n  begins at  e i t h e r  Mach 70 o r  310 knots  and i n c r e a s e s  i n  displacement 
and r a t e  up t o  Mach 88 o r  410 knots .  Actuat ion of t h e  PTC i s  i n d i c a t e d  by t h e  ex tens ion  
of a  plunger from a f l e x i b l e  c a b l e  housing a t t ached  t o  t h e  l e f t  s i d e  of t h e  c o - p i l o t ' s  
c o n t r o l  column. There i s  no measurable c o r r e l a t i o n  between t h e  amount of i n d i c a t o r  showing 
and t h e  degree of a c t u a t o r  ex tens ion .  

Longi tudinal  trimming of t h e  a i r c r a f t  i s  accomplished by h y d r a u l i c  o r  e l e c t r i c  
motors which a c t u a t e  t h e  h o r i z o n t a l  s t a b i l i z e r  through a  range of 10  degrees  a i r c r a f t  nose- 
up (ANU) t o  2  degrees  a i r c r a f t  nose-doh (&). Both motors provide  power through d i f f e r -  
e n t i a l  gear ing  t o  a  d r i v e  s h a f t  on which a  dua l  sp rocke t  assembly i s  mounted. The sprocket  
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are connected t o  t h e  common d r i v e  s h a f t  by s h e a r  r i v e t s ,  and each t r a n s m i t s  r o t a t i o n  of  
t h e  d r i v e  unit through r o l l e r  cha ins  t o  an i r r e v e r s i b l e  jackscrex~. F a i l u r e  n f  e i t h e r  s e t  
of shear  r i v e t =  f r e e z e s  t h e  s t a b i l i z e r  i n  t n e  l a s t  s e l e c t e d  p o s i t i o n .  The i?dicaticn of 
stabilizer p o s i t i o n  i s  provided  by f o r e  and a f t  mov.?zent cf a small "hug" a l o n r  a  szzLe o n  
t h e  l e f t  s i d e  of t h e  c e n t r e  conso le .  

L o n g i t u d i n a l  control of the a i r c r a f t  zag a l s o  be accamplished t h r o u g h  t h e  auto-  
I I p i l o t .  Any runaway" o r  c o n t r a d i c t i o n  i n  t h e  sys tem r e s u l t s  i n  t h e  i n t e r r u p t i o n  of power 

t o  t h e  a u t o p i l o t  and t he  illumination of a warning l i g h t .  

The f l i g h t  maintenance logs  of t h e  a i r c r a f t  r e v e a l e d  t h a t  on 20 August ,  1963, 
the a i r c r a f t  was s u b j e c t e d  t o  abnormal flight c o n d i t i o n s  d u r i n g  f l i g h t  i n  s e v e r e  turbulence. 
A Severe Turbulence Mechanical Check of t h e  a i r c r a f t  a t  t h a t  t i m e  r e v e a l e d  only minor 
damage. On 11 September,  1963, t h e  s t a b i l i z e r  jammed i n  t h e  f u l l  ANU g o s i t i o n  d u r i n g  a 
l and ing  a t  San Juan ,  P u e r t o  R i c u ,  An i n s p e c t i o n  a t  t h a t  t i m e  r e v e a l e d  t h a t  power from t h e  
d r i v e  u n i t  was not t r a n s m i t t e d  through t h e  s p r o c k e t s  t o  rhe  jackscrews.  The d u a l  s p r o c k e t  
assembly was r e p l a c e d ,  b u t  the  r ive ts  shea red  a g a i n  d u r i n g  t h e  ground test ope ra t ion  and 
both t h e  jackscrews and sprocket  assembly were r e p l a c e d  t h i s  t i m e .  One of t h e  removed 
jackscrews had a r u s t e d  t h r e a d  and t h e  l u b r i c a t i o n  on t h e  b e a r i n g  was p o o r ,  There was no 
f u r t h e r  maintenance work recorded on t h e  s t a b i l i z e r  d r i v e  unit u n t i l  t h e  a c c i d e n t .  

The review of  t h e  a i r c r a f t  records d i sc losed  a recent h i s t o r y  of PTC difficul- 
t i e s .  The PTC computer on t h i s  a i r c r a f t  had been changed e i g h t  times, and f o u r  had been 
used during t he  last week of o p e r a t i o n .  Qn 18 February ,  a l thou5h  t:.e PTC rvras r e ~ o r t e d  as  
o p e r a t i v e ,  t h e  i n d i c a t o r  f a i l e d  t o  show e x t e n s i o n .  Thcre was no maintenance performed on 
t h e  i n d i c a t o r  mechanism fo l lowing  t h i s  w r i t e - u p .  Cornpucer SIN 268D, i n s t a l l e d  a t  rhe time 
of t h e  a c c i d e n t ,  had been removed from v a r i o u s  a i r c r a f r  13 t i m e s ,  beginning i n  April, 1960. 
S i x  of t h e s e  removals were f o r  unwanted e x t e n s i o n s .  No d i s c r e p a n c i e s  were ever found 
d u r i n g  the shop inspection of t h i s  component. Following the  a c c i d e n t  i t  was disr .?vercd 
t h a t  f u n c t i o n a l  tests by EAL and other o p e r a t o r s  could  not d e t e c t  c e r t a i n  c o ~ p u t e r  rial- 
f u n c t i o n s .  The PTC computer w a s  changed t h e  last t i m e  nn 24 F e b r u a r y ,  i n  kliarni. The 
a i r c r a f t  was flown t o  P h i l a d e l p h i a  and no f l i g h t  crew coiiiplaints an t h e  PTC were en te red  
i n  t h e  l o g ,  The f l i g h t  eng inee r  on t h e  outbound f l i g h t  t o  Piexico C i t y  noted t h a t  t h e  PTC 
f a i l e d  t o  check on t h e  ground. Maintenance p e r s o n n e l  performed a ground check of t h e  sys- 
t e m  and confirmed the eng inee r ' s  f i n d i n g s .  The check  performed w a s :  a c t i v a t i o n  o f  t h e  
t e s t  circuit and watching f o r  movement of t h e  i n d i c a t o r  o r  c o n t r a 1  yoke. No i n s p e c t i o n  of 
t h e  actuator p o s i t i o n  o r  o p e r a t i n g  capabilitv of t h e  i n d i c a t o r  sys tem was made. The a i r -  
craf t  w a s  dispatched wi th  a r e q u e s t  t h a t  the  crew check t h e  PTC o p e r a t i o n  d u r i n g  t h e  f l i g h t ,  
T h i s  check w a s  performed a t  c r u i s i n g  speed and a l t i t u d e  between Washington and A t l a n t a .  It 
was determined t h a t  t h e  PTC was i n o p e r a t i v e .  

The f l i g h t  maintenance l o g s  a l s o  revealed 11 a u t o p i l o t  m a l f u n c t i o n s  i n  t h e  
last 30 days  of o p e r a t i a n .  Two d i s c r e p a n c i e s  i7volved yaw, six re fe r red  t o  l~ngitudinal 
e o n t r o l  problems, and three reported a u t o m a t i c  +isconnects, 

A t t i t u d e  information i n  38607 w a s  provided  by a C o l l i n s  105 Approach Horizon 
i l through movement of t h e  m i n i a t u r e  a i r p l a n e v  i n  r e f e r e n c e  to t h e  a l l - b l a c k  face of t he  

i n s t r u m e n t .  It has no i n d i c e s  f o r  t h e  degree  of p i t c h ,  and t h e  d i s p l a v e d  r a t e  of p i t c h  
change v a r i e s  as  Follows: 
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A t t i t u d e  Ranpe Display Ra t io  

0-20 degrees 
20-70 degrees 
70-85 degrees  

0.033 inchldegree  change 
0.012 inch/degree  change 
0.006 inch/degree change 

Thus i t  i s  p o s s i b l e  f o r  t h e  instrument t o  i n d i c a t e  a  reduced r a t e  of p i t c h  when a t t i t u d e  
changes through 20 degrees  of p i t c h ,  even though t h e  a c t u a l  r a t e  of change i s  cons t an t .  
I n  a  corresponding manner,if t h e  a t t i t u d e  h a s  exceeded 20 degrees ,  t h e  d isplayed r a t e  of 
a i r c r a f t  response t o  c o n t r o l  i n p u t s  w i l l  be slower than t h e  a c t u a l  response.  

The review d i sc lo sed  t h a t  both a r t i f i c i a l  hor izons  f a i l e d  simultaneously on 
February 18, 1964. Th i s  was co r r ec t ed  by replacement of t h e  instrument swi tching u n i t ,  
which i s  a cormnon po in t  i n  t h e  w i r ing  of both ins t ruments .  

There were f i v e  d i sc repanc ie s  on t h e  continuous maintenance log:  (1) Fue l  
t o t a l i z e r  read ing  wrong, (2 )  Outer pane c e n t r e  windshield hea t  i nope ra t ive ,  ( 3 )  No. 3 
engine e j e c t o r  l i g h t  b l i n k s ,  (4) No. 3 main f u e l  gauge r eads  2-4 000 pounds h igh ,  and 
(5) PTC inopera t ive .  

The a i r c r a f t ' s  computed take-off g ros s  weight of 213 871 pounds was l e s s  t h a n  
t h e  215 000 maximum al lowable  f o r  t h e  a i r p o r t ,  and t h e  c e n t r e  of g r a v i t y  (c .g . )  of 
25.2 p e r c e n t  was w i t h i n  t h e  a l lowable  l i m i t s  of 16.5 t o  32 pe r  c e n t .  

The type  of f u e l  being used was not mentioned i n  t h e  r e p o r t .  

1 . 7  Meteorological  informat ion 

The u.S. Weather Bureau (USWB) a v i a t i o n  a r e a  f o r e c a s t ,  v a l i d  0100-1300, indic-  
a t e d  a s u r f a c e  wave o f f  t h e  Louisiana coas t  was expected t o  move eastward a t  30-35 knots ,  
w i t h  c e i l i n g s  a t  400-800 f e e t  and moderate t o  occas iona l ly  heavy r a i n .  A north-south l i n e  
of showers and embedded thunderstorms no r th  of t h e  wave c r e s t  was expected t o  produce 
moderate t o  severe  tu rbu lence  i n  t h e  thunderstorms and heav ie r  showers, and moderate o r  
g r e a t e r  c l e a r  a i r  tu rbu lence  w a s  f o r e c a s t  from 24 000 t o  40 000 f e e t ,  throughout t h e  
a rea .  The EAL system f o r e c a s t ,  v a l i d  0000-1200, p red i c t ed  c e i l i n g s  below 1 0 0 0  f e e t ,  l i g h t  
r a i n  i n  t h e  Pensacola-New Orleans a r e a ,  improving t o  1 200-2 500 f e e t  a s  t h e  low c e n t r e  
moved eastward. Turbulence* was f o r e c a s t  a t  s c a l e  6 i n  occas iona l  thunderstorms,  and 
l i g h t  t o  moderate wind shear  tu rbu lence  above 14 000 f e e t .  

The 0146 New Orleans Radar weather observa t ion  showed an  a r e a  of s c a t t e r e d  
echoes con ta in ing  l i g h t  r a i n  showers, wi th  t h e  c l o s e s t  showers a t  260 degrees ,  60 miles .  
The top  of d e t e c t a b l e  mois ture  was 18  000 f e e t .  The 0210 Moisant s p e c i a l  su r f ace  weather 
observa t ion  was: c e i l i n g  rheasured 1 000 f e e t  ove rcas t ,  v i s i b i l i t y  7 mi l e s ,  wind d i r e c t i o n  
020 degrees a t  12 knots .  

* EAL u t i l i z e s  a  numerical s c a l e  t o  d e l i n e a t e  t h e  s e v e r i t y  of tu rbu lence  wi th in  a given 
c l a s s i f i c a t i o n ,  i . e . ,  4-6 is moderate, 7-9 is severe ,  and 10 i s  extreme. 
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A C-46 took off  a t  0146 and p roceeded  on a s i m i l a r  d e p a r t u r e  pattern as F l i g h t  
304rclt~ards t h e  nor th -eas t ,  The crew r e p o r t e d  moderate t o  severe t u r b u l e n c e  from lift-off 
to 9 QOO f e e t .  A second a i r c r a f t ,  a l a r g e  j e t ,  d e p a r t e d  a t  0202 and was v e c t o r e d  t o  t h e  
nortb-i:est. The pilot-in-command of t h i s  flight observed F l i g h t  304 make a normal  take-off  
and d i s a p p e a r  i n t o  t h e  o v e r c a s t  a t  approximately 1 200 f e e t .  H e  a l s o  r e p o r t e d  light to 
moderate t u rbu l ence  almost immediately after entering t h e  o v e r c a s t  at approx imate ly  
1 200 f e e t ,  u n t i l  on tap a t  approximate ly  5 000 Eeet. The ex is t ing  t u r b u l e n c e  was'also 

by t h e  readout  of t h e  flight recorder  ,tape from t h i s  flight. 

1.8 A i d  t o  n a v i g a t i o n  

A Notice t o  Airmen adv i sed  t h a t  t h e  VOR p o r t i o n  of t he  N e w  O r l e a n s  VORTAC w a s  
i n o p e r a t i v e  from 2259 t o  0458. However, maintenance workers r epo r t ed  that the ma3.f unction 
was I n  the  moni to r ing  system, and the f a c i l i t y  w a s  a c t u a l l y  opera t ing  normally throughout 
the p e r i o d .  

1 .9  Communications 

There were no d i s c r e p a n c i e s  i n  air-ground communications, e x c e p t  t h e  fa i lure  of 
t h e  f l i g h t  t o  c o n t a c t  t h e  ARTCC, No emergency or distress was e x h i b i t e d  i n  any t r a n s m i s -  
s i o n s ,  It was determined from recordings of transmissions that the first o f f i c e r  made a l l  
ground transmissions, and t h e  c a p t a i n  made a l l  those a f t e r  take-off. 

1.10 Aerodrome and ground f a c i l i t i e s  

Not a p p l i c a b l e ,  

1 1 F l i g h t  recorder 

The a i r c r a f t  was equipped w i t h  a F a i r c h i l d  Model 5424 f l i g h t  d a t a  r e c o r d e r ,  The 
r e c o r d e r  magazine w i t h  t h e  r e c o r d  spool and approximate ly  50 Eeet of l o o s e  unused tape 
were recovered .  The take-off p o r t i o n  of t h e  t a p e  was no t  recovered .  

1.12  Wreckage 

I n i t i a l  a t t e m p t s  t o  locate t h e  wreckage of Flight 304 were conducted  by heli-  
c o p t e r .  The d i s c o v e r y  of a n  o i l  slick and f l o a t i n g  d e b r i s  on the l a k e  prompted a system- 
a t i c  d ragg ing  o p e r a t i o n  commencing s i m u l t a n e o u s l y  i n  t h i s  area and also a t  the p o i n t  of 
l a s t  r a d a r  c o n t a c t .  T h i s  s e a r c h  r a p i d l y  assumed enormous p r o p o r t i o n s  as  a d d i t i o n a l  
e l e c t r o n i c  and s o n i c  underwater d e t e c t i o n  gear became available.  Discovery of t h e  wreck- 
age was f i n a l l y  confirmed l a t e  i n  t h e  a f t e r n o o n ,  13  March, Salvage o p e r a t i o n  commenced 
immediately and con t inued  on a 24-hour basis u n t i l  16 A ~ r i l ,  a t  which  t i m e  approx imate ly  
6 0 p e r  c e n t  of the wreckage, by weight, had been recovered, N o  p o r t i o n  of the PTC a c t u a t o r  
w a s  recovered .  The o p e r a t i o n  invo lved  r a i s i n g  the p i e c e s  from deep i n  the mud and silt 
bottom of t h e  lake,  and p l ac ing  them on a b a r g e ,  The p a r t s  were examined and t h e  c o n d i t i o n  
noted by Board i n v e s t i g a t o r s .  A f t e r  being washed, a l l  p a r t s  were t h e n  t ransfer red  t o  
s h u t t l e  barges, and taken t o  a hangar  a t  t h e  New Orleans Lakef ron t  Ai rpor t ,where  a layout 
was made f o r  f u r t h e r  s t u d y .  

1.13 F i r e  - 
T h e r e  was no ev idence  of  i n - f l i g h t  f i re .  
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1.14  S u r v i v a l  a s p e c t s  

The ex t reme d i s i n t e g r a t i o n  of t h e  a i r c r a f t  s t r u c t u r e  p r e c l u d e d  any c r a s h l i n j u r y  
s t u d y .  The c r a s h  was non-su rv ivab le .  

1 .15  T e s t s  and r e s e a r c h  

The Douglas A i r c r a f t  Company (DACO) performed a  f u n c t i o n a l  t e s t  of a s t a b i l i z e r  
d r i v e  u n i t  t o  de te rmine  what e f f e c t  t h e  omiss ion  of  t h e  d r i v e  s p r o c k e t  s u p p o r t  bushing  
PIN 2652666 would have on t h e  o p e r a t i o n  of t h e  u n i t .  The r e p o r t  i n d i c a t e d  t h a t  w h i l e  f u l l  
s t a b i l i z e r  t r i m  c a p a b i l i t y  e x i s t e d ,  a wear p a t t e r n  comparable t o  t h e  one found i n  t h e  
s u b j e c t  a i r c r a f t  ( s e e  p a r a .  2 .1)  was reproduced  on t h e  t e s t  assembly.  On J u n e  1, 1964, 
t h e  FAA i s s u e d  a t e l e g r a p h i c  a l e r t  recommending, " (1 )  O p e r a t o r s  per form a one-time inspec -  
t i o n  of s t a b i l i z e r  a d j u s t i n g  mechanism t o  d e t e r m i n e  p r o p e r  i n s t a l l a t i o n  of bushing  
P / N  2652666 and shim P I N  2648310; (2)  ~ ~ e r a t o r s ' m a i n t e n a n c e  p r o c e d u r e s  b e  reviewed rega rd -  
i n g  adequa te  assembly and i n s t a l l a t i o n  i n s t r u c t i o n s  of s t a b i l i z e r  d r i v e  mechanism ..... I I 
The DACO DC-8 Overhaul  Manual i n s t r u c t i o n s  p e r t a i n i n g  t o  t h e  d r i v e  s p r o c k e t  s u p p o r t  bush ing  
of t h e  s p r o c k e t  assembly were r e v i s e d  on 1 August 1964, t o  i n c o r p o r a t e  t h e  a d d i t i o n a l  
i n f o r m a t i o n ,  " ~ a k e  c e r t a i n  bushing  (104) i s  i n s t a l l e d  w i t h  f l a n g e  up." 

During i n i t i a l  c e r t i f i c a t i o n  of  t h e  DC-8 s a t i s f a c t o r y  s t a b i l i t y  c h a r a c t e r i s t i c s  
were demonst ra ted  i n  h i g h  speed c r u i s e  (350 k n o t s )  c o n f i g u r a t i o n s  and a l s o  a t  t h e  b e s t  
ra te  of c l imb speed  (220 k n o t s ) .  However, i t  was found i n  f l i g h t  t e s t i n g  subsequent  t o  t h e  
a c c i d e n t  t h a t  w i t h  t h e  a i r c r a f t  trimmed a t  300 k n o t s  i n  a n  a f t  c .g .  c l imb c o n f i g u r a t i o n  
w i t h  maximum c o n t i n u o u s  t h r u s t  (MCT), and t h e  PTC i n o p e r a t i v e ,  t h e  s l o p e  of t h e  s t i c k  f o r c e  
cu rve  remained e s s e n t i a l l y  z e r o  a s  t h e  a i r c r a f t  a c c e l e r a t e d  t o  390 k n o t s .  T h i s  s t i c k  f o r c e  
r e l a t i o n s h i p  t o  a i r s p e e d  c o n f l i c t e d  w i t h  t h e n  e x i s t i n g  r e g u l a t i o n s  which s p e c i f i e d  tha: 
speed changes be p e r c e p t i b l e  t o  t h e  p i l o t  th rough a change i n  t h e  s t i c k  f o r c e .  The cr i te-  
r i o n  g e n e r a l l y  used  a t  t h a t  t i m e  was a t  least  one pound of f o r c e / s e v e n  k n o t s  of a i r s p e e d  
change. 

F u r t h e r  f l i g h t  tests were conducted t o  e v a l u a t e  t h e  c o n t r o l l a b i l i t y  of  t h e  a i r c r a f t  
w i t h  unprogrammed PTC e x t e n s i o n s  o r  r e t r a c t i o n s .  The f i n a l  d e t e r m i n a t i o n  w a s  t h a t  a d e q u a t e  
e l e v a t o r  c o n t r o l  was a v a i l a b l e  t o  overpower t h e  PTC i n p u t  even  though t h e  t i m e  d e l a y s  f o r  
p i l o t  r e sponse  were a c t u a l l y  l o n g e r  t h a n  t h o s e  used d u r i n g  a u t o p i l o t  "hardover"  t e s t i n g .  
However,with a n  a i r c r a f t  l oaded  t o  a n  e q u i v a l e n t  c .g .  of  24% i t  was s t a t e d  t h a t ,  d u r i n g  
manoeuvering w i t h  a f u l l y  ex tended  PTC a t  a v e l o c i t y  of approx ima te ly  220 k n o t s  and t h e  
a e r o p l a n e  trimmed t o f u l l  AND (2 .0  d e g r e e s )  any a t t e m p t  t o  manoeuvre t h e  a e r o p l a n e  by 
a p p l y i n g  e i t h e r  nose-up o r  nose-down c o n t r o l  w i t h  t h e  e i e v a t o r  sys tem r e s u l t e d  i n  s h a r p  
r e v e r s a l s  i n  t h e  ae rop lane ' smanoeuver ing  s t a b i l i t y .  I n  t h e s e  c o n d i t i o n s  a p i l o t  would be 
p r e s e n t e d  w i t h  a v e r y  d i f f i c u l t  c o n t r o l  problem i n  t u r b u l e n t  a tmosphere .  When t h e  nose- 
down t r i m  w a s  a d j u s t e d  t o  0 . 5  d e g r e e s  ANDthe a e r o p l a n e d e m o n s t r a t e d  less tendency  towards 
manoeuvering i n s t a b i l i t y .  

F l i g h t  t e s t i n g  of t h e  DC-8 h a n d l i n g  c h a r a c t e r i s t i c s  under abnormal c o n d i t i o n s ,  
i . e . ,  PTC extended  t o  o f f s e t  a  0 . 5  AND s t a b i l i z e r  s e t t i n g ,  i n  a  c r u i s e  c o n f i g u r a t i o n  a t  
220  k n o t s ,  r e v e a l e d  t h a t  t h e  a i r c r a f t  e x h i b i t e d  no s t i c k  f o r c e  s t a b i l i t y .  T h i s  l a c k  of  
s t i c k  f o r c e  is caused  by a  s h i f t i n g  of t h e  s t i c k  n e u t r a l  p o s i t i o n  t o  a  v e r y  f l a t  p o r t i o n  
of t h e  load  f e e l  s p r i n g  when PTC i s  extended .  The low g r a d i e n t  of t h e  load  f e e l  s p r i n g  i n  
t h i s  a r e a  i s  masked by t h e  c o n t r o l  system f r i c t i o n  which n e c e s s i t a t e s  f l y i n g  t h e  a i r c r a f t  
by s t i c k  p o s i t i o n  only .  The a i r c r a f t  i s  n e u t r a l l y  s t a b l e  a t  s m a l l  a i r s p e e d  inc remen t s  
about  t h e  t r i m  p o i n t  i n  any Lil. ~1 a t t i t u d e ,  i n c l u d i n g  45 d e g r e e s  t u r n i n g  f l i g h t .  
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i n \ c s t i g n t i o , . .  z isc f o c u s e d  on t h e  aerodynamic  s t a b i l i t y  of  l a r g e  swept wing 
jet  a i r c r a f t ,  w i t h  p a r L i c u l a r  e m p l ~ ~ s i s  on t h e  l o n g i t u d i n a l  n a t u r a l  f r e q u e n c i e s .  

Data  deve loped  by a n  independen t  r e s e a r c h  agency ,  unde r  government c o n t r a c t ,  
r e v e a l e d  t h a t  t h e  rate of r e s p o n s e  t o  e l e v a t o r  d e f l e c t i o n  h a s  a profound  e f f e c t  on t h e  
behaviour  o f t h e  a i r c r a f t  f rom t h e  p i l o t  v i e w p o i n t .  T h i s  mode of mot ion  h a s  a o n e  t o  f i v e  
second p e r i o d  and a s  t h e  s h o r t - p e r i o d  f r e q u e n c y  d e c r e a s e s  a s l o w e r  r e s p o n s e  i s  e x p e r i e n c e d  
and t h e  i n i t i a l  m t i o n  i s  n o t  a  good i n d i c a t o r  of  t h e  f i n a l  r e s p o n s e .  T h i s  l e a d s  t h e  p i l o t  
t o  o v e r c o r r e c t ,  e s p e c i a l l y  when f l y i n g  i n  t u r b u l e n c e ,  and c o n s e q u e n t l y  p roduce  a  p i l o t -  
induced o s c i l l a t i o n  (PIO). F l i g h t  t e s t i n g  demons t r a t ed  t h a t  w i t h  t h e  f r e q u e n c y  a d j u s t e d  
between 0 .2  and 0 .3  c y c l e s  p e r  second ( c p s ) ,  w i t h  a  damping r a t i o  o f  0 . 4  t o  0 . 7 ,  t h e  a i r -  
c r a f t  c o u l d  be  f lown w i t h  no d i f f i c u l t y  a s  l o n g  a s  t h e  p i l o t  f l e w  g e n t l y ,  a c c e p t i n g  t h e  
s low r e s p o n s e .  The optimum l o n g i t u d i n a l  s h o r t  p e r i o d  f r e q u e n c y  from a  p i l o t  s t a n d p o i n t  
was found t o  be  0 .6  t o  0 .7  c p s .  The DC-8 h a s  a l o n g i t u d i n a l  s h o r t - p e r i o d  f r e q u e n c y  o f  
app rox ima te ly  0 .28  c p s  i n  c r u i s e ,  w i t h  a damping r a t i o  o f  0 . 6 .  

During t h e  i n v e s t i g a t i o n  t h e  Board d i s c o v e r e d  s e v e r a l  i n c i d e n t s  o f  m i s r i g g i n g  
i n  t h e  l o n g i t u d i n a l  c o n t r o l  s y s t e m  o f  o t h e r  DC-8 a i r c r a f t .  One i n c i d e n t  i n v o l v e d  a n  a i r -  
c r a f t  l e a s e d  by EAL f rom 15 ~ a n u a r y  1964 t o  4 March 1964. P i l o t  w r i t e - u p s  on t h i s  
a i r c r a f t  r e s u l t e d  i n  t h e  i n s t a l l a t i o n  of a  PTC a c t u a t o r  on 1 3  F e b r u a r y ,  and a new i n d i c a t o r  
on t h e  f o l l o w i n g  t r i p  t h e  same day.  T h e r e  was no  f u r t h e r  a c t i o n  by EAL i n  t h i s  a r e a ,  and 
f o l l o w i n g  225 h o u r s  o f  accumula ted  f l i g h t  t i m e  f rom t h i s  d a t e ,  t h e  a i r c r a f t  was r e t u r n e d  
t o  t h e  owner. The a i r c r a f t  was t h e n  o p e r a t e d  by t h e  owner from 5 March u n t i l  3 l M a r c h ,  
when t h e  p i l o t  s u g g e s t e d  t h a t  t h e  e l e v a t o r  l o a d - f e e l  mechanism b e  checked  f o r  p r o p e r  
a d j u s t m e n t .  Fo l lowing  a  check  o f  t h e  load-feel -  mechanism and a  v i s u a l  i n s p e c t i o n  of t h e  
PTC t h e  a i r c r a f t  was c l e a r e d  t o  c o n t i n u e .  On 1 A p r i l ,  t h e  crew of  a t r a i n i n g  f l i g h t  
r e p o r t e d  t h a t  a t t i m e s  i t  was n e c e s s a r y  t o  c r a n k  t r i m  t o  f u l l  nose-down and s t i l l  n e c e s s a r y  
t o  h o l d  fo rward  c o n t r o l .  A t ho rough  e x a m i n a t i o n  of t h e  v a r i o u s  compohents o f  t h e  sys t em 
r e v e a l e d  t h a t :  

1. The a c t u a t o r  arf i  of  t h e  PTC was e x t e n d e d  1 / 2  i n c h  t o o  f a r  ( t h i s  d i s p l a c e s  
t h e  c o n t r o l  column n e u t r a l ,  i n t r o d u c i n g  a nose-up i n p u t  a t  a l l  times). T h i s  was i n s t a l l e d  
w i t h  z e r o  t i m e  s i n c e  m o d i f i c a t i o n  by t h e  m a n u f a c t u r e r .  

2 .  The p i t c h  t r i m  compensa t ion  s p r i n g  ( p r o v i d i n g  nose-up c o n t r o l  i n p u t  when t h e  
PTC o p e r a t e s )  was reset from 56 t o  3 6  pounds.  T h i s  a d j u s t m e n t  b o l t  s t i l l  r e t a i n e d  t h e  
o r i g i n a l  DACO f a c t o r y  sea l .  

3. The r i g h t  e l e v a t o r  c o n t r o l  t a b  was found 3 / 8  i n c h  o u t  o f  r i g  i n  t h e  nose- 
down d i r e c t i o n .  T h i s  i t e m  had l a s t  been a d j u s t e d  by t h e  owner on 11 November 1963.  

4. The PTC i n d i c a t o r  w a s  found t o  have  e x c e s s i v e  p l a y  i n  t h e  mechan ica l  l i n k a g e ,  
which r e s u l t e d  i n  e r r o n e o u s  o r  no i n d i c a t i o n .  The i n d i c a t o r  n e u t r a l  p o s i t i o n  had  a l s o  
been d i s p l a c e d  t o  i n d i c a t e  PTC r e t r a c t i o n  w i t h  1 / 2  i n c h  of a c t u a t p r  i n p u t  i n t o  t h e  sys t em.  

The a i r c r a f t  had  been f lown 238 h o u r s  by t h e  owner,  i n c l u d i n g  t h r e e  t r a i n i n g  
f l i g h t s ,  f o l l o w i n g  i t s  r e t u r n  by EAL. 
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2. - Analys i s  and Conclusions 

2 .1  Analys is  

P o r t i o n s  of a l l  e x t r e m i t i e s  of t h e  a i r c r a f t  were recovered from t h e  main impact 
a r e a .  The g e n e r a l  p a t t e r n  of break-up showed extreme f ragmenta t ion of a l l  s t r u c t u r e  wi th  
t h e  l a r g e s t  p i e c e  being t h e  upper f i v e  f e e t  of rudder .  The f l a p s  and land ing  gear  were 
determined t o  be i n  t h e  "up" p o s i t i o n .  

The Nos. 1 and 2 powerplants  were recovered approximately 45 f e e t  from t h e  
Nos. 3 and 4. A l l  f ou r  rece ived  s i m i l a r  damage, and evidenced seve re  d i s i n t e g r a t i o n  a t  
impact.  The d i f f u s e r  and combustion c a s e s  of a l l  fou r  eng ines  accordioned between t h e  3 
and 9 o ' c lock  p o s i t i o n s ,  and t h e  e j e c t o r  assembl ies  were extended.  No evidence of pre-  
impact ope ra t i ng  d i s t r e s s  was found. The recovered r e v e r s e r  assembl ies  i n d i c a t e d  use  of 
r e v e r s e  t h r u s t  a t  impact. The f u e l  system was capable  of func t ion ing  normally.  

The recovery  of a l l  powerplants  and p o r t i o n s  of a l l  e x t r e m i t i e s  of t h e  a i r c r a f t  
from a c l o s e l y  conf ined a r e a  i n d i c a t e d  t h a t  t h e  a i r c r a f t  was s t r u c t u r a l l y  i n t a c t  a t  t h e  
t ime of con tac t  wi th  t h e  wate r .  No evidence of i n - f l i g h t  f i r e  o r  exp los ion  w a s  found. 
Based on observa t ions  over t h e  y e a r s , t h e  a t t i t u d e  of a d iv ing  a i r c r a f t  t ends  t o  f l a t t e n  
between t h e  t imes  of nose and wing c o n t a c t , t h e r e f o r e  i t  w a s  assumed t h a t  t h e  a i r c r a f t  
s t r u c k  t h e  water  a t  some d i v e  ang le  i n  excess  of t h e  20' i n d i c a t e d  by t h e  damage p a t t e r n  
of t h e  powerplants .  The f a c t  t h a t  t h e  engines  were being opera ted  i n  t h e  r e v e r s e  t h r u s t  
regime was i n d i c a t i v e  of a n  a t tempt  by t h e  crew t o  recover  from a d i v i n g  a t t i t u d e .  The 
co-p i lo t , fo l lowing  a prev ious  upse t  i n t o  a s t e e p  d i v e ,  a t t r i b u t e d  t h e  s u c c e s s f u l  recovery  
t o  t h e  use  of r e v e r s e  t h r u s t  which, i n  a d d i t i o n  t o  providing drag  f o r c e s ,  produces a nose- 
up p i t c h i n g  moment. Furthermore, i t  w a s  concluded from t h e  symmetry of t h e  powerplant 
damage p a t t e r n  and from t h e  small wreckage a r e a  t h a t  t h e  a i r c r a f t  was e s s e n t i a l l y  l e v e l ,  
l a t e r a l l y ,  a t  impact. 

Although none of t h e  a i r c r a f t  systems w a s  recovered completely,  t h e r e  was no 
i n d i c a t i o n  of f i r e  o r  h e a t  damage on t h e  components a v a i l a b l e .  The l e f t  and r i g h t  s t a b i -  
l i z e r  jackscrews were w i t h i n  one t u r n  of t h e  f u l l  AND t r i m  s e t t i n g .  Th i s  s e t t i n g  i s  
equ iva len t  t o  t h e  s t a b i l i z e r  being i n  t h e  f u l l  AND p o s i t i o n .  

Examination of t h e  d r i v e  gear  assembly of t h e  s t a b i l i z e r  d r i v e  u n i t  r evea led  
normal wear p a t t e r n s  on t h e  p l a n e t a r y  gea r s  and t h e  male s p l i n e  ex t ens ion  which t r a n s m i t s  
power down t o  t h e  dua l  sp rocke t  assembly. I n  a d d i t i o n ,  another  wear p a t t e r n  was found 
114 inch below t h e  normal engagement po in t  of t h e  ex tens ion .  Th i s  abnormal wear p a t t e r n  
continued t o  t h e  end of t h e  sp l i ned  s h a f t .  The f l a n k s  of t h e  s p l i n e s  i n  t h i s  a r e a  were 
h igh ly  po l i shed  around t h e  e n t i r e  pe r iphery  of t h e  s h a f t ,  i n d i c a t i n g  the  wear occurred over 
an  extended per iod of t ime,  and could not  have occurred dur ing break-up. There was a l s o  
cons ide rab l e  s p a l l i n g  of t h e  case  hardened s u r f a c e  a t  t h e  end of t h e  sp l i ned  s h a f t .  The 
mating female s p l i n e s ,  i n  t h e  top  of t h e  dua l  sprocket  assembly po r t i on  of t h e  s t a b i l i z e r  
d r i v e  u n i t ,  e x h i b i t e d  a s i m i l a r  severe  wear p a t t e r n .  The wear had produced convex s u r f a c e s  
lengthwise  on both f l a n k s  and l e f t  2 lune-shaped a r e a  on t h e  c r e s t  of each t oo th .  Th is  
damage from misalignment of t h e  mating s p l i n e s  r e s u l t e d  from o s c i l l a t i o n  of t h e  cprocket  
assemblv s i n c e  t h e  p l a n e t a r y  gea r s  a t  t h e   to^ of t h e  s h a f t  had no abnormal wear. The case  
hardened male s p l i n e s  a t  t h e  bottom of the  s h a f t  ciid not  develop t h e  lme-shaped wez-. ii 
bear ing s e a t  a t  t h e  t op  of t h e  dual sprocket  assembiy a l s o  e x h i b i t e d  t h c  abnormal w r , c  
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from a 1 / 4  inch d i sp lacement ,  and o s c i l l a t i o n  of t h e  assembly.  The lower suppor t  bushing 
p/N 2652666 f o r  t h e  sp rocke t  s h a f t ,  which suppo r t s  t h e  sp rocke t  assembly i n  t h e  v e r t i c a l  
p l a n e f o r  proper  s p l i n e  engagement and a l s o  r e s t r a i n s  i t  i n  t h e  l a t e r a l  d i r e c t i o n ,  w a s  n o t  
recovered. Other sp rocke t  a ssembl ies  used f o r  comparison showed b r i g h t  p o l i s h i n g  on t h e  
lower s h a f t  where i t  f i t s  i n t o  t h e  lower bea r ing  suppor t  bushing and showed p o l i s h i n g  on 
t h e  bottom sprocke t  hub where i t  rests on and i s  suppor ted  by t h i s  same bushing.  The 
sprocket  and s h a f t  assembly from N 8607 showed none of t h i s .  The lower suppor t  bushing 
has a  f l a n g e  on i t s  o u t e r  c i rcumference  and when i n s t a l l e d  p rope r ly  ( f l a n g e  up) i t  over- 
l a p s  t he  lower bear ing  and t hus  p rov ides  t h e  v e r t i c a l  and l a t e r a l  suppor t  f o r  t h e  sp rocke t  
s h a f t  assembly. The t h r e e  r i v e t s  a t t a c h i n g  t h e  lower sp rocke t  t o  t h e  assembly sheared  
c i r c u m f e r e n t i a l l y  from loads  app l i ed  i n  t h e  ANU d i r e c t i o n ,  but  t h e  need l e  bea r ings  from 
t h i s  sp rocke t  scored t h e s h a f t  a x i a l l y  a s  t h e  sp rocke t  and s h a f t  s e p a r a t e d .  

No p o r t i o n  of t h e  PTC a c t u a t o r  was recovered.  

.. To a s s e s s  p rope r ly  t h e  evidence  a t  hand, t h e  Board found i t  neces sa ry  t o  con- 
s t r u c t  by a n a l y t i c a l  methods a  f a c s i m i l e  of t h e  type  of p l o t  normally gained from t h e  
f l i g h t  r e co rde r .  Th i s  was done by u t i l i z i n g  a  DC-8 f l i g h t  s imu la to r  programmed t o  d u p l i -  
cate t h e  weight and c . g .  of t h e  a i r c r a f t  and t h e  take-off c o n d i t i o n s  a t  Moisant A i r p o r t .  
The s imula ted  a c c e l e r a t i o n s  and cl imb d a t a  were cor robora ted  by o b s e r v a t i o n s  of a c t u a l  
DC-8 t ake-of f s .  I n t e g r a t i o n  of t h e  d a t a  produced t h e  p l o t  shown a t  F igu re  10-2,which 
g ive s  an envelope w i t h i n  which t h i s  f l i g h t  opera ted .  

The maximum a l t i t u d e  which could  have been a t t a i n e d  was about  7  000 f e e t  f o r  a  
normal cl imb a t  310 knots .  It could have been lower depending on p o s s i b l e  power and speed 
r educ t i ons  because of tu rbu lence  and on t h e  t i m e  of onse t  of d i f f i c u l t i e s ,  t h e i r  n a t u r e ,  
and t he  crew r e a c t i o n  t h e r e t o .  Within c e r t a i n  l i m i t a t i o n s  t h e r e  i s  a l s o  l a t i t u d e  f o r  
v a r i a t i o n  i n  a i r s p e e d .  An a c c e l e r a t i o n  t o ,  and cl imb a t  310 kno t s , p r e sen t ed  t h e  most 
p l a u s i b l e  f l i g h t  p r o f i l e ;  however, t h e  unaccoun tab i l i t y  of a  pe r iod  of 40 seconds a l l ows  
f o r  p o s s i b l e  a i r speed  r educ t i on  which could have been d r a s t i c ,  say  t o  220 k n o t s ,  f o r  a  s h o r t  
per iod  of t ime,or  i n  t h e  o rde r  of 280 kno t s  f o r  a  r e l a t i v e l y  prolonged pe r iod .  Assuming 
impact t o  be a s  l a te  a s  0205:40 ( l a t e r  than  t h e  Board be l i eved  t h e  a c c i d e n t  occur red)  t h e  
average  cl imb speed could no t  have been less than about  250 kno ts .  

I n  view of t h e  weather s i t u a t i o n  t h a t  p r e v a i l e d  a t  t h e  t i m e  pronounced v e r t i c a l  
and h o r i z o n t a l  wind shear  e x i s t e d  i n  t h e  a c c i d e n t  a r e a .  There fore ,  i t  is b e l i e v e d  t h a t  
moderate and probably s eve re  wind shea r  t u rbu l ence  was encountered by t h e  f l i g h t  wh i l e  i n  
t h e  c louds  below 6 000 f e e t .  An a n a l y s i s  of t h e  f l i g h t  r e co rde r  of t h e  jet which depa r t ed  
New Orleans  immediately a f t e rwa rds  ' s u b s t a n t i a t e d  t h e  s e v e r i t y  of t h e  t u r b u l e n c e  i n  t h e  a r e a .  
Acce l e r a t i ons  t o  +0.2 and +1.9-g between 2  000 and 6 000 f e e t ,  recorded on t h e  t a p e , i n d i -  
c a t ed  s e v e r e  t u rbu l ence .  S ince  knovn o r  f o r e c a s t  t u rbu l ence  a long  t h e  c l imb p a t h  i s  t h e  
prime c r i t e r i o n  f o r  s e l e c t i o n  of t h e  c l imb s ~ e e d ,  it is probable  t h a t  t h e  crew, uncon- 
cerned about t u rbu l ence  below 14 000 f e e t ,  chose 310 kno ts  r a t h e r  t h a n  t h e  lower rough 
a i r s p e e d s  dep ic ted  i n  t h e i r  f l i g h t  manual. 

Examination of t h e  h o r i z o n t a l  s t a b i l i z e r  Lower sp rocke t  f a i l u r e  r e f l e c t s  t h a t  
t h e  sp rocke t  r i v e t s  sheared dur ing  r o t a t i o n  of t h e  sp rocke t  i n  t h e  s ense  of ANU. The 
r o t a t i o n a l  p a t t e r n  of r i v e t  shea r  and t h e  p r ev ious ly  mentioned abnormal, d i s p l a c e d  wear 
p a t t e r n  of t h e  u n i t ,  t o g e t h e r  w i th  t h e  p o s i t i o n s  of t h e  two i r r e v e r s i b l e - a c t i o n  s t a b i l i z e r  
jackscrews,  r e f l e c t e d  t h a t  t h e  s t a b i l i z e r  d r i v e  u n i t  had been o p e r a t i n g  i n  an  abnormal 
cond i t i on  over  a per iod  of t i m e ,  t hen  f a i l e d  whi le  be ing opera ted  i n  a n  ANU d i r e c t i o n  from 
t h e  f u l l ,  o r  nea r  f u l l ,  AND p o s i t i o n .  
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The Douglas t e s t s  i n d i c a t e d  t h a t  t h e  u n i t  i n  t h i s  abnormal cond i t i on  would be 
capable of ope ra t i ng  throughout  the  normal r equ i r ed  range. However, s i n c e  t h e  t e s t  r i g  
had no means t o  i n t roduce  a p p r o p r i a t e  a i r  l oads ,  n e i t h e r  t h e  to rque  f o r c e s  r equ i r ed  t o  
s t a r t  and s u s t a i n  r o t a t i o n  of t h e  u n i t ,  nor t h e  a c t u a l  r a t e  of d r i v e  were r e a l i s t i c  when 
compared wi th  t h e  normal des ign  va lues .  It was bezieved t h a t  ope ra t i on  of t h e  u n i t  va r i ed  
from t h e s e  normal va lues ;  however, t h e  v a r i a t i o n  would be nominal. The geometry of t h e  
d r i v e  system and t h e  wear p a t t e r n s  i n  evidence s t r o n g l y  suggested  a  u n i t  which would not  
a t t r a c t  a t t e n t i o n  t o  i ts  abnormal cond i t i on  u n t i l  i t  f a i l e d  completely.  

Based on t h e  evidence  conta ined i n  t h e  recovered h o r i z o n t a l  s t a b i l i z e r  d r i v e  
u n i t ,  and t h e  t e s t s  performed by DACO, t h e  Board concluded t h a t  t h e  d r i v e  u n i t  w a s  
i n s t a l l e d  by EAL maintenance personne l  i n  September 1963, wi th  t h e  support  bushing i n  t h e  
i nve r t ed  pos i t i on .  Th i s  would a l low t h e  bushing t o  f a l l  f r e e  a t  some p o i n t  i n  t i m e  a f t e r  
i n s t a l l a t i o n  and t h e  d r i v e  s h a f t  t o  drop down from i t s  normal p o s i t i o n .  I n  t h i s  i n s t a n c e  
it dropped 1 / 4  i nch  and was opera ted  i n  t h i s  p o s i t i o n  f o r  an  extended per iod of t ime.  
Since t h e  wear r a t e  would be dependent on t h e  number of a c t u a t i o n s ,  a s  w e l l  a s  t h e  asso-  
c i a t e d  l oads  imposed, t h e r e  w a s  no way t o  determine when t h i s  occur red .  

It is l o g i c a l  t o  assume t h a t  t h e  d r i v e  u n i t  was func t ion ing  p r i o r  t o  depa r tu re  
from New Orleans s i n c e  t h e  crew would have t o  p o s i t i o n  t h e  s t a b i l i z e r  f o r  t ake-of f .  I f  
t h e  d r i v e  u n i t  f a i l e d  p r i o r  t o  t ake-of f ,  t h e  crew would have had t h e  d i f f i c u l t y  c o r r e c t e d .  
The EAL DC-8 F l i g h t  Manual i n  u s e  a t  t h e  time of t h e  acc iden t  i n d i c a t e d  a s t a b i l i z e r  
s e t t i n g  of one degree  ANU f o r  take-off and s i n c e  a  normal t r i m  correct iontowardsAND i s  
experienced a s  t h e  a i r c r a f t  is  r o t a t e d  and then  "cleaned up," t h e  d r i v e  u n i t  was ope ra t i ng  
a f t e r  t h e  a i r c r a f t  became a i r b o r n e  and s t a r t e d  t o  climb t o  t h e  ass igned  c r u i s e  l e v e l .  

The s t a b i l i z e r  p o s i t i o n  of two degrees  AND, whether i n t e n t i o n a l  o r  u n i n t e n t i o n a l ,  
i s  symptomatic of an  abnormal f l i g h t  cond i t i on .  Consequently, t h e  Board has  focused on t h e  
p o s s i b l e  reasons  f o r  t h e  s t a b i l i z e r  p o s i t i o n  and t h e  a t t e n d a n t  cond i t i ons  produced by t h i s  
s e t t i n g .  

On a t  l e a s t  two occas ions  tobacco t a r ,  d u s t ,  and o t h e r  m a t e r i a l  from t h e  cab in  
have c o l l e c t e d  i n  t h e  f a i r l e a d s  of DC-8 r e a r  p r e s s u r e  bulkhezds. On t h e s e  occas ions  when 
a c t u a t i o n  of t h e  s t a b i l i z e r  was i n i t i a t e d  by t h e  p i l o t ,  t h e  c a b l e s  s t u c k  i n  t h e  f a i r l e a d s  
and t h e  p i l o t  was unable  t o  s t o p  t h e  s t a b i l i z e r  a t  an  i n t e rmed ia t e  p o s i t i o n  and t h i s  
r e s u l t e d  i n  t h e  c o n t r o l  running t o  t h e  f u l l  t r a v e l  p o s i t i o n .  Maintenance r eco rds  showed 
t h a t  t h i s  a r e a  was c leaned a  week before  t h e  a c c i d e n t .  I f  t h e  s t a b i l i z e r  cab l e  f a i r l e a d s  
were i n  f a c t  c leaned a t  t h a t  t ime,  i t  i s  doub t fu l  t h a t  t h e  f u l l  AND p o s i t i o n  was produced 
by f a i r l e a d  contamination.  

Testimony by a  DACO Aerodynamicist r evea led  t h a t  t h e  extreme AND range of t h e  
s t a b i l i z e r  w a s  provided t o  a l low p i l o t s  t o  main ta in  a  p u l l  f o r c e  under c e r t a i n  loading 
cond i t i ons  dur ing  a c c e l e r a t i o n  a f t e r  take-off .  While i t  i s  doub t fu l  t h a t  t h e  2-degree 
p o s i t i o n  would normally have been reached fol lowing t h e  take-off a t  New Orleans,  t h e  Board 
be l ieved  t h a t  t h e  h i s t o r y  of t h i s  a i r c r a f t  r e f l e c t e d  a  p o s s i b l e  cond i t i on  which could have 
caused t r i m  p o s i t i o n s  more AND than  usua l .  

I n  connexion wi th  t h i s ,  it was found t h a t  on another  DC-8 belonging t o  ano ther  
ope ra to r ,  t h e  crew of a t r a i n i n g  f l i g h t  noted c o n t r o l  d i f f i c u l t i e s  fo l lowing take-off on 
1 A p r i l  1964. An in spec t ion  of t h e  c o n t r o l  system subsequently revea led  t h a t  t h e  PTC 
a c t u a t o r  on i n s t a l l a t i o n  had been a d j u s t e d  s o  t h a t  i t  was extended 1 /2  inch when a t  i t s  
most r e t r a c t e d  p o s i t i o n .  Normally t h i s  amount of ex tens ion  would have caused t h e  i n d i c a t o r  
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on t h e  f i r s t  o f f i c e r ' s  column t o  b e  p a r t i a l l y  ex tended .  I n  t h i s  c a s e  t h e  s l e e v e  from which 
t h e  i n d i c a t o r  p l u n g e r  e x t e n d s  had  been  r a i s e d  t o  t h e  d e g r e e  t h a t  i t  was f l u s h  w i t h  t h e  
p lunger  a t  t h e  minimum p o s i t i o n  of t h e  a c t u a t o r  a s  i n s t a l l e d .  A d d i t i o n a l l y ,  because  o f  a 
mechanica l  m a l f u n c t i o n  i n  t h e  l i n k a g e  as found,  t h e  i n d i c a t o r  was i n o p e r a t i v e .  A c h e c k  
i n t o  t h e  main tenance  r e c o r d s  showed t h a t  on 1 3  Februa ry ,  w h i l e  t h e  a i r c r a f t  was on  lease 
t o  EAL, t h e  PTC a c t u a t o r  w a s  r e p l a c e d  because  of a  f a i l u r e  by a  new a c t u a t o r  o b t a i n e d  by 
EAL from t h e  owner 's  s t o c k ,  and i n s t a l l e d  i n  t h e  a i r c r a f t  by EAL main tenance  p e r s o n n e l .  
The foreman i n  c h a r g e  of t h i s  work t e s t i f i e d  t h a t  he  had examined t h e  o l d  and new u n i t s ,  
a s s u r i n g  t h a t  t h e  rep lacement  a c t u a t o r  measured t h e  same as t h e  o l d  one w i t h  r e s p e c t  t o  
"eye-bolt  t o  eye -bo l t "  l e n g t h  and t o  number of t h r e a d s  showing on t h e  r o d  e n d - f i t t i n g .  
I n v e s t i g a t i o n  h a s  r e v e a l e d ,  however, t h a t  bo th  of t h e s e  c o n d i t i o n s  c o u l d  n o t  e x i s t  s imul -  
t a n e o u s l y  s i n c e  t h e  o l d  u n i t ,  DACO P/N 17989-2, and t h e  new one,  DACO P / N  17989-3, d i f f e r e d  
i n  c o n f i g u r a t i o n .  With t h e  same number of  t h r e a d s  showing on a  -2 as on a -3, t h e  e y e - b o l t  
t o  eye -bo l t  d i s t a n c e  w i l l  d i f f e r  by about  1 / 2  i n c h ,  t h e  - 3  b e i n g  t h e  l o n g e r .  So i n s t a l l e d ,  
t h e  f u l l y  r e t r a c t e d  p o s i t i o n  would be t h e  e q u i v a l e n t  of t h e  programmed e x t e n s i o n  f o r  
386 k n o t s  EAS below 20 000 f e e t  o r  a t  0.84 Hach number a t  h i g h e r  a l t i t u d e s .  

I t  is  ex t reme ly  i n t e r e s t i n g  t o  n o t e  t h e  e f f e c t s  t h i s  m i s r i g g e d  PTC s y s t e m  had 
on t h e  a i r c r a f t  which had a c .g .  of 26% ( n e a r l y  t h e  sameas on t h e  s u b j e c t  a i r c r a f t ) .  
P i l o t s  commented that nose-downtrim was r e q u i r e d  f o l l o w i n g  take-of f  t o  t h e  p o i n t  t h a t  t h e  
warning l i g h t  w a s  i l l u m i n a t e d . *  There  was no r e f e r e n c e  made t o  how much a d d i t i o n a l  AND 
t r i m  w a s  used .  

It w a s  found t h a t  t h e  PTC a c t u a t o r  i n  t h e  a i r c r a f t  a t  t h e  time of t h e  a c c i d e n t  
had  been i n s t a l l e d  on 6 ) b y  1963,  as a rep lacemen t  f o r  a m a l f u n c t i o n i n g  a c t u a t o r .  A s  w i t h  
t h e  l e a s e d  DC-8, t h e  new u n i t  was a - 3 ,  whereas  t h e  one removedwas a -2 ,  and t h e  change h a d  
likewise been accomplished by EAL maintenance  p e r s o n n e l .  With r e f e r e n c e  t o  t h e  PTC prob- 
lems encoun te red  at P h i l a d e l p h i a  on t h e  day b e f o r e  t h e  a c c i d e n t ,  t h e  Board d i d  n o t  f i n d  
ev idence  t h a t  e i t h e r  main tenance  o r  f l i g h t  p e r s o n n e l  a s c e r t a i n e d  t h a t  t h e  a c t u a t o r  w a s  
i n  f a c t  r e t r a c t e d .  The on ly  d e t e r m i n a t i o n  made was t h a t  t h e  u n i t  was i n o p e r a t i v e ,  and i t  
was d e c i d e d  t o  u t i l i z e  t h e a e r o p l a n e  i n  t h a t  c o n d i t i o n  u n t i l  t h e  f o l l o w i n g  day.  F a i l u r e  t o  
a s c e r t a i n  p o s i t i v e l y  t h e  t r u e  p o s i t i o n  of t h e  a c t u a t o r  was mast p robab ly  b rough t  on by i t s  
i n a c c e s s i b i l i t y ;  removal of t h e  f i r s t  o f f i c e r ' s  seat was n e c e s s a r y  t o  v iew t h e  a c t u a t o r .  
( T h i s  h a s  s i n c e  been c o r r e c t e d  by t h e  i n s t a l l a t i o n  of  a n  access p a n e l  i n  t h e  n o s e  wheel  
w e l l . )  The pilot-in-command of t h e  f l i g h t  t o  Mexico C i t y  t e s t i f i e d  t h a t  t h e  PTC was a l s o  
checked i n  f l i g h t  a f t e r  d e p a r t u r e  f rom Washington and found t o  be  s t i l l  i n o p e r a t i v e .  While 
t h i s  i n f o r m a t i o n  f u r t h e r  v e r i f i e d  t h e  s t a t i c  c o n d i t i o n  of t h e  sys t em,  i t  o f f e r e d  no  
en l igh tenmen t  on t h e  PTC a c t u a t o r  p o s i t i o n .  

F u r t h e r ,  t h e  Board b e l i e v e d  t h a t  a p a r t i a l l y  ex tended  PTC would g i v e  a n  exp lana -  
t i o n  f o r  t h e  many a u t o p i l o t  d i f f i c u l t i e s  which remained,  f o r  t h e  most p a r t ,  u n c o r r e c t e d .  
S e v e r a l  wr i t e -ups  had been f o r  a u t o m a t i c  d i s c o n n e c t s .  The a u t o p i l o t  trim s y s t e m  i s  l i m i t e d  
i n  p o s i t i o n i n g  t h e  s t a b i l i z e r  i n  t h e  AND s e n s e  (1 .25  t o  abou t  1 . 5  d e g r e e s  AND) and i f  more 
nose-downmoment is r e q u i r e d  t o  keep t h e  a i r c r a f t  i n  t r i m  w h i l e  u t i l i z i n g  t h e  a u t o p i l o t ,  
t h e  a t t e n d a n t  l o a d s  must t h e n  b e  c a r r i e d  by t h e  e l e v a t o r  s e r v o .  The  c i r c u i t r y  of t h e  au to-  
p i l o t  is such  t h a t  i f  t h e s e  h o l d i n g  l o a d s  by s e r v o s  become e x c e s s i v e ,  t h e  a u t o p i l o t  w i l l  
a u t o m a t i c a l l y  d i sengage .  The r eco rded  h i s t o r y  o f  a u t o p i l o t  d i s c o n n e c t s  and o t h e r  l o n g i t u -  
d i n a l  problems,  d e s p i t e  r e p e a t e d  a u t o p i l o t  component r e p l a c e m e n t s ,  i n d i c a t e d  a problem 
l y i n g  w i t h o u t  t h e  a u t o p i l o t  system.  

* T h i s  warning l i g h t  i s  p e c u l i a r  t o  t h i s  company's a i r c r a f t  and i s  i l l u m i n a t e d  a t  a b o u t  
one degree  AND. 
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I n  summary, t h e  work performed by EAL maintenance personnel  on t h e  l eased  DC-8 
and t h e  s i m i l a r  change i n  a c t u a t o r  models on t h e  s u b j e c t  a i r c r a f t  e s t a b l i s h e d  t h e  p o s s i b i l -  
i t y  of a p a r t i a l l y  extended PTC a c t u a t o r ,  and t h e  a u t o p i l o t  d i f f i c u l t i e s  encountered a r e  
symptomatic of t h i s  cond i t i on .  Furthermore, i f  t h e  i n d i c a t o r  system f a i l e d ,  a s  occurred 
on t h e  l eased  a i r c r a f t  and on t h i s  one e a r l i e r  i n  t h e  day preceding t h e  a c c i d e n t ,  the  PTC 
a c t u a t o r  could have become i n o p e r a t i v e  a t  any p o s i t i o n .  Apparently t h e  i n d i c a t o r  was t h e  
only  b a s i s  used a t  P h i l a d e l p h i a  t o  determine t h a t  t h e  a c t u a t o r  was r e t r a c t e d ,  t h e r e f o r e  
i t  was p o s s i b l e  t h a t  t h e  a i r c r a f t ,  a t  depa r tu re f rom New Or leans ,  a s  w e l l  a s  e a r l i e r ,  was 
being opera ted  wi th  a PTC a c t u a t o r  ex t ens ion  (al though i n o p e r a t i v e )  ranging from 0 .5  inch 
t o  2.15 i nches  (normal f u l l  ex t ens ion  of 1.65 inches  p l u s  t h e  0.15 inch mis r igg ing) .  

I f  t h i s  cond i t i on  e x i s t e d ,  f u l l  AND s t a b i l i z e r  might have been used s h o r t l y  a f t e r  
take-off .  F a i l u r e  of t h e . c h a i n  sprocke t  on  t h e  next  a t tempt  t o  t r i m  nose-up would have 
r e s u l t e d  i n  eve r  i n c r e a s i n g  p u l l  f o r c e s  on t h e  column a s  a i r speed  was a c c e l e r a t e d  toward 
en  r o u t e  climb. 

Data a v a i l a b l e *  i n d i c a t e d  t h a t  f o r  t h e  2-degree AND cond i t i on  t h e  s t i c k  f o r c e s  
necessary  t o  hold t h e  a i r c r a f t  i n  s t eady - s t a t e  1-g f l i g h t  range from 33  pounds (PTC r e t r a c t c  
and ze ro  pounds (PTC extended) a t  242 knots ,  t o  55 pounds (PTC r e t r a c t e d )  and 22 pounds 
(PTC extended) a t  320 knots .  Accordingly, t h e  f o r c e  c h a r a c t e r i s t i c s  should have become 
n o t i c e a b l e  t o  t h e  crew a t  speed above 220-240 kno t s ,  depending on e x t e n t  of PTC ex t ens ion ,  
and they would not  have a c c e l e r a t e d  much beyond t h i s  speed band. Rather ,  they  would have 
e l e c t e d  t o  r e t u r n  t o  New Orleans  and would have made t h e i r  i n t e n t i o n s  known t o  depa r tu re  
con t ro l .  The f a c s i m i l e  a i r speed  t r a c e  ( see  F igure  10-2) showed t h a t  t h i s  speed range would 
have been reached at  about 0201:36 t o  0201:46 and y e t  a  s imple acknowledgment of "OK" was 
made about a  minute and a  h a l f  l a t e r .  That time i n t e r v a l  might have been a  per iod  of 
problem and t roub le shoo t ing ,  du r ing  which no d e c i s i o n  had been reached a s  t o  whether t h e  
f l i g h t  should con t inue  o r  r e t u r n  t o  New Orleans.  The d i f f i c u l t y  could have degenerated t o  
an  emergency and, u l t i m a t e l y ,  t o  ca t a s t rophe  a f t e r  t h e  f i n a l  t r ansmiss ion .  

However, t h e  Board found i t  d i f f i c u l t  t o  conclude t h a t  t h i s  cond i t i on  a lone ,  
PTC ex t ens ion  and AND s t a b i l i z e r ,  could have p r e c i p i t a t e d  t h e  complete l o s s  of l o n g i t u d i n a l  
c o n t r o l  evidenced by t h e  cond i t i on  of t h e  wreckage. It w a s  e s t a b l i s h e d  t h a t  under any 
cond i t i on  whereby t h e  a i r c r a f t  i s  placed i n  t r i m  by u s ing  AND s t a b i l i z e r  t o  counte rac t  
unprogrammed PTC a c t u a t i o n ,  t h e  o v e r a l l  e f f e c t  i s  t o  s h i f t  t h e  zero-force p o i n t  of t h e  
c o n t r o l  column away from i ts  normal p o s i t i o n  i n  r e l a t i o n  t o  t h e  dua l  r a t e  f e e l  s p r i n g  t o  
a po in t  where t h e  s t i c k  f o r c e  per  g  becomes r e l a t i v e l y  l i g h t .  Th i s  i s  dep ic ted  i n  
Figure  10-3, wherein t h e  c h a r a c t e r i s t i c  f o r c e  p a t t e r n  i s  r e f l e c t e d .  The v a l u e s  on t h e  
a b s c i s s a  and o r d i n a t e  w i l l  va ry  depending on speed, a l t i t u d e ,  and c.g.  l o c a t i o n ,  but t h e  
shape of t h e  curve  does r e f l e c t  t h e  p a t t e r n  f o r  any regime. Normally trimmed, t h e  c o n t r o l  
column w i l l  be cen t r ed  about Area A and any column displacement from t h a t  a r e a  w i l l  fo l low 
the! curve shown s o  t h a t  reasonab le  and expected s t i c k  f o r c e  pe r  g  o r  pe r  degree of s u r f a c e  
d e f l e c t i o n  w i l l  be f e l t  by t h e  p i l o t .  Excessivenose-down s t a b i l i z e r  p o s i t i o n s ,  on t h e  
o the r  hand, r e q u i r e  up e l e v a t o r  t o  keep t h e  a i r c r a f t  i n  t r i m .  The new column c e n t r e  pos i -  
t i o n  i s  i n  Area B where p i l o t  i n p u t s  i n  t h e  p u l l  d i r e c t i o n  a r e  a t  a  cons iderab ly  lower 
g rad i en t .  Here t h e  primary concern i s  t h e  g rad i en t  and not  t h e  a c t u a l  f o r c e  i t s e l f .  The 
g r a d i e n t  i s  t h e  same whether t h e  p i l o t  holds  t h e  a i r c r a f t  i n  t r i m  a g a i n s t  an unwanted AND 
s t a b i l i z e r  p o s i t i o n  by applying a s t i c k  p u l l  f o r c e ,  or t h e  c o n t r o l  f o r c e s  a r e  i n  balance  
through t h e  medium of u s ing  AND s t a b i l i z e r  t o  counte rac t  unprogrammed PTC, o r  ex tens ion  

11 of t h e  PTC by use  of t h e  t e s t1 '  p o s i t i o n  t o  balance out  unwanted AND s t a b i l i z e r  s e t t i n g s .  

* For 213 000 pounds, c .g.  a t  2 6  per  cen t  and MCT. 
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of course ,  if i t  becomes necessa ry  f o r  t h e  p i l o t  t o  hold  a p u l l  f o r c e  a g a i n s t  AND s t a b i -  
l i z e r ,  t h e  magnitude of t h e  f o r c e  necessa ry  does become a f a c t o r  i n  s o  f a r  a s  physical  
c a p a b i l i t y  and p i l o t  f a t i g u e  are concerned. 

One v e r y  i n t e r e s t i n g  a s p e c t  i n  t h e  l e a sed  a i r c r a f t  occur rence  was t h e  d i s cove ry  
t h a t  one e l e v a t o r  c o n t t o l  t a b  had been r i g g e d  i n  such a manner t h a t  i t  p a r t i a l l y  o f f s e t  
t h e  e f f e c t  of t he  PTC e x t e n s i o n ,  i . e , ,  t h e  compensating s t a b i l i z e r  d e f l e c t i o n  moved t he  
c o q t r o l s  into o r  toward Area B, and t h e  t a b  r i g g i n g  tended t o  s h i f t  them back toward 

A, bu t  t o  a lesser degree .  Tabs misr igged i n  t h e  o p p o s i t e  d i r e c t i o n ,  o r  f o r  t h a t  
matter c o r r e c t l y  r i g g e d ,  would have worsened t h e  c o n t r o l  d i f f i c u l t i e s  of t h e  a i r c r a f t ,  

The v a r i a t i o n  of s t i c k  f o r c e  p e r  g v e r s u s  speed f o r  t h e  2-degree AND c a s e ,  
@horn i n  F igure  10-4, is  also s i g n i f i c a n t ;  wh i l e  t h e  s t i c k  f o r c e  per g i s  l i g h t  bu t  a t  a 
reasonable l e v e l  a t  310 kno t s ,  i t  d e g e n e r a ~ e s  t o  about  13 pounds a t  220 knots. This  level 
of f o r c e  g r a d i e n t  i s  extremely l i g h t *  and is t o  a l a r g e  e x t e n t  masked by t h e  f r i c t i o n  f o r c e s  
of t h e  system,which are about  2 5 t o  6 pounds. Thus, a t  220 kno t s  a p i l o t  could  maintain 
a 1.5-g manoeuvre wi thou t  f e e l i n g  any r e s i s t i v e  f o r c e ,  or he could  ho ld  l i m i t  l o ad  (2.5-g) 
by f e e l i n g  o u t  only about  14  pounds, cons ide r ab ly  less t h a n  r e q u i r e d  f o r  a similar manoeuvre 
i n  a m i l i t a r y  f i g h t e r  a i r c r a f t ,  

I n  t h i s  r ega rd  a highly q u a l i f i e d  FAA test  p i l o t  t e s t i f i e d  t h a t  w i t h  PTC extended 
a i d  a t  approximately 220 knots he trimmed the a i r c r a f t  t o  t w o d e g r e e s  nose-down end s t a r t e d  
doing some nominal manoeuvering w i t h  t h e  a e r o p l a n e i n  t h i s  c o n f i g u r a t i o n ,  H e  found t h a t  any 
t i m e  he  a t tempted  t o  d e p a r t  from t h e  t r i m  p o i n t ,  e i t h e r  innose-upor nose-downdirection, 
he  rece ived  r e v e r s a l s  i n  the aeroplane ' smanoeuver ing  s t a b i l i t y :  t h e  r a t e  of p i t c h  i nc r ea sed  
and t h e  s t i c k  f o r c e  went t o  the o p p o s i t e  d i r e c t i o n  t o  check t h e  manoeuvre. H e  a l s o  i n d i -  
c a t e d  t h a t  af ter  a few manoeuvres t h e  tes ts  were d i s con t i nued  because of the ne rvousness  of 
a l l  t h e  crew, 

By presuming an a c c e l e r a t i o n  a f t e x  take-off t o  speeds where s t i c k  forces a g a i n s t  
a jammed AND s t ab i l i ze r  would become n o t i c e a b l e s a n d  also a  con t inued  acceleration wh i l e  
t r y i n g  t o  r e a c t i v a t e  t h e  s t a b i l i z e r ,  s ay  t o  260 o r  270  h o t s ,  one can  account  for t he  speed 
element necessary to p l a c e  t h e  a i r c r a f t  nea r  the region of t h e  accident. F u r t h e r ,  i f  t h e  
p i l o t  then reduced h i s  a i r s p e e d  t o  220 knots t o  r e l i e v e  t h e  s t i c k  f o r c e  necessary for t r i m  
and t hen  encountered  moderate t o  severe t u rbu l ence ,  h e  could  conce ivab ly ,  because of t h e  
law s t i c k  f o r c e  g r ad i en t , have  o v e r c o n t r o l l e d  t h e  a i r c r a f t  t o  t h e  e x t e n t  t h a t  on one of t h e  
o s c i l l a t i o n s  t h e  a i r c r a f t  reached a n o s e - d o w n a t t i t u d e  f o r  which t h e  a l t i t u d e  d i d  n o t  permi t  
r ecovery ,  

F igure  10-5 h a s  been cons t ruc t ed  from a v a i l a b l e  data, p r i n c i p a l l y  DC-8, by 
superimposing on the altitude required t o  r e cove r  from g iven  d i w  angles (utilizing a 2-g 
recovery), t h e  a l t i t u d e  l o s t  i n  g e t t i n g  from level  t o  these dive a t t i t u d e s .  Not inc luded  
i s  a l t i t u d e  d i s s i p a t e d  d u r i n g  the t i m e  r e q u i r e d  f o r  s i t u a t i o n  a n a l y s i s ,  d e c i s i o n  and 
r e a c t i o n ,  and t h e  t i m e  nece s sa ry  t o  app ly  t h e  s t i c k  farce for a 2:g manoeuvre. Examination 
of the  graph shows t h a t  r ecovery  becomes p r o b l e m a t i c a l  i f  a pushover t o  30 degrees i s  
i n i t i a t e d  a t  any a l t i t u d e  below 5 000 f e e t .  I f  one c o n s i d e r s  the additional. altitude 
losses r e f e r r e d  t o  above, t h e  l i m i t i n g  a l t i t u d e  would be cons ide r ab ly  h i g h e r  o r ,  conve r se ly ,  

* The C i v i l  A i r  Regu l a t i ons  under which t h e  DC-8 and o t h e r  t r a n s p o r t  a i r c r a f t  were c e r t f -  
f i c a t e d  do no t  s p e c i f y  s t i c k  f o r c e  pe r  g values, For t h e  s u p e r s c r i p t e d  s t a t e m e r ~  the  
Board re l ied  on g e n e r a l  consensus of op in ion  and on MIL-F-8785 (ASG) which spe ies 
maximum and minimum g r a d i e n t s  by formula,  Apply ing  t h e  formula t o  the  DC-8, .e s t i c k  
fo rce  p e r  g v a l u e s  are a maximum of 80 and a minimum of 30 pounds ,  
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the maximum dive angle for recovery would be less. Calculations based on flight recorder 
data of the DC-8 turbulence upset which occurred with the same co-pilot at the c o n t r o l s  
showed that the aircraft reached anuse-downattitude of about 40 degrees and that 
13 000 feet were requtxed to resume level flight, 

Some of the preliminary results of the extenshe NASA intercentre rough air 
penetration studies were of considerable assistance to  the Board i n  i ts  assessment of t h i s  
accident and subsequent similar accidents, O f  particular interest  i s  NASA's f inding that 
p i l o t  workload, flight deck acceleration environment, aircraft characteristics, instrumenta- 
tion displays, and piloting technique can all be factors in precipitating upsets in some 
cases. In the work completed it has been shown that the simulator, without any p i l o t  con- 
t r o l  inputs, can f l y  through the mast severe National Severe Storms Project (NSSP) gust/ 
draught  history without excessive g excursions, large airspeed variations or great altitude 
changes but w i t h ,  in many cases, large changes i n  p i t ch  a t t i t u d e .  The inherent or augmented 
s t a b i l i t y  of the simulated aircraft provides the restoring forces necessary to maintain the 
trim condftfon, In most of the trials with a pilot control input, the simulator could be 
flown successful ly  through t h e  "storm" and the extent of the g, airspeed, and altitude 
excursions depended largely on how close the p f l o t  t r i e d  to  maintain the d e s i i e d  pftch 
a t t i t u d e .  Some of the t r i a l s  revealed oscfllations q u i t e  large in amplitude, indicating 
pilot control input out-of-phase with  the simulator motions induced by the imposed g u s t f  
draught history. In a f e w  trials the oscillations became divergent and an ugiser occurred. 
When the p i l o t  w a s  told t o  del iberate ly  ignore the pitch attitude d i s p l a y  and t o  rely 
chief ly  on controlling airspeed during the simulated penetration, large osci l lat ions  of 
a l l  parameters invariably r e s u l t e d .  

In l ine with the accepted concept that the att i tude indicator becomes the 
primary instrument in turbulence flying, ft is important to recall that  in the Col l ins  105 
the gearing of t h e  pitch bar is such that when the aircraft  i s  being rotated t o  high p i t c h  
a t t i t u d e s  (more t h a n  20 degrees) ,  the  r a t i o  of actual aircraft deck angle to  indicated 
pitch attitude increases, The r e s u l t ,  of course, is that unless the p i l o t  is familiar w i t h  
t h i s  phenomenon, he will view the aircraft as being in a less severe at t i tude  than it 
really is, or he may allow the aircraft to stray farther in pitch simply because h i s  att i -  
tude instrument is presenting him with conservative data. If the attitude indicator 'pre- 
sents "geared-down" pitch  at  tirude inf armat ion to the pilot, f t likewise preseilcs "geared- 
down" pftch rate information and could cause a degree of over-control whert the pi lo t  
attempts to restore the  aircraft to  normal attitudes. Coupled w i t h .  this 2s the small 
physical size of the instrument face and its so l id  b lack  background. which d o e s  not df.solav 
to t h e  p i l o t  the immediately interpretive picture of therwo-coloured instruments. * . - - * '  

The Board heard testimony concerning the  miscues presented to p i l o t s  'by their S l i g h t  
instruments during turbulence flying,and several papers have been written on the subject. 
Generally conceded i s  the fact that  airspeed, rate of climb, and altitude presc~taiions 
could lack accuracy and, even more, could  presertt completely erroneous 5nf ormzitfm ad t o  
longitudinal att i tude ,  i .e. ,  trends exactly opposite to that expected af a givea att.f$dde. * 
The Board then found that the primary instrument, the attitude indicator, presents to the 
p i l o t  information which, while not i l l o g i c a l ,  i s  certainly nut optimum. ' 

* Secretariat  note :  Of p a r t i c u l a r  in te res t  i n  t h i s  connexion Wis Northwest A i r l i n e s  I : i ~ h t  
Standards B u l l e t i n  No, 3-65, which was reproduced w i t h  t%te kInd permission of rhe at i t  L O T ,  

Xr. Paul Soderlind, as a n  attachment t c t  fL'.:ii) S t a t e  Letter M Z I / l O - 6 5 I ' l l f i  da ted 
16 Augrlst 1965, _ . - 1 .  
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Additionally, t h e  Board gathered fnformarion on the subject of speed s t a b i l f t y *  
l i g h t  t e s t s  have shown t h a t  t h e  DC-8 speed s t a b i l i t y  i n  t h e  c l lmb c o n f i g u r a t i o n  approaches  
~ u t r a l  a t  speeds  above 300 knots when t h e  PTC f a i l s  t o  extend the programed amount. Speed 
t a b i l i t y  c h a r a c t e r i s t i c s  were e x p l o r e d  wi th  a  r e s e a r c h  pilot:  who had. cons idera 'b le  expe r i -  

ence i n  exper imenta t ion  w i t h  specially adap ted  v a r i a b l e  s t a b i l i t y  a i r c r a f t .  He i n d i c a t e d ,  
a s  d i d  o t h e r  t e a t  p i l o t s ,  t h a t  n e u t r a l  sveed s t a b i l i t y  .in i t s e l f  does not pose a s e r i o u s  
problem t o  t h e  p i l o t ,  and,  i n  f a c t ,  under  normal f l y i n g  cond i t ions ,  makes an a i r c r a f t  quite 
p l e a s a n t  t o  fly, H e  f u r t he r  po in t ed  o u t ,  however, t h a t  @hat  is  dangerous abou t  a s i t u a t i o n  
like t h i s  is a d i s t r a c t i o n .  Tf t h e  p i l o t ,  f o r  example, is d i s t r a c t e d  f o r  any r ea son  and 
a l l ows  t h e  a i r c r a f t  t o  s t a r t  d i v e r g i n g  from i t s  t r i m  c o n d i t i o n ,  e s p e c i a l l y  i f  he is i n  
t u rbu l ence  and he  i s  faced w i t h  a f a i r l y  s u b s t a n t i a l  change i n  his t r i m  or hfs a t t i t u d e ,  
t h e  tendency u s u a l l y  i s  t o  make a Large i n p u t ,  and this i s  where t h e  t r o u b l e  beg ins .  

The Board conducted s t u d i e s  p e r t a i n i n g  to  n i r c r a f  t c h a r a c t e r i s t i c s  i n  t u rbu l ence .  
T h i s  i n fo rma t ion  r e v e a l e d  t h a t  t u rbu l ence  h a s  known e n e r g i e s  broad enough t o  e x c i t e  a i r -  
c r a f t  n a t u r a l  f r e q u e n c i e s  between 0 .2  c p s  and 4.0 cps ,  An example af t h i s  was illustrated 
bv t h e  p i lo t - in -comand  who w a s  involved wi th  t h a t  s a m e - a i r c r a f t  i n  a  t u r b u l e n c e  i n c i d e n t  on 
20 August 1963 a t  Dulles. H e  s t a t e d  that he encoun te red  t h e  most v i o l e n t  j o l t  e v e r  
exper ienced in over  20  000 hours  of f l y i n g , a n d  t h a t  he felt a s  though an  ex t remely  s e v e r e  
positive, upward a c c e l e r a t i o n  had t r i g g e r e d  off  a b u f f e t i n g ,  n o t  a p i t c h ,  t h a t  i n c r e a s e d  i n  
frequency and magnitude. Not an  ins t rument  on any pane l  was r e a d a b l e  t o  its f u l l  scale, bu t  
theyappeared  as  wh i t e  b l u r s  a g a i n s t  t h e i r  da rk  background and i t  could  have been 20, 20,  
60 br 100 seconds ,  w i th  no i d e a  of a t t i t u d e ,  a l t i t u d e ,  a i r s p e e d  or heading. Brief cases, 
manuals, ash trays, s u i t c a s e s ,  p e n c i l s ,  c i g a r e t t e s ,  f l a s h l i g h t s  were  f l y i n g  about  l i k e  un- 
guided missiles. It sounded and felt as i f  pods were l e a v i n g  and t h e  s t r u c t u r e  d i s i n t e g r a t i n g .  

The o b j e c t s  t h a t  w e r e  t h r a s h i n g  about  the cockp i t  seemed t o  s e t t l e  momentari ly  
on t h e  c e i l i n g  which made i t  imposs ib le  t o  trustone'ssenses,although he  had a f e e l i n g  t h a t  
the a i r c r a f t  was i n v e r t e d  a s  h i s  seat b e l t  was t i g h t  and had s t r e t c h e d  c o n s i d e r a b l y  and h i s  
b r i e f c a s e  was on t h e  c e i l i n g .  Both he and the co -p i l o t  a p p l i e d  a s  much f o r c e  a s  they  cou ld  
g a t h e r  t o  r o l l  a i l e r o n  control t o  t h e  l e f t ,  The ho r i zon  b a r  a t  t h i s  time s t a r t e d  t o  
stabilize and showed t h e  a i r c r a f t  coming back through 90 d e g r e e s  v e r t i c a l  t o  a l eve l  a t t i -  
tude  l a t e r a l l y ,  A t  t h i s  t ime,  h e  had h f s  f i r s t  a i r s p e e d  r e a d i n g  decay ing  through 250 knots; 
the a i r  smoothed o u t  and t h e  a i rcraf t  gently  l e v e l l e d  o f f  a t  between 1 400-1 500 f e e t .  

I n  its a t t e m p t s  t o  assess the combination of t u r b u l e n c e  and hand l i ng  c h a r a c t e r i s -  
tic elements of t h e  man-machine-environment t r i a n g l e ,  t h e  Board found of c o n s i d e r a b l e  v a l u e  
t h e  conc lus ions  reached by t h e  independent  r e s e a r c h  agency (see par'agraph 1.15) regarding 
t h e  tendency of p i l o t s  t o  o v e r c o r r e c t ,  thus producing a p i l o t  induced o s c i l l a t i o n  (PZO). 

Based on the in fo rmat ion  a v a i l a b l e  t o  the Board, the DC-8 exhibited v e r y  low 
speed-stability character istics , particularly a t  higher climb speeds when t h e  PTC does not 
o p e r a t e  as  programmed, and the q u e s t i o n  was r a i s e d  whether  these s t a b i l i t y  aspects were within 
t h e  requirements of the Civil A i r  Regu la t ions ,  A ~ Z  matter of fac t ,  the  regulations d i d  
n o t  cover s t a b i l i t y  i n  t h e  event of a mistrimmed c o n d i t i o n  o r  a'system malfunc t ion ;  under  
such conditions, t h e  r e g u l a t i o n s  r e q u i r e d  on ly  t h a t  the a i r c r a f t  be safely c o n t r o l l a b l e ,  

* Speed ar static s t i c k - f r e e  s t a b i l i t y  i s  t h e  measure of the aircraft's a b i l i t y  to r e t u r n  
t o  t r i m  speed i f  momentarily d i s t u r b e d  t o  a lesser o r  g r e a t e r  speed. An aircraft which 
has p o s i t i v e  speed s t a b i l i t y  w i l l  l i k e w i s e  r e q u i r e  p u l l  farces t o  ma in t a in  a l t i t u d e  i f  
t h e  speed d e c r e a s e s  and push forces i f  t h e  speed increases from t r i m  speed,  
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However, what w a s  of primary i n t e r e s t  was t h e  f a c t  t h a t  a t  lower speeds  (220 kno t s )  t h e  
ae rop l ane  c o u l d , u n d e r c e r t a i n  m i s t r i m  c o n d i t i o n s , e x h i b i t  low t o  n e u t r a l  s t i c k  f o r c e  p e r  g  
and s t i c k  f o r c e  v e r s u s  e l e v a t o r  d e f l e c t i o n ;  and a t  t h e  h ighe r  cl imb speeds (310 kno t s )  i t  
could have ve ry  low speed s t a b i l i t y .  

E a r l i e r  t h e  Board d i s cus sed  t h e  p o s s i b i l i t y  of a  p a r t i a l l y  o r  f u l l y  extended 
but  i n o p e r a t i v e  PTC. Th is  would have c o n t r i b u t e d  t o  reduced manoeuvering s t a b i l i t y  a t  
lower speeds  bu t  would have improved t o  a  smal l  e x t e n t  t h e  speed s t a b i l i t y  a t  t h e  h ighe r  
speeds.  On t h e  o t h e r  hand a r e t r a c t e d ,  i n o p e r a t i v e  PTC would have had no e f f e c t  a t  lower 
speeds  bu t  would have produced marginal  speed s t a b i l i t y  a t  speeds  i n  exces s  of 300 kno t s .  
A s  s t a t e d  be fore ,  t h e  p o s s i b i l i t y  e x i s t e d  t h a t  t h e  PTC a c t u a t o r  was extended.  Th is  condi- 
t i o n ,  whi le  it could haveworsened t h e s i t u a t i o n , w a s  no t  a necessa ry  p r e r e q u i s i t e  t o  a  P I0  
s i t u a t i o n .  The Board i n v e s t i g a t e d  s e v e r a l  PI0  a c c i d e n t s  and i n c i d e n t s  i n  which t h e  PTC 
was no t  involved,  i n c l u d i n g  a i r c r a f t  which d i d  no t  have t h i s  type  of compensating system. 
One element ,  however, common t o  almost  a l l  P I0  occurrences,was t h e  a p p l i c a t i o n  of nose-down 
s t a b i l i z e r  t r i m  a t  some p o i n t  dur ing  t h e  o s c i l l a t o r y  c y c l e s .  

I n  o t h e r  words, t h e  p i l o t ,  f i n d i n g  h i s  a i r c r a f t  i n  an  e x c e s s i v e l y  nose-high 
a t t i t u d e ,  pushed t h e  column forward and, when t h e  a i r c r a f t  d i d  not  respond t o  h i s  satis- 
f a c t i o n ,  he  a l s o  a c t u a t e d  t h e  t r i m  swi tch ,  H e  then  suddenly found t h e  a i r c r a f t  responding 
more r a p i d l y  t han  a n t i c i p a t e d ,  and t h i s  motion could a l s o  have been aggravated  by a  g u s t  
r e v e r s a l  which became a d d i t i v e  t o  t h e  e l e v a t o r  and s t a b i l i z e r  i npu t s .  A t  t h i s  p o i n t ,  i n  
a l l  p r o b a b i l i t y ,  t h e  P I0  cond i t i ons  have ended f o r  a l l  p r a c t i c a l  purposes ,  and t h e  a i r c r a f t  
was i n  a d ive .  Whether o r  no t  t h e  a i r c r a f t  could have recovered from t h e  d i v e  w a s  mainly 
a  ques t i on  of d i v e  ang le  and a l t i t u d e .  However, o t h e r  f a c t o r s  more s u b t l e  and d i f f i c u l t  
t o  a s s e s s ,  but  g r e a t l y  a f f e c t i n g  t h e  s e r i o u s n e s s  of ang l e  and a l t i t u d e ,  were p i l o t  response 
times, h i s  use of r e v e r s e  t h r u s t ,  whether he a t tempted t o  retrim and perhaps  t h e  most 
important  of a l l ,  how much load he was w i l l i n g  o r  a b l e  t o  p lace  on t h e  a i r f r a m e  i n  t h e  
pul l -out  . 

The f a i l u r e  of t h e  s t a b i l i z e r  d r i v e  system a t  t h e  f u l l  AND p o s i t i o n ,  whether i t  
occu r r eddu r ing  aP IO  o r  earlier,  au toma t i ca l l y  e s t a b l i s h e d  a  lower l i m i t  t o  t h e  p i l o t ' s  
a b i l i t y  t o  recover  from a d i v i n g  cond i t ion .  The l a r g e r  s i z e  of t h e  s t a b i l i z e r  makes i t  
approximately t h r e e  times a s  powerful a s  t h e  e l e v a t o r ,  and t h e r e f o r e  about s i x  degrees  of 
up e l e v a t o r  i s  r e q u i r e d  t o  coun t e r ac t  t h e  e f f e c t  of an unwanted 2-degree AND s t a b i l i z e r  
p o s i t i o n .  Th i s  amount of e l e v a t o r  d e f l e c t i o n  was l o s t  i n  s o  f a r  a s  recovery  was concerned. 
Also,  a s  speed inc reased ,  t h e  a b i l i t y  t o  g e t  any recovery  a c t i o n  from t h e  e l e v a t o r  dimin- 
i shed ,  and d isappeared completely a t  about 470 knots .  Seve ra l  P I0  i n c i d e n t s  a l s o  e s t ab -  
l i s h e d  t h e  f a c t  t h a t  h igh  s t i c k  f o r c e s  (about 80 pounds o r  more) produced moments on t h e  
s t a b i l i z e r  which exceeded t h e  t r i m  motor c a p a b i l i t y , a n d  t h a t  under t h e s e  c i rcumstances  i t  
was necessa ry  t o  r e l a x  some of t h e  p u l l  f o r c e  i n  o rder  t o  r e p o s i t i o n  t h e  s t a b i l i z e r .  I f  
t h e  d r i v e  system f a i l e d  dur ing  a  PI0  r a t h e r  t han  earlier,  t h e  p i l o t s  had no way of knowing 
t h e  real  reason f o r  i t s  f a i l u r e  t o  o p e r a t e  i n  t h e  ANU d i r e c t i o n .  I n  t h e  s p l i t  seconds 
a v a i l a b l e  t o  them f o r  a n a l y s i s  they could e a s i l y  have concluded t h a t  t h e  f a i l u q e  was due 
t o  heavy s t i c k  fo r ce s .  Reverse t h r u s t ,  i n  a d d i t i o n  t o  d rag ,  produces a nose-up p i t c h i n g  
moment;however, dur ing  t h e  t i m e ,  no matter how s h o r t ,  r e q u i r e d  t o  go from forward t h r u s t  
t o  r e v e r s e ,  t h e  nose-up p i t c h i n g  moment of forward t h r u s t  had been removed and t h e r e f o r e  
con t r i bu t ed  t o  t h e  s e v e r i t y  of t he  d ive .  Small a s  i t  may be ,  t h i s  f a c t o r  becomes more 
s i g n i f i c a n t  a t  very  low i n i t i a t i n g  a l t i t u d e s .  
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Based on v o i c e  i d e n t i f i c a t i o n  and crew ~ r a c t i c e s ,  i t  was be l ieved  t h a t  t h e  co- 
p i l o t  was a t  t h e  c o n t r o l s  du r ing  and f o l l o w i n g  t a k e - ~ f f  from New Orleans.  Th i s  same p i l o t ,  
dur ing  t h e  development of a l o n g i t u d i n a l  upset  i n  another DC-8, d i d  not  h e s i t a t e  t o  apply  
f u l l  forward c o n t r o l  column and a d d i t i o n a l  nose-down trim when faced wi th  an  unusual  a t t i -  
tude i n  t u rbu l ence .  The r e s u l t  was a  d ive  reaching about 40 degrees nose-down, and about  
13 000 f e e t  were r equ i r ed  f o r  recover ing .  The Board, however, f u l l y  recognized t h a t  what 
t h i s  p i l o t  d id  i n  one s i t u a t i o n  a t  one t i m e  w a s  not  i n d i c a t i v e  of h i s  a c t i o n s  
i n  ano the r ,  even s i m i l a r ,  s i t u a t i o n  a t  ano ther  time. 

2 .2  Conclusions 

Findings  

The crew were proper ly  c e r t i f i c a t e d .  

The a i r c r a f t ' s  g r o s s  weight and centre of g rav i ty  were w i th in  a l l owab le  l i m i t s .  

Night ,  ins t rument  c o n d i t i o n s  p reva i l ed .  

Moderate t o  s eve re  tu rbu lence  w a s  encountered. 

The PTC was i n o p e r a t i v e  and may have been p a r t i a l l y  o r  f u l l y  extended.  

The s t a b i l i z e r  d r i v e  system f a i l e d  i n  t h e  2-degree AND p o s i t i o n  a t  some t i m e  
dur ing t h e  f l i g h t .  

The a t t i t u d e  i n d i c a t o r ,  which w a s  small w i t h  a  s o l i d  b l ack  background, w a s  d i f -  
f i c u l t  t o  i n t e r p r e t  a t  n i g h t .  

The p i t c h  i n d i c a t i o n  of t h e  a t t i t u d e  i n d i c a t o r  was "geared-down1' bu t  not  
indexed as t o  degrees .  

The a i r c r a f t  exh ib i t ed  marginal  t o  non-existent  speed s t a b i l i t y  and a s t i c k  
f o r c e  per  g  c h a r a c t e r i s t i c  which t e s t  p i l o t s  have i n t e r p r e t e d  a s  u n s t a b l e .  

None of t h e s e  f a c t o r s  i n  i t se l f  c o n s t i t u t e d  a  hazard o r  even a s e r i o u s  s i t u a t i o n ;  
however, s e v e r a l  o r  a l l  of them i n  combination could have c r ea t ed  c o n d i t i o n s  under which 
c o n t r o l  of t h e  a i r c r a f t  could have been l o s t ,  p a r t i a l l y  o r  completely.  

The Board concluded t h a t ,  a l though t h e  exac t  t i m e  of t r i m  f a i l u r e  could  no t  be 
e s t a b l i s h e d ,  such f a i l u r e  d i d  occur and e i t h e r  con t r i bu t ed  t o  t h e  i n t r o d u c t i o n  of a  PI0 i n  
tu rbu lence  o r  w a s  c o n t r i b u t o r y  t o  t h e  f a i l u r e  t o  recover  therefrom, and t h a t  t h e  i n o p e r a t i v e  
PTC a l s o  con t r i bu t ed  whether r e t r a c t e d  o r  extended,  and t h a t  t h e r e  w a s  a  St rong p o s s i b i l i t y  
t h a t  i t  was a t  least p a r t i a l l y  extended.  The h i s t o r i e s  of t h i s  and o t h e r  DC-8 a i r c r a f t  
suggested a l s o  t h a t  some degree  of c o n t r o l  system mis r igg ing  might have added t o  any o t h e r  
c o n t r o l  d i f f i c u l t i e s .  

Cause o r  
Probable cause (s)  

The Board determines t h e  probable  cause of t h i s  acc iden t  was t h e  deg rada t ion  of 
a i r c r a f t  s t a b i l i t y  c h a r a c t e r i s t i c s  i n  tu rbu lence ,  because of abnormal l o n g i t u d i n a l  t r i m  
component p o s i t i o n s .  
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3. - Recommendations 

None were contained i n  t h e  r e p o r t .  ; . .  

4. - Action taken 

Following t h i s  a c c i d e n t ,  and a s  a  r e s u l t  of f u r t h e r  t e s t i n g  of t h e  DC-8, t h e  
FAA approved s e v e r a l  a i r c r a f t  modi f ica t ions ,  and new maintenance and operat ir ig procedures.  
The AND t r a v e l  l i m i t  of t h e  h o r i z o n t a l  s t a b i l i z e r  was reduced from two degrees  t o  one-half 
degree t o  minimize t h e  e f f e c t s  of mistrimming. The e l e v a t o r  load- fee l  and c e n t r i n g  s p r i n g  
assembly was modified t o  a d j u s t  t o l e r a n c e s  p rope r ly ,  and e l i m i n a t e  t h e  p o s s i b i l i t y  of a  
heavy compression s p r i n g  i n  t h e  assembly producing a p r e s e t  i n  t h e  assembly. The PTC 
a c t u a t o r  be l l c r ank  arm was rep laced  t o  modify t he  a f t  f o r c e  on t h e  c o n t r o l  column t o  pro- 
v i d e  an inc rease  i n  l o n g i t u d i n a l  s t a b i l i t y  under a l l  f l i g h t  cond i t i ons ,  and an amber 
warning l i g h t  was i n s t a l l e d  t o  warn of 8 0 p e r  cen t  of f u l l  ex tens ion .  The ope ra t ing  pro- 
cedures f o r  t h e  a i r c r a f t  were a l s o  changed t o  r e s t r i c t  t h e  climb speed t o  250 kno t s  maximum 
when t h e  PTC w a s  i n o p e r a t i v e  and t h e  a i r c r a f t  c.g.  exceeded 30 per  c e n t .  Because trimming 
a g a i n s t  an unwanted PTC ex tens ion  w i l l  r e s u l t  i n  (1)  decreas ing  t h e  e l e v a t o r  a v a i l a b l e  f o r  
landing,  and ( 2 )  decreas ing  the  s t a b i l i t y  of t h e  ae rop lane the  procedure f o r  overcoming t h i s  

I 1  condi t ion  was changed to :  ... t h e  e l e v a t o r  should no t  be trimmed t o  ze ro ,  bu t  t h e  s t a b i -  
l i z e r  should be pos i t i oned  t o  mainta in  a s l i g h t  push f o r c e  (approximately 10 pounds) ... I I 

A l s q E A L  modified t h e i r  C o l l i n s  105 Approach Horizon t o  provide  a more r e a l i s t i c  
p r e s e n t a t i o n  of a t t i t u d e  t o  t h e  p i l o t .  

I C A O  Ref: AR/910 
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FIGURE 10-2 
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FIGURE 10-5 
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D i v e  Angle,  Fol lowed b y  a 2 .0 -g  P u l l - u p  to  Level  F l igh t .  

FIGURE 10-6 
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No. 11 

F u j i  Koku Co. Convair 240 JA5098, a c c i d e n t  a t  O i t a  A i r p o r t ,  
Japan. on 2 7  February 1964. Report r e l e a s e d  by t h e  

Japan C i v i l  Avia t ion  Bureau on 1 J u l y  1966 

1. - I n v e s t i g a t i o n  

1.1 His to ry  of t he  f l i g h t  

F l i g h t  902 was a  scheduled domest ic  f l i g h t .  It depar ted  Kagoshima a t  0546 GMT* 
and f l ew VFR t o  O i t a  wi th  a  crew of 5 and 37 passengers  aboard t h e  a i r c r a f t .  A t  0614 hours  
i t  made r a d i o  con t ac t  wi th  t h e  Oita Cont ro l  Tower and was g iven weather  in fo rmat ion .  The 
co -p i l o t ,  who was f l y i n g  t he  a i r c r a f t  from t h e  lef t -hand s e a t ,  landed t h e  a i r c r a f t  on run- 
way 02 but  was unable t o  reduce t h e  speed of t h e  a i r c r a f t  and t h e  a i r c r a f t  over-ran t h e  
runway. Its l e f t  wheel h i t  a 62-cm-high a i r p o r t  boundary marking s t o n e  96.6-metres  beyond 
t h e  end of t h e  runway on t h e  extended c e n t r e  l i n e .  The a i r c r a f t  then c o l l i d e d  w i th  lumber 
p i l e d  up 124 m from t h e  runway end,  and f e l l  i n t o  t h e  dried-up bed of t h e  Urakawa River .  

1.2 I n l u r i e s  t o  persons  

1.3 Damage t o  a i r c r a f t  

The a i r c r a f t  was des t royed  by t h e  impacts  and subsequent  f i r e .  

- 
I n j u r i e s  

F a t a l  

Non-fatal  

None 

1.4 Other damage 

None. 

1.5 C r e w  informat ion 

C r e w  

2 

3 

The pilot-in-command h e l d  a n  a i r l i n e  t r a n s p o r t  p i l o t ' s  l i c e n c e ,  v a l i d  u n t i l  
26 A p r i l  1964. H e  had flown a t o t a l  of 5 387 hours ,  i n c l u d i n g  982 hours  on Convair a i r c r a f t .  

The co-p i lo t  a l s o  h e l d  a v a l i d  a i r l i n e  t r a n s p o r t  p i l o t ' s  l i c e n c e ,  v a l i d  u n t i l  
16 June 1964. H e  had flown a t o t a l  of 2 810 hours ,  i nc lud ing  529 on Convair a i r c r a f t .  

Passengers  

18  

9 

*Local t ime = GMT + 9 hours .  

Others  

1 

4 
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A t h i r d  p i l o t ,  not  on du ty  dur ing t h i s  l e g  of t h e  t r i p ,  was s i t t i n g  on t h e  jump 
s e a t .  H e  a l s o  had a v a l i d  a i r l i n e  t r a n s p o r t  p i l o t ' s  l i c ence .  

Nothing i n  t h e i r  r e c e n t  f l y i n g  a c t i v i t i e s  i nd i ca t ed  any th ing  which could have 
prevented them from normal ope ra t i on  of t h e  a i r c r a f t .  

1.6 A i r c r a f t  informat ion 

In spec t ion  and maintenance had been c a r r i e d  out  according t o  e s t a b l i s h e d  proce- 
dures .  The a i r c r a f t  had flown 836 hours  sirice t h e  l a s t  i n spec t ion .  There w a s  no r e p o r t  
of any d e f i c i e n c y  p r i o r  t o  and dur ing t h e  f l i g h t .  No i n d i c a t i o n s  of weight and c e n t r e  of 
g r a v i t y  a r e  given i n  t h e  r e p o r t .  The f u e l  used was ESSO 100/130. 

1.7 Meteorological  in£ ormation 

Meteorological  cond i t i ons  permi t t ed  VFR opera t ion .  The acc iden t  took p l a c e  i n  
s u n l i g h t .  

1.8 Aids t o  nav iga t i on  

Not p e r t i n e n t .  

1.9 Communications 

Both a i r c r a f t  and ground s t a t i o n  communications were normal. 

1.10 Aerodrome and ground f a c i l i t i e s  

Runway 12/30 is 1 080 m long and 30 m wide. The a i r p o r t  is 2 m amsl. 

1.11 F l i g h t  r eco rde r s  

Not i n s t a l l e d .  

1.12 Wreckage 

Wreckage was s c a t t e r e d  over t h e  area from 96.6 m t o  approximately 144 m i n  a  
l i n e  beyond t h e  end of runway 30. The r i g h t  wing, r i g h t  engine ,  f u s e l a g e  and t a i l  a l l  
f e l l  i n t o  t h e  d ry  bed of t h e  Urakawa River ,  and t h e  c e n t r a l  p a r t  of t h e  f u s e l a g e  then 
burned ou t .  

1.13 F i r e  - 
Fi re - f i gh t ing  equipment a t  t h e  a i r c r a f t  c o n s i s t e d  of t h r e e  t ank  t r u c k s ,  two 

pump t r u c k s  and two o t h e r  v e h i c l e s .  No informat ion is given on t h e  e f f e c t i v e n e s s  o f  the  
f i r e  f i g h t i n g .  

1 .14 Su rv iva l  a s p e c t s  

The f r o n t  of t h e  f u s e l a g e  w a s  broken o f f ,  a l lowing passengers  e i t t i n g  forward . . 
t o  escape;  those  eea ted  i n  the r e a r  were burned t o  death .  
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1.15 Tes t s  and r e sea rch  

None. 

2 .  - Analys is  and Conclusions 

2.1 Analys is  

Before depar tu re  from Kagoshima, the  pilot-in-cornrnand t o l d  t h e  co-p i lo t  t h a t  
th resho ld  speed a t  O i t a  should be 115 k t ,  i . e .  12 k t  g r e a t e r  than  s t i p u l a t e d  f o r  t h e  
landing weight ,  which was es t imated  t o  be 38 000 l b .  

Touchdown po in t  was assumed t o  have been a t  approximately 250-300 m a f t e r  t h e  
th resho ld .  The nose wheel con t ac t  took p l ace  a t  approximately 500 m and t h e  co-p i lo t  
probably app l ied  r e v e r s e  p i t c h  a t  t h i s  po in t .  However, he  f e l t  an  a c c e l e r a t i o n  i n s t e a d  of 
d e c e l e r a t i o n  and found t h a t  t h e  r e v e r s e  warning l i g h t  was o f f .  He then  pushed t h e  r e v e r s e  

11 l e v e l  back t o  t h e  o f f"  p o s i t i o n  and r epo r t ed  t h e  i n e f f e c t i v e n e s s  of t h e  r e v e r s i n g  t o  t h e  
pilot-in-command who was a l r eady  a l e r t e d  because, as t h e  nose wheel touched down, t h e  air- 
c r a f t  veered t o  t h e  l e f t .  The f l i g h t  engineer  t e s t i f i e d  t h a t ,  accord ing  t o  t h e  sound he 
heard ,  t h e  l e f t  p r o p e l l e r  went i n t o  r e v e r s e  but  no t  t h e  r i g h t  one; t h i s  caused t h e  a i r c r a f t  
t o  veer  t o  t h e  l e f t .  Both p i l o t s  then  app l i ed  t h e  foot-brake s imul taneous ly  b u t  found t h a t  
t h e  brakes  d i d  not  work as w e l l  a s  usual .  The co-pi lo t  then  a p p l i e d  t h e  emergency brake ,  
whi le  t h e  pilot-in-command app l i ed  f u l l  r e v e r s e  p i t c h .  A l l  t h i s ,  however, w a s  i n s u f f i c i e n t  
t o  s t o p  t h e  a i r c r a f t  be fo re  t h e  end of t h e  runway. 

The r e v e r s e  system c i r c u i t  breaker  w a s  found i n   rip" p o s i t i o n  when a l l  
o the r  c i r c u i t  b reakers  were found i n  "Normal" p o s i t i o n .  It was be l i eved  t h a t  t h i s  b reaker  
went i n t o  t h e  "Tr ip"pos i t i on  when r e v e r s e  was f i r s t  app l ied .  This  might have been caused 
e i t h e r  by a g rea te r - than-spec i f i ed  flow of c u r r e n t  through t h e  c i r c u i t  breaker  r e s i s t a n c e ,  
o r  by an i n t e r n a l  f a i l u r e  of t h e  c i r c u i t  breaker  i t s e l f .  

Traces of normal braking were ha rd ly  i d e n t i f i a b l e ,  but  t r a c e s  of emergency 
braking were found s t a r t i n g  approximately 250 m be fo re  t h e  end of t h e  runway. The l e f t  
wheel t r a c e s  s t a r t e d  f i r s t  and were heav ie r  than  t hose  of the  r i g h t  wheel. No d e f i n i t e  
evidence of s e r i o u s  d e f e c t  i n  t h e  brake  system was found. 

The pilot-in-command's and t h e  c o - p i l o t ' s  exp l ana t ion  t h a t  t h e  response  of t h e  
f o o t  brake was not  a s  good a s  u s u a l  could be exp la ined  by one o r  more of t h e  fo l lowing  
reasons:  

( i )  Malfunction o r  f a i l u r e  of t h e  h y d r a u l i c  pump, 

( i i )  Hydraulic  f l u i d  leakage,  

( i i i )  Mechanical f a i l u r e  of t h e  brake c o n t r o l  va lve  i n  t h e  h y d r a u l i c  system, 

( i v )  I n s u f f i c i e n t  h y d r a u l i c  f l u i d .  

I n e f f e c t i v e n e s s  of t h e  brakes  was considered a s  a  p o s s i b i l i t y .  
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2.2 Conclusions 

Findings 

The p i l o t s  were proper ly  c e r t i f i c a t e d .  

The a i r c r a f t  had been proper ly  maintained and was a i rwor thy  a t  t h e  t i m e  of take- 
o f f  from Kagoshima. 

The land ing  a t  O i t a  appeared normal a l though t h e  t h r e sho ld  speed w a s  s l i g h t l y  
h igher  than normal f o r  t h e  a i r c r a f t ' s  weight. 

Touchdown was between 250 and 300 m a f t e r  t h e  t h r e sho ld  and t h e  nose wheel 
touched down some 200 m f a r t h e r  down t h e  runway. Reverse p i t c h  was then app l ied ;  however, 
only t h e  l e f t  p r o p e l l e r  went i n t o  reverse .  The r e v e r s e  system breaker  was found i n  t h e  
 rip" p o s i t i o n  a f t e r  t h e  acc iden t .  According t o  p i l o t s '  test imony normal f o o t  braking 
appeared t o  have been less e f f e c t i v e  than normal. Although no d e f i n i t e  evidence  of 
s e r i o u s  d e f e c t s  i n  t h e  brake system was found, i n e f f e c t i v e n e s s  of t h e  b rakes  was considered 
as a p o s s i b i l i t y .  

Cause o r  
Probable cause  ( s )  

The over lapping e f f e c t s  of excess ive  a i r  speed i n  touchdown, i n o p e r a t i v e  pro- 
p e l l e r  r eve r s ing ,  i n s u f f i c i e n t  e f f e c t  of t h e  f o o t  brake  and t h e  counter  e f f e c t  of t h e  
second r eve r s ing  ope ra t i ons ,  al though i t  is very  d i f f i c u l t  t o  judge t o  what degree any of 
t h e  abovement ioned causes  a f f e c t  t h i s  acc iden t .  
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No. 1 2  

B r i t i s h  Eagle I n t e r n a t i o n a l  A i r l i n e s  Br i tannia  312. G-AOVO, 
accident  near Innsbruck. Aus t r ia ,  on 29 February 1964, 
Report re leased  by the  Federal  Minis t rv  of Transport  

and E l e c t r i c i t y  of Aus t r ia  on 8 A p r i l  1965 

1. - I n v e s t i g a t i o n  

1.1 History of t he  f l i g h t  

F l i g h t  EG-802/6 was a scheduled i n t e r n a t i o n a l  f l i g h t  from ~ondon/Heathrow t o  
Innsbruck, v i a  Dover, Spangdalem S t u t t g a r t ,  Munich, Tolz and Walchen. 

It took of f  from London a t  1204 hours GMT, with  a crew of 8 and 75 passengers ,  
on an IFR f l i g h t  plan. As f a r  as S t u t t g a r t  t h e  f l i g h t  proceeded in accordance with  i ts 
f l i g h t  p lan  a t  f l i g h t  l e v e l  210. Thereaf te r  i t  depar ted from, the  f l i g h t  p lan  and followed 
the  s h o r t e r  rou te  d i r e c t  t o  NDB Kempten and Innebruck, a saving of approximately 35 NM 
(about 64  min. f l i g h t  time). Clearance f o r  t h i s  w a s  granted by Rhein and Munich ATC units. 

A t  1320 hours t h e  f l i g h t  contacted Innsbruck tower and w a s  g iven t h e  l a t e s t  
weather information f o r  Innsbruck, Seefeld  and Kufs te in j  however.this w a s  no t  acknowledged. 
AT 1335 hours t h e  f l i g h t  made contac t  wi th  Munich ATC and repor ted  over Kempten NDB at 
1344 hours changing its IFR f l i g h t  p lan t o  VF'R from Kempten t o  Innsbruck. Contact was 
again  e s t a b l i s h e d  with  Innsbruck tower at 1346 hours. The f l i g h t  repor ted  having passed 
Kempten and descending VMC d i r e c t l y  t o  Seefeld.  It was given the  1330 weather r e p o r t  f o r  
Seefeld  and a few minutes l a t e r  t he  1350 weather r e p o r t  f o r  Innsbruck. The f l i g h t  r epor t ed  
t h a t  i t  could not g e t  underneath the  clouds a t  Seefeld  and w a s  proceeding t o  Innsbruck VOR 
a t  12 000 f t .  La te r  on, i t  repor ted  over the VOR at  11 000 f t , . u n a b l e  t o  break cloud. A t  
approximately 1412,hours,  on a reques t  from Innsbruck tower, ghe f l i g h t  repor ted  a t  an 
a l t i t u d e  of 10  000 f t .  This was t h e  last message from t h e  a i r c r a f t .  

The wreckage of t he  a i r c r a f t  was subsequently found on t h e  s t e e p  e a s t e r n  f l a n k  
of t he  Glungezer Mountain (2  677 m). The a i r c r a f t  s t r u c k  the  mountain a t  an a l t i t u d e  of 
about 2 600 m,  approximately 65 m below the  r idge  running t o  the  Gamslanerspitze and 300 m 
SSE of the  Glungezerspitze,  and d i s in t eg ra t ed .  The impact, wtiLch occurred a t  approximately 
1414 hours,  p r e c i p i t a t e d  an avalanche which c a r r i e d  most of t h e  a i r c r a f t  d e b r i s  and most of 
the  bodies downhill  f o r  about 400 m and buried them. 

I , 

1 . 2  I n j u r i e s  t o  persons 
. .  . ~. .. . 

. . 

P e a ~ e n g e r s , .  ,. 1 Others 

T- - 
t : ' -  

F a t a l  8 7 5 
-.& - +- 

~~ - - .  ~ 

I n j u r i e s  Crew . 
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1.3 Damage t o  a i r c r a f t  

The a i r c r a f t  w a s  destroyed.  

1.4 Other damage 

None repor ted.  

1.5 C r e w  in£  ormation 

The pilot-in-command,aged 41, he ld  a v a l i d  a i r l i n e  t r a n s p o r t  p i l o t ' s  l i cence  
with type r a t i n g  f o r  Br i tannia  100/300 i n  Group 1 and had flown a t o t a l  of 10 290 hours,  
of which 3 320 were i n  Br i t ann ia  a i r c r a f t .  H i s  last instrument r a t i n g  test w a s  on 
13  A p r i l  1963 and during t h e  l a s t  seven months preceding the  acc ident  he  had made n ine  
f l i g h t s  t o  Innsbruck as pilot-in-command. 

The co-p i lo t ,aged  42, held  a v a l i d  a i r l i n e  t r a n s p o r t  p i l o t ' s  l i cence  with  type 
r a t i n g  f o r  Br i tannia  100/300 i n  Group 1, and had flown a t o t a l  of 14 073 hours, of which 
303 hours  were on Br i tannia  a i r c r a f t .  H i s  l a s t  instrument r a t i n g  t e s t  was on 29 August 
1963 and he had made t h r e e  f a m i l i a r i z a t i o n  f l i g h t s  on the  London-Innsbruck rou te  dur ing 
t h e  month of t h e  accident  and w a s  t o  have served on t h i s  r o u t e  a s  pilot-in-command a f t e r  
a f i n a l  check on 1 March 1964. Both p i l o t s  had t h e i r  l a s t  medical examination i n  
December 1963. 

The f l i g h t  engineer ,aged 34, he ld  a v a l i d  f l i g h t  engineer ' s  l i cence  with type 
r a t i n g  f o r  Br i tannia  300; he had a t o t a l  of 2 080 hours as f l i g h t  engineer  i n  Br i t ann ia  
a i r c r a f t .  

The o ther  f i v e  crew members were stewardesses. 

1.6 A i r c r a f t  i n£  ormat ion 

The a i r c r a f t ' s  c e r t i f i c a t e  of a i rwor th iness  was v a l i d  u n t i l  10 Ju ly  1964. A l l  
maintenance work had been c a r r i e d  out i n  accordance with  t h e  (UK) A i r  Registr-ation Board's 
maintenance schedule; on 29 January 1964, B r i t i s h  Eagle I n t e r n a t i o n a l  A i r l i n e s  issued t h e i r  
own c e r t i f i c a t e  of maintenance i n  accordance wi th  t h e  approved maintenance schedule. Exami- 
na t ion  of t h e  a i r c r a f t ' s  records  showed t h a t  a l l  t h e  B r i t i s h  a i rwor th iness  a u t h o r i t y ' s  
mandatory modif icat ions  and inspec t ions  had been s a t i s f i e d .  

On depar ture  from London t h e  a i r c r a f t  was proper ly  loaded, and c a r r i e d  13 946 kg 
of f u e l  corresponding t o  an endurance of more than  4 hours. The type of f u e l  used was not 
mentioned i n  t h e  r epor t .  

1.7 Meteorological  information 

The following weather f o r e c a s t ,  v a l i d  from 1000 t o  1900 hours,  was prepared a t  
0901 hours by t h e  meteorological  o f f i c e  a t  London/Heathrow: 
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Innsbruck 

wind v a r i a b l e  103 k t  

between 1100 and 1500 hours  

30% probab le  improvement 

v i s i b i l i t y  1.5 NM 4 NM 

cloud 318 st a t  1 5 0 0  f t  
318 s c  a t  3 500 f t  

Munich 

wind 120107 k t  

v i s i b i l i t y  1 600 yards  

cloud 818 st a t  300 f t  

Zurich 

Temporarily 

Gradual ly  Temporarily 
from 1000 t o  1200 hours  between 1200 and 1900 hours  

wind v a r i a b l e  103 k t  

v i s i b i l i t y  2.5 NM 2 NM 1 NM 

cloud 218 st at  1 000 f t  418 st a t  1 000 f t  618 st a t  1 0 0 0  f t  
818 s c  a t  1 500 f t  818 s c  a t  2 000 f t  818 s c  a t  1 500 f t  

During t h e  weather b r i e f i n g ,  which took  p l a c e  a t  0920 hours ,  t h e  crew w a s  informed t h a t  
heavy r a i n f a l l  might be met en r o u t e  and t h a t  fog and low s t r a t u s  c louds ,  c l e a r i n g  s lowly ,  
covered ex t ens ive  a r e a s  of Germany and t h e  Alps. It was f u r t h e r  s t a t e d  t h a t  i t  would be 
pos s ib l e  t o  use Zurich a s  a n  a l t e r n a t e .  No a c t u a l  weather f o r  Innsbruck was r eques t ed  by 
t h e  crew from t h e  w t e o r o l o g i c a l  o f f i c e ;  however, t h e  ope ra to r  i nqu i r ed  d i r e c t l y  of i t s  
r e p r e s e n t a t i v e  i n  Innsbruck and was informed t h a t  t h e  weather was improving t h e r e  and t h a t  
landing should be pos s ib l e .  

A t  about 1320 and 1332 hours  weather r e p o r t s  were t r a n s m i t t e d  t o  t h e  f l i g h t  by 
Innsbruck tower; however, they were not  acknowledged. A t  about 1346 hours Innsbruck tower 
suppl ied  t h e  fo l lowing informat ion t o  t h e  f l i g h t :  

Seefe ld :  (1330 hours  weather r e p o r t )  wind calm, v i s i b i l i t y  f i v e  z e r o  
k i l ome te r s ,  818 s t r a t u s  a t  3 000 f t .  

and about f i v e  minutes l a t e r :  

Innsbruck: (1350 hours  weather r e p o r t )  wind 120 deg rees ,  7 kno t s ,  
v i s i b i l i t y  t h r e e  decimal z e r o  k i l ome te r s ,  5 / 8  s t ra tocumulus  
a t  4 700 ft, 7 / ' 8  a l t o s t r a t u s  a t  iO 000 f t ,  temperature  7 O ,  

dew poic: 2",  ONH 1004.6 mb, OFE 9 2 7 . 2  ml, 

L k l i 3  was acknowledged b y  :be a i r c r a f t ,  without  r e p e a t i n s  t h e  CYH an" ,-lFE a s  was u s u a l l y  done. 



&d #zc,time of rhe accident the  actual weather condit ions  were: - - 

~.lllisbntckt . (1420 hours weather report) wind llOO{? kt, v i s i b i l i t y  3.0 ~IP, 
rain, cloud 6/8 sc at 4 000 f t ,  7/8 at 9 000 ft, QNH~ 
1005 mb, 

Seef eld: (1401) hours weather report) wind 030*/2 kt, v i s i b i l i t y  30 km, 
rafn, cloud 8/8 s t  at  3 000 f t .  

Patechetkafel*: (1400 hours weather report) wind 0100f4 kt, v i s i b i l i t y  less 
than 100 a, maow, vertical v i s i b i l i t y  less than 100 f t ,  
temperature -3O, dew point - 3 O ,  

Furthemate, witnames revealed that, around the time of the a'ccident, the 
eastern flank of the Glungezer Moun.Cbtn was covered w i t h  cloud, thick mist and moderate 
to heavy snow fa l l .  

1.8 Aids t o  navigation 

The f@lluwfng aids were availsbJa an the day of the accident: 

- An NDB (OEJ) 3 NM southeast of lgls Aerodrome 

- A VOR (OEJ) located on t h e  Patscherkofel Mountain at an a l t i t u d e  
of 7 448 f t  smel, 5,7 NM eauth-eaet af Innsbruck Airport 

- Locatar west (JW) 6.75 km west of the threshold of runway 08 and an 
the runway centre line 

- Locator east (JE) 6.4 kp, east of the threshold of runway 26 .nd on 
fib ~.mway* centre fine. 

The VOR and the two looatore were on tes t  a t  the the of the srec-nt ,- me VQR 
was not aathorized for uae ae an a id  ta navigation and could in no ckpgpsEurrt43 be uued as 
a landiag &id* 

Also s V z l F - ~ f l ?  was irratsllled on ca trial basis but was rial: available far use by 
aitcrsft . 

The airerraft was equipped with the follming aids: 

2 AE,P equipment 

1 ILS/VOR equipment 

1 Dm 

1 Loran 

1 Airborne search radar 

1 Markisr receiver 

* The a l t i t u d e  of the weather station is 1 909 m, 



1,9 Comunications 

Communications between the  aircraft gnd .ground s t a t i o n s  were M-1 through the  
f l i g h t  except for the  period from 1320 t o  1346 GMT; a t  1320 hours &he-,aSrctaf t  a t t e p t e d  
t o  get i n  touch 'with Innsbruck tower, but the  conversation was not cbmplaied; + at 1332 hours 
Imsbruck requested the a i r c r a f t  t o  switch over frop llb.3 k / s  t o  $24.4 hlc/s but. Was 
unable t o  e s t ab l i sh  communication with t h e  a i r c r a f t  on this frequency. 

1.10 &arodrome aqd around f a c i l i t  f e s  

Imsbruck Airport  l ies ou t s ide  controlled airspace, 2.3 klM' west of the  city. 
The aerodrome e levat ion is 579 me Runway Q8#26 is 1 880 m. long and 41) m wide. . . _, 

h e  runway lighting consiots of white high and low intensity l i g h t s  and green 
threshold l i g h t s  which were &witched on and working a t  the time o,f the accident.  

On account of i ts  loca t  ion i n  the Inn Valley bounded on both aid- mmtain 
ranges rieing up t o  an a l t i t u d e  of 9 300 f t  withip $0 NH of t E e  a i r$gr€ , .qpmah t o  and 
departure from the a i r p o r t  are only authorized by d e  and uadar visual  meteorological 
condftions (see AIP Austr ia ,  AGA 2-1-6, 29a). 

1,11 Flight recorders 
' : 

. . .  Hat mentibrked i n  the repor t .  

1.12 Wreckage 
,, . . . 

The aircraft  a t ruck  the  mountain with its.port wing and the port aide of rho 
forward section of the fueelagt f i x s t ,  on a heading of approximately 28P0. The propeller 
and reduction gearing of the port outer engine remainpd wsdged i n  the roc& f.acer Purther 
parts of the aircraft lay sca t te red  ahead on  the racks olmg the  original line of flight. 
The greater  p a r t  of the  wreckage waa carr ied  down some 400 r by an avalanchr. 

1.13 Fire . - 
mere was no f ire ,  

1,14 Survival aspects 

The f l i g h t  deck and tke--parsenger- c o b h  were completely demolished; seats  were 
scat tered  in the lower region of the accident site. Almost a l l  the  safety b e l t s  were found 
undamaged (although two were found t o m  f rum t h e i r  attachments) ind ica t ing  t b t  p98.engers 
were not strapped in a t  t he  time of impact. A l l  occupants were i n s t a n t l y  k i l l e d  on impact. 

. 
1,lS Tests and research 

A l l  ibdtruments, engines, propellers and other compohents recovered a t  the 
accident s i t e  were sent t o  the  I n s t i t u t e  of 'Technology, Vienna, for detrrtled examination, 
Nothing abnormal was found (see 2.1). 
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1.16 Approach and landing at Innsbruck 

In view of the p a r t i c u l a r  situation'of the af rporc  and of the  fact t ha t ,  accord- 
ing to the AIP Austria, approaches to and departures Erm the aerodrome must be made in 
accordance with VFR and i n  ITMC only,  t h e  Cmpany had l a i d  down in i ts  Operations Manual 
rules even more r e s t r i c t i v e  than those e s t a b l i s h e d  by the Austrian a u t h o r i t i e s  f o r  opera- 
t ions a t  Innsbruck. 

In accordance w i t h  t h e  Austrian meteorological minima f o r  VFR f l i g h t s ,  approach 
t o  Innsbruck can be made with a visibility of 5 km (2,5 NM) at a m i n i m u m  he igh t  of 1 000 ft 
above the ground and wfth a v i s i b i l i t y  a£ 1,5 km (1 600 yards) ar a height less than 1 000 f t ,  
The ~ompany's "Znnsbruck Standard Operating fnstructfons - Bri tannia  Aircraft" prescr ibes :  

"fn t h e  even t  of uncertabty about the weather, or if there is any communicatian 
d i f f i c u l t y ,  t h e  aircraft must not enter the valleys and t h e  flight must terminate a t  Munich, 
Divert t o  Munich unless t h e  Innsbruck f o r e c a s t  obtained w i t h i n  1 hour before entering the 
valleys i n d t c a t e s  without doubt that t he  weather will permit  a u l s u a l  approach and landing 
t o  be made and the weather in the valley is not worse than 818 a t  8 000 ft anal f o r  
approaches from t he  west and 8/8 a t  6 060 f t  amsl for approaches from the east, with a 
flight visibility of 5 n a u t i c a l  miles". 

Two alternative VET? approaches are provided in the Manual, one from the west 
from Kempten NDB v i a  Walchen along t h e  valleys t o  Seefe ld  and Innsbruck at an a l t l t u d e  of 
6 000 f t  QNH, t h e  other  from the e a s t  via Rosenheim, a long  t h e  Inn Valley via Kufstein and 
Schutinz to Innsbruck at an altitude of 4 000 to 4 500 ft QNH, 

A t h i r d  approach was d e s c r i b e d  d u r i n g  the  i n v e s t i g a t i o n  as o f t e n  used. This 
I? is from Tolz NDB or from Kempten NBB direct to OJE" 'Dl3 above minimum safe altitude and 

clouds, descending in the Innsbruck area if visual contact with t e r r a i n  and VMC are obta ined ,  
The approach is then carried out along t h e  Inn Valley either from the east or from the west 
depending on wind and v ls fbf  l i t y ,  A holding pattern may be f lorn i n  VMC above Innsbruck t o  
a w a i t  improvement of the weather, 

Furthermore,  the Company's Operat 2ons Manual prescribes that, i n  order  to avoid 
large radius t u rn ,  all manoeuvring w i t h i n  the  v a l l e y s  must be a t  no more than 160 k t  TAS 
w i t h  15O flap se lec ted ,  and t h a t  minimum RVR i s  5 NM for both take-off and landing a t  
Innsbruck, 

2 ,  - Analysis and Conclusions 

Analysis 

Examination of the wreckage at t h e  s i te  of the  accident and  by the Institute of 
Technology a t  Vienna revealed t h a t :  

- the aircraft was nearly ho r i zon ta l ,  i n  a nose-up a t t i t u d e  and i n  a 
s l i g h t  climb when i t  s t r u c k  t h e  mountain por t  s i d e  first; 

- all four  engines were runn ing  normally;  

- t h e  f l a p s  t:zre i n  t h e  1 5 O  position and the landing gear retracted; 

- the auto% + T ? .  o t  i n  use; 



-:, ,tk ofevator .trim was almoet a t  %xa~tra l ' ' ;~  
Lr. - 

.f a . i l ,  

- , r~ :Eb,~ata l  fuel remaining in .the, a i r c r a f t  a t  ..the ;time of %&pact 
was between 9 150 and 10 000 kg; '4 I 

- - .tb pi3ot-in-comrmand's altimeter.was at a settfnpj df 1005 mb 
j(M .st the time 1004.6 nb) and the ca-pilot's .altimeter at a . 

sekg;Lrsg of 1033.5 mb. 
t 

,No. widwce of malfunction or . fe~luzk of .the ieircraf tt s s t ruc tu re  ,. systems or 
instxumeats w e  found. 

. ' 
It was not possible t o  ascer ta in  which of the  p i l o t s  was occupying the left- 

hand sea t ,  However, it was assumed tha t  the pilot-in-command, who was checking the  
co-pilot as pilot-in-command on the Znnsbmaak rmte, was-occupying the right-hand seat, 

I . +  - 

The weather forecaet, prepared at  0901 houza at l,andon and given to . tbe  crew" 
a t  0920 hours, gave a viaibilkty of 1.5 NM at Znnsbruck wit f tF .c i  30% probability of impxatte- 
ment to 4 W. This was  clearly below the mini- 5 NM RVB stipulated ia the CorapanyBs 
Operations Hanual, - L 

.- I _ 
,From 1320 hours onward the f l i g h t  could have listened t o  the V o h t  weather 

reports, Weather r epo r t s  wepel transmitfed to the f l fght  by Itasbruck *tower arbt X320 hours - 

and at U50 hours. ,The 7 /8  altostratus at 10 000 ft reported h bath cams corresponded 
t o  about 12 000 ft QNH, The crew. could~therefore have aslsumsd chat thsy wduld be able  t o  
obtain visual contact with t e r t ah  in the Innsbruck area. ar lekst. fram 11- 000 f t ,  the 
minimum safe  altitude i n  the  holding pa t t e rn  and to make an apprdach i f  ttuc v i s i b i l i t y  
improved, 

Approach to Innsbruck at a min- aafa altitude of 11 000 f t  ,.:\or belaw th&s 
in VMC, wao therefore justifiable, particularly oince tharszues adequate fuel & v e i l a b l e  
f o r  approach to  an alternate aerodrome or fo r  reaching Imsbruck by another rout&.  

The cslaud; cover actually encoarntered in the Emsbrwk area was ahbet runbraken 
and tbre  was no break large enough t o  aLlm paeCratfonk C l w d  base* iti the nsighborurhoed 
of the Patsckrloofel~(VOB) and the Glungeter was not at 1X) 000 f t  but c o n s i d w a b l y  lower.--. 

, . r  ,- . i x I .  . * .  ' .  , .  
. After Umpten the flight approached VOR Lrmsbruck direct ,  i r t  .a dement , 1% was 

assumed t h s t  it arrived mr.. hnsbruck at 1356 hours wbthout itamedfately repording its 
arrival, In the Seefeld area the flight reported at 12 -000 Et and ft was. already M 
11 000 f t  when it reported over VOR Innsbruck, adding that i t  could not at  present break 
cloud, The figures given must be assumed t o .be  attktudes above sea level, sin- the l e f t -  
hand altimeter was rret, to QNH Inasbruck and the'right3rhand one ro 1013',25'(nb .and they vase 
given in reply t o  the tower operator'e request fur "sfititude", 

In  order t o  help the p i l o t  t o  locate t h e  aerodrome, the tower operator switched 
on the runway edge l ighting at  maximum intexmit.~~, 

The pilot-in-connnand 's h t e n t i m  aif. breaking cloud and- landing at- Xnnshuck was 
indicated not only by the relatively long period spent.in the 'vicinity of the 'VOR but also 
by h i s  question to  Znnsbruck tower: "Can you see any b r e a k  i n  the  cloud fn any d i r ec t ion ,  
please?". This was also confirmed by the f ac t  t h a t ,  when the tower had r e p l i e d  to t h i s  
inquiry i n  the  negative, t h e  p i l o t  d i d  not leave the Innsbruck area i n  o rder  t o  approach 
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Innsbruck A i rpo r t  by ano ther  r o u t e  o r  t o  make an  approach t o  an  a l t e r n a t e  aerodrome, but  
remained i n  t h e  v i c i n i t y  of t h e  VOR and f u r t h e r  reduced h i s  a l t i t u d e .  Descent below t h e  
minimum s a f e  a l t i t u d e  of 11 000 f t  amounts t o  e n t e r i n g  t h e  Val ley  from above and i s  only 
j u s t i f i a b l e  in VMC. 

While t h e  f l i g h t  was i n  t h e  ho ld ing  p a t t e r n  at about  11 000 f t  i n  t h e  v i c i n i t y  
of VOR Innsbruck, ano the r  f l i g h t  r epo r t ed  t h a t  t h e  h ighe r  c louds  were only  over and not  
n o r t h  of t h e  Alps. Thus t h e  crew knew of t h e  p o s s i b i l i t y  of making an approach from 
Rosenheim a long t h e  Lower Inn  Val ley ,  a l though ,  admi t t ed ly ,  t h i s  would f a i l  t o  t a k e  i n t o  
account t h e  low ground v i s i b i l i t y  r epo r t ed  a t  Innsbruck. However, f l y i n g  n o r t h  above 
c loud,  wi th  r a d a r - a s s i s t e d  descent  from Munich v i a  Rosenheim and making a f r e s h  approach 
along t h e  Lower Inn Val ley  a t  reduced a i r s p e e d  would have r e s u l t e d  i n  an  i nc r ea sed  f l i g h t  
time of 25 t o  30 minutes.  

Innsbruck tower informed t h e  f l i g h t  t h a t  t h e  h i g h e s t  cloud base  was i n  t h e  
c e n t r e  of t h e  Val ley ,  above t he  runway, and informed it of t h e  l o c a t i o n ,  f r equenc i e s  and 
i d e n t i f i c a t i o n  of t h e  two runway l o c a t o r s ,  in  o r d e r  t o  h e l p  t h e  crew t o  f i n d  t h e  c e n t r e  
of t h e  Valley. Af t e r  t h e  a c c i d e n t ,  a s e t t i n g  corresponding t o  l o c a t o r  J E ,  f requency 
303kc/s ,  was found on one of t h e  ADF receivers. It i s  u n l i k e l y  t h a t  t h e  crew made u se  of 
t h i s  l o c a t o r  (which was i n  t h e  c e n t r e  of t h e  Va l ley ,  e a s t  of t h e  aerodrome) f o r  nav iga t i on ,  
bu t  it i s  probable  t h a t  they used t h e  VOR on t h e  Pa t s che rko fe l  t o  a s c e r t a i n  t h e i r  p o s i t i o n  
d u r i n g  ho ld ing  and descent .  Th i s  is  i n d i c a t e d  by t h e i r  own r e p o r t s  and by t h e  f a c t  t h a t ,  
f o r  q u i t e  some time, v a r i o u s  people heard  t h e  a i r c r a f t  t i m e  and aga in  i n  t h e  neighbourhood 
of the Patscherkofe l .  From t h i s  i t  appears  t h a t  t h e  crew planned t o  b reak  cloud when they 
had v i s u a l  con t ac t  w i t h  terrain (which w a s  only t o  be found i n  pa tches  and only  above t h e  
c e n t r e  of t h e  Val ley)  and w i th  t h e  h e l p  of t h e  VOR. The mountains over  which t h e  a i r c r a f t  
had t o  f l y  i n  o rder  t o  do t h i s ,  however, were covered i n  cloud a long way down. 

In  accordance wi th  t he  Aus t r i an  S t a t e  minima of 1.5 km, l and ing  and take-off were 
pe rmi t t ed  a t  Innsbruck A i rpo r t  on 29 'February  1964. The meteoro log ica l  minima in t h e  
Company's Opera t ions  Manual, however, d i d  n o t  permi t  t h e  p i l o t  t o  land at  Innsbruck on 
29 February 1964. The minimum v i s i b i l i t y  of 5 NM was no t  a t t a i n e d  e i t h e r  i n  TAF o r  i n  AERO 
( f o r e c a s t  o r  a c t u a l  weather)  a t  any t i m e  du r ing  t h e  day. I n  a d d i t i o n ,  t h e  Company's 
A i r c r a f t  Opera t ions  Manual l a y s  down t h a t  v i s i b i l i t y  on ly ,  and no t  c loud ines s ,  forms t h e  
c r i t e r i o n  f o r  i n i t i a t i n g  an  approach t o  land.  I n  accordance wi th  t h e s e  r u l e s ,  t h e  crew 
ought no t  t o  have approached Innsbruck bu t  should  have flown t o  an a l t e r n a t e  aerodrome. 
Dis regard ing  t h e  l i m i t s  imposed by t h e  Opera t ions  Manual, o t h e r  c r i t e r i a  pe rmi t t ed  take-off 
and l and ing ,  a l though t h e  v i s i b i l i t y  r epo r t ed  by t h e  meteoro log ica l  o f f i c e  amounted t o  less 
t h a n  5 NM. Thus on 8 February 1964, t h i s  same crew landed and took o f f  a t  Innsbruck i n  
v i s i b i l i t y  r epo r t ed  by t h e  meteoro log ica l  o f f i c e  a s  2.5 NM. 

S ince  t h e  pilot-in-command had r ece ived  t h e  weather f o r e c a s t  f o r  Innsbruck a t  
London Ai rpo r t  i n  w r i t i n g  and acknowledged i t ,  and t h e  v i s i b i l i t y  a t  Innsbruck A i rpo r t  was 
passed t o  him r e p e a t e d l y  dur ing  h i s  approach, it cannot be assumed t h a t  he  mistook t h e  
3 km v i s i b i l i t y  r epo r t ed  t o  him f o r  30 lan. 

F l i g h t s  made f o r  purposes  of comparison i n  t h e  Glungezer - Pa t sche rko fe l  a r e a  
and neighbouring a r e a  showed t h a t ,  i n  bad v i s i b i l i t y  through cloud gaps,  persons  f a m i l i a r  
w i t h  t h e  a r e a  can, in p l a c e s ,  confuse t h e  sou thern  medium-high mountains of t h e  Lnn Valley 
and t h e  S t u b a i  Val ley  wi th  t h e  Inn Valley. On t h e  o t h e r  hand, i t  is ha rd ly  p o s s i b l e  t o  
confuse  t h e  Wipptal wi th  t h e  I n n t a l  i n  t h i s  a r ea .  
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A t  approximately 1410 hours  t h e  a i r c r a f t  w a s  seen west of t h e  Pa t sche rkofe l ,  
tu rn ing  southwards in a normal f l i g h t  a t t i t u d e .  About t w o  minutes later t h e  last R/T 
c s n t a c t  took place.  A t  t h a t  t i m e  i t  must have been i n  t h e  area between the  Pa t sche rkofe l  
and the  Glungezer, near  t he  Pa tscherkofe l ,  coming from west-south-west and f l y i n g  i n  an 
eas t -nor th-eas te r ly  d i r e c t i o n .  According t o  t h e  pilot-in-command's r e p o r t ,  t h e  a i r c r a f t  
was f l y i n g  a t  an a l t i t u d e  of 10 000 f t .  A s  it f lew over t h e  r i d g e  between t h e  Pa tscherkofe l  
and the  Glungezer, t h e  a i r c r a f t  w a s  t h u s  approximately 2 500 ft a b w e  t h e  Pa t sche rkofe l  and 
approximately 1 200 f t  h igher  than t h e  r i d g e  above t h e  subsequent acc ident  s i t e ,  which i s  
lower than the  ad jacent  mountains. Its d i s t a n c e  from t h i s  r i d g e  was about 4 t o  5 km. The 
l a s t  R / T  contac t  made no r e fe rence  t o  any t e c h n i c a l  d e f e c t  in t h e  a i r c r a f t  which might have 
forced it t o  f l y  a t  a lower he ight .  It must t h e r e f o r e  be assumed t h a t ,  a t  t h e  t i m e  of t he  
l a s t  R/T con tac t ,  a t  an a l t i t u d e  of 10 000 f t  and about 2 minutes be fo re  impact,  no tech- 
n i c a l  de fec t  had developed. 

The f l i g h t  beyond t h i s  po in t  was heard very c l e a r l y  by some mountaineers. The 
engine no ise  w a s  normal. The a i r c r a f t  f i r s t  continued i n  a n  e a s t e r l y  d i r e c t i o n  and then 
turned south. The l o c a t i o n  and e l e v a t i o n  of t h e  acc ident  s i te ,  t h e  f l i g h t  time of about 
two minutes (viz .  approximately one minute 's  s t r a i g h t  f l i g h t  and about 1 4  minutes '  t u rn ing )  
a f t e r  t h e  last R/T contac t  and a r a t e  of descent  of 500 t o  600 fpm, a r e  compatible wi th  
these  observations.  The UK pa tho log ica l  r e p o r t  s t a t e s  t h a t  i t  i s  f a i r l y  c e r t a i n  t h a t  no 
sudden drop preceded the  impact. According t o  the  t e c h n i c a l  r e p o r t ,  no dev ia t ion  from 
normal f l i g h t  opera t ion  occurred p r i o r  t o  the  impact. A l l  f ou r  engines  were running a t  
t he  t i m e  of impact. Al t imeter  read ings  and s e t t i n g s  were c o r r e c t .  According t o  ear-  
wi tnesses ,  t h e  a i r c r a f t  had a l ready  c a r r i e d  out  t h e  same manoeuvre i n  t h e  Glungezer a r e a  
before  (viz.  approach from the  south-west followed by a r i g h t  t u r n  t o  t h e  south)  wi th  
s teady l o s s  of he ight  - as can be concluded from t h e  r epor t ed  f l i g h t  a l t i t u d e s  of 12 000, 
11 000 and 10 000 f t .  According t o  t h e  meteorological  e x p e r t ' s  r e p o r t ,  i c i n g  may be r u l e d  
out  a s  a cause of t he  acc ident .  

On the  b a s i s  of t hese  f a c t s  i t  must be assumed t h a t  up t o  t h e  t i m e  of impact 
t h e r e  was no t e c h n i c a l  de fec t  i n  t h e  a i r c r a f t  and t h a t  even dur ing  t h e  l a s t  two minutes 
i t  was under the  c o n t r o l  of the  crew. 

The var ious  weather observa t ions  mdde in t h e  Pa tscherkofe l  -*Glungezer area 
e s t a b l i s h  the  f a c t  t h a t ,  when f l y i n g  over t h i s  a rea ,  t h e  crew could not  see e i t h e r  t h e  
Pa tscherkofe l  o r  t h e  Glungezer. It is p o s s i b l e  t h a t  they  s a w  t h e  rock f a c e  s h o r t l y  before  
impact and attempted t o  avoid c o l l i s i o n  with  it by p u l l i n g  up t h e  nose of t h e  a i r c r a f t .  

It was no t  poss ib l e  t o  a s c e r t a i n  t h e  t i m e  and p l ace  a t  which t h e  crew changed 
over t o  instrument f l i g h t .  It is, however, c e r t a i n  t h a t  t h e  f i n a l  s t a g e  of t h e  f l i g h t ,  
up t o  t h e  c ra sh ,  o r  u n t i l  j u s t  before  i t ,  w a s  flown without  v i s u a l  contac t  wi th  t e r r a i n .  
I f  t h e  crew had known t h a t  t h e  mountains t o  t h e  east of t h e  VOR a r e  considerably  h igher  
than t h e  s i te  of t h e  VOR, they would c e r t a i n l y  n o t  have l o s t  he igh t  t he re .  

In t h i e  connexion i t  was noted t h a t :  

- The Innsbruck Approach Chart ( I n t e r n a t i o n a l  Aerhdio Ltd:, London, 
dated 4.9.63) wag not  very c l e a r  and d id  not  g i v e  a complete p i c t u r e  
of the  mountains and o b s t r u c t i o n s  in t h e  Innsbruck a rea .  For example, 
it d id  no t  show c l e a r l y  t h a t  t h e  VOR 1s on a mountain peak a t  7 450 f t .  
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- Aerad F l i g h t  Guide of 18.2.64, No. 109, p. 48, g ives  t h e  bear ing  
from t h e  VOR t o  Innsbruck Ai rpo r t  ag 1230 which is a 180° e r r o r .  
But even on t h e  b a s i s  of t h i s  informat ion,  t h e  VOR would l i e  i n  
mountains which would render  descen t  below t h e  minimum s a f e  a l t i -  
tude  of 11 000 f t  impermissible.  

- Nei ther  a n  ICAO 1:500,000 c h a r t  of Europe, Bolzano (N.E. 46/10),  
1953 Ed i t i on ,  nor  a  second one, extending as f a r  sou th  as T r i e n t ,  
g ives  spo t  he igh t s  f o r  t h e  Pa t sche rko fe l  and Glungezer. These 
c h a r t s  were adequate only  i f  t h e  Company's i n s t r u c t i o n s ,  based 
s t r i c t l y  on VFR and a b s o l u t e  safe ty ,  were complied with.  

2.2 Conclusions 

Findings 

The t e c h n i c a l  i n v e s t i g a t i o n  brought t o  l i g h t  no evidence  of any t e c h n i c a l  
d e f e c t  i n  t h e  a i r c r a f t :  

( a )  t h e  a i r c r a f t  w a s  a i rwor thy ,  p roper ly  maintained and loaded 
as p re sc r ibed  ; 

(b)  t h e  eng ines  were ope ra t i ng  normally up t o  t h e  moment of t h e  
impact wi th  t h e  rock f a c e ;  

( c )  a l l  t h e  ins t ruments  and equipment recovered had, s o  f a r  as 
t h e i r  cond i t i on  a f t e r  t h e  impact a l lows such a s ta tement ,  
funct ioned proper ly ;  t h e  a l t i m e t e r s  were c o r r e c t l y  s e t  and 
showed t h e  c o r r e c t  he igh t ;  

( d )  no d e f e c t  could be found i n  t h e  p a r t s  of t h e  c o n t r o l  system 
which were recovered.  The a u t o p i l o t  was no t  engaged a t  t h e  
t i m e  of t h e  acc iden t ;  consequently,  t h e r e  is  no reason t o  
b e l i e v e  t h a t  any mi sapp l i ca t i on  of c o n t r o l  by t h e  a u t o p i l o t  
took p l ace ;  

( e )  f u e l  remaining a t  t h e  t ime of t h e  acc iden t  w a s  s u f f i c i e n t  f o r  
more t han  two hours '  f l i g h t ;  

( f )  no evidence could be  found t o  suggest  t h a t  t h e  acc iden t  was 
caused by an exp los ion  o r  f i r e  on board. 

The two p i l o t s  and t h e  f l i g h t  engineer  held  t h e  necessa ry  l i c e n c e s  and had 
e x t e n s i v e  exper ience  i n  B r i t a n n i a  a i r c r a f t .  

The medical  examination showed t h a t ,  a t  t h e  t ime of t h e  acc iden t ,  n e i t h e r  of 
t h e  p i l o t s  w a s  under t h e  i n f l u e n c e  of a l c o h o l  and no p a t h o l o g i c a l  o rgan i c  changes were 
found. The examination of blood produced no evidence t o  suggest  carbon monoxide poisoning. 

According t o  what has  been e s t a b l i s h e d  regard ing  t h e  p rog re s s  of t h e  f l i g h t ,  
t h e  a i r c r a f t  w a s  n e i t h e r  i n  t h e  aerodrome t r a f f i c  c i r c u i t  nor on an approach t o  Innsbruck 
A i r p o r t ,  which i s  only au thor ized  f o r  approach and d e p a r t u r e  i n  VMC i n  accordance wi th  VFR. 
The acc iden t  occurred o u t s i d e  c o n t r o l l e d  a i r s p a c e ,  15.5 km eas t -south-eas t  of t h e  aerodrome 
r e f e r ence  p o i n t ,  a t  an a l t i t u d e  of 2 601 m (8 535 f t )  amsl. 



The pilot-ln-command had not reques ted  any c l ea rance  from Innsbruck Aerodrome 
Control  (TWR), nor w a s  any c l ea rance  granted t o  him. Nor d i d  he r e p o r t  any abnormal f l i g h t  
condi t ion  o r  an emergency before  t h e  acc ident .  

The . .meteoro logic~l  r e p o r t  on the acc ident  i n d i c a t e s  that t h e r e  was 718 cloud at 
Innsbruck a t  the ttme of t h e  acc iden t ,  wi th  t o p s  a t  about -11 000 f t  and base down t o  
7 000 f t  i n  p r e c i p i t a t i o n .  The acc ident  s i t e  i t s e l f  was covered i n  a cloud l a y e r  i n  which 
v i s i b i l i t y  was considerably  reduced, i n  p laces ,  by heavy snow showers. 

From t h i s  it is t o  be concluded t h a t ,  a t  t h e  t i m e  of t h e  acc iden t ,  t h e  a i r c r a f t  
was f l y i n g  i n  IMC, al though a t  1344 GMT, over Kenpten, t h e  p i l o t  had changed h i s  IFR f l i g h t  
p lan t o  VFR and ought t h e r e f o r e  t o  have been f l y i n g  i n  accordance wi th  VFR from Kempten 
onwards. 

I n  view of t h e  weather s i t u a t i o n  p reva i l ing  on t h e  day of t h e  acc iden t ,  i c i n g  
can be e l imina ted  as a cause. It is a l s o  t o  be assumed t h a t  turbulence exe r t ed  no d e c i s i v e  
in f luence  on t h e  progress  of t h e  f l i g h t  s ince ,  as a r e s u l t  of t h e  shallow d i s t r i b u t i o n  of 
p ressure ,  winds were only l i g h t .  

On t h e  b a s i s  of t h e  r e s u l t s  of t h e  i n v e s t i g a t i o n  it can be assumed t h a t  t h e  
p i l o t ,  presumably misled by: 

(a) t he  high cloud base of 7 / 8  a l t o s t r a t u s  at  10 000 f t  passed t o  him 
(which, however, d id  not apply t o  t h e  Glungezer a r e a )  and 

(b) t h e  f a c t  t h a t ,  below t h e  c louds,  a Swissai r  a i r c r a f t  w a s  depa r t ing  
from Innsbruck Airpor t  and an Austr ian A i r l i n e s  a i r c r a f t  was 
approaching i t ,  

attempted t o  break cloud. This  assumption i s  confirmed by the  f a c t  t h a t  15O f l a p  had been 
se l ec t ed ,  a s  prescr ibed i n  the  Operations Manual f o r  e n t r y  i n t o  the  Valley. 

I n  doing t h i s  t h e  p i l o t  obviously reduced h i s  a l t i t u d e  ( repor ted  f i r s t  as 
1 2  000 i t ,  then 11 000 f t  and f i n a l l y  10 000 i t )  t o  such an e x t e n t ,  while making several 
left-hand and right-hand t u r n s  above the  mountains i n  the  a r e a  of Innsbruck VOR, t h a t  he 
f i n a l l y  got  i n t o  cloud and, a s  a r e s u l t  of i n s u f f i c i e n t  v i s i b i l i t y ,  s t r u c k  t h e  s t e e p  
e a s t e r n  f l a n k  of t h e  Glungezer (2 677 m) at  an a l t i t u d e  of 2 601 m, while heading approxi- 
mately w e s t .  

Cause o r  
Probable cause ( s )  

The primary cause was t h e  erroneous dec i s ion  of t h e  pilot-in-command t o  descend 
below t h e  s t i p u l a t e d  minimum s a f e  a l t i t u d e  i n  t h e  weather condi t ions  p r e v a i l i n g  a t  t h e  t i m e ,  
a s  a r e s u l t  of which he was unable t o  conduct t h e  f l i g h t  i n  accordance with v i s u a l  f l i g h t  
ru l e s .  

3. - Recommendat ions  

Two members of t h e  Commission made the  fol lowing recommendations: 

1. Operators should be requi red  t o  exe rc i se  a c l o s e r  superv is ion  of t he  conduct of 
f l i g h t s  with regard t o  compliance with opera t ing  r egu la t ions ,  p a r t i c u l a r l y  compliance with  
the  meteorological  m i n i m a  l a i d  down by them. 
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2 , In the case of VER f l i g h t s ,  a i r c r a f t  may not, i n  any circumstances, be  flown 
i n  IMC, This fundamental ru le  applies part icular ly  i n  the Alpine region. 

3 In ~ r d e r  t o  avoid possible errors in the R/T transmission of v i s i b i l i t y  values,  
whole values should be transmitted as whole numbers without the use of decimals; e . g , ,  a 
v i s i b i l i i t y  of 3 as "three kilametres" and not as "three decimal zero kilometres", 

I C A O  Ref,: AR1865 



- .  -- ICAO C i r c u l a r  82-AN/69 7 7 

No. 13 

Pa rad i se  A i r l i n e s ,  Inc. .  Lockheed C o n s t e l l a t i o n  L-049, N 86504, 
acc iden t  near  Zephyr Cove. Nevada. USA. on 1 March 1964. 

C i v i l  Aeronaut ics  Board (USA) A i r c r a f t  Accident Report ,  F i l e  No. 1-0002, 
r e l ea sed  15 J u l y  1965 

1. - I n v e s t i g a t i o n  

1.1 His to ry  of t h e  f l i g h t  

F l i g h t  901A was a  scheduled domestic  f l i g h t  from Oakland, C a l i f o r n i a , t o  Tahoe 
Valley A i r p o r t ,  wi th  i n t e rmed ia t e  s t o p s  a t  S a l i n a s  and San Jos6 ,  C a l i f o r n i a .  A t  Oakland 
t h e  company prepared a  VFR f l i g h t  p l an  t o  Tahoe Valley A i rpo r t  because t h e r e  w a s  no approved 
IFR approach procedure f o r  t h e  d e s t i n a t i o n .  Although t h e  United S t a t e s  Weather Bureau had 
f o r e c a s t  poor f l y i n g  cond i t i ons  a t  t h e  d e s t i n a t i o n ,  t h e  company d i s p a t c h e r  had f o r e c a s t  
more favourab le  cond i t i ons  based on h i s  own e v a l u a t i o n  of t h e  a v a i l a b l e  d a t a  and on h i s  own 
s p e c i a l  knowledge of l o c a l  cond i t i ons .  The f l i g h t  was uneven t fu l  up t o  San JosiS where i t  
a r r i v e d  a t  0946. I t  took of f  from San Jos6 a t  1040 hours on a  VFR f l i g h t  p lan .  It then  
reques ted  and rece ived  an IFR c l ea rance  v i a  a i rways  Vic to r  6 South t o  Sacramento, and 
Victor  6 t o  t h e  Lake Tahoe VOR a t  11 000 f t .  A t  1057 t h e  a i r c r a f t  made r a d i o  con tac t  wi th  
f l i g h t  802 which was outbound from t h e  Tahoe Val ley  A i rpo r t .  The pilot-in-command of t h a t  
f l i g h t  r epo r t ed  i c i n g  a t  12 000 f t ,  snow showers over t h e  l ake  and c louds  topping t h e  moun- 
t a i n s  i n  t h e  a r e a .  F l i g h t  901A then  reques ted  and was c l e a r e d  t o  cl imb t o  13 000 f t  amsl 
and 9  minutes l a t e r  t o  15 000 i t .  Est imated a r r i v a l  t i m e  a t  Tahoe was 1129 hours.  A t  1114 
hours ,  when t h e  C o n s t e l l a t i o n  was about 25 mi l e s  southwest of t h e  Lake Tahoe VOR, Oakland 
ARTCC l o s t  r ada r  con t ac t  wi th  t h e  a i r c r a f t  due t o  p r e c i p i t a t i o n  c l u t t e r .  Four minutes l a t e r  
t h e  ARTCC c o n t r o l l e r  i n s t r u c t e d  t h e  f l i g h t  t o  hold  southwest of t h e  Lake Tahoe VOR and 
expect  f u r t h e r  c l ea r ance  a t  1131 hours .  The crew acknowledged and r epo r t ed  over t h e  VOR a t  
15 000 f t .  Af t e r  having con tac ted  t h e  company they advised t h e  c o n t r o l l e r  t h a t  they were 
on top  and were going t o  t h e  south  end of the  l a k e  a s  some h o l e s  were r e p o r t e d  t h e r e .  The 
f l i g h t  a l s o  asked f o r  i t s  IFR c l ea rance  t o  be he ld  i n  ca se  i t  had t o  r e t u r n  t o  t h e  VOR. 
A t  1121 t h e  f l i g h t  cance l led  t h e  IFR c l ea rance  as i t  "could s e e  t h e  sou th  shore". The 
a i r l i n e  passenger agent  s t a t e d  t h a t  t h e  f l i g h t  d i d  no t  con t ac t  him u n t i l  1127 when he  gave 
i t  t h e  1100 Tahoe Valley weather which was: e s t ima ted  c e i l i n g  2  000 f t  o v e r c a s t ,  3  mi l e s  
v i s i b i l i t y ,  snow showers, temperature  32OF, wind 10 k t ,  a l t i m e t e r  29.97 i n .  The agent  
heard  a c a l l  from t h e  a i r c r a f t  a t  1129 bu t  could n o t  make con tac t .  Th i s  w s s  t h e  l a s t  known 
s i g n a l .  

A number of w i tnes se s  saw o r  heard  t h e  C o n s t e l l a t i o n  between 1100 and 1 1 3 ' .  
It appeared from testimony t h a t  t h e  a i r c r a f t  made an unsuccess fu l . approach  and then disap-  
peared i n  a  snow storm n o r t h e a s t  of Lake Tahoe. Other w i tnes se s ,  i nc lud ing  an  a i r l i n e  
c a p t a i n  and another  commercial p i l o t ,  s t a t e d  t h a t  t h e  c e i l i n g  i n  t h e  v i c i n i t y  of t h e  a i r -  
po r t  was 300 t o  700 f t  wi th  wind up t o  30 k t .  

The a i r c r a f t  crashed a t  1129 hours  9 n a u t i c a l  m i l e s  n o r t h e a s t  of _&t a i r -  
po r t  near  t h e  c r e s t  of a  r i d g e  8  900 f t  high. The f i r s t  impact was a t  8  675 f t  am.? or. 
t r e e s  and t h e  f i n a l  impact 120 f t  f a r t h e r  a t  8 695 f t  amsl. 
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1.2 I n j u r i e s  t o  persons  

1.3 Damage t o  a i r c r a f t  

The a i r c r a f t  w a s  des t royed.  

- 
I n j u r i e s  

F a t a l  

Non-f a t a l  

None 

1.4 Other damage 

Passengers  

8  1 

C r e w  

4  

None r epo r t ed .  

Others  

A 

1.5 Crew inf  o r n a t i o n  

The pilot-in-command,aged 4 5 , h e l d  a  c u r r e n t l y  e f f e c t i v e  ATR FAA a i r l i n e  
t r a n s p o r t  c e r t i f i c a t e  wi th  numerous type  r a t i n g s  i nc lud ing  Lockheed C o n s t e l l a t i o n  a i r c r a f t .  
He a l s o  he ld  a  f l i g h t  eng inee r ' s  c e r t i f i c a t e  and a  f l i g h t  d i s p a t c h e r ' s  c e r t i f i c a t e  and was 
t h e  ch i e f  p i l o t  of t h e  company. H i s  l a s t  p ro f i c i ency  check i n  Lockheed C o n s t e l l a t i o n  w a s  
on 13 November 1963. A t  t h e  t ime of t h e  acc iden t  he had flown a  t o t a l  of 15 391 hours,  
inc lud ing  3  266 hours on Lockheed C o n s t e l l a t i o n  type  a i r c r a f t ,  and had a  t o t a l  ins t rument  
t i m e  of 1 414 hours.  He s a t i s f a c t o r i l y  passed a f i r s t - c l a s s  FAA phys i ca l ,  on 2  November 
1963, and had flown 113 hours  i n  t h e  last 90 days. 

The co -p i lo t ,  aged 28, he ld  a  c u r r e n t l y  e f f e c t i v e  FAA commercial p i l o t  l i c e n c e  
and instrument r a t i n g .  H i s  l a s t  l i n e  check was i n  a  Lockheed L-049, on 6  October 1963, 
and h i s  l a s t  12-month check w a s  on 1 4  June 1963. He had flown a  t o t a l  of 3  553 hours ,  
inc lud ing  1 533 hours  i n  Lockheed Cons t e l l a t i ons ,  and had a t o t a l  ins t rument  t ime of 
149 hours. He s a t i s f a c t o r i l y  passed a  f i r s t - c l a s s  FAA-physical,  on 16 .January 1963, and 
h i s  f l i g h t  t i m e  i n  t h e  last 90 days w a s  182 hours.  

Both p i l o t s  were f u l l y  q u a l i f i e d  f o r  t h e  f l i g h t ;  whi le  t h e  pilot-in-command 
had made approximately a  dozen t r i p s  i n t o  t h e  Tahoe Valley A i r p o r t ,  inc lud ing  one t h e  day 
preceding t h e  acc iden t ,  t h e  co-pi lo t  had made hundreds of f l i g h t s  i n t o  t h a t  a i r p o r t  and 
knew t h e  t e r r a i n  i n  t h e  a r e a  q u i t e  well .  

The f l i g h t  engineer  he ld  a  c u r r e n t l y  e f f e c t i v e  FAA f l i g h t  eng ineer ' s  c e r t i f i -  
c a t e  and A and P ( a i r f r ame  and powerplant) mechanic's c e r t i f i c a t e .  He had accumulated a  
t o t a l  of 3 700 hours a s  a  f l i g h t  eng ineer ,  inc lud ing  912 hours  on Lockheed C o n s t e l l a t i o n  
a i r c r a f t ,  and he had flown 161 hours  i n  t h e  last 90 days. H i s  l a s t  l i n e  check was on 
4  October 1963 and h i s  l a s t  f i r s t - c l a s s  p h y s i c a l  was on 1 January 1964. 

The f l i g h t  s t ewardes s , aged  29, had her  last l i n e  check on 29 September '963. 
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1.6 A i r c r a f t  i n f o r m a t i o n  

The a i r c r a f t ' s  c e r t i f i c a t e  of a i r w o r t h i n e s s  w a s  n o t  ment ioned  i n  t h e  r e p o r t .  

Examina t ion  of t h e  main tenance  r e c o r d s  of t h e  s u b j e c t  a i r c r a f t  r e v e a l e d  11 
r e p o r t s  of m a l f u n c t i o n s  i n  t h e  f l u x  g a t e  compass s y s t e m  d u r i n g  t h e  p e r i o d  f rom 1 4  J u n e  1963  
t o  29 F e b r u a r y  1964. D i s c r e p a n c i e s  were r e p o r t e d  on b o t h  altimeters on t h e  day p r e c e d i n g  
t h e  a c c i d e n t .  A d d i t i o n a l l y ,  f l i g h t  crews s a i d  la ter  t h a t  t h e y  d i d  n o t  a lways  e n t e r  in-  
f l i g h t  d i s c r e p a n c i e s  on t h e  a i r c r a f t  l o g  s h e e t s .  

Main tenance  w a s  per formed on b o t h  altimeters and t h e  No. 2 f l u x  g a t e  compass 
t r a n s m i t t e r  t h e  n i g h t  b e f o r e  t h e  a c c i d e n t .  T h i s  work w a s  per formed by ma in t enance  p e r s o n n e l  
who i n s p e c t e d  and s i g n e d  o f f  t h e i r  own work. 

The mechanic  who worked on t h e  f l u x  g a t e  compass had  per formed no p r e v i o u s  
main tenance  on t h i s  t y p e  of t r a n s m i t t e r  and d i d  n o t  r e f e r  t o  any a v a i l a b l e  t e c h n i c a l  
p u b l i c a t i o n  f o r  gu idance .  H e  d i d  n o t  check  t h e  comple te  s y s t e m  o r  swing t h e  compass a f t e r  
r e - i n s t a l l a t i o n  a s  r e q u i r e d  by t h e  ma in t enance  manual. T h i s  work w a s  accompl i shed  b e c a u s e  
t h e  compass had  been r e p o r t e d  a s  u n r e l i a b l e  i n  t u r n s  on t h e  day  p r e c e d i n g  t h e  f l i g h t .  

The day b e f o r e  t h e  a c c i d e n t ,  t h e  pi lo t - in-command's  al t imeter  w a s  r e p o r t e d  
a s  " s t i c k y " ,  and t h e  c o - p i l o t ' s  a l t i m e t e r  a s  i n d i c a t i n g  a p p r o x i m a t e l y  100  f t  low on t h e  
ground.  Both altimeters were b rough t  t o  t h e  ma in t enance  f a c i l i t y  where t h e y  were checked  
on a tes t  s t a n d  and a d j u s t e d .  The mechanic  who per formed t h i s  work d i d  n o t  recal l  s e c u r i n g  
t h e  b a r o m e t r i c  s c a l e  a d j u s t i n g  s c r e w  t h a t  he  unscrewed a s  p a r t  o f  t h e  a d j u s t m e n t  o f  t h e  
pilot- in-command's  a l t i m e t e r .  Both altimeters were i n s t a l l e d  i n  t h e  a i r c r a f t  by a r a d i o  
mechanic  who had n e v e r  done t h i s  k i n d  of work b e f o r e .  H e  d i d  n o t  p r e s s u r e  c h e c k  o r  l e a k  
check  t h e  P i t o t  s t a t i c  sys tem a f t e r  t h i s  i n s t a l l a t i o n  a s  r e q u i r e d  by t h e  a p p r o p r i a t e  
ma in t enance  manual. 

The a n t i - i c i n g  equipment i n s t a l l e d  on t h e  a i r c r a f t  d i d  n o t  comply w i t h  t h e  
c o n d i t i o n s  set o u t  i n  t h e  c r i t e r i a  f o r  o p e r a t i o n  i n  i c i n g  c o n d i t i o n s .  

A t  t h e  t i m e  of t h e  a c c i d e n t  t h e  a i r c r a f t  had accumula ted  a  t o t a l  f l y i n g  t i m e  
of  45 629 h o u r s  and h a d  f lown  104 h o u r s  since i ts l a s t  major i n s p e c t i o n .  

The a i r c r a f t ' s  g r o s s  w e i g h t  and c e n t r e  of  g r a v i t y  were w i t h i n  t h e  a l l o w a b l e  
l i m i t s  a t  t h e  t i m e  of d e p a r t u r e  from San Josii.  

The t y p e  of f u e l  b e i n g  used  was n o t  s t a t e d  i n  t h e  r e p o r t .  

1.7 M e t e o r o l o g i c a l  i n f o r m a t i o n  

A l l  of  th'e wea the r  i n f o r m a t i o n  was a v a i l a b l e  t o  t h e  P a r a d i s e  Oakland d i s -  
p a t c h e r  b e f o r e  and d u r i n g  t h e  f l i g h t ,  b o t h  a t  t h e  USWB o f f i c e  a t  Oakland A i r p o r t  and on  

I t  i t  h i s  own s e r v i c e  A t e l e t y p e  r e c e i v e r .  

The d i s p a t c h e r  t e s t i f i e d  t h a t  h e  u sed  t h e  c u r r e n t  w e a t h e r  s e q u e n c e s  and area 
w e a t h e r ' " 0 r e c a s t  i n  h i s  b r i e f i n g  o f  the crew b e f o r e  t h e i r  d e p a r t u r e  f rom Oakland.  H e  s t a t e d  
t h a t  he  was n o t  aware of a n  Advisory  f o r  L i g h t  A i r c r a f t  which warned of b r i e f  modera t e  i c i n g  
i n  t h e  a r e a  t h e  f l i g h t  would t r a v e r s e .  The d i s p a t c h e r  p r o v i d e d  t h e  pilot-in-command w i t h  
t h e  area wea the r  f o r e c a s t  and c u r r e n t  s e q u e n c e s  t o  s t u d y  d u r i n g  t h e  b r i e f i n g .  No w a r n i n g s  
o r  a d v i s o r y  messages r e g a r d i n g  t h e  wea the r  i n  t h e  Lake Tahoe a r e a  were forwarded  t o  t h e  
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crew whi le  t h e  a i r c r a f t  w a s  en rou t e .  The d i spa t che r  d i d  not  n o t i f y  t h e  crew when informa- 
t i o n  was made a v a i l a b l e  t o  him i n d i c a t i n g  t h a t  t h e  Tahoe Valley A i rpo r t  was below company 
minima . 

Evidence i nd i ca t ed  t h a t  t h e  procedures f o r  r e p o r t i n g  t h e  Lake Tahoe weather 
were u n s a t i s f a c t o r y .  There was inadequate c o n t r o l  over t h e  t ransmiss ion  of weather r e p o r t s  
from Lake Tahoe and t h e  Oakland d i s p a t c h  c e n t r e .  This ,  i n  t u r n ,  was r e f l e c t e d  i n  inadequate 

11 11 t r ansmiss ion  of Tahoe Valley A i rpo r t  weather over t h e  s e r v i c e  A t e l e t y p e  c i r c u i t .  

I c i n g  was f o r e c a s t  and d id  e x i s t  i n  t h e  Lake Tahoe a r ea .  Th is  was substan-  
t i a t e d  by p i l o t  r e p o r t s  inc lud ing  t h e  r e p o r t  a company p i l o t  made t o  t h e  f l i g h t  while  en 
r o u t e  t o  Lake Tahoe. Snow showers were a l s o  f o r e c a s t  and r epo r t ed  i n  t h e  Tahoe a r e a  wi th  
a s soc i a t ed  low v i s i b i l i t y .  

Most of t h i s  weather informat ion was a v a i l a b l e  t o  t h e  crew whi le  en r o u t e  t o  
t h e  Tahoe a r e a  v i a  t h e  scheduled r a d i o  b roadcas t s  t h e  FAA makes a t  15 and 45 minutes a f t e r  
each hour over en-route n a v i g a t i o n a l  r a d i o  a i d s .  F i n a l l y ,  t h e  l a t e s t  Tahce Valley A i rpo r t  
weather was a v a i l a b l e  t o  t h e  crew whi le  they were over t h e  Tahoe VOR be fo re  they s t a r t e d  
t h e i r  descent .  

Although t h e  crew ind i ca t ed  they  were going t o  c a l l  t h e  company r a d i o  s t a t i o n  
a t  Tahoe Valley A i rpo r t  t o  g e t  t h e  weather ,  they were o f f  t h e  c e n t r e  frequency only about 
40 seconds. Fu r the r ,  t h e  company agent  a t  t h e  a i r p o r t  t e s t i f i e d  t h a t  they did  not  c a l l  f ~ r  
t h e  weather u n t i l  approximately two minutes before  t h e  c rash .  Therefore ,  i t  is be l ieved  
t h a t  t h e  crew had a l r eady  at tempted an approach a t  t h e  time t h i s  c a l l  f o r  weather was made. 

1.8 Aids t o  nav iga t ion  

There was a  VOR a t  Lake Tahoe. Both of t h e  automat ic  d i r e c t i o n  f i n d e r  (ADF) 
r e c e i v e r s  were tuned t o  375 k i l ocyc l e s .  The only  n a v i g a t i o n a l  a i d  , with  t h i s  ass igned 
frequency i n  t h e  Lake Tahoe area, w a s  t h e  Donner Summit non-d i rec t iona l  r a d i o  beacon loca ted  
approximately 8a miles  northwest  of t h e  Lake Tahoe VOR. The VOR r e c e i v e r s  were both tuned 
t o  t h e  Lake Tahoe VOR frequency. 

1.9 Communications 

The Pa rad i se  A i r l i n e s  passenger agent  a t  t h e  Tahoe Valley Ai rpor t  was respon- 
s i b l e  f o r  communications from t h e  a i r p o r t  t o  company a i r c r a f t .  He  s t a t e d  t h a t  the  crew 
d id  no t  con tac t  him u n t i l  1127 hours .  A t  1129 he heard a  r a d i o  c a l l  from t h e  f l i g h t  but 
was unable  t o  e s t a b l i s h  communications wi th  them. This  was t h e  l a s t  known t ransmiss ion  
from t h e  f l i g h t .  

1.10 Aerodrome and ground f a c i l i t i e s  

Not relevant t o  t h e  acc iden t .  

1.11 F l i g h t  r eco rde r s  

Not mentioned i n  t h e  r e p o r t .  



ICAO C i r c u l a r  82-AN169 81  

1.12 Wreckage 

The wreckage w a s  l oca t ed  a t  0730 hours ,  on 2 March 1964, by a US A i r  Force 
sea rch  and rescue  h e l i c o p t e r .  The wreckage area w a s  9 NM n o r t h e a s t  of t h e  Tahoe Val ley  
Ai rpor t  near  t h e  c r e s t  of a r i d g e  of Genoa Peak, Nevada. The crest w a s  approximate ly  
8 900 f t  a m s l  i n  t h e  wreckage area. Th i s  mountain forms t h e  n o r t h  s i d e  of Daggett  Pass .  
The e l e v a t i o n  of the  t op  of t h e  pass  is approximately 7 300 f t  amsl,  and i t  i s  s e v e r a l  m i l e s  
wide i n  t h i s  a rea .  

The a i r c r a f t  i n i t i a l l y  s t r u c k  s e v e r a l  t r e e s  on t h e  west s l o p e  of t h e  r i d g e ,  
a t  approximately 8 675 f t  amsl,  s l i g h t l y  right-wing-low i n  a n e a r l y  l e v e l  f l i g h t  a t t i t u d e .  
F i r s t  ground c o n t a c t ,  120 f t  beyond t h e  i n i t i a l  impact p o i n t ,  was a t  a n  e l e v a t i o n  of 
8 695 f t  amsl. The wreckage p a t t e r n  was approximately 900 f t  long o r i e n t e d  a long  a 077' 
magnetic bear ing.  

The a i r c r a f t  s u s t a i n e d  e x t e n s i v e  breakup, but  a l l  major components were 
accounted f o r  i n  t h e  primary wreckage a r ea .  

1.13 F i r e  - 
There was no f i r e .  

1.14 S u r v i v a l  a s p e c t s  

There were no su rv ivo r s .  

1.15 Tests and r e sea rch  

U l t r a v i o l e t  l i g h t  t e s t s  were made of recovered ins t ruments  i n  an a t t empt  t o  
determine ins t rument  read ings  a t  impact. 

2. - Analys is  and Conclusions 

2.1 Analysis  

No pre-impact d e f e c t s  were found i n  t h e  f l i g h t  c o n t r o l  system. 

A t  t h e  t i m e  of impact t h e  l and ing  gear w a s  r e t r a c t e d  and t h e  l and ing  f l a p s  
were extended 60Z. The Pa rad i se  A i r l i n e s  Operat ions  Manual s p e c i f i e d  60% f l a p s  f o r  take-off ,  
maximum angle  climb performance and when reducing speed f o r  ho ld ing  o r  manoeuvring. The 
e l e v a t o r ,  a i l e r o n ,  and rudder boost  were on. 

The cockpi t  t r i m  i n d i c a t o r s  read:  e l e v a t o r  t r i m  3O nose up; rudder  t r i m  3O 
nose r i g h t ;  and a i l e r o n  t r i m  5O right-wing-down. 

Due t o  c r a sh  damage, in format ion  gained from examination of t h e  f l i g h t  i n e t r u -  
ments was l i m i t e d  t o  t h e  fol lowing:  t h e  p i l o t ' s  master d i r e c t i o n  i n d i c a t o r  (MDI) was ind i -  
c a t i n g  217'. The p i l o t ' s  r a d i o  magnetic i n d i c a t o r  (RMI) r evea l ed  a r e a d i n g  of 086O. The 
c o - p i l o t ' s  MDI read 09Z0. The automat ic  p i l o t  d i r e c t i o n a l  gyroscope c a r d s  r ead  145O on t h e  
upper card  and 315O on t h e  lower card .  The f l u x  g a t e  compass t r a n s m i t t e r s  which prov ide  
heHding informat ion t o  t h e  MDIs, RMIs, and t h e  automat ic  p i l o t  were recovered  and bench 
checked. No d i s c r epanc i e s  were d iscovered.  
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The pilot-in-command's a l t i m e t e r  was recovered wi th  t h e  barometr ic  s c a l e  set 
a t  29.93. The i n t e r n a l  mechanism and p o i n t e r s  were detached from t h e  gear  t r a i n  and no 
p o i n t e r  marks on t h e  instrument f a c e  could  be observed under b l ack  l i g h t .  ( U l t r a v i o l e t  
l i g h t  t e s t s  were made of recovered ins t ruments  i n  a n  a t t empt  t o  determine instrument 
read ings  a t  impact. The f l u o r e s c e n t  compound on. the ins t rument  need l e s  o r  hands w i l l  
o ccas iona l ly  l eave  a n  imprint  on t h e  ins t rument  f a c e  which can be d e t e c t e d  on exposure t o  
an u l t r a v i o l e t  l i g h t . )  The barometr ic  s c a l e  adjustment  screw w a s  found unscrewed s u f f i -  
c i e n t l y  t o  prevent  locking wi th  t h e  shoulder  on the  a d j u s t i n g  s h a f t .  I f  t h i s  a d j u s t i n g  
screw is not  p roper ly  s ea t ed  it i s  p o s s i b l e  t o  r o t a t e  t h e  barometr ic  s c a l e  of t h e  a l t i m e t e r  
without  moving t h e  hands on t h e  ins t rument  t o  r e f l e c t  a  corresponding change i n  i n d i c a t e d  
a l t i t u d e .  

The d i f f e r e n c e s  between t h e  RMI and MDI i n d i c a t i o n s  and t h e  a i r c r a f t ' s  t r a c k  
dur ing  t h e  c r a s h  suggest  an e r r o r  of 15 o r  more degrees  i n  t h e  compass system. If t h i s  
e r r o r  d i d  e x i s t ,  p r i o r  t o  impact, i t  would i n d i c a t e  t h a t  t h e  a i r c r a f t ' s  a c t u a l  heading was 
more n o r t h e r l y  ( f a r t h e r  l e f t )  t han  t h e  compasses i n d i c a t e d  t o  t h e  p i l o t s .  Another f a c t o r  
t h a t  could have a f f e c t e d  t h e  a i r c r a f t  was t h e  h igh  v e l o c i t y  wind over t h e  l a k e  which would 
have pushed t h e  a i r c r a f t  towards t h e  mountains a t  a high  ground speed. There was no ev i -  
dence t o  i n d i c a t e  t h a t  t h e  crew w a s  aware of t h i s  wind. 

The cond i t i on  of t h e  pilot-in-command's altimeter, as recovered from t h e  
wreckage, i nd i ca t ed  a  pre-impact discrepancy.  With t h e  baromet r ic  a d j u s t i n g  screw disen- 
gaged, i t  would have been p o s s i b l e  f o r  t h e  pilot-in-command t o  set t h e  barometr ic  d i a l  of 
t h e  a l t i m e t e r  without  a f f e c t i n g  t h e  p o s i t i o n  of t h e  ins t rument  hands. I f  t h e  a i r c r a f t  were 
i n  a  descent  a t  t h i s  t i m e ,  t h e  f a i l u r e  of t h e  r o t a t i n g  hands t o  p roper ly  r e p o s i t i o n  them- 
selves might e a s i l y  be  overlooked, p a r t i c u l a r l y  when t h e  pilot-in-command knew t h a t  t h e  
a l t i m e t e r  had been s t i c k i n g  and then  jumping t h e  previous  day. The d i f f e r e n c e  between t h e  
barometr ic  s e t t i n g  a t  San Jos6 and t h a t  found on t h e  recovered a l t i m e t e r  would have been 
approximately 280 f t  and would have i n d i c a t e d  t o  t h e  p i l o t  t h a t  t h e  a i r c r a f t  w a s  280 f t  
h igher  t han  i ts  a c t u a l  a l t i t u d e .  

The i n s t a l l a t i o n  of one f l u x  g a t e  compass t r a n s m i t t e r  and t h e  two a l t i m e t e r s  
w a s  done by mechanics who worked wi thout  r e f e r e n c e  t o  a v a i l a b l e ,  approved maintenance 
manuals; t h e  compasses were no t  swung, t h e  P i t o t  s t a t i c  system was no t  checked f o r  l e a k s ,  
and unauthorized personnel  " inspected" t h e i r  own work. The cond i t i on  of t h e  c a p t a i n t s  
a l t i m e t e r ,  a s  recovered from t h e  wreckage, wi th  t h e  barometr ic  a d j u s t i n g  screw backed ou t ,  
i n d i c a t e s  t h a t  t h e  maintenance man who checked it d i d  no t  complete h i s  work. 

The f l i g h t  crew's dec i s ion  t o  proceed from t h e  VOR t o  t h e  a i r p o r t  e i t h e r  
wi thou t ,  o r  d e s p i t e ,  knowledge of t h e  e x i s t i n g  weather was in v i o l a t i o n  of t h e  company's 
ope ra t i ng  procedures.  

I f  t h e  crew were aware of t h e  weather a t  Tahoe Valley Ai rpor t  they should 
have remained at  t h e  VOR awai t ing  b e t t e r  weather o r  d i v e r t e d  t o  Reno. They had been 
informed of t h e  i c i n g  s i t u a t i o n  encountered by another  f l i g h t  t h a t  had depar ted  t h e  a i r -  
p o r t  about one hour e a r l i e r .  They knew t h e i r  a i r c r a f t  was n e i t h e r  au thcr ized  nor equipped 
t o  f l y  in  any i c i n g  condi t ion .  It i s  apparent  t h a t  a f t e r  t h e  crew a r r i v e d  i n  t h e  v i c i n i t y  
of t h e  Tahoe Valley A i rpo r t  they  were e i t h e r  unable t o  l o c a t e  i t  o r  i f  they l oca t ed  i t  the:: 
decided not  t o  land. The d e c i s i o n  n o t  t o  land could have been based on the  weather a s  the;. 
observed i t  o r  on the  below minimum weather r epo r t ed  t o  them a t  1 1 2 7  hours  by t h e  company 
agent  a t  t h e  a i r p o r t .  The d i s p a t c h e r ' s  negl igence  plaved a  p a r t  i n  t h i s  sequence a lsc , .  
He d id  not  recommend o r  urge a  d i v e r s i o n  of t h e  f l igh:  t o  Reno when he  had t h e  1100 hours 
Tahoe Valley A i r p j r t  weather a v a i l a b l e  t o  him s h o r t l y  a f t e r  t h a t  time. 
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;he crew i e c i d e d  t o  abandon the a p p r o a c h ,  t h e y  t o o k  up a h e a d i n g  which 
t h e y  K i s t  hcxve k r~q-m ,auld t a k e  them towards  L I  .i h i g h  t e r r a i n  e a s t  of  t h e  l a k e .  It i s  
v e r y  ! i k e l y  t h a t  f r r m  t h e i r  p o s i t i o n  ove r  t h e  Tahoe VOR t h e y  were  a b l e  t o  o b s e r v e  t h e  VFR 
condit. on! z t l t  e x i s t e d  e a s t  of Lake Tahoe un :.;2 l e eward  s i d e  of t h e  mounta ins .  Addi- 
t i o n a .  7, i s  assumed t h a t  t h e  c o - p i l o t  was aware o f  t h e  e x i s t e n c e  of D a g g e t t  P a s s  and 
c o n s i t i t r e d  i t  a n  a c c e s s  t o  VFR c o n d i t i o n s  beyond t h e  p a s s .  I t  is f u r t h e r  assumed t h a t  h e  
knew a n  a l ~ i t u d e  of 9 000 f t  would p r o v i d e  a b o u t  1 500 f t  t e r r a i n  c l e a r a n c e  t h r o u g h  t h e  
c e n t r e  of t h e  Pass .  F u r t h e r ,  a n  e a s t e r l y  h e a d i n g  f rom t h e  s o u t h  end  of t h e  l a k e  would t a k e  
t h e  a i r c r a f t  t h r ~ a g h  t h e  Pas s  which i s  s e v e r a l  m i l e s  wide.  

The head ing  and a l t i t u d e  of t h e  wreckage s u g g e s t  t h a t  t h e  crew e s t a b l i s h e d  
an  e a s t e r l y  h e a d i n g  and c l imbed  t o  a n  a l t i t u d e  o f  9 000 f t .  Then, e i t h e r  because  t h e y  
b e l i e ~ ~ e d  t h e y  h a d  s u f f i c i e n t  a l t i t u d e  t o  c l e a r  t h e  t e r r a i n  o r  b e c a u s e  t h e y  were  u n a b l e  t o  
c l imb  h i g h e r  due t o  s t r u c t u r a l  i c e ,  t h e  a i r c r a f t  l e v e l l e d  o f f .  A t  t h a t  t i m e  t h e y  s t r u c k  
t h e  f i r s t  t r e e s  and were u n a b l e  t o  a v o i d  t h e  f i n a l  impact  w i t h  t h e  mountain .  Had t h e  f l i g h t  
been 300 f t  h i g h e r ,  o r  300 y a r d s  f a r t h e r  s o u t h ,  t h e y  would have  c l e a r e d  t h e  e x i s t i n g  t e r r a i n  
and p roceeded  i n t o  VFR c o n d i t i o n s .  The las t  f a c t o r  t h a t  c o u l d  have  a f f e c t e d  t h e  s i t u a t i o n  
w a s  t h a t  t h e  crew cou ld  n o t  a c c u r a t e l y  d e t e r m i n e  t h e  p o s i t i o n  r e l a t i v e  t o  t h e  P a s s  when t h e y  
t o o k  up t h e  f i n a l  head ing .  They were i n  a heavy snow shower ove r  t h e  l a k e  and would have  
had t o  depend on some v i s u a l  o b s e r v a t i o n  of t h e  east s h o r e l i n e  t o  d e t e r m i n e  t h e i r  p o s i t i o n .  

The cus tomary  p r o c e d u r e  of company p i l o t s  i n  g e t t i n g  o u t  of  t h e  Tahoe a r e a  
a f t e r  abandoning  t h e  l a n d i n g  app roach  was t o  c l i m b  t o  a  s a f e  a l t i t u d e  and r e t u r n  t o  t h e  
Tahoe VOR, r e f i l e  a n  IFR f l i g h t  p l a n ,  and p roceed  t o  an a l t e r n a t e  a i r p o r t .  The Board c o u l d  
a s s i g n  no  l o g i c a l  r e a s o n  f o r  t h e  c r e w ' s  f a i l u r e  t o  c a r r y  o u t  t h i s  c o u r s e  o f  a c t i o n  u n l e s s  
i t  was a n  a t t e m p t  by t h e  crew t o  a v o i d  a  known a r e a  of i c i n g  t h r o u g h  which t h e y  had  let  
down on t h e i r  d e s c e n t  f rom t h e  VOR. 

2.2 Conc lus ions  

F i n d i n g s  

The crew were s a t i s f a c t o r i l y  c e r t i f i c a t e d .  

The a i r c r a f t  was a i r w o r t h y  and p r o p e r l y  loaded .  

The crew was i n a d e q u a t e l y  b r i e f e d  on t h e  f o r e c a s t  wea the r  e n  r o u t e  t o  and a t  
t h e  Lake Tahoe a r e a .  The c rew was r e l e a s e d  f o r ,  and p roceeded  w i t h ,  a f l i g h t  on t h e  b a s i s  
of  an i n a c c u r a t e  wea the r  r e p o r t .  The crew made a n  app roach  t o  t h e  Tahoe V a l l e y  A i r p o r t  
w i t h o u t  a d e q u a t e  w e a t h e r  i n f o r m a t i o n  o r  d e s p i t e  t h e i r  knowledge o f  e x i s t i n g  wea the r .  The 
crew o p e r a t e d  t h e  a i r c r a f t  i n  a n  area of f o r e c a s t  and r e p o r t e d  i c i n g  w i t h o u t  r e q u i r e d  a n t i -  
i c i n g  and d e - i c i n g  equipment.  

F i n a l l y ,  t h e  crew u n d e r t o o k  t o  f l y  t h e i r  a i r c r a f t  o v e r  a mounta inous  area 
w i t h o u t  e n s u r i n g  themse lves  of t h e  2 000 f t  t e r r a i n  c l e a r a n c e  r e q d i r e d  by FAA r e g u l a t i o n s .  

The p o s s i b i l i t y  e x i s t s  t h a t  t h e r e  w a s  a head ing  error,  a n  altimeter e r r o r  
and a t a i l  wind t h a t  had a n  e f f e c t  on  t h e  f l i g h t  which w a s  n o t  d e t e c t e d  by t h e  c rew.  

The f a c t  r e m a i n s ,  however,  t h a t  once  h a v i n g  d e c i d e d  t o  l e a v e  t h e  Tahoe A I Z P ~ ~ L  
a r e a  on an  e a s t e r l y  h e a d i n g ,  t h e  a c c i d e n t  would have  been  avo ided  had t h e  crew c l '  :d t o  
a n  a l t i t u d e  o f  2 000 f t  above  t h e  t e r r a i n  a l o n g  t h e i r  i n t e n d e d  f l i g h t  p a t h .  



fj ICAO C i r c u l a r  82-AN/69 

I !  9u.ge or 
probable  cause  ( s )  

The probab le  cause  of t h i s  acc iden t  w a s  t h e  p i l o t ' s  d e v i a t i o n  from p re sc r ibed  
V= f l i g h t  procedures  in  a t t emp t ing  a v i s u a l  l and ing  approach i n  adverse  weather  condi t ions .  

r e s u l t e d  in an abandoned approach and geograph ica l  d i s o r i e n t a t i o n  whi le  f l y i n g  below 
t h e  minimum a l t i t u d e  p re sc r ibed  f o r  o p e r a t i o n s  i n  mountainous a reas .  

3. - Recommendations 

No recommendations were con ta ined  i n  t h e  r e p o r t .  

ICAO Ref.: AR/869 
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No. 14  

Hansen A i r  A c t i v i t i e s .  DC-3A. N 410D. a c c i d e n t  on 8 March 1964 near  
Chicago-O'Hare I n t e r n a t i o n a l  Ai rpor t .  Chicago, I l l i n o i s .  USA 

C i v i l  Aeronaut ics  Board (USA) A i r c r a f t  Accident Report .  F i l e  No. 2-0002, 
r e l e a s e d  24 February 1965 

1. - I n v e s t i g a t i o n  

1.1 His to ry  of t h e  f l i g h t  

The a i r c r a f t  was on a non-scheduled domest ic  f l i g h t  from Chicago, I l l i n o i s ,  
t o  P e l l s t o n ,  Mich igaqand  r e t u r n .  It a r r i v e d  a t  P e l l s t o n ,  Michigan, a t  approximate ly  
2057 hours  C e n t r a l  Standard T i m e  f o r  t h e  purpose of r e t u r n i n g  28 passengers  t o  Chicago, 
I l l i n o i s .  A f t e r  a r r i v a l ,  t h e  p i l o t  v i s i t e d  t h e  Fede ra l  Avia t ion  Agency F l i g h t  S e r v i c e  
S t a t i o n  (FSS) a t  t h e  Emmet County A i r p o r t / P e l l s t o n .  H e  was provided w i t h  t h e  2100-hour 
sequence weather obse rva t i ons  f o r  s e v e r a l  p o i n t s  a long  t h e  r o u t e  i n c l u d i n g  Chicago-O'Hare 
I n t e r n a t i o n a l  A i r p o r t ,  and f i l e d  an  ins t rument  f l i g h t  r u l e s  f l i g h t  p l a n  r e q u e s t i n g  a 
c r u i s i n g  a l t i t u d e  of 5 000 f t ,  v i a  V-193 t o  White Cloud VOR, V-215 t o  Muskegon VOR, V-55 
t o  Pullman VOR, V-84 t o  Northbrook VOR, d i r e c t  t o  t h e  Chicago-O'Hare I n t e r n a t i o n a l  A i r p o r t .  
P r i o r  t o  d e p a r t u r e  t h e  f l i g h t  r e ce ived  an  IFR c l ea r ance  i s sued  by t h e  Minneapolis  A i r  Route 
T r a f f i c  Cont ro l  Centre (ARTCC) t o  t h e  Chicago-OIHare A i rpo r t .  It depar ted  P e l l s t o n  a t  
2132 hours  wi th  28 passengers  and t h e  two-pi lot  crew. The f l i g h t  t o  t h e  v i c i n i t y  of t h e  
Chicago-O'Hare t e r m i n a l  a r e a  was de sc r ibed  by t h e  p i l o t  a s  be ing smooth and uneven t fu l .  
A t  2335:15 hours  t h e  c o n t r o l  of t h e  f l i g h t  was t r a n s f e r r e d  from Chicago ARTCC t o  Chicago 
Approach Cont ro l  whi le  t h e  a i r c r a f t  was a t  5 000 f t .  A t  t h i s  t i m e  r a d a r  i n d i c a t e d  t h e  
a i r c r a f t  was 7 miles e a s t  of t h e  Sturgeon I n t e r s e c t i o n ,  and t h e  crew was i n s t r u c t e d  by 
Chicago Approach Cont ro l  t o  descend t o  3 500 f t  15 miles east of t h e  Northbrook VOR. The 
p i l o t  s t a t e d  t h a t  he  then e s t a b l i s h e d  a 500 f t /m in  descen t  u t i l i z i n g  eng ine  power s e t t i n g s  
of 2 000 rpm and manifold p r e s s u r e  of 21  t o  23 Hg. The f l i g h t  was then  informed t h a t  i t  
would be provided r a d a r  v e c t o r s  f o r  an  ILS approach t o  runway 1 4 R .  A f t e r  t h e  a i r c r a f t  
depar ted  t h e  Northbrook VOR, t h e  l and ing  gear  was extended,  power was i nc r ea sed  and an  
i n d i c a t e d  a i r s p e e d  of approximately 115 k t  was maintained.  

S e v e r a l  o t h e r  a i r c r a f t  were a l s o  being vec to r ed  t o  l and  on runway 14R. Among 
t h e s e  a Boeing 707 (TWA F l i g h t  83) was being vec to red  i n  a  t u r n  from 270° to  220° and then 
t o  170°. A t  2350:56 hours  t h e  Boeing 707 was 2 4  m i l e s  n o r t h  of t h e  Romeo Outer  Marker 
descending t o  2 500 f t  i n  a l e f t  t u r n  t o  170°, when t h e  s u b j e c t  a i r c r a f t  was a t  2 500 f t ,  
4 miles from t h e  Romeo Outer Marker on a heading of 190' u n t i l  i n t e r c e p t i n g  t h e  ILS l o c a l -  
i z e r  course .  A t  2353:05 hours  t h e  crew r e p o r t e d  " i n  a  b l a s t  of a i r "  and t h a t  they  would 
a t tempt  ano ther  approach. They were i n s t r u c t e d  t o  t u r n  r i g h t  t o  270° and t o  ma in t a in  
2 500 f t .  A t  t h i s  t i m e  t h e  crew r e p o r t e d  they  were a t  1 500 f t .  The approach c o n t r o l l e r  
advised  t h e  crew of t h e  e x i s t e n c e  of h igh r a d i o  towers west of t h e  a i r p o r t  and i n s t r u c t e d  
t h e  f l i g h t  t o  climb t o  2 500 f t .  A t  2354:40 hours  t h e  a i r c r a f t  was observed on r a d a r  t o  
depa r t  t h e  l o c a l i z e r  course  and r e p o r t e d  it was i n  "very bad a i r  ... almost  going dawn". 
A t  approximately 2354:50 t h e  crew repo r t ed  'I... we're coming ou t  of it now bu t  i t ' s  ve ry ,  
ve ry  bad a i r " .  No f u r t h e r  communications were heard  and a t  2356:lS t h e  a i r c r a f t  d isap-  
peared from t h e  r a d a r  scope. The a i r c r a f t  s t r u c k  t h e  ground i n  a f l a t ,  open area 756 f t  
amsl and s l i d  on a  heading of 23g0. The r i g h t  wing s t r u c k  a te lephone p o l e  and t h e  a i r c r a f t  
f i n a l l y  came t o  r e s t  a g a i n s t  a  house. The acc iden t  occurred  a t  approximately 2356 hou r s ,  
7 .5 miles west-northwest of t h e  Chicago-O'Hare I n t e r n a t i o n a l  A i r p o r t .  
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1.2 I n l u r i e s  t o  persons  

1.3 Damage t o  a i r c r a f t  

The a i r c r a f t  was s u b s t a n t i a l l y  damaged. 

I 

1.4 Other d a m a ~  

Passengers  

3 

25 

The a i r c r a f t  s l i d  i n t o  an  occupied dwel l ing  coming t o  rest wi th  t h e  nose i n  
t h e  rear w a l l  of t h e  a t t ached  garage  and t h e  l e f t  wing embedded i n  t h e  r e a r  w a l l  of t h e  
house. 

Others  

- 

I n j u r i e s  
- 

F a t a l  

Non-f a t a l  

None 

1.5 C r e w  informat ion 

Crew 

1 

1 

The pilot-in-command, age 39, he ld  a c u r r e n t l y  e f f e c t i v e  a i r l i n e  t r a n s p o r t  
p i l o t  c e r t i f i c a t e  w i th  multi-engine land and DC-3 type  r a t i n g s .  H e  a l s o  he ld  a  c u r r e n t l y  
e f f e c t i v e  a i r p l a n e  and power p l a n t  mechanic's c e r t i f i c a t e .  H e  had flown a  t o t a l  of 5  232 
hours  f l i g h t  t ime inc lud ing  924 hours  i n  DC-3 a i r c r a f t .  Of t h e  hours  flown on DC-3s, 
101  hours were flown a s  pilot-in-command and 34 hours  w i t h i n  t h e  l a s t  90 days. 

The co-p i lo t ,  age ' 21 ,  h e l d  a  c u r r e n t l y  e f f e c t i v e  commercial p i l o t ' s  c e r t i f i -  
c a t e  wi th  s i n g l e  and multi-engine land and ins t ruments  r a t i n g s  and a  mechanic's c e r t i f i c a t e .  
H e  had flown a  t o t a l  of 550 hours  f l i g h t  time of which 15 hours  were a s  co-pi lo t  i n  DC-3 
a i r c r a f t .  

Both crew members he ld  f i r s t - c l a s s  medical  c e r t i f i c a t e s  wi th  no l i m i t a t i o n s  
i nd i ca t ed .  

1.6 A i r c r a f t  informat ion 

No mention is made i n  t h e  r e p o r t  r egard ing  t h e  a i r c r a f t ' s  c e r t i f i c a t e  of 
a i rwor th iness .  

The a i r c r a f t  had flown a  t o t a l  t ime of 37 744 hours.  

An examination of t h e  a i r c r a f t ' s  r ecords  i n d i c a t e d  t h a t  f l i g h t  t i m e  cornput?-- 
t i o n s  and records  were incomplete and inaccu ra t e  a f t e r  26 October 1962  when t h e  a i r c r a f t  
w a s  s o l d  by a  scheduled a i r  c a r r i e r  and r e g i s t r a t i o n  subsequently passed through f l v e  
success ive  owners. The log-books d i d  not  r e f l e c t  t h e  a c t u a l  engine  ope ra t i ng  t imes  f o r  
t h e  a i r c r a f t .  Ava i lab le  r e c o r d s  i n d i c a t e d  t h e  l e f t  and r i g h t  engines  had accurnulcter! 
t o t a l s  of 1 6 2 4  and 1 64C hours, r e s p e c t i v e l y .  
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A t  take-off from P e l l s t o n  the  g ros s  weight of t h e  a i r c r a f t ,  as computed 
dur ing t h e  i n v e s t i g a t i o n ,  w a s  approximately 26 440 l b ,  i.e. 1 094 l b  over  t he  maximum 
a l lowable  c e r t i f i c a t e d  take-off weight ,  bu t  i ts  c e n t r e  of g r a v i t y  was w i t h i n  p e r m i s s i b l e  
l i m i t s .  However, t h e  weight and c e n t r e  of g r a v i t y  of t h e  a i r c r a f t  were both  w i t h i n  l i m i t s  
a t  t h e  t i m e  of t h e  acc iden t  and t h e r e f o r e  were no t  considered a f a c t o r  i n  t h e  acc iden t .  

The type of f u e l  being used was not  mentioned i n  t h e  r e p o r t .  

1 .7  Meteorological  i n£  ormat i o n  

The 2100-hour sequence weather obse rva t ions  i n d i c a t e d  c e i l i n g s  rang ing  from 
1 500 f t  obscured i n  t he  Traverse  C i ty  area t o  700 f t  i n  t h e  Grand Rapids and Muskegon 
a reas .  In t h e  South Bend and Chicago a r e a s  t h e  c e i l i n g s  were 300 t o  700 f t .  V i s i b i l i t i e s  
were 1.5 miles a t  J o l i e t  and 4 t o  6 m i l e s  i n  r a i n ,  fog and smoke a t  Chicago Midway and 
chicago-O'Hare I n t e r n a t i o n a l  Ai rpor t s .  The temperature and dew po in t  a t  Chicago-O'Hare 
were 3 5 ' ~  and 33OF, r e spec t ive ly .  

The b r i e f e r  a t  P e l l s t o n  ind i ca t ed  t h a t  t h e  a r e a  f o r e c a s t  included a f o r e c a s t  
f o r  moderate t o  heavy i c i n g  i n  clouds.  An Aviat ion Severe Weather Forecas t  i n d i c a t e d  
severe  thunderstorms along a 60-mile f r o n t  e i t h e r  s i d e  of a l i n e  from Vandalia ,  I l l i n o i s ,  
t o  Jackson, Michigan. Also a SIGMET e f f e c t i v e  from 1830 t o  2230 hours f o r e c a s t  i n t e r m i t t e n t  
moderate t o  heavy mixed i c i n g  f o r  c e n t r a l  and sou thern  Wisconsin and southwestern  Lake 
Michigan and a l s o  p o s s i b i l i t y  of moderate t o  heavy i c i n g  over n o r t h e r n  I l l i n o i s  and south- 
e a s t e r n  Lake Michigan. A l l  t h e  above weather informat ion w a s  made a v a i l a b l e  t o  t h e  p i l o t -  
in-command, a l though h e  t e s t i f i e d  he d i d  no t  r e c a l l  a f o r e c a s t  of moderate t o  heavy i c ing .  

The Chicago-O'Hare I n t e r n a t i o n a l  Ai rpor t  s p e c i a l  weather observa t ion  a t  
2358 hours was i n  p a r t  as fol lows:  c e i l i n g  measured 400 f t  o v e r c a s t ,  v i s i b i l i t y  7 m i l e s  
i n  very  l i g h t  d r i z z l e ,  temperature 3 4 O ~ ,  dew po in t  3 0 ° ~ ,  wind from 350° a t  10 k t .  

1.8 Aids t o  nav iga t ion  

Not r e l e v a n t  t o  t h e  acc iden t .  

1.9 Comunicat  ions  

Communications were normal u n t i l  approximately one minute p r i o r  t o  t h e  
acc iden t .  

1.10 Aerodrome and ground f a c i l i t i e s  

Not r e l e v a n t  t o  t h e  accident .  

1.11 F l i g h t  r eco rde r s  

Not mentioned i n  t h e  r epo r t .  

1.12 Wreckage 

The a i r c r a f t  s t r u c k  t h e  ground i n  a f l a t ,  open a r e a  756 f t  a m s l ,  on a f l i g h t  
pa th  of 238'. The r i g h t  wing s t r u c k  a 40-ft telephone po le  3 f t  above ground caus ing  
damage inboard of t h e  r i g h t  engine. Contact wi th  t h e  po le  caused t h e  a i r c r a f t  t o  t u r n  
r i g h t  t o  a heading of  28S0 whi le  cont inuing t o  t r a v e l  i n  a 238O d i r e c t i o n .  
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A l l  major a i r c r a f t  components were located within the  immediate confines of 
the  wreckage s i t e  and those components which had separated from the  main s t ruc tu r e  d i d  so 
a s  a r e s u l t  of impact. 

1.13 F i re  - 
There was no f i r e .  

1.14 Survival aspects  

A l l  28 cabin s e a t s  were occupied at t h e  t i m e  of impact and remained secured 
t o  t he  f l o o r  mountings. None of the  s ea t  b e l t s  f a i l ed .  Passengers exi ted  throu* the - 
main cabin door and the  emergency e x i t s .  

1.15 Testa  and research 

None mentioned i n  the  repor t .  

1.16 Vortex turbulence 

Vortex turbulence is a p a r t  of the a i r  disturbance created by a l i f t i n g  air- 
f o i l .  It exists i n  t he  wake of a l l  f ixed-wing a i r c r a f t  and is  generated a t  the  wing t i p s  
by spanwise flow of a ir  from the  high pressure s i d e  of the  wing around the t i p  toward the 
low pressure side. Vortex i n t ens i t y  is dependent on airspeed,  wing angle of a t t ack ,  wing 
span aad area ,  weight, and dis tance downstream of the wing t i p .  Persis tence of vortex 
turbulence a t  a given point,  a f t e r  passage of an a i rp lane ,  is  dependent a l s o  on the  na tu r a l  
a i r  turbulence a t  t h e  place and time, pere is tence  decreasing with increased n a t u r a l  turbu- 
lence. (See Aircraft Accidetlt Digest No. 11, Par t  111 - "Hazards of the  Wake".) 

2. - Analvsis and Conclusions 

2.1 Analysis 

Examination of a l l  rudder, e levator  and a i l e ron  cont ro l  systems and r h e i r  
associated t r i m  systems revealed no evidence of pre-impact f a i l u r e s  or malfunction. 
Examination of the leading edges of the r i gh t  wing, r i g h t  and l e f t  hor izonta l  s t a b i l i z e r s ,  
approximately 90 minutes a f t e r  the  accident ,  revealed an accumulation of mixed rime snd 
c l ea r  ice which was extremely rough textured. The base of the i c e  was approximately three- 
e igh ths  of an inch th ick  and there were many project ions extending approximately one inch 
from the  a i r f o i l  leading edges. An examination of the  inner surface of the i c e  revealed 
t h a t  it was smoothly contoured t o  f i t  the leading edge with, no crackq, o r  i r r e g u l a r i t i e s  
t h a t  would be ind ica t ive  of de-ice boot actuation.  

. , 

Examination of both power p lan t s  disclosed discrepancies  i n  valve clearance 
adjustments and improper re ta in ing  screws on one propel ler  dome s top  ring. 

The e l e c t r i c  pump which provides the pressure t o  pump alcohol ta , , the  -- ....  propel!^^, 
carbure t tor  and cockpit windshield de-icing systems was found t o  be inoperative.  Examinat i .  2 

of the pump motor a f t e r  the  acc ident  indicated massive corrosion and complete se izure .  
. . 

. .  . 
Exammat ion of the f l i g h t  instruments disclosed th-' c;hte captain1* artit: L.. . 

horizon d i d  not meet manufacturer's specif  i ca t iuns  for setting time ,.&.inits, f ron  pi rc i :  a*.i 
riide af 2 U '  a b c v -  :he i,irrl?.an to C7. 
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Curing examination of t h e  f l i g h t  c o n t r o l  system, it was found t h a t  t h e  two 
c a s t e l l a t e d  n u t s  secur ing  c l e v i s  b o l t s ,  which connect t h e  l e f t  a i l e r o n  main c o n t r o l  c a b l e s  
a t  t h e  l e f t  wing t o  c e n t r e  s e c t i o n  a t t a c h  p o i n t ,  conta ined no c o t t e r  p ins .  

With t h e  excep t ion  of t h e  c o n d i t i o n  of t h e  pilot-in-command's a r t i f i c i a l  
hor izon ,  which could have provided t h e  p i l o t  wi th  an  i naccu ra t e  p o r t r a y a l  of h i s  f l i g h t  
a t t i t u d e  and thus  con t r i bu t ed  t o  h i s  ' i n a b i l i t y  t o  main ta in  f l i g h t ,  no  c a u s a l  r e l a t i o n s h i p  
between t h e  other p o t e n t i a l l y  hazardous maintenance d i s c r e p a n c i e s  and t h e  occurrence  of 
t h e  acc iden t  appears  t o  e x i s t ;  t h i s  no twi ths tand ing  t h e  i nope ra t i ve  a l c o h o l  pump, f o r  t h e  
pilot-in-command t e s t i f i e d  t h a t  he d i d  not  a t t empt  t o  u t i l i z e  any de- ic ing o r  a n t i - i c i n g  
system dur ing  t h e  approach. However, t h e  above d i s c r e p a n c i e s  r e f l e c t  t h e  absence of an 
adequate i n spec t ion  and maintenance system, and t h e  weather b r i e f i n g  rece ived  by t h e  p i l o t -  
in-comnmnd, p r i o r  t o  depa r tu re  from P e l l s t o n ,  should have a l e r t e d  t h e  crew t o  t h e  poss i -  
b i l i t y  of encounter ing f r e e z i n g  p r e c i p i t a t i o n .  Both t h e  s u b j e c t  Dakota and t h e  Boeing 707 
were being vec tored  from t h e  l e f t  t o  runway 14R. The Boeing 707 i n t e r c e p t e d  t h e  g l i d e  
s lope  a t  2351:38, whi le  a t  2 700 t o  2 800 f t  amsl,  5  NM from touchdown and 1 NM from t h e  
Romeo Outer Marker. 

A t  t h e  same t i m e  t h e  Dakota i n t e r c e p t e d  t h e  l o c a l i z e r  course  approximately 
3.5 NM northwest  of t h e  Romeo Outer Marker whi le  a t  2 500 f t .  A t  2352:38 i t  w a s  a t  t h e  
same geograph ica l  p o s i t i o n  and a t  a n  a l t i t u d e  approximately 250 f t  lower than  t h e  jet had 
been one minute earlier . 

Considering t h e  atmospheric  c o n d i t i o n  j u s t  p r i o r  t o  t h e  a c c i d e n t ,  t h e  v e l o c i t y  
w i th in  t h e  je t ' s  v o r t e x  t r a i l s ,  one minute a f t e r  t h e  v o r t e x  was shed,  would be approximately 
10 f t / s e c  o r  600 f t /min .  The rate a t  which t h e  v o r t i c e s  would move downward perpendicu la r  
t o  t h e  wing would be 4.4 f t / s e c  or  264 f t /min.  

The v o r t i c e s  c r e a t e d  by t h e  j e t  a i r c r a f t  would have s e t t l e d  about  260 f t  by 
2352:38. A t  t h e  same t i m e ,  because of t h e  l i g h t  wind from t h e  nor thwes t ,  they  would have 
d r i f t e d  sou theas t  a long t h e  l o c a l i z e r  course  approximately 1 500 f t  o r  one-quarter  n a u t i c a l  
mile.  A s  a  r e s u l t ,  t h e  tu rbu lence  would be a t  t h e ' a l t i t u d e  of t h e  Dakota and a long  a course  
where i t  would be pene t r a t ed  approximately 1.25 t o  1.5 n a u t i c a l  miles nor thwest  of t h e  Romeo 
Outer Marker. A t  t h i s  p o i n t ,  v o r t e x  tu rbu lence  caused t h e  Dakota t o  make an  abrup t  r o l l  t o  
t h e  r i g h t  wi th  a  subsequent l o s s  of a l t i t u d e .  

It was apparent  t h a t  dur ing t h i s  approach t h e  a i r c r a f t  w a s  accumulat ing air-  
frame i ce .  Below-freezing temperatures  e x i s t e d  from approximately 1 0 0 0  t o  2 500 f t  amsl 
and a t  a l t i t u d e s  above 5 000 f t  amsl. Moderate i c i n g  would have been encountered i n  c louds  
i n  t h e  sub-freezing zones. The p i l o t  of ano ther  a i r c r a f t  approximately 4 minutes  behind 
t h e  Dakota t e s t i f i e d  t h a t  northwest  of t h e  Romeo Outer Marker a t  2 500 f t  he exper ienced 
f a s t  accumulat ion of from 1 t o  1i inches  of r i m e  i c e  between a p o i n t  8 NM northwest  of 
t h e  Romeo Outer Marker a t  2 500 f t  and t h e  middle marker a t  1 100 f t .  

No a n t i - i c i n g  o r  de- ic ing equipment was a c t i v a t e d  b)r t h e  crew of t h e  Dakota 
s i n c e  they  were unaware of t h e  i c e  accumulation. Since t h e  crew f a i l e d  t o  recognize  t h e  
i c i n g  s i t u a t i o n  they d id  no t  c o r r e c t  f o r  t h e  i n c r e a s e  i n  s t a l l  speed which r e s u l t e d .  It 
i s  d i f f i c u l t  t o  determine when i c e  began t o  accumulate on t h e  a i r f r ame ,  but  i t s  e f f e c t  
began when v o r t e x  tu rbu lence  was encountered.  While t h e  i c i n g  was a f a c t o r  i n  a i r c r a f t  
c o n t r o l ,  t h e  amount accumulated would not  have prevented ope ra t i on  of t h e  a i r c r a f t  i f  
power had been added and a i r speed  maintained.  The i c e  could have been removed w '  t h e  
use  of wing de-icing boots .  
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The t r a n s i t i o n  from the  r o l l i n g  condi t ion  caused by the  vor tex  turbulence 
and low a i r speed  t o  t h e  r o l l i n g  r e s u l t i n g  from t h e  p a r t i a l  s t a l l  was no t  recognized by 
t h e  pilot-in-command. Statements by him ind ica t ed  t h a t  a t t empts  t o  u t i l i z e  more engine 
power r e s u l t e d  i n  c o n t r o l  d i f f i c u l t i e s .  However, the  Board was unable t o  r e c o n c i l e  these  
s ta tements  wi th  known a i r c r a f t  response. 

Both engines  were ope ra t ing  a t  impact and, i f  u t i l i z e d  i n  conjunct ion wi th  
t h e  proper a i r c r a f t  a t t i t u d e l a i r s p e e d  combination, s u f f i c i e n t  power should have been 
a v a i l a b l e  t o  s u s t a i n  normal f l i g h t .  The s h o r t  d i s t ance  t r a v e l l e d  a f t e r  ground impact 
confirmed an  extremely low ground speed a t  impact and the  l a c k  of app rec i ab le  s u r f a c e  wind 
r e s u l t e d  i n  t h e  a i r speed  and ground speed being nea r ly  t h e  same. 

2.2 Conclusions 

Findings 

The crew members were proper ly  c e r t i f i c a t e d .  

No mention was made in t h e  r e p o r t  of t h e  a i r c r a f t ' s  c e r t i f i c a t e  of airwor- 
th iness .  The a i r c r a f t  w a s  over t h e  maximum al lowable  c e r t i f i c a t e d  take-off weight of 
26 346 by 1 0 9 4  lb .  However, t h e  weight and c e n t r e  of g rav i ty  were n o t  considered f a c t o r s  
i n  t h e  acc iden t .  

The weather b r i e f i n g  rece ived  by t h e  pilot-in-command p r i o r  t o  depar ture  
from P e l l s t o n  should have a l e r t e d  the  crew t o  t h e  p o s s i b i l i t y  of encountering f r eez ing  
p r e c i p i t a t i o n .  During t h e  approach t h e  a i r c r a f t  accumulated a i r f r ame  ice and en te red  
vo r t ex  turbulence from a Boeing 707. 

Although t h e  pilot-in-command possessed t h e  requi red  FAA c e r t i f i c a t e ,  h i s  
a c t i o n s  showed a l a c k  of f a m i l i a r i t y  with f l i g h t  i n  i c i n g  condi t ions .  He apparen t ly  
became confused because of t h e  v o r t i c e s ,  t h e  e f f e c t  of t h e  unknown accumulation of air-  
frame i c e ,  and t h e  d i f f i c u l t y  i n  mainta ining a i rspeed.  A s  a r e s u l t ,  he f a i l e d  t o  t a k e  
proper a c t i o n  t o  s t o p  t h e  a i r c r a f t ' s  descent  p r i o r  t o  ground impact. 

Cause or  
Probable cause(s)  

The probable cause of t h i s  acc iden t  was t h e  f a i l u r e  of t h e  crew t o  u t i l i z e  
a v a i l a b l e  de-icing equipment and eag ine  power t o  maintain p o s i t i v e  c o n t r o l  of t h e  a i r c r a f t  
under condi t ions  of r a p i d  a i r f rame ice a c c r e t i o n  and vortex-induced turbulence.  

3 .  - Recommendations 

No recommendations were made i n  t h e  r epor t .  

ICAO R e f . :  AR/875 
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Lfneas A6reas Taxader. DC-3. HK-862, a c c i d e n t  n e a r  FacatativA. 
Colombia, on 8  March 1964. Report .  da t ed  12 November 1964, r e l e a s e d  by 

t h e  Admin is t ra t ive  Department of C i v i l  Aeronaut ics .  Colombia 

1. - I n v e s t i g a t i o n  

1.1 His to ry  of t h e  f l i g h t  

The a i r c r a f t  took o f f  on a  scheduled domest ic  f l i g h t  a t  1724 hou r s  l o c a l  
t ime from Matecana A i rpo r t  a t  P e r e i r a  C i ty  f o r  Eldorado A i rpo r t  c a r r y i n g  33 persons  inc lud-  
ing 3 f l i g h t  crew members. A t  1727 hours  t h e  crew informed Route Cont ro l  t h a t  i t  was 
cl imbing i n  t h e  P e r e i r a  a r e a  and expected t o  pa s s  E l  Paso a t  1745 hours  a t  an a l t i t u d e  of 
13 500 f t .  A t  1751 hours  it r e p o r t e d  over  E l  Paso e s t i m a t i n g  G i r a rdo t  a t  1809. A t  1810 
hoars  i t  r epo r t ed  over G i r a rdo t .  It was then  c l e a r e d  by Bogotd Cont ro l  t o  proceed t o  
La Esperanza i n t e r s e c t i o n ,  main ta in ing  13 000 f t  w i th  an  a l t i m e t e r  s e t t i n g  of 30.18 i n .  
This  was acknowledged by t h e  a i r c r a f t  which r epo r t ed  over  La Esperanza i n t e r s e c t i o n  a t  
1818 hours ,  and was i n s t r u c t e d  t o  hold  over  t h e  i n t e r s e c t i o n  a t  t h a t  a l t i t u d e .  It was 
c l e a r e d  t o  l eave  La Esperanza i n t e r s e c t i o n  a t  1833 hours  main ta in ing  13  000 f t  and t o  
r e p o r t  over  t h e  Bogotf! VOR. Th i s  w a s  acknowledged by t h e  a i r c r a f t  and two minutes  l a t e r  
it r epo r t ed  t h a t  i t  had l e f t  t h e  i n t e r s e c t i o n  and was e s t i m a t i n g  over  t h e  VOR a t  1844. It 
was then  i n s t r u c t e d  t o  descend from 13 000 t o  12 000 f t  and c l e a r e d  t o  make a n  ADF approach 
t o  Eldorado A i rpo r t  r e p o r t i n g  over Bogoti  VOR a t  12 000 f t  and over  t h e  o u t e r  marker a t  
9  800 f t .  A t  1839:30 hours  Bogoth Cont ro l  asked t h e  a i r c r a f t  i f  i t  s t i l l  e s t i m a t e d  t h e  
VOR a t  1844 and was g iven a new ETA of 1841. Bogot5 Cont ro l  r eques t ed  t h e  a i r c r a f t  t o  t r y  
t o  be "inbound" a t  1844 hours  i n  o rder  t o  i n i t i a t e  descen t .  A t  1841:45 t h e  f l i g h t  r e p o r t e d  
abeam Bogoti  VOR a t  12 000 f t .  Bogot6 Cont ro l  acknowledged and i n s t r u c t e d  it t o  ma in t a in  
12 000 f t  u n t i l  1844 hours .  A t  1842:15 hours  t h e  f l i g h t  r e p o r t e d  s i g h t i n g  what appeared 
t o  be a  DC-4. Th is  was i n  f a c t  a C u r t i s s  C-46 which had been c l e a r e d  f o r  f i n a l  approach 
about  4  minutes e a r l i e r .  Nothing f u r t h e r  was heard  from t h e  a i r c r a f t  d e s p i t e  r epea t ed  
ca l l s  from ~ o g o t ;  Contro l .  The a i r c r a f t  was subsequent ly  found i n  a f i e l d  n e a r  t h e  town 
of Faca t a t i vb ,  3  m i l e s  from the  Bogot6 VOR on a  bea r ing  of 140°. The a c c i d e n t  occur red  
between 1842:30 and 1845 hours  l o c a l  t i m e .  

1.2 I n j u r i e s  t o  persons  

I 

I n j u r i e s  

F a t a l  

Non-fatal  

None 

C r e w  

5 

Passengers  

28 

Others  
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1.3 Damage t o  a i r c r a f t  

The a i r c r a f t  was completely des t royed by f i r e .  

1.4 Other damage 

None mentioned. 

1.5 C r e w  informat ion 

The pilot-in-command had a  v a l i d  p i l o t ' s  l i c e n c e  with an instrument r a t i n g  
on DC-3 a i r c r a f t .  He had flown a s  pilot-in-command on DC-3s dur ing t h e  preceding 90, 30 
and 10 days and a l s o  on DC-4s and C-46s p r i o r  t o  t h e  acc iden t .  Examination of t he  records  
showed t h a t  he tended t o  neg lec t  f l i g h t  d i s c i p l i n e .  H i s  medical c e r t i f i c a t e  was v a l i d  up 
t o  2  December 1964. 

The co-pi lo t  a l s o  he ld  a  v a l i d  p i l o t ' s  l i c e n c e  with an instrument r a t i n g  on 
DC-3 a i r c r a f t .  H i s  medical c e r t i f i c a t e  w a s  v a l i d  u n t i l  3 September 1964. 

The f l y i n g  exper ience  of t h e  p i l o t s  was no t  mentioned i n  t h e  r epo r t .  

h e r e  was a l s o  a  s tewardess aboard the  a i r c r a f t .  A 30-day permit had been 
i s sued  f o r  her  t o  f l y  f o r  30 hours as observer  and r e c e i v e  i n s t r u c t i o n  i n  emergency equip- 
ment wi th  a view t o  ob ta in ing  a f l i g h t  a u x i l i a r y  l i cence .  She could only d i scharge  f l i g h t  
d u t i e s  under t he  superv i s ion  of duly l i censed  s t a f f .  

1.6 A i r c r a f t  i n£  ormat ion  

The a i r c r a f t  had a  v a l i d  c e r t i f i c a t e  of a i rwor th iness .  It had flown a t o t a l  
of 23 533 hours,  inc lud ing  802 hours s i n c e  t h e  l a s t  overhaul  which was completed on 
28 October 1963. The maintenance records  of t h e  powerplants i nd i ca t ed  t h a t  t h e  per iod of 
opera t ion  s i n c e  last major overhaul  was w i th in  t h e l i m i t s .  

The g r o s s  weight of t he  a i r c r a f t  a t  take-off was 11 503 kg, i . e .  72 kg i n  
excess  of t h e  maximum take-off weight au thor ized  f o r  passenger t r a n s p o r t  opera t ions .  

The c e n t r e  of g r a v i t y  w a s  27.8% of t h e  MAC which is w i t h i n  t h e  permit ted  
l i m i t s  but  nea r  t h e  a f t  l i m i t  of 28%. 

The type  of f u e l  being used was no t  s t a t e d  i n  t h e  r e p o r t .  

1.7 Meteorological  i n f o r m t i o n  

None conta ined i n  t h e  r e p o r t .  

1.8 Aids t o  nav iga t ion  

The only a i d  mentioned i n  t he  r e p o r t  w a s  a  VOR a t  ~ o ~ o t g .  There was no 
i n d i c a t i o n  t h a t  i t  was no t  ope ra t ing  normally a t  t he  time of t h e  acc iden t .  
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1.9 Communications 

A l l  communications between BogotP Cont ro l  and t h e  a i r c r a f t  were normal and 
c l e a r  u n t i l  t h e  l a s t  message a t  1842:30 hours.  No d i s t r e s s  c a l l  was r ece ived  from t h e  
a i r c r a f t  . 
1.10 Aerodrome and ground f a c i l i t i e s  

Not r e l e v a n t  t o  t h e  a c c i d e n t .  

1.11 F l i g h t  r e c o r d e r s  

None mentioned i n  t h e  r e p o r t .  

The acc iden t  s i t e  was l o c a t e d  near  t h e  mun ic ipa l i t y  of ~ a c a t a t i v g ,  3 m i l e s  
from t h e  ~ o g o t i  VOR on a bear ing  of 140'. The s i t e  was 8 497 f t  amsl and l o c a t e d  i n  f l a t ,  
c u l t i v a t e d  land.  The wreckage was s c a t t e r e d  i n  a  s t r a i g h t  l i n e  over  a  d i s t a n c e  of 1 7 0  m 
on a bear ing  of 340° from t h e  p o i n t  of i n i t i a l  impact. 

1.13 F i r e  - 
There was a f i r e  a f t e r  impact as a r e s u l t  of escap ing  f u e l .  

1.14 Su rv iva l  a s p e c t s  

No informat ion con ta ined  i n  t h e  r e p o r t .  

1.15 Tests and r e sea rch  

On 14 May 1964 t h e  c i rcumstances  of t h e  f l i g h t  were r e c o n s t r u c t e d  wi th  a 
C-46 and a DC-3 commencing a t  about  1700 hours.  I n  t h i s  e x e r c i s e  t h e  f l i g h t s  made on 
8 March were s imula ted  wi th  due observance of t h e  times a t  which t h e  v a r i o u s  e v e n t s  
occurred.  Two t r i a l s  were made. The f i r s t  went through a l l  t h e  normal procedures  and 
t h e  second s imula ted  t h e  normal s i t u a t i o n  as it occurred on 8 March. The conc lus ion  
reached w a s  t h a t  t h e  s e p a r a t i o n  had been adequate.  I n  both  t r i a l s  t h e  C-46 on ly  took one 
minute and 15 seconds t o  execu te  t h e  180' t u r n  on t h e  VOR BOG and a l i g n  i t s e l f  on t h e  
ou t e r  marker. 

2. - Analys i s  and Conclusions 

2 . 1  Analys is  

A s tudy  of t h e  d i s t r i b u t i o n  of t h e  d e b r i s  showed t h a t  t h e  a i r c r a f t  s t rucka  
t h e  ground i n  an a t t i t u d e  of descen t  a t  h igh  speed and wi th  a  s t e e p  bank t o  the r i g h t .  

The powerplants were completely des t royed  on impact. However, t h e  s t a t e  
of t h e  i n t e r i o r  of t h e  cy l inde r  heads and a s s o c i a t e d  spa rk  p lugs  as w e l l  as t h e  p i s t o n  
heads i n d i c a t e d  t h a t  t h e  engines  were func t ion ing  normally.  No evidence  w a s  f ~ u n d  of pre- 
i g n i t i o n  or  de tona t ion .  None of t h e  w i tnes se s  i n  t h e  v i c i n i t y  of t h e  acc iden t  heard  any 
exp los ion  o r  de tona t ion  of eng ines ,  and they a l l  agreed t h a t  t h e  engine n o i s e  was normal 
or  s i m i l a r  t o  t h e  c h a r a c t e r i s t i c  n o i s e  of a i r c r a f t  f l y i n g  over t h a t  a r e a .  Also,  none of 
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them remembered h a v i n g  s e e n  f l a m e s  o r  f i r e  i n  t h e  a i r c r a f t  a n d / o r  e n g i n e s  p r i o r  t o  c o l l i -  
s i o n  w i t h  t h e  ground.  Most o f  t h e  c y l i n d e r  h e a d s  were d e t a c h e d  f rom t h e  c y l i n d e r s  which 
i n d i c a t e d  t h a t  the e n g i n e s  were  d e v e l o p i n g  more t h a n  normal  c r u i s e  power. The rpm c o r r e s -  
ponded t o  normal  c r u i s e  w i t h  a  l i t t l e  more m a n i f o l d  t h a n  was r e q u i r e d .  

The way i n  which t h e  p r o p e l l e r  b l a d e s  were broken  and t h e  r e d u c t i o n  g e a r  s t r i p p e d  
on bo th  p r o p e l l e r s  i n d i c a t e d  t h a t  t h e y  were  f u n c t i o n i n g  n o r r ~ ~ a l l y  a t  t h e  t i m e  of  t h e  a c c i d e n t .  

No e v i d e n c e  was found i n d i c a t i n g  a f a i l u r e  o f  t h e  c o n t r o l  s u r f a c e s .  

According t o  t h e  s t a t e m e n t s  of e y e w i t n e s s e s ,  t h e  n a v i g a t i o n  l i g h t s  o f  t h e  air-  
c r a f t  were on a t  t h e  t i m e  of t h e  a c c i d e n t  and i t  was,  t h e r e f o r e ,  conc luded  t h a t  t h e r e  was 
no f a i l u r e  o f  t h e  e l e c t r i c a l  sys t em p r i o r  t o  t h e  a c c i d e n t .  

The ADF equipment o f  t h e  a i r c r a f t  was n o t  r e c o v e r e d  f rom t h e  wreckage.  However, 
t h e  c o u r s e  of t h e  f l i g h t  s u g g e s t e d  t h a t  t h i s  equipment  was f u n c t i o n i n g  n o r m a l l y  u n t i l  t h e  
a i r c r a f t  was abeam t h e  ~ o ~ o t i  VOR, and i t  was conc luded  t h a t  t h e  ADF equipment f u n c t i o n e d  
n o r m a l l y  up t o  t h e  time of t h e  a c c i d e n t .  

. C a r e f u l  c o n s i d e r a t i o n  of t h e  damage s u s t a i n e d  by t h e  a i r c r a f t ,  i n  c o n j u n c t i o n  
w i t h  t h e  f a c t  t h a t  t h e  a n g l e  o f  d i v e  was a p p r o x i m a t e l y  300,  appea red  t o  i n d i c a t e  t h a t  t h e  
s p e e d  of t h e  a i r c r a f t  j u s t  p r i o r  t o  impact  w a s  p r o b a b l y  c l o s e  t o  maximum. 

When t h e  p i l o t  saw a n o t h e r  a i r c r a f t  s l i g h t l y  below and t o  t h e  l e f t  of  h i s  own 
g l i d e  p a t h  h e  made a  s h a r p  t u r n  t o  t h e  r i g h t ,  p r o b a b l y  i n  a  c l i m b i n g  a t t i t u d e .  During 
t h i s  t u r n  t h e  a i r c r a f t  l o s t  speed  and it was assumed t h a t  t h e  p i l o t  n o t  o n l y  d e c r e a s e d  t h e  
a n g l e  of a t t a c k  of t h e  a i r c r a f t  b u t  a l s o  i n c r e a s e d  power. The re  was e v i d e n c e  a t  t h e  a c c i -  
d e n t  s i t e  t h a t  t h e  e n g i n e s  were  f u n c t i o n i n g  a t  a  h i g h e r  r a t e  t h a n  normal  c r u i s e  b e f o r e  t h e  
a c c i d e n t .  

Bea r ing  i n  mind t h a t  t h e  t u r n  must have  been i n i t i a t e d  f a i r l y  a b r u p t l y ,  t h i s  
sudden  change of a t t i t u d e  i n  i n s t r u m e n t  m e t e o r o l o g i c a l  c o n d i t i o n s  c o u l d  h a r d l y  f a i l  t o  
p roduce  some d i z z i n e s s  of t h e  p i l o t .  Under t h e s e  c o n d i t i o n s ,  i t  w a s  b e l i e v e d  t h a t  t h e  
a i r c r a f t  assumed a n  abnormal  nose-down a t t i t u d e  i n  a  r i g h t  t u r n  and t h a t  t h e  p i l o t  was 
u n a b l e  t o  r e c o v e r  i n  t i m e  t o  a v o i d  c o l l i s i o n  w i t h  the ground.  

I n  a d d i t i o n  t h e  f a c t  t h a t  t h e  p i l o t  had been f l y i n g  on o t h e r  t y p e s  of a i r c r a f t ,  
s u c h  as  C-46s and DC-4s,must  have  had  a  p s y c h o l o g i c a l  e f f e c t  on  t h e  p i l o t  who r e a c t e d  i n  
a way which b rough t  t h e  a i r c r a f t  i n t o  an  abnormal  a t t i t u d e  when he  i n i t i a t e d  t h e  t u r n .  

I n  t h e  o p i n i o n  of o t h e r  DC-3 p i l o t s  of t h e  Company, t h e  l o c a t i o n  of t h e  a r t i f i c i a l  
h o r i z o n  makes i n s t r u m e n t  f l y i n g  d i f f i c u l t  s i n c e  t h i s  i n s t r u m e n t  i s  v i r t u a l l y  h i d d e n  by t h e  
c o n t r o l  column. T h i s  f a c t o r  must a l s o  b e  i n c l u d e d  among t h e  d i f f i c u l t i e s  which f a c e d  t h e  
p i l o t  i n  h i s  e f f o r t s  t o  c o n t r o l  t h e  a t t i t u d e  of t h e  a i r c r a f t  d u r i n g  t h e  i n i t i a l  phase  of 
t h e  t u r n .  

2 . 2  C o n c l u s i o n s  

F i n d i n g s  

The crew were s a t i s f a c t o r i l y  c e r t i f i c a t e d .  

The a i r c r a f t  w a s  a i r w o r t h y  and p r o p e r l y  l oaded .  
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No e v i d e n c e  of m a l f u n c t i o n i n g  o r  f a i l u r e  of t h e  a i r c r a f t ,  i t s  e n g i n e s  and 
i t s  ADF equipment w a s  found. 

The pilot-in-cornmand,seeing a n o t h e r  a i r c r a f t  i n  c l o s e  p r o x i m i t y  and n o t  
knowing t h a t  t h e  o t h e r  a i r c r a f t  had him under  v i s u a l  c o n t r o 1 , t o o k  a b r u p t  e v a s i v e  a c t i o n ,  
making a c l imbing  t u r n  t o  t h e  r i g h t .  R e a l i z i n g  t h a t  h e  w a s  l o s i n g  speed  h e  p r o b a b l y  
i n c r e a s e d  e n g i n e  power and,  a t  t h e  same t i m e ,  he  d e c r e a s e d  t h e  a n g l e  of  a t t a c k  of  t h e  a i r -  
c r a f t .  T h i s  r e s u l t e d  i n  a n  abnormal p o s i t i o n  ( r i g h t  t u r n  w i t h  nose  down below t h e  h o r i z o n )  
which was n o t  r e c o g n i z e d  a n d / o r  r e c t i f i e d  i n  t i m e  t o  p r e v e n t  a c o l l i s i o n  w i t h  t h e  ground. 

Cause o r  
P r o b a b l e  cause  ( s )  

The p i l o t  of t h e  a i r c r a f t  i n  o b s e r v i n g  t h e  p r e s e n c e  of a n o t h e r  a i r c r a f t  
11 a b r u p t l y  i n i t i a t e d  a  r i g h t  t u r n  which ended i n  a n  abnormal nose  below t h e  ho r i zon"  

a t t i t u d e ,  which h e  w a s  u n a b l e  t o  r e c t i f y  i n  t i m e .  

C o n t r i b u t i n g  f a c t o r s :  

E r r o r  of o t h e r  p e r s o n n e l  - The p i l o t  of t h e  o t h e r  a i r c r a f t  i n i t i a t e d  t h e  
in s t rumen t  d e s c e n t  from 12 000 f t  a f t e r  2  min 55 sec, when t h e  normal  t i m e  would have  been  
1 min 15 o r  20 sec, i n  accordance  w i t h  t h e  p r o c e d u r e s  l a i d  down i n  t h e  BogotL approach-to- 
land  c h a r t  and t h e  Manual of Colombian A i r  Routes  approved by t h e  A d m i n i s t r a t i v e  D i r e c t o r a t e  
of C i v i l  A e r o n a u t i c s ,  t h e r e b y  c r e a t i n g  a r i s k  of c o l l i s i o n  i n  t h e  air .  

Other  c a u s e s  - The p i l o t  of t h e  s u b j e c t  a i r c r a f t  had been f l y i n g  on DC-4s 
and C-46s as w e l l  as DC-3s. The p s y c h o l o g i c a l  r e a c t i o n  of t h e  p i l o t  a t  a c r i t i c a l  moment 
w a s  c e r t a i n l y  a f f e c t e d  by h a b i t s  a c q u i r e d  on DC-4 and C-46 a i r c r a f t .  

P o s s i b l e  f a i l u r e  of  equipment - ( f a u l t y  d i s t r i b u t i o n  of f l i g h t  i n s t r u m e n t s  
i n  t h e  c o c k p i t ) .  T h i s  is a d e s i g n  e f f e c t ,  s i n c e  t h e  a r t i f i c i a l  h o r i z o n  i n  t h e  s u b j e c t  t y p e  
of a i r c r a f t  was h idden  behind t h e  p i l o t ' s  c o n t r o l  column, which made i t  more d i f f i c u l t  t o  
c o n t r o l  t h e  f l i g h t  p o s t u r e  of t h e  machine. 

3 .  - Recommendations 

The Board recommended: 

1 )  t h a t  t h e  A d m i n i s t r a t i v e  Department of C i v i l  A e r o n a u t i c s  i n s t r u c t  
commercial  a i r l i n e s ,  f l y i n g  s c h o o l s ,  a e r o c l u b s ,  e t c .  t o  i n c l u d e  
i n  t h e i r  i n s t rumen t  f l i g h t  manuals t e c h n i q u e s  and p r o c e d u r e s  f o r  
r e c o g n i z i n g  and r e c o v e r i n g  a n  a i r c r a f t  from a n  abnormal  a t t i t u d e ;  

2)  t h a t  t h e  A d m i n i s t r a t i v e  Department of C i v i l  A e r o n a u t i c s  n o t i f y  
a l l  a i r l i n e s  o p e r a t i n g  i n  t h e  c o u n t r y  t o  stress t o  t h e i r  p i l o t s  
t h e  need f o r  s t r i c t  observance  of t h e  S t a n d a r d s  and P r o c e d u r e s  of  
approach-to- land c h a r t s  e s t a b l i s h e d  i n  t h e  Manual of  Colombian 
A i r  Routes;  

3) t h a t  c i v i l i a n  p i l o t s  engaged i n  t h e  t r a n s p o r t  of p a s s e n g e r s  and 
c a r g o  be r e s t r i c t e d  t o  f l y  on one a i r c r a f t  tlqpe o n l y ;  
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4 )  that airlines be recommended to position the flight instruments 
on the instrument panel in such a way as co tacilicate reference 
to them; 

5) that a copy of the narrative part of the inquiry report be trans- 
mitted to Taxader. 

ICAO Ref.: A ~ / 8 9 8  
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No. 1 6  

S l i L k  Airways D i v i s i o n ,  Douglas C-545-DC, N 384. a c c i d e n t  a t  
C a s t l e  I s l a n d ,  Eos ton .  H a s s a c h u s e t t s .  USA, on 1 0  March 1964. 

C i v i l  A e r o n a u t i c s  Board (USA) A i r c r a f t  Accident  R e p o r t ,  
F i l e  No. 1-0003. r e l e a s e d  5  November 1964. 

1. - I n v e s t i g a t i o n  

1.1 H i s t o r y  of t h e  f l i g h t  

F l i g h t  12  w a s  a schedu led  domes t i c  c a r g o  f l i g h t  f rom John  F. Kennedy I n t e r -  
n a t i o n a l  A i r p o r t ,  New York t o  Logan I n t e r n a t i o i l a l  A i r p o r t ,  Boston,  w i t h  a s t o p  a t  Brad ley  
F i e l d ,  Windsor Locks, Connec t i cu t .  The t r i p  t o  Bradley  F i e l d  was r o u t i n e .  While  on t h e  
ground,  a crew member t e l ephoned  t h e  FAA F l i g h t  S e r v i c e  S t a t i o n  a t  t h e  a i r p o r t  and r e q u e s t e d  
and r e c e i v e d  t h e  Bradley  and Boston sequence  r e p o r t s  and t h e  Boston t e r m i n a l  f o r e c a s t .  The 
f l i g h t  d e p a r t e d  Brad ley  F i e l d  a t  0735 h o u r s  E a s t e r n  S tanda rd  T ime .  A t  0801:49 h o u r s  i t  
c o n t a c t e d  Boston Approach C o n t r o l  and was c l e a r e d  t o  t h e  Walpole I n t e r s e c t i o n  v ia  F r a n k l i n  
and V i c t o r  16 t o  m a i n t a i n  3  000 f t  and t o  e x p e c t  a  c l e a r a n c e  f o r  an approach  t o  runway 4R. 
A t  0803:27 it r e p o r t e d  t h a t  it was e n c o u n t e r i n g  r a i n  and modera te  rime i c i n g  a t  3  000 f t  
and t h a t  t h e  o u t s i d e  t e m p e r a t u r e  w a s  about  4'. Three m i n u t e s  la ter  t h e  f l i g h t  r e p o r t e d  a t  
t h e  F r a n k l i n  I n t e r s e c t i o n  and was i n s t r u c t e d  by Approach C o n t r o l  t o  t u r n  t o  090° f o r  a  
r a d a r  v e c t o r  f o r  a n  ILS approach .  A new head ing  of 0700 was g i v e n  t o  t h e  f l i g h t  a t  0809:36 
hours  and ,  i n  acknowledging t h i s ,  t h e  crew r e q u e s t e d  a lower a l t i t u d e .  The a i r c r a f t  was 
immediately  c l e a r e d  t o  descend t o  and m a i n t a i n  2 000 f t .  The f l i g h t  r e p o r t e d  l e a v i n g  
3  000 f t  and t h a t  t h e r e  was "moderate t o  heavy1' rime i c i n g .  A t  0811:34 h o u r s  t h e  f l i g h t  
r e p o r t e d  r e a c h i n g  2  000 f t  whereupon t h e  c o n t r o l l e r  a d v i s e d  i t  t h a t  r a d a r  c o n t a c t  had been  
e s t a b l i s h e d  1 8  miles sou thwes t  and c l e a r e d  t h e  f l i g h t  f o r  a n  ILS approach  t o  runway 4R. 
A t  0813:56 t h e  f l i g h t  was v e c t o r e d  t o  050° and i t s  p o s i t i o n  was g i v e n  as b e i n g  9  miles 
southwes t  of t h e  o u t e r  marker.  A t  0815:05 t h e  a i r  t r a f f i c  c o n t r o l l e r  a d v i s e d  t h e  approach  
c o n t r o l l e r  t h a t  t h e  v i s i b i l i t y  was miles,  bu t  t h i s  i n f o r m a t i o n  was no t  r e l a y e d  t o  t h e  
a i r c r a f t .  A t  0816:29 h o u r s  t h e  f l i g h t  w a s  a d v i s e d  t h a t  i t s  p o s i t i o n  w a s  5  m i l e s  sou thwes t  
of t h e  o u t e r  marker;  t h a t  r a d a r  a d v i s o r y  s e r v i c e s  would be p r o v i d e d  on 110.3 mc and was 
i n s t r u c t e d  t o  c o n t a c t  t h e  tower  on 118.1 mc. Ten seconds  la ter  c o n t a c t  was e s t a b l i s h e d  
w i t h  t h e  a i r  t r a f f i c  c o n t r o l l e r  who i n s t r u c t e d  t h e  f l i g h t  t o  r e p o r t  p a s s i n g  t h e  o u t e r  marker 
and p rov ided  infor rna t ion  c o n c e r n i n g  f i e l d  c o n d i t i o n s  and b r a k i n g  a c t i o n .  

A f t e r  r e p o r t i n g  t h e  o u t e r  marker inbound a t  0818:52 h o u r s  t h e  f l i g h t  w a s  
c l e a r e d  to  l a n d  and was r e q u e s t e d  t o  r e p o r t  when t h e  f i e l d  was i n  s i g h t .  The f o l l o w i n g  
a d v i s o r y  i n f o r m a t i o n  was t r a n s m i t t e d  by t h e  P r e c i s i o n  Approach Radar (PAR) c o n t r o l l e r  on 
110.3 m c  t o  t h e  f l i g h t  a t  t h e  times i n d i c a t e d :  p a s s i n g  o u t e r  marker c o u r s e  and g l i d e  p a t h  
OK (0818:57); 5 miles from touchdown 125 f t  above g l i d e  p a t h  (0819: lZ) ;  4  miles from touch- 
down, 100 f t  above g l i d e  p a t h  (0819:42);  3  m i l e s  from touchdown, c o u r s e  and g l i d e  p a t h  OK 
( 0 8 2 0 : l l ) ;  2  m i l e s  from touchdown, 150 f t  r i g h t  of c o u r s e ,  50 f t  above g l i d e  p a t h  (0820:46). 
A t  0821:09 t h e  PAR c o n t r o l l e r  a d v i s e d  t h e  f l i g h t  t h a t  it was " p a s s i n g  t h e  s t a c k s  a t  Cast le  
Is land.*"  The c o n t r o l l e r  la ter  s t a t e d  t h a t  a t  t h i s  p o i n t  i n  t i m e  and s p a c e ,  t h e  a i r c r a f t  
w a s  on c o u r s e  and g l i d e  p a t h .  A t  abou t  1 t o  .If miles from touchdown t h e  a i r c r a f t ' s  t a r g e t  
d i s a p p e a r e d  from b o t h  t h e  e l e v a t i o n  and az imuth  r a d a r  scopes .  A t  0821:20 t h e  PAR c o n t r o l l e r  
t r a n s m i t t e d  t h e  f o l l o w i n g :  " S l i c k  384, I 've l o s t  r a d a r  c o n t a c t  w i t h  you. Radar a d v i s o r i e s  
te rmina ted ."  The l o c a l  c o n t r o l l e r  t h e n  observed  a l a r g e  b a l l  of f lame emanat ing  from t h e  

* A well-known landmark,  t a l l  s t a c k s  on a n  i n d u s t r i a l  p l a n t .  
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ground a t  Cas t l e  I s land .  The a i r c r a f t  crashed a t  0821:35 hours i n  a  lumberyard approxi- 
mately 7 000 f t  from t h e  d i sp l aced  th re sho ld  of runway 4R and on t h e  extended c e n t r e  l i n e  
of t h a t  runway. 

1.2 I n j u r i e s  t o  persons  

1.3 Damage t o  a i r c r a f t  

* 

I n j u r i e s  

F a t a l  

Non-f a t a l  

None 

The a i r c r a f t  was demolished by impact f o r c e s  and the  ensuing f i r e .  

1.4 Other damage 

C r e w  

3 

None, 

1.5 Crew informat ion 

Passengers 

The pilot-in-command,aged 39, he ld  a  c u r r e n t l y  e f f e c t i v e  a i r l i n e  t r a n s p o r t  
p i l o t ' s  c e r t i f i c a t e .  He was q u a l i f i e d  i n  Curtiss-Wright C-46, DC-4, DC-6, DC-7 and 
Lockheed Cons t e l l a t i on  a i r c r a f t .  He had flown a  t o t a l  of 6  000 hours ,  inc lud ing  814 hours 
on DC-4 a i r c r a f t .  H i s  last  f i r s t - c l a s s  FAA p h y s i c a l  examination was s u c c e s s f u l l y  taken on 
13 February 1964. H i s  l a s t  l i n e  check was accomplished on 30 Apr i l  1963 and h i s  l a s t  
p rof ic iency  check was accomplished 5  October 1963. 

Others 

.. 

The co-p i lo t ,  aged 35, he ld  a  c u r r e n t l y  e f f e c t i v e  commercial p i l o t ' s  c e r t i f i -  
c a t e  wi th  a i r p l a n e  s i n g l e  and multi-engine land  and instrument r a t i n g s .  He had flown a  
t o t a l  of 5 824 hours i nc lud ing  4  340 hours  on DC-4 a i r c r a f t .  H i s  l a s t  f i r s t - c l a s s  phys i ca l  
examination was accomplished 14 August 1963. H i s  last prof ic iency  check was accomplished 
on 1 7  September 1963. He was i n  t h e  pilot-in-command's s e a t  a t  t h e  t i m e  of t h e  accident .  

The t h i r d  crew member was a f r e i g h t  handler .  

The a c t i v i t i e s  of t he  crew p r i o r  t o  and dur ing  t h e  f l i g h t  d i d  no t  i n d i c a t e  
anything out of t h e  o rd inary  o the r  than t h a t  t h e i r  on-duty t i m e  had been 15 hours and 
33 minutes. According t o  C i v i l  A i r  Regula t ions  a  p i l o t  cannot be on duty  more than 16 hours 
i n  any 24-hour period.  

1.6 A i r c r a f t  informat ion 

Maintenance had been performed in accordance wi th  approved company and FAA 
procedures and t h e  a i r c r a f t  was i n  an a i rworthy cond i t i on  a t  t h e  s tart  of t h i s  f l i g h t .  
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The g r o s s  t ake -o f f  we igh t  of t h e  a i r c r a f t  was 57 048 l b ,  w e l l  below t h e  
n a x i c u s  a l l o w a b l e  g r o s s  t ake -o f f  weigh t  a f  73 000 i t .  The c a r g o  vas p r o p e r l y  s e c u r e d .  - L h e  c e n t r e  of g rav : ty  of t h e  a i r c r a f t  w a s . w i t h i n  p r e s c r i b e d  l i m i t s .  

The t y p e  of f u e l  b e i n g  u s e d  w a s  n o t  s t a t e d  i n  t h e  r e p o r t .  

1 . 7  M e t e o r o l o g i c a l  i n f  o rmat ic r .  

i n  p r e p a r i n g  f o r  t h e  f l i g h t  a t  New York a  crew member was b r i e f e d  by  t e l e -  
phone from t h e  U.S. Weather Bureau.  T h i s  b r i e f i n g  i n c l u d e d  t h e  Boston t e r m i n a l  f o r e c a s t  
f o r  t h e  p e r i o d  0200 t o  1200 which i n d i c a t e d  e x p e c t e d  c e i l i n g s  A00 - 600 f t ,  o v e r c s q t ,  
v i s i b i l i t i e s  1 - 3  miles, f o g ,  l i g h t  d r i z z l e  o r  r a i n .  The w e a t h e r  b r i e f e r  s a i d  t h a t  h e  
a l s o  i n c l u d e d  t h e  latest  p e r t i n e n t  w e a t h e r  s e q u e n c e s  and a d v i s e d  t h a t  f r e e z i n g  or f r o z e n  
p r e c i p i t a t i o n  would o c c u r  n o r t h  o f  t h e  i n t e n d e d  r o u t e .  The company's s t a t i o n  c l e a r a n c e  
and f l i g l i t  p l a n  form f o r  t h i s  f l i g h t  c o n t a i n e d  w e a t h e r  s equence  r e p o r t s  and f o r e c a s t s ;  no  
ment ion  of f r e e z i n g  o r  f r o z e n  p r e c i p i t a t i o n  was made. 

It  was b e l i e v e d  t h a t  t h e  Boston t e r m i n a l  f o r e c a s t  r e c e i v e d  by t h e  c rew a t  
Brad ley  F i e l d  w a s  t h e  same as t h e  a fo remen t ioned .  

The 0800 Bos ton  w e a t h e r  o b s e r v a t i o n  p a s s e d  t o  t h e  f l i g h t  a t  0801:49 h o u r s  
was: 400 f t  s c a t t e r e d ,  measured 700 f t  o v e r c a s t ,  v i s i b i l i t y  28 miles,  l i g h t  s l e e t  and  
f o g ,  t e m p e r a t u r e  32O, dew p o i n t  3z0,  wind 050° 20 k t ,  g u s t s  t o  30 k t ,  a l t i m e t e r  29.73. 
T h i s  message was acknowledged. 

The Boston w e a t h e r  j u s t  a f t e r  t h e  a c c i d e n t  w a s :  s c a t t e r e d  c l o u d s  a t  400 f t ,  
o v e r c a s t  a t  700 f t ,  s u r f a c e  v i s i b i l i t y  13  miles i n  modera t e  s leet  a n d  f o g ,  wind 050' 
( t r u e ) ,  22 k t ,  g u s t s  t o  28 k t ,  t e m p e r a t u r e  32O, dew p o i n t  3Z0. 

1 .8  Aids  t o  n a v i g a t i o n  

A l l  n a v i g a t i o n a l  equipment  was o p e r a t i n g  w i t h i n  p r e s c r i b e d  t o l e r a n c e s .  

1.9 Communications 

The PAR c o n t r o l l e r  w a s  i n  c o n t a c t  w i t h  t h e  f l i g h t  up u n t i l  t h e  t i m e  of t h e  
a c c i d e n t .  

1.10 Aerodrome and  round f a c i l i t i e s  

No i n f o r m a t i o n  c o n t a i n e d  i n  t h e  r e p o r t .  

1.11 F l i g h t  r e c o r d e r s  

No i n f o r m a t i o n  c o n t a i n e d  i n  t h e  r e p o r t .  

1.12 Wreckage 

The wreckage was s p r e a d  o v e r  a n  a r e a  375 f t  i o ~ i g  and Z D C  f t  wide. 

1.13 F i r e  - 
There  was !:cavy f i r e  damage. 
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1.14 Survival as pee ts 

No bf ormat ion contained in  t h e  r e p o r t .  

1-15 T e s t s  and r e sea rch  

The medical examiner d i d  not  f i n d  any i n d i c a t i o n  that t h e  crew was incapaci- 
tated p r i o r  t o  the accident .  

2, - Analys i s  and Conclusions 

Evidence revea led  that the co-pi lo t  w a s  sea ted  i n  the  lef t -hand s e a t  a t  the 
t i m e  of the acc iden t  and that t h e  a i r c r a f t  s t r u c k  t h e  ground i n  a 60° nose-down a t t i t u d e  
approximately, on a magnetic course of 4 g 0 .  A 1 1  of the a i r c r a f t  and i t s  components were 
found on t h e  acc iden t  site, 

From t h e  ex tens ion  of t h e  e l e v a t o r  jackscrew i t  was determined t h a t  t h e  
e l e v a t o r  t r i m  w a s  5 -. 6O nose-down at t i m e  of impact. The ex tens ion  of t h e  f l a p  and i t s  
actuating strut p i s t o n s  i n d i c a t e d  t h a t  t h e  f l a p s  were extended about 30°. The full-down 
p o s i t i o n  of t h e  f l a p s  is 45'. 

The landing gear  was down and locked, No evidence was found t o  i n d i c a t e  any 
w l f u n c t i o n  o r  f a i l u r e  p r i o r  co t he  acc iden t .  

The pilot-in-command of another f l i g h t  who was obl iged t o  hold  a t  t he  ou te r  
marker a t  2 000 f t  a l t i t u d e ,  because of t h e  acc iden t ,  t e s t i f i e d  that  he m e t  icing condi- 
t i o n s  i n  t h e  holding p a t t e r n .  On each of four  or  f i v e  complete c i r c u i t s  he made t h e  s i d e  
windows of t h e  a i r c r a f t  became covered wi th  i c e  when approaching t h e  o u t e r  marker, but  on 
the southwest end of t h e  p a t t e r n  t h e  ice on t h e  unheated s i d e  windows s l i d  o f f  and the 
windows were clear, 

It was be l ieved  t h a t  t he  s u b j e c t  a i r c r a f t  began t o  accumulate airframe ic ing 
of moderate i n t e n s i t y  because of f r e e z i n g  p r e c i p i t a t i o n  i n  t h e  clouds a t  3 000 f t  between 
Putnam and the Franklin i n t e r s e c t i o n  s h o r t l y  be fo re  0800, A t  about  0803 t h e  f l i g h t  repor ted  
moderate i c i n g ,  A short t i m e  after 0809 this icing cond i t i on  would have increased i n  
i n t e n s i t y  from moderate t o  heavy r i m e  ice and w a s  s o  r epo r t ed  by the a i r c r a f t  when leaving 
t h e  3 000 f t  l e v e l  f o r  2 000 f t ,  From t h i s  t i m e  u n t i l  the a i r c r a f t  was over Castle I s l and  
i t  was be l ieved  t h a t  moderate t o  heavy rime icing cond i t i ons  continued,  

A p r o p e l l e r  slash mark in the lumber s t a c k  ind i ca t ed  that the a i r c r a f t  s t r u c k  
t h e  ground a t  a nose-down pitch angle  of approximately 60° with the h o r i z o n t a l ;  also, t h a t  
t he  a i r c r a f t  was approximately 480 f t  amsf when the pirch-over began and that t h e  horizontal 
d i s t a n c e  from t h i s  po in t  i n  space  t o  t h e  p o i n t  of impact was approximately 780 ft. Timing 
of certain known i n v e s t i g a t i v e  data produced a ground speed of about 108 k t  from the  ou te r  
marker inbound, Applying the wind, the  t r u e  a i r speed  was about- 130 k t  and wi th  t h e  e x i s t i n g  
temperature,  c a l i b r a t e d  a i r speed  would a l s o  be about 130 k t ,  

It w a s  c a l c u l a t e d  that t h e  a i r c r a f t ,  in order  t o  a t t a i n  a  p i t c h  a t t i t u d e  of 
6U0 in the v e r t i c a l  and h o r i z o n t a l  distance a v a i l a b l e ,  had t o  execute  a pitch-over manoeuvre 
a t  o r  near its maximum capability, It was further c a l c u l a t e d  t h a t  this manoeuvre, a nega- 
t i v e  a c c e l e r a t e d  s t a l l ,  produces about -L,4g. 
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From w i t n e s s e s '  s t a t e m e n t s  and p h y s i c a l  e v i d e n c e  i t  was conc luded  t h a t  t h e  
a i r c r a f t  d i d  n o t  j u s t  g e t  t o o  low on t h e  approach .  It was a l s o  concluded  t h a t  t h e  a i r c r a f t  
d i d  no t  e x e c u t e  a 1.0g s t a l l  o r  e x p e r i e n c e  s e r i o u s  power f a i l u r e  because  a s t a b l e  a i r c r a f t  
would n o t ,  from such  c a u s e s ,  assume t h e  a t t i t u d e  i t  d i d .  Fur the rmore ,  t h e  a i r c r a f t  s t r u c k  
t h e  ground n e a r  t h e  h e a d i n g  n e c e s s a r y  t o  f l y  f rom t h e  o u t e r  raarker t o  runway 4R,  t h u s  r u l i n g  
o u t  any a p p r e c i a b l e  r o l l  o r  yaw i n  t h e  f i n a l  manoeuvre. 

While changes  in c e n t r e  of  p r e s s u r e  of t h e  wing may .cause  small p e r t u r b a t i o n s  
i n  p i t c h ,  o n l y  changes  i n  h o r i z o n t a l  t a i l  l o a d  can  produce  s u s t a i n e d  a n d / o r  h i g h  normal  
a c c e l e r a t i o n s  ( a n g u l a r  v e l o c i t i e s ) .  S i n c e  t h i s  a i r c r a f t  was no t  equ ipped  w i t h  s o p h i s t i c a t e d  
sys t ems  such  a s  e l e c t r i c  o r  h y d r a u l i c  t r i m ,  p i t c h  t r i m  c o n p e n s a t o r s ,  c o n t r o l  b o o s t  o r  au to-  
p i l o t ,  t h e  p o s s i b l e  s o u r c e s  of t h e  manoeuvre can  be r educed  t o  t h r e e :  

1. P i l o t  a c t i o n .  

2 .  S e p a r a t i o n  o r  s e r i o u s  and widespread  d i s t o r t i o n  o f  t h e  h o r i z o n t a l  t a i l .  

3.  Loss of l i f t  ( n e g a t i v e )  on t h e  h o r i z o n t a l  t a i l  by d i s t u r b a n c e  of t h e  
a i r f l o w .  

A complete  l a c k  of mot ive  e l i m i n a t e d  1, and p h y s i c a l  e v i d e n c e  i n  t h e  
examina t ion  of t h e  wreckage e l i m i n a t e d  any p o s s i b i l i t y  of  No. 2 .  

There a r e  s e v e r a l  ways i n  which a i r f l o w  on t h e  s t a b i l i z e r  c a n  b e  d i s t u r b e d  
t o  t h e  p o i n t  of d e s t r o y i n g  l i f t ,  b u t  i c e  a c c r e t i o n  seems t o  be t h e  o n l y  one which f i t s  t h e  
c i r c u m s t a n c e s .  

I n  g e n e r a l ,  i c i n g  of a n  a i r f o i l  a t  low a n g l e s  of a t t a c k  is d e t r i m e n t a l  t o  
t h e  aerodynamic c h a r a c t e r i s t i c s .  I c i n g  c a u s e s  l a r g e  i n c r e a s e s  i n  s e c t i o n  d r a g  c o e f f i c i e n t  
( i n c r e a s e s  as h i g h  as 350% i n  8 minu tes  of heavy g l a z e  i c i n g  have been  r e c o r d e d ) ,  r e d u c t i o n s  
i n  s e c t i o n  l i f t  c o e f f i c i e n t s  (up t o  13%) and changes i n  t h e  p i t c h i n g  moment c o e f f i c i e n t  
from d i v i n g  t o  c l imbing  moments. R o t a t i o n  of an a i r f o i l  t o  a n g l e s  of a t t a c k  h i g h e r  t h a n  
t h a t  a t  which i c i n g  o c c u r r e d  g e n e r a l l y  c r e a t e s  a n  even  g r e a t e r  l o s s  of l i f t  t h a n  i f  t h e  
a i r f o i l  i c e d  when a t  h i g h e r  a n g l e s  of a t t a c k .  

Testimony of t h e  company's E a s t e r n  D i v i s i o n  Chief P i l o t  w a s  e l i c i t e d  w i t h  
r e s p e c t  t o  p r o c e d u r e s  and t e c h n i q u e s  which would be enlployed when f l y i n g  under  c o n d i t i o n s  
similar t o  t h o s e  encoun te red  by t h e  f l i g h t .  A bui ld-up of i c e  on t h e  wings  would neces-  
s i t a t e  a d d i t i o n a l  a i r s p e e d .  T h i s  accoun ted  f o r  t h e  e x c e s s i v e  130 k t  a i r s p e e d  h e l d  through-  
ou t  t h e  approach .  He f u r t h e r  s a i d  t h a t  i c e  of  any magni tude on t h e  wings would a l s o  c a u s e  
t h e  a i r c r a f t ' s  nose t o  p i t c h  up ,  and a c c o r d i n g l y  a  nose-down t r i m  would be i n  o r d e r .  T h i s  
c o n d i t i o n  was r e f l e c t e d  by t h e  p o s i t i o n  of t h e  e l e v a t o r  t r i m  j a c k s c r e w  of t h e  a i r c r a f t .  
H e  a l s o  s a i d  t h a t  i t  i s  e n t i r e l y  p o s s i b l e  t h a t  t h e  crew of t h e  s u b j e c t  a i r c r a f t  lowered 
f l a p s  t o  15O a t  t h e  o u t e r  marker and  may n o t  have iowered them f u r t h e r  u n t i l  a s s u r e d  of  a  
completed approach  by s e e i n g  t h e  approach  l i g h t s .  S ~ n c e  t h e  v i ~ s i b i l i t y  a t  t h e  t i m e  of  t h e  
approach was r e p o r t e d  t o  be if m i l e s ,  t h e  Board b e l i e v e d  t h a t  t h e  p i l o t  c o u l d  have s e e n  
t h e  approach  l i g h t s  from over  Castle I s l a n d  and i n  a l l  p r o b a b i l i t y  d i d  lower t h e  f l a p s  as 
sugges ted  by t h e  Chief P i l a t  . 

With i c e  on t h e  s t a b i l i z e r s ,  t h e  i n c r e a s e d  n e g a t i v e  a n g l e  of a t t a c k  caused  
by f l a p  e x t e n s i o n  t o  30' cou ld  have been s u f f i c i e n t  t o  d e s t r o y  t a i l  l o a d .  T h ~ s  would 
induce  a  s e r i o u s  nose-down p i t c h i n g  moment. I f  t h e  e n s u i n g  a i r c r a f t  r o t a t i o n  i s  s e v e r e  
enough, o r  f o r  s u f f i c i e n t  d u r a t i o n ,  r e c o v e r y  a t  low a l t i t u d e  would be  i m p o s s i b l e .  
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2 . 2  Conc lue  ions  

Findings 

The crew members were s a t  is£ a c t o r i l y  c e r t i f i c a t e d .  

The a i r c r a f t  was a i rwor thy and proper ly  loaded. No evidence of malfunct ion 
o r  f a i l u r e  of t h e  a i r c r a f t  p r i o r  t o  t h e  acc iden t  was found. 

The a i r c r a f t  c o l l e c t e d  i c e ,  p a r t i c u l a r l y  on i ts  t a i l ,  dur ing t h e  f l i g h t  t o  
Boston and e s p e c i a l l y  dur ing t h e  approach. 

* 
15O of f l a p  ex t ens ion  was used from t h e  o u t e r  marker inbound and "abeam t h e  

s tacks"  t h e  f l a p s  were f u r t h e r  extended t o  30°. 

The inc reased  downwash r e s u l t i n g  from t h e  l a t t e r  f l a p  ex t ens ion  changed t h e  
s t a b i l i z e r  ang l e  of a t t a c k  t o  a  p o s i t i o n  which, coupled wi th  i c e  format ion,  des t royed t h e  
t a i l  l i f t ,  the reby  d i s r u p t i n g  t h e  a i r c r a f t ' s  necessa ry  balancing t a i l  loads .  

The r e s u l t a n t  pi tch-over w a s  t o o  s eve re  a t  t h e  a i r c r a f t ' s  a l t i t u d e  f o r  t h e  
crew t o  e f f e c t  recovery.  

Cause o r  
Probable cause  ( s )  . 

The probable  cause  of t h i s  acc iden t  w a s  l o s s  of balancing f o r c e s  on t h e  
h o r i z o n t a l  s u r f a c e  of t h e  a i r c r a f t ' s  empennage, due t o  i c e  a c c r e t i o n ,  caus ing t h e  a i r c r a f t  
t o  p i t c h  nose-down a t  an a l t i t u d e  t o o  low t o  e f f e c t  recovery.  

3 .  - Recommendations 

None were conta ined i n  t h e  r e p o r t .  

ICAO Ref. :  AR/849 
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No. 17 

KLX, DC-7C, PH-DSN, a c c i d e n t  a t  G e n e v a I C o i n t r i n  A i r p o r t ,  S w i t z e r l a n d ,  
on  11 ?larch 1964. l i epo r t  - Xo. 1964/8/172,  d a t e d  1 3  August  1964,  

r e l e a s e d  by t h e  F e d e r a l  Board of I n q u i r y  i n t o  A i r c r a f t  A c c i d e n t s .  S w i t z e r l a n d  

1. - I n v e s t i g a t i o n  

1.1 H i s t o r y  of t h e  f l i g h t  

F l i g h t  KL 331 w a s  a s c h e d u l e d  i n t e r n a t i o n a l  f l i g h t  from Amsterdam t o  Geneva. 
The f l i g h t  t ook  o f f  from Amsterdam a t  1028 h o u r s  GMT, h a l f  a n  hour  b e h i n d  s c h e d u l e ,  w i t h  
a  crew of s i x  and twen ty - f ive  p a s s e n g e r s  on board .  The f l i g h t  was u n e v e n t f u l  and a t  
1201  h o u r s  it p a s s e d  o v e r  t h e  J u r a  r a n g e  a t  a n  a l t i t u d e  of 7 000 f t .  A t  t h i s  p o i n t  t h e  
f l i g h t  was c l e a r e d  t o  descend  f o r  a n  i n s t r u m e n t  app roach  t o  runway 23 and  was g i v e n  t h e  
l a t e s t  Geneva w e a t h e r  r e p o r t  a s  a t  1150 h o u r s .  The pilot-in-command who w a s  s t e e r i n g  
towards  Gland KDB on a magne t i c  h e a d i n g  of 140° d e c i d e d  t o  c u t  s h o r t  t h e  normal  d e s c e n t  
p r o c e d u r e  i n  a n  a t t e m p t  t o  g a i n  t ime .  J u s t  b e f o r e  Gland NDB h e  i n i t i a t e d  a s l i g h t  t u r n  
t o  t h e  r i g h t  and i n t e r c e p t e d  t h e  ILS g l i d e  p a t h  beam b&ween 7 000 and 6 000 f t  a t  a n  
a n g l e  of a p p r o x i m a t e l y  60°. Al though p e r f e c t  i n  az imu th ,  t h e  app roach  w a s  i n i t i a t e d  a b o u t  
2  000 f t  t o o  h i g h ,  w i t h  t h e  r e s u l t  t h a t  t h e  a i r c r a f t  f a i l e d  e n t i r e l y  t o  f i n d  t h e  g l i d e  
p a t h  beam d e s p i t e  t h e  i n f o r m a t i o n  s u p p l i e d  by t h e  p r e c f s i o n  r a d a r  ( s e e  F i g u r e  17-1) .  
Having r eached  t h e  minimum a l t i t u d e ,  t h e  p i l o t  o r d e r e d  r e - a p p l i c a t i o n  of power t o  e x e c u t e  
a  mi s sed  app roach ,  b u t  s h o r t l y  a f t e r w a r d s  t h e  c o - p i l o t  r e p o r t e d  t h e  runway i n  s i g h t .  The 
p i l o t  t h e n  t h r o t t l e d  back and l anded  on t h e  l a s t  segment of  t h e  runway. A s  a r e s u l t  of  
t h i s  t h e  a i r c r a f t  over - ran ,  c o l l i d e d  w i t h  t h e  b l a s t  f e n c e  and  came t o  r e s t  20 rn beyond. 
The a c c i d e n t  happened a t  a p p r o x i m a t e l y  1209 h o u r s  i n  f o g .  

1 .2  I n j u r i e s  t o  p e r s o n s  

1 . 3  Damage t o  a i r c r a f t  

The a i r c r a f t  was s e r i o u s l y  damaged by the c o l l i s i o n  w i t h  t h e  b l a s t  fence. 
The c o s t  o f  r e p a i r s  was e s t i m a t e d  a t  1 7 5  000 Swis s  f r a n c s .  

, . 

O t h e r s  

1 .4  O the r  damage 

P a s s e n g e r s  

2 5 

I n j u r i e s  

F a t a l  

Non-f a t a l  

None - 

The b l a s t  f e n c e  was d e s t r o y e d  (5 000 Swis s  f r a n c s ) .  

C r e w  

6 
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1.5 C r e w  in format ion  

The pilot-in-command, aged 40, h e l d  an  a i r l i n e  t r a n s p o r t  p i l o t ' s  l i c e n c e  v a l i d  
u n t i l  16 J u l y  1964 and a  DC-7 r a t i n g .  He had flown a  t o t a l  of more than 1 3  000 hours ,  
i nc lud ing  about  2  300 hours  on DC-7Cs. H i s  l as t  p r o f i c i e n c y  test w a s  on 14  December 1963. 

h e  co -p i l o t ,  aged 32, he ld  an a i r l i n e  t r a n s p o r t  p i l o t ' s  l i c e n c e  v a l i d  u n t i l  
24 A p r i l  1964 and a  DC-7 r a t i n g .  H e  had flown a  t o t a l  o f  more than 8  000 hours  i nc lud ing  
about  2  900 hours  on DC-7s. 

The f l i g h t  eng ineer  w a s  36 y e a r s  o ld .  No in format ion  regard ing  h i s  exper ience  
o r  t r a i n i n g  was inc luded i n  t h e  r e p o r t .  

Also aboard were 3 cab in  s t a f f .  

1.6 A i r c r a f t  i n f  o m a t i o n  

The a i r c r a f t  had an  a i r w o r t h i n e s s  c e r t i f i c a t e  which w a s  v a l i d  u n t i l  9  October 
1964. There was no reason  t o  suppose t h a t  t h e  a i r c r a f t  was no t  a i rwor thy  a t  t he  t i m e  of 
t h e  acc iden t .  

The maximum a l lowable  l and ing  weight w a s  50 394 kg, and t h e  a c t u a l  l and ing  
weight  w a s  approximately 45 800 kg. The c e n t r e  of g r a v i t y  was w i t h i n  t h e  p r e s c r i b e d  l i m i t s .  

The type  of f u e l  be ing used was no t  s t a t e d  i n  t h e  r e p o r t .  

1.7 Meteorologica l  in fo rmat ion  

The l o c a l  s i t u a t i o n  a t  Geneva was c h a r a c t e r i z e d  by t h i c k  c loud,  snow and r a i n  
p r e c i p i t a t i o n ,  l i t t l e  o r  no wind. The 1150 GMT weather  r e p o r t  w a s :  wind calm, h o r i z o n t a l  
v i s i b i l i t y  600 m, snow p r e c i p i t a t i o n ,  v e r t i c a l  v i s i b i l i t y  300 f t ,  tempera ture  +1, QNH 1013, 
QFE 962, runway v i s u a l  range  1 200 m. 

1.8 Aids t o  n a v i g a t i o n  

Runway 23 i s  equipped w i t h  an  ILS  c o n s i s t i n g  of a l o c a l i z e r  and g l i d e  p a t h  
t r a n s m i t t e r  as w e l l  as middle and o u t e r  markers. The g l i d e  pa th  t r a n s m i t t e r  beam is se t  
f o r  a n  approach a n g l e  of 3O. The o u t e r  marker is l o c a t e d  3.93 NM from t h e  t h r e sho ld  of 
runway 23, and t h e  middle marker 0.53 NM from t h e  same p o i n t .  Versoix  (OG) NDB is s i t u a t e d  
hal f -way between t h e  o u t e r  and middle markers. 

The pe rpend i cu l a r  from an NDB l o c a t e d  11.7 NM from t h e  t h r e s h o l d  o f  runway 23, 
..in the v i c i n i t y  of Gland, i n t e r c e p t s  t h e  extended runway c e n t r e  l i n e  a t  ' 'point Papa" 

( i n i t i a l  approach datum) a t  a d i s t a n c e  of 3  NM from t h e  beacon. 

Runway 23 i s  se rved  by a p r e c i s i o n  approach r a d a r  working on a wavelength of 
3 cm and equipped w i t h  two s c r e e n s  having ranges  of 12.5 and 2.5 NM. The 2.5-NM s c r e e n  
i s  f i t t e d  w i th  a camera, which is switched on whenever a n  approach i s  executed  i n  condi- 
t i o n s  of v i s i b i l i t y  and c e i l i n g  below 2.5 NM o r  600 f t ,  r e s p e c t i v e l y .  

1.9 Comunica t  ions  

The crew w a s  i n  c o n t a c t  w i th  t h e  PAR o p e r a t o r  up u n t i l  t h e  t i m e  of t h e  acc iden t .  
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1 ,10 Aerodrome and ground f a c i l i t i e s  

Runway 23 i s  3  900 m long and 50 m wide, and t h e  e l e v a t i o n  of t h e  t h r e s h o l d  i s  
416 m. The t h e o r e t i c a l  p o i n t  of impact i s  l o c a t e d  300 m a f t e r  t h e  t h r e s h o l d .  

A wooden b l a s t  f ence ,  p a i n t e d  red  and whi te ,  equa l  i n  l e n g t h  t o  t h e  width  o f  
t h e  runway and comprising a  t r i a n g u l a r  s e c t i o n  160 cm high a t  210 cm a long  t h e  ba se ,  i s  
l o c a t e d  on t h e  g r a s s  40 m beyond t h e  end of runway 23. 

Approach a r e a  23 i s  equipped w i th  a 5-bar C a l v e r t  l i g h t i n g  system 750 m long ,  
c o n s i s t i n g  of h i g h - i n t e n s i t y  u n i d i r e c t i o n a l  whi te  l i g h t s  and l ow- in t ens i t y  o m n i d i r e c t i o n a l  
red l i g h t s .  The f i r s t  ba r  of 16 l i g h t s  i s  l o c a t e d  200 m southwest  of t h e  middle  marker.  

The runway i s  i l l u m i n a t e d  by a  combination of a d j u s t a b l e  h i g h - i n t e n s i t y  b i d i r e c -  
t i o n a l  and low- in tens i ty  omnid i r ec t i ona l  l i g h t s .  These l i g h t s  are 30 m a p a r t  and are wh i t e ,  
except  f o r  t h e  f i n a l  600 m of t h e  runway where they a r e  yellow. 

The t h r e sho ld  and end of t h e  runway a r e  marked r e s p e c t i v e l y  by a  row of g r een ,  
and a  row of r e d , l i g h t s  which are l i k e w i s e  h i g h - i n t e n s i t y  b i d i r e c t i o n a l  and l ow- in t ens i t y  
omnid i r ec t i ona l .  

The touchdown zone i s  a l s o  equipped w i th  two rows of i n s e t  l i g h t s  on e i t h e r  
s i d e  of t h e  c e n t r e  l i n e  over  a d i s t a n c e  of 900 m. These l i g h t s  are w h i t e  and have a  
l a t e r a l  spacing of 22 m and a  l o n g i t u d i n a l  spac ing  of 62 m. 

1.11 F l i g h t  r e c o r d e r s  

Not mentioned i n  t h e  r e p o r t .  

1.12 Wreckage 

Not re l evan t .  

1.13 F i r e  - 
There was no f i r e .  

1 .14  S u r v i v a l  a s p e c t s  

Not mentioned i n  t he  r e p o r t .  

1.15 T e s t s  and r e s e a r c h  

None mentioned i n  t h e  r e p o r t .  

1.16 Regula t ions  

When v i s i b i l i t y  i s  less than 5  km o r  t h e  c e i l i n g  below 1 000 f t ,  ILS approaches  
a r e  monitored by p r e c i s i o n  approach r a d a r  (AIP RAC 1-4-5). 
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P i l o t s  are adv ised  of d e v i a t i o n s  from t h e  de scen t  p a t h  i f  t h e  fo l lowing  t o l e r -  
ances  a r e  exceeded: 

- azimuth d isplacement  of Z0 (424 f t  a t  2 NM) t o  l e f t  o r  r i g h t  o f  t h e  
runway c e n t r e  l i n e ;  

- displacement  of 1/2O above o r  below t h e  nominal g l i d e  p a t h  ( t h e  
maximum t o l e r a t e d  d e v i a t i o n  i s  265 f t  a t  5 NM and 106 f t  a t  2 NM). 

The o b s t a c l e  c l e a r a n c e  l i m i t  f o r  runway 23 a t  Geneva/Cointr in A i rpo r t  i s  
e s t a b l i s h e d  a t  230 f t  (70 m) above t h e  touchdown zone (416 m amsl) (AIP RAC 3-1-11). 

The Company's me teo ro log i ca l  minima f o r  an ILS approach a t  Geneva a r e  v i s i b i l i t y  
600 m, c e i l i n g  60 m (measured from t h e  r e f e r e n c e  e l e v a t i o n  of t h e  a i r p o r t :  430 m a s l ) .  

2 .  - Analys i s  and Conclusions 

2.1 Analys is  

During t h e  approach t h e  co -p i l o t ,  who had t h e  t a s k  of moni tor ing  t h e  i n s t r u -  
ments and informing t h e  pilot-in-command a s  soon as v i s u a l  c o n t a c t  was made wi th  t he  ground, 
had a f i r s t  gl impse of t h e  ground - bu t  no t  of t h e  Ca lve r t  l i g h t i n g  system - i n  t h e  v i c i n i t y  
of t h e  middle marker. When t h e  p o i n t e r  of h i s  altimeter, set  a t  QNH 1013 mb, reached t h e  
1 600 f t  (230 f t / g round )  mark, he  shouted " ~ i m i t "  and a t  t h e  same t i m e  heard  t h e  word 
"Overshooting" i n  h i s  headse t .  A s  t h e  ground was n o t  y e t  i n  s i g h t ,  t he  pilot-in-command 
gave t h e  o rde r  t o  t he  f l i g h t  eng ineer :  "Take-off power". The f l i g h t  eng ineer  t hen  re- 
a p p l i e d  power, bu t  j u s t  a s  he  was completing t h i s  manoeuvre t h e  co-p i lo t  announced "I see 
l i g h t s " .  The pilot-in-command then  turned away from h i s  i n s t rumen t s  and saw t h e  runway i n  
f r o n t  of him, bounded by two rows of l i g h t s .  Be l i ev ing  t h a t  he was a t  t h e  head of t h e  
runway, he h imsel f  pu l l ed  back t h e  t h r o t t l e  and landed. Assuming t h a t  he had s u f f i c i e n t  
l e n g t h  of runway a v a i l a b l e ,  h e  was suddenly s u r p r i s e d  t o  s e e  t h e  end of t h e  runway appear 
300-400 m i n  f r o n t  of him. He t r i e d  by every  p o s s i b l e  means t o  brake t h e  a i r c r a f t  i n  
t i m e ,  hu t  t h e  manoeuvre d id  no t  succeed. 

According t o  t he  a i r c r a f t  f l i g h t  manual t h e  l and ing  d i s t a n c e s  of t h e  DC-7C 
w i t h  a normal weight of 45 800 kg and wi th  normal b rak ing  c o n d i t i o n s  on runway 2 3  a t  Geneva 
A i r p o r t  i n  weather c o n d i t i o n s  s i m i l a r  t o  those  p r e v a i l i n g  on t h e  day of t h e  a c c i d e n t  were 
e s t ima ted  a s  fol lows:  

- t o t a l  d i s t a n c e  on d ry  runway from a he igh t  of 50 f t :  900 m 

- d i s t a n c e  of ground r o l l  on d ry  runway: 420 m 

- d i s t a n c e  of r o l l  on w e t  runway: 500 m 

I t  was not  p o s s i b l e  t o  e s t a b l i s h  a c c u r a t e l y  a t  what p o i n t  t h e  a i r c r a f t  touched 
t h e  ground. The d i s t a n c e  of r o l l  t o  be expected (500 m) and t he  evidence showing t h a t  t h e  
a i r c r a f t  when i t  w a s  oppos i t e  t h e  c o n t r o l  tower , i .e .  about  700 m from t h e  end of t h e  run- 
way, had no t  y e t  touched down, make i t  very  p robab le  t h a t  t h e  p o i n t  of impact was loca ted  
i n  t h e  f i n a l  500 m. 
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The d e c i s i o n  t o  l and  t a k e n  b y  t h e  pilot-in-command on m e r e i ~  o b s e r v i n g  t h e  edge  
of t h e  runway w a s  u n j u s t i f i e d .  He c o u l d  c o u n t  on a  long  s t r e t c h  of runway, b u t  h a v i n g  
e x e c u t e 2  t h e  e n t i r e  approach  t o o  h i g h  and b e a r i n g  i c  mind t h a t  n e i t h e r  h e  n o r  t h e  c o - p i l o t  
had s e e n  t h e  t h r e s h o l d  l i g h t s ,  h e  shou ld  have  r e a l i z e d  t h a t  a  c o n s i d e r a b l e  p o r t i o n  o f  t h e  
runway was a l r e a d y  beh ind  him. H e  cou ld  n o t  p o s s i b l y  have  k n o m  e x a c t l y  where  tie was; a s  
t h e  i n s t r u m e n t  app roach  had been  m i s s e d ,  t h e  p r e f e r r e d  c o u r s e  o f  a c t i o n  would have  been t o  
s t i c k  t o  h i s  ear l ier  d e c i s i o n  t o  go a r ~ u n d .  

The f a c t  t h a t  t h roughoc t  t i z e  i n s t r u m e n t  app roach  t h e  a i r c r a f t  a t  no t i m e  e n t e r e d  
t h e  g l i d e  p a t h  t r a n s m i t t e r  beam must be  a t t r i b u t e d  p r i m a r i l y  t o  t h e  p i l c t ' s  d e s i r e  t o  g a i n  
t i m e  by c u r t a i l i n g  t h e  p r e s c r i b e d  d e s c e n t  p r o c e d u r e .  The c r i t i c a l  m e t e o r o l o g i c a l  c o n d i t i o n s  
s h o u l d  have  a l s o  been t a k e n  i n t o  c o n s i d e r a t i o n .  I f  t h e  a t t e m p t  w a s  n e v e r t h e l e s s  made, t h e  
v e r y  u tmos t  p rudence  s h o u l d  have  been obse rved  i n  t h e  s u b s e q u e n t  s t a g e s .  

2 . 2  C o n c l u s i o n s  

F i n d i n g s  

The crew were  s a t i s f a c t o r i l y  c e r t i f i c a t e d  and e x p e r i e n c e d .  

The a i r c r a f t . w a s  a i r w o r t h y .  Its we igh t  and c e n t r e  o f  g r a v i t y  were w i t h i n  t h e  
p r e s c r i b e d  l i m i t s .  

The re  was f o g  a t  t h e  time of t h e  a c c i d e n t .  

The app roach  was i n i t i a t e d  t o o  h i g h  s o  t h e  a i r c r a f t  f a i l e d  t o  f i n d  t h e  g l i d e  
p a t h  beam d e s p i t e  t h e  i n f o r m a t i o n  s u p p l i e d  by the p r e c i s i o n  app roach  r a d a r .  

Having r e a c h e d  t h e  minimum a l t i t u d e  t h e  p i l o t  o r d e r e d  r e - a p p l i c a t i o n  of power 
t o  abandon t h e  a p p r o a c h  and t o  o v e r s h o o t .  The c o - p i l o t  t h e n  r e p o r t e d  runway i n  s i g t i t .  
The pilot-in-command l anded  t h e  a i r c r a f t  on t h e  l a s t  segment o f  t h e  runway and  o v e r - r a n ,  
c r a s h i n g  i n t o  a b l a s t  f e n c e .  

Cause or 
P r o b a b l e  c a u s e ( s )  

The a c c i d e n t  was due t o  t h e  f a c t  t h a t  t h e  pilot-in-command i n s i s t e d  o n  making 
t h e  l a n d i n g  w i t h o u t  knowing h i s  p o s i t i o n  r e l a t i v e  t o  t h e  l e n g t h  o f  t h e  runway, i n  a s i t u a -  
t i o n  where t h e  i n s t r u m e n t  app roach  had  been  o b j e c t i v e l y  mi s sed .  

3. - Recommendations 

No recommendations were  c o n t a i n e d  i n  t h e  r e p o r t .  
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No. 18  

Scandinavian A i r l i n e s  System. SE 210 Carave l le ,  OY-KRD. a c c i d e n t  
a t  Copenhagen Ai rpor t .  Denmark. on 1 7  March 1964. Report ,  da t ed  January 1965, 

r e l e a s e d  by t h e  D i r e c t o r a t e  of C i v i l  Aviat ion.  Denmark 

1. - I n v e s t i g a t i o n  

1.1 His tory  of t h e  f l i g h t  

F l i g h t  SK 566 was a scheduled i n t e r n a t i o n a l  f l i g h t  from P a r i s  t o  Copenhagen/ 
Kastrup. The e n t i r e  f l i g h t ,  i nc lud ing  t h e  landing a t  Kast rup a t  1551 hours  GMT on run- 
way 04, was normal. However, dur ing t h e  landing r o l l  t he  a i r c r a f t  l o s t  i t s  s t a r b o a r d  nose 
wheel a t  a  speed of about 40 k t  s h o r t l y  a f t e r  t h e  i n t e r s e c t i o n  wi th  runway 17/35. The 
s t a rboa rd  nose wheel, t oge the r  wi th  a s h o r t  p i ece  of the  a x l e ,  worked loose  from the  nose 
gear  and r o l l e d  out  upon t h e  g r a s s  t o  t h e  l e f t  of runway 35 where i t  remained at a d i s t a n c e  
of about 30 m from t h e  runway l i g h t s  and about 125 n from t h e  i n t e r s e c t i o n  of  runways 04/22 
and 17/35. The a i r c r a f t  continued i t s  land ing  run s t r a i g h t  ahead under smooth and non- 
v i b r a t o r y  braking.  Shor t l y  t h e r e a f t e r  t he  f l i g h t  was reques ted  t o  c l e a r  t h e  runway a s  soon 
a s  p o s s i b l e  and when commencing a t u r n  t o  t he  l e f t  a t  a  speed of about  20 k t  towards t h e  
e x i t  of t h e  runway t h e  p o r t  nose wheel a l s o  came o f f .  The a i r c r a f t  sank down on t h e  shock 
absorber  of the  nose gear ,  s l i d i n g  thereon  f o r  about 70 m b e f o r e  coming t o  a s top .  The 
engines were stopped a t  approximately 1552 hours  and the  crew n o t i f i e d  "Taxi Cont ro l t t  t h a t  
they were stopped j u s t  c l e a r  of t h e  runway and 2 minutes l a t e r  t h a t  they had l o s t  a  wheel 
on t h e  runway. 

1.2 I n j u r i e s  t o  persons 

1.3 Damage t o  a i r c r a f t  

- 
I n j u r i e s  

F a t a l  

Non-f a t a l  

None 

The a x l e  housing of  t he  shock absorber  was h e a v i l y  worn by t h e  f r i c t i o n  on t h e  
concrete .  

1.4 Other damage 

No o t h e r  damage was incu r r ed .  

C r e w  

8 

Passengers  

no t  s t a t e d  

Others  
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1.5 Crew information 

The crew consisted o f  4 f l i g h t  crew and 4 cabin crew. 

The pilot-in-command, aged 4 3 ,  held a valid licence and had flown 11 085 hours  
w i t h  SAS including 898 hours on Caravelle aircraft. 

The co -p i lo t ,  aged 42, also held a valid licence, Be was f ly ing  the aircxaf  t 
a t  t h e  time of the landing. He had flown 10 051 hours w i t h  SAS i nc lud ing  406 hours  on t h e  
Caravelle, 

The second of f i ce r ,  aged 3 4 ,  a l s o  held a v a l i d  licence, He had flown a t o t a l  
of 3 467 hours w i t h  SAS inc lud ing  2 190 hours on Caravelles. 

Also aboard was a radio opera tor ,  aged 29, whose l icence was valid until 
31 August 1964, He had flown 2 991 hours with SAS including 87 hours on Caravelles. 

1.6 Alrcraf t inf -. omat  ion 

The a i r c r a f t ' s  certificate of airworthiness was valid u n t i l  5 August 1964. 
The aLrcraft had a rota1 of 7 890 hours, including 303 hours since last overhaul. The 
nose gear had been in service 3 2 4 3  hours, 

The maximum permissible landing weight was 43 800 kg, According to the load 
sheet the aircraft's actual landing weight was 38 757 kg. With a landing weight of 
39 000 kg the pemfasible limit of the centre of gravity was 25~38% of AMC, According to 
the load sheet the actual centre of gravity at landing was 332 3% of AMC. 

The type of f u e l  being used was not stated in the report, 

1.7 Meteoxological information 

The weather en route and in the landing area was fair without risk of ice or 
turbulence, Immediately before the landing, the wind, as reported by the Control Tower, 
was 070°/18 kt, Temperature was - 2 ' ~ ~  

1.8 Aids tonavigation 

Not pertinent, 

No d i f f i c u l t i e s  reported, About 20 minutes a f t e r  the accident the pilots in 
the cockpit noted that radio contact on SAS frequency 131.3 MC/S was poor. S k 5  could not 
hear the aircraft since the batteries had become nearly exhausted, 

1,10 Aerodrome and ground f ac i l i t i e s  

No information was con ta ined  in the repor t ,  

1.11 Flight-  recorders 

Not rnen~ioned i n  t h e  r e p o r t ,  
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1.13 F i r e  - .- 

T5 r e  was no f i r e .  

1 .14 S u r v i v a l  a s p e c t s  

A s  t h e r e  w a s  no smoke from t h e  nose g e a r  and t h e r e  d i d  no t  appear  t o  be any 
r i s k  of f i r e ,  t h e  pilot-in-command, i n  c o n s i d e r a t i o n  of t h e  a c t u a l  weather  c o n d i t i o n s  (low 
tempera ture  and s t r o n g  wind),  found an immediate evacua t ion  of t h e  passengers  unnecessary.  

One of t h e  a i r p o r t ' s  f i r e  t r u c k s  a r r i v e d  on t h e  scene  a t  1602 hours  and remained 
t h e r e  u n t i l  evacua t ion  of t h e  passengers  had been completed. 

1.15 T e s t s  and r e s e a r c h  

The broken a x l e  was tu rned  over  t o  t h e  Labora tory  f o r  Meta l lurgy of t h e  Tech- 
n i c a l  U n i v e r s i t y  of Denmark. It was concluded t h a t  t h e  f r a c t u r e  w a s  caused by f a t i g u e  
c r acks  o r i g i n a t i n g  from c r a c k s  i n  t h e  chromium-pla t ing .  

Fur the r  examinat ion i n  t h e  "S t a t e n s  ~ r i v n i n ~ s a n s t a l t "  i n  Stockholm e s t a b l i s h e d  
t h a t  a  l a r g e  number of c racks  e x i s t e d  i n  t h e  chromium p l a t i n g  and t h a t  f a t i g u e  c r a c k s  i n  
t h e  s t ee l  o r i g i n a t e d  from a  number of t h e s e  c racks .  

The a x l e  was f i n a l l y  forwarded t o  t h e  manufacturer  - Hispano Suiza  - i n  P a r i s  
who r e p o r t e d  t h a t  t h e  f r a c t u r e  was caused by a  f a t i g u e  c r a c k  which had a r i s e n  i n  connexion 
wi th  t h e  r e p a i r  of t h e  chromium p l a t i n g .  

A l l  t h r e e  l a b o r a t o r y  r e p o r t s  concur t h a t  t h e  cause  of t h e  f r a c t u r e  o f  t h e  a x l e  
was f a t i g u e  c r a c k s  i n  t h e  s teel ,  a r i s i n g  i n  connexion wi th  c r a c k s  i n  t h e  chromium p l a t i n g .  

2. - Analys i s  and Conclusions 

2.1 Analys is  

The l and ing  was normal. The co -p i l o t  d i d  no t  know t h a t  he  had l o s t  one of t h e  
nose wheels and he tu rned  i n t o  t h e  taxiway t o  save  t a x i i n g  t i m e  and t o  comply wi th  t h e  
r eques t  of Cont ro l  Tower t o  l e a v e  t h e  take-off  runway as soon as p o s s i b l e .  On r e q u e s t  he  
switched over  t o  t h e  frequency of "Taxi Control".  The a c c i d e n t  took p l a c e  immediately 
a f t e rwards .  A t  1552 t h e  crew n o t i f i e d  "Taxi Control"  t h a t  t h e  a i r c r a f t  was clear of t h e  
runway bu t  had l o s t  one wheel. A t  t h e  same t i m e  ano the r  a i r c r a f t  adv i sed  t he  Tower t h a t  
OY-KRD w a s  p r a c t i c a l l y  c l e a r  of t h e  runway and t h a t  i n  t h e i r  op in ion  take-off  could now be 
made. Two minutes later  they adv i sed  t h a t  a wheel w a s  l y i n g  on t h e  runway and t h a t ,  the re -  
f o r e ,  no t ake-of f s  should be pe rmi t t ed  from t h i s  runway. Th is  was f u r t h e r  c o n f i m r d  by 
two o t h e r  a i r c r a f t .  A t  1600 hours  Cont ro l  Tower t r a n s f e r r e d  a l l  t r a f f i c  t o  runway 12. 



112 ZCAO C i r c u l a r  82-AN169 

2.2 Conclusions 

Findings  

The crew were proper ly  c e r t i f i c a t e d  and had cons ide rab l e  exper ience  on t h e  
SE 210 Carave l le .  

The a i r c r a f t  had a v a l i d  c e r t i f i c a t e  of a i rwor th ines s .  Its weight and c e n t r e  
of g r a v i t y  were w i th in  the  pe rmi s s ib l e  l i m i t s .  

The l and ing  was normal u n t i l  t h e  a i r c r a f . t  l o s t  both nose wheels because of the  
r u p t u r e  of t h e  nose gea r  wheel axle. The a i r c r a f t  then  sank down on t h e  shock absorber  of 
t h e  nose gear  and s l i d  thereon f o r  about  70 m be fore  coming t o  a h a l t  on t h e  taxiway. 

Laboratory examination r evea l ed  t h a t  t h e  f a t i g u e  f r a c t u r e  of t h e  a x l e  o r i g i n a t e d  
from cracks  i n  t h e  chromium p l a t i n g .  

Cause o r  
Probable  cause ( s )  

The cause  of t h e  acc iden t  was a  f a t i g u e  f r a c t u r e  i n  t h e  nose wheel ax l e .  
Cracks i n  t h e  chromium p l a t i n g  of t h e  a x l e  were t h e  o r i g i n  of f a t i g u e  c r acks  i n  t h e  s t e e l .  

3. - Recomendat ions  

The n e c e s s i t y  should be considered of a l e r t i n g  f i r e  t r u c k s  a s  we l l  a s  ambu- 
l a n c e s  i n  c a s e  an a i r c r a f t  suddenly s t o p s  under appa ren t ly  v igorous  r e t a r d a t i o n .  

It should  be  determined through i n s t r u c t i o n s  t h a t  d i r e c t  r a d i o  c o n t a c t  between 
c o n t r o l  tower and a i r c r a f t  be maintained u n t i l  i t  i s  a b s o l u t e l y  c e r t a i n  t h a t  t h e  a i r c r a f t  
h a s  l e f t  t h e  runway. 

The expediency of t h e  d i s p o s i t i o n s  of ATC, i n  s o  f a r  a s  continued ope ra t i ons  on 
runway 04 a f t e r  t h e  acc iden t  had happened should be f u r t h e r  considered.  

4. - Action Taken 

(a)  A l l  nose wheel a x l e s  i n s t a l l e d  i n  SE 210 a i r c r a f t  were dismounted 
dur ing  t h e  per iod  17 - 19 March 1964 f o r  magnaflux c o n t r o l .  

(b)  A l l  nose wheel a x l e s  were, u n t i l  1 June 1964, t h e  s u b j e c t  of a  
main overhaul  a t  t h e  L i n t a  Workshop, Stockholm. The a x l e s  were 
microscopica l ly  examined and provided wi th  a new chromium coa t ing .  

( c )  A l l  axles, which had been sub j ec t ed  t o  a major overhaul ,  were 
i n d i v i d u a l l y  marked and t h e i r  hours  i n  s e r v i c e  pu t  on record .  

(d)  Nose wheel a x l e s  i n s t a l l e d  i n  SAS a i r c r a f t  were t o  be magnaflux 
c o n t r o l l e d  every  750 hours.  

( e )  The major overhaul  i n t e r v a l  w a s  reduced from 6 000 hours t o  
3 500 hours.  

( f )  New r e i n f o r c e d  a x l e s  (p /n  279.362) have been in t roduced i n  a l l  
a i r c r a f t .  
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The major overhaul  i n t e r v a l  f o r  t he se  a x l e s  ha s  l i k e w i s e  been f i x e d  
a t  3 500 hours.  

(g) The Aeroplane F l i g h t  Manual f o r  SAS, SE-210 a i r c r a f t ,  para .  3.4.3, 
has  been r e v i s e d  f o r  t h e  purpose of g iv ing  c l e a r e r  i n s t r u c t i o n s  t o  
t h e  crew on how t o  o b t a i n  t h e  l o n g e s t  p o s s i b l e  f u n c t i o n  time of 
t h e  r a d i o  when both engines  have been s h u t  down. 

ICAO Ref. : AR/877 
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No. 19 

Malaysian Airways, Comet DH 106, S e r i e s  4, G-APDW, a c c i d e n t  a t  
S ingapore  A i r p o r t ,  on 22 March 1964, Repor t ,  undated ,  

r e l e a s e d  by t h e  Department of C i v i l  Avia t ion ,  S ingapore  

1. - I n v e s t i g a t i o n  

1.1 H i s t o r y  o f  t h e  f l i g h t  

The a i r c r a f t , o p e r a t i n g  on c h a r t e r  from BOAC t o  i t s  a s s o c i a t e  company Malaysian 
Airways, w a s  complet ing the las t  stage of a scheduled  i n t e r n a t i o n a l  f l i g h t  (ML 511) on t h e  
r o u t e  S i n g a p o r e / ~ u a l a  t u m p u r / ~ a n g k o k / ~ u a l a  ~ u m ~ u r f ~ i n g a p o r e ,  a t o t a l  f l y i n g  time of 
5 h o u r s  35 minutes .  The o n l y  i n c i d e n t  r e p o r t e d  occur red  a t  Bangkok where a s t a r b o a r d  main 
wheel w a s  changed when t h e  t i r e  was found t o  be punctured by a l a r g e  metal p in .  The air- 
c r a f t  took o f f  from Kuala Lurnp~lr a t  0835 hours  and t h e  f l i g h t  t o  S ingapore  w a s  u n e v e n t f u l ,  
A t  0915 hours  GMT t h e  a i r c r a f t  w a s  o v e r  SINJON NDB and t h e  c o - p i l o t  commenced t h e  approach 
t o  runway 02 from t h e  r ight-hand seat,  A QNH of 1007 mb and s u r f a c e  wind of 060°/10 k t  
g u s t i n g  t o  15 was passed  t o  t h e  crew, The l and ing  checks were completed and a normal 
v i s u a l  approach i n  VNC, w i t h  good v i s i b i l i t y ,  was commenced a t  t h e  recommended approach 
speed of 131 k t  f o r  t h e  l a n d i n g  weight  of 51 000 kg with a t h r e s h o l d  speed of 121 k t  be ing  
aimed a t ,  A t  0917 h o u r s  t h e  f l i g h t  was g iven  c l e a r a n c e  t o  l a n d ,  and a  r e v i s e d  s u r f a c e  
wind of 030°/10 k t .  The approach con t inued  normal ly  b u t  t h e  f l a r e  t o  l and  w a s  s t a r t e d  a 
l i t t l e  l a t e  and t h e  a i r c r a f t  touched down f i r m l y  on t h e  runway, f i r s t  wi th  t h e  s t a r b o a r d  
wheels  218 f r  from t h e  runway t h r e s h o l d ,  fo l lowed by t h e  p o r t  wheels  3 3  f t  f a r t h e r  down. 
The a i r c r a f t  t h e n  bounced and f l o a t e d  a few f e e t  above t h e  runway. During t h e  bounce t h e  
s t a r b o a r d  wheel bog ie  and part of t h e  l a n d i n g  g e a r  l e g  dropped o f f .  A f t e r  t h e  a i r c r a f t  
s e t t l e d  g e n t l y  back o n t o  t h e  runway t h e  s t a r b o a r d  wing began t o  d rop  s lowly  towards t h e  
ground. The wing w a s  l i f t e d  s e v e r a l  t imes  d u r i n g  t h e  l a n d i n g  r o l l  by means of t h e  f l y i n g  
c o n t r o l s ,  bu t  e v e n t u a l l y  t h e  wing appendages,  s t a r t i n g  w i t h  t h e  f u e l  dumping and ven t  
p i p e s ,  t h e n  t h e  f l a p s ,  and f i n a l l y  t h e  pod t ank ,  began s c r a p i n g  a l o n g  t h e  runway s u r f a c e .  
About t h i s  t i m e  t h e  pilot-in-command took t h e  c o n t r o l s  and had t h e  eng ines  s h u t  down. H e  
a l s o  a p p l i e d  l e f t  wheel b r a k e s  and s t e e r e d  t h e  a i r c r a f t  u s i n g  t h e  nose-wheel s t e e r i n g  
keeping  i t  c l o s e  t o  t h e  runway c e n t r e  l i n e  u n t i l  j u s t  b e f o r e  i t  s topped when i t  swung 
about  20' t o  t h e  r i g h t .  The a c c i d e n t  occur red  a t  0919 hours .  

1.2 I n j u r i e s  t o  p e r s o n s  

I n j u r i e s  

F a t a l  

-- 
C r e w  

S o n - f a t a l  

-- 

P a s s e n g e r s  Others 

36 

24 
i 
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The on ly  i n j u r i e s  t o  passengers  were s u s t a i n e d  w h i l s t  escap ing  from t h e  a i r -  
c r a f t  and cons i s t ed  mainly of spra ined  o r  tw i s t ed  ank le s ,  and burns  on t h e  hands from 
s l i d i n g  down t h e  escape ropes.  The i n j u r e d  were t r anspor t ed  t o  t h e  a i r p o r t  h e a l t h  s e c t i o n  
f o r  t rea tment .  

1.3 Damage t o a i r c r a f t  

The a i r c r a f t  was s u b s t a n t i a l l y  damaged by t h e  ensuing f i r e .  

1.4 Other damage 

No o b j e c t  o t h e r  than  t h e  a i r c r a f t  w a s  damaged. 

1.5 C r e w  i n £  ormation 

The pilot-in-command, aged 40, he ld  a i r l i n e  t r a n s p o r t  p i l o t ' s  l i c e n c e s  of both  
the  United Kingdom and Singapore wi th  type r a t i n g  f o r  t h e  Comet 4 i n  Group 1. He uas f i r s t  
i s sued  wi th  a  c e r t i f i c a t e  of o p e r a t i o n a l  competency a s  pilot-in-command i n  Comet 4  a i r c r a f t  
on 15 May 1963, and was l a s t  checked i n  t h i s  capac i ty  on 20 August 1963 by BOAC. 

He was l a s t  checked f o r  h i s  ins t rument  r a t i n g  on 16 August 1963. The d a t e  of 
h i s  l a s t  medical examination was 25 November 1963. Both l i c e n c e s ,  t o  which were a t t ached  
app rop r i a t e  radiote lephony l i c e n c e s ,  were v a l i d  u n t i l  2  June 1964. 

H i s  t o t a l  f l y i n g  exper ience  amounted t o  1 3  172 hours  of which 614 hours  were 
i n  Comet a i r c r a f t  a s  pilot-in-command. During t h e  l a s t  90 days,  he  had flown 169 hours  a s  
pilot-in-command i n  Comet a i r c r a f t .  

The co -p i lo t ,  aged 43, he ld  a i r l i n e  t r a n s p o r t  p i l o t ' s  l i c e n c e s  of bo th  t h e  
United Kingdom and Singapore wi th  type r a t i n g  f o r  t he  Comet 4  i n  Group 1. H e  was f i r s t  
c e r t i f i e d  a s  q u a l i f i e d  t o  under take  t h e  d u t i e s  of co-pi lo t  on Comet 4 a i r c r a f t  on 
22 February 1963. He was i s sued  wi th  an ope ra t ions  c e r t i f i c a t e  i n  t h i s  c a p a c i t y  on 
30 A p r i l  1963. He was l a s t  checked and i s sued  wi th  a  c e r t i f i c a t e  of o p e r a t i o n a l  competency 
on 10 December 1963. He was l a s t  checked f o r  h i s  ins t rument  r a t i n g  on 1 0  December 1963. 
The da t e  of h i s  l a s t  medical examination was 10 February 1964. Both l i c e n c e s ,  t o  which 
were a t t ached  app rop r i a t e  radiote lephony l i c e n c e s ,  were v a l i d  u n t i l  26 August 1964. 

H i s  t o t a l  f l y i n g  exper ience  amounted t o  1 3  450 hours of which h i s  exper ience  
i n  Comet a i r c r a f t  inc luded 71 hours  as p i l o t  under t r a i n i n g ,  582 hours  as co -p i lo t ,  
24 hours as pilot-in-cormand under supe rv i s ion ,  and 134 hours  a s  pilot-in-command. During 
the  l a s t  90 days he had flown 41 hours  as pilot-in-command under supe rv i s ion  and 134 hours 
a s  co-pi lo t  i n  Comet a i r c r a f t .  

The f l i g h t  engineer ,  aged 35, he ld  a  United Kingdom f l i g h t  eng inee r ' s  l i c e n c e  
which included r a t i n g s  f o r  DC-7C and Comet 4  a i r c r a f t .  The d a t e  of h i s  l a s t  medical  exami- 
na t ion  was 11 A p r i l  1963. H i s  l i c e n c e  was v a l i d  u n t i l  20 A p r i l  1964. 

H i s  t o t a l  f l y i n g  exper ience  amounted t o  5  458 hours of which h i s  exper ience  i n  
Comet a i r c r a f t ,  as the  r e spons ib l e  f l i g h t  eng ineer ,  was 765 hours ,  and i n  t h e  l a s t  90 days,  
i n  t he  same capac i ty ,  he had completed 168 hours.  



116 LCAO Circular 82-AN! 69 

1.6 A i r c r a f t  i n f  onoation 

The a i r c r a f t  had a c e r t i f i c a t e  of a i rwor th iness  v a l i d  u n t i l  27 November 1964 
and a  v a l i d  c e r t i f i c a t e  of maintenance, I ts g ross  weight and c e n t r e  of g r a v i t y  were wi th in  
t h e  permissible  l i m i t s  a t  t he  time of t h e  acc ident ,  

A t  Kuala L u q u r  3 850 kg of f u e l  were u p l i f t e d ,  The type of f u e l  being used 
was not s t a t e d  i n  t h e  r e p o r t ,  

Meteorological information 

The weather w a s  not considered as a f a c t o r  i n  t h i s  accident .  

The v i s i b i l i t y  was 19 miles and t h e  wind 040°/10 k t  t o  060'18 k t .  Clouds were 
118 a t  2 300 f t  and 618 a t  30 000 f t ,  QNH was 1007.1 mb and QFE 1005.2 mb, 

1 - 8  Aids t o  navigat ion 

The following a i d s  were a v a i l a b l e  a t  Singapore: 

Approach -. NDB (SINJON) p o s i t i o n  O l 1 3 N ,  10351E - VOR (SINJON) 
Aerodrome - NDB l o c a t o r  beacon, bearing 021' M / 1 , 1  NM from 

threshold of 02 runway 

No a i d s  were used a f t e r  passing the  SINJON NDB, 

The a i r c r a f t  w a s  i n  contact  with Singapore tower up u n t i l  t he  t i m e  of t h e  
accident .  

1.30 Aerodrome and ground f a c i l i t i e s  

Singapore Airport  - Pos i t ion  : 01' 21' 1 2 " ~  
Elevation : 59 f e e t  

Dimensions of - Take-off Take-of f Accelerate/  Landing Width Threshold 
02 runway run d i s t ance  Stop d i s  tance e l eva t ion  

d i s t ance  

Runway surf ace - Bituminous concrete  

Obstructions - N i l  

1.11 Fl igh t  recorders  

Not mentioned i n  the r epor t .  
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1.12 Wreckage 

The s t a r b o a r d  bog ie  was found. 

1.13 F i r e  - 
The du ty  a i r  t r a f f i c  c o n t r o l l e r ,  whi le  watching t h e  a i r c r a f t  l and ,  s a w  i t  

bounce and l o s e  some of i t s  wheels; he immediately advised t h e  p i l o t  on R/T wh i l e ,  a t  t h e  
same t i m e ,  h i s  a s s i s t a n t  sounded t h e  a i r p o r t  c r a s h  alarm. 

The A i rpo r t  F i r e  Se rv i ce  tu rned  o u t  7 seconds after t h e  a larm was g iven  and 
followed t h e  a i r c r a f t  a long t h e  runway; they were i n  a c t i o n  w i t h i n  a  minute of t h e  a i r -  
c r a f t ' s  coming t o  a  s t op .  Three foam t e n d e r s ,  two wate r  t ende r s  and two r e s c u e  t e n d e r s  
were used, and i t  is es t imated  t h a t  t h e  f i r e  was under c o n t r o l  w i t h i n  t h r e e  minutes  and 
ex t ingu ished  w i t h i n  f i v e  minutes.  

The f i r e  i n  t h e  a i r c r a f t  was conf ined  t o  i ts s t a r b o a r d  s i d e .  The sequence of 
even t s  l ead ing  up t o  t h e  main f i r e  i n  t h e  s t a r b o a r d  wing appeared t o  have developed from 
the  time when t h e  pod tank commenced t o  l eak .  About 900 f t  b e f o r e  t h e  a i r c r a f t  s topped,  
t h e  bottom of t h e  pod tank was a l r eady  worn through a f t e r  t h e  s a f e t y  wheel and i t s  mounting 
had f i r s t  worn away. The tank began t o  l e ak  l eav ing  a  t r a i l  of  f u e l  a long t h e  runway 
behind t h e  a i r c r a f t .  J u s t  be fore  t h e  a i r c r a f t  s topped (and a t  a p o s i t i o n  about 550 f t  
from where i t  stopped) t h i s  f u e l  t r a i l  i g n i t e d  and s e t  f i r e  t o  t h e  tank.  The f i r e  sp read  
t o  t h e  wing and caused exp los ions  i n  t h e  t h r e e  i n t e g r a l  t anks ,  No. 3  which was empty and 
Nos. 2  and 4 from which some f u e l  had been used. The burning f u e l  escap ing  from t h e  
damaged tanks  r an  down t h e  s lop ing  s u r f a c e  of t h e  runway under t h e  a i r c r a f t ,  scorched t h e  
main f u s e l a g e  s k i n  and burned away p a r t  of  t h e  s t a r b o a r d  t a i l  p l ane  and rudder  assembly. 
Burning f u e l  a l s o  en t e r ed  t h e  d ra inage  d u c t s  a longs ide  t h e  runway,causing f lames  t o  i s s u e  
from s e v e r a l  manhole covers  a t  o t h e r  p a r t s  of t h e  runway and i n  a  nearby v i l l a g e  o u t s i d e  
t h e  a i r p o r t  boundary and about 1 000 f t  from t h e  main f i r e .  

The secondary f i r e s  developed when burning f u e l  flowed i n t o  t h e  d ra inage  d u c t s  
running a longs ide  and c ros s ing  underneath t h e  runway and o u t  i n t o  a stream i n  a v i l l a g e  
j u s t  a longs ide  t h e  a i r p o r t  boundary. The f i r s t  of t h e s e  secondary f i r e s ,  which was burning 
i n  t h e  d u c t s  i n s i d e  t h e  a i r p o r t  boundary, was c o n t r o l l e d  and ex t ingu i shed  by t h e  Singapore 
Ci ty  F i r e  Service .  The second f i r e ,  caused by burning f u e l  f l o a t i n g  a long on t h e  s u r f a c e  
of t h e  v i l l a g e  s t ream and burning t r e e s  and f o l i a g e  on t h e  banks, was brought  under c o n t r o l  
and ex t ingu ished  by t h e  combined a c t i o n  of t h e  A i r p o r t  F i r e  Se rv i ce  and Royal A i r  Force 
Changi F i r e  Service .  

It was es t imated  t h a t  2 650 g a l l o n s  of wa te r ,  50 000 g a l l o n s  of  produced foam 
and 300 i b  of  d r y  chemical powder were used by t h e  AFS i n  ex t ingu i sh ing  t h e  a i r c r a f t  f i r e .  
The RAF Changi F i r e  Serv ice  made use  of 700 g a l l o n s  of  wa te r ,  5 000 g a l l o n s  of produced 
foam, 25 l b  of d ry  chemical powder and 1 2  l b  of C02 i n  ex t ingu i sh ing  f i r e s  caused by t h e  
burning f u e l  from t h e  d ra inage  duc t s .  The Singapore C i t y  F i r e  S e r v i c e  used water  a p p l i -  
ances on ly  and a p a r t  from t h e i r  o t h e r  a c L i v i t i e s  maintained a water  supply f o r  t h e  A i r p o r t  
F i r e  Service .  

1.14 Su rv iva l  a s p e c t s  

Evacuation of the  a i r c r a f t  was i n i t i a t e d  by t h e  crew a s  soon as t h e  a i r c r a f t  
came t o  a  s t op .  The f r o n t  crew door on t h e  s t a r b o a r d  s i d e ,  t h e  forward p o r t  overwing 
escape ha tch  and t h e  r e a r  main door on t h e  p o r t  s i d e  were opened. An escape  chu te  was 
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a t t ached  to  t h e  r e a r  main door,  but t h i s  chu te ,  which was made of a  s y n t h e t i c  m a t e r i a l ,  
d e t e r i o r a t e d  very  qu ick ly  under t h e  e f f e c t  of t h e  h e a t  and flames being wafted under the  
fu se l age ,  so  t h a t  only  t h r e e  passengers  were a b l e  t o  escape by i t s  use. The rea f t e r ,  they 
escaped e i t h e r  by jumping from t h e  door s i l l ,  which was about seven f e e t  above t h e  ground, 
o r  by us ing t h e  escape rope which w a s  hanging from an at tachment c lo se  t o  t h e  t op  of t h e  
doorway. An a t tempt  by the  firemen t o  use  a  l adde r  a t  t h e  doorway was abandoned when i t  
was r e a l i z e d  t h a t  t h i s  would cons iderab ly  slow down t h e  r a t e  of evacuat ion.  Evacuation 
through t h e  forward crew door had s t a r t e d  be fo re  an  escape chute  could be  c a r r i e d  forward 
from i t s  stowage p o s i t i o n  and a t t ached .  The chu te  was abandoned and escape was e f f e c t e d  
by jumping and by us ing t h e  escape rope a s s i s t e d  by persons on t h e  ground. One s tewardess  
and s e v e r a l  passengers  escaped through t h e  overwing escape hatch.  The s tewardess  s tood or. 
t h e  wing and pu l l ed  t h e  passengers  through t h e  ha tch  a f t e r  having had d i f f i c u l t y  i n  he lp ing  
them through from t h e  i n s i d e  of t h e  a i r c r a f t .  

The t o t a l  evacua t ion  of t h e  a i r c r a f t  took about t h r e e  t o  t h r e e  and a h a l f  
minutes;  some de lay  was caused h e n  i t  became necessa ry  f o r  passengers  t o  wait  and avoid 
t h e  f lames which wafted under t h e  rear door from t i m e  t o  t i m e .  Apart from t h r e e  o r  four  
passengers  who escaped through t h e  overwing escape  ha tch ,  i t  w a s  e s t imated  t h a t  60% escaped 
through t h e  r e a r  door ,  and 40% through t h e  f r o n t  door of t h e  a i r c r a f t .  

1.15 T e s t s  and r e sea rch  

The damaged p a r t s  of t h e  s t a rboa rd  main landing gear  l e g  fo rg ing  were removed 
and sub j ec t ed  t o  l abo ra to ry  examination. Th i s  examination subsequent ly  revealed  t h e  
presence  of a f a t i g u e  c rack  which had i n i t i a t e d  t h e  u l t i m a t e  f a i l u r e  of t h e  fo rg ing .  

Fig. 19-1 i s  a g e n e r a l  view of t h e  p i e c e  of t h e  l e g  t h a t  was rece ived  f i r s t  
and arrow '0' i n d i c a t e s  t h e  o r i g i n  of f r a c t u r e .  F igs .  19-2 and 19-3 show t h i s  a r e a  of 
i n i t i a l  f r a c t u r e  a t  a h ighe r  magni f ica t ion  and i t s  appearance suggested  f a i l u r e  by f a t i g u e .  
A smaller secondary f r a c t u r e  nucleus  was a l s o  observed immediately ad j acen t  t o  t h e  main 
o r i g i n  (arrow 'A1,Figs.  19-2 and 19-3).  Fa t igue  f a i l u r e  was confirmed by high-power 
microscopic examination of t h e  f a i l u r e  s u r f a c e  which showed many areas of t h e  s t r i a t e d  
p a t t e r n ,  c h a r a c t e r i s t i c  of t h i s  mode of f a i l u r e  ( ~ i ~ s .  19-4 and 19-5). Th is  technique 
a l s o  confirmed t h a t  t h e  dark  c r e s c e n t  shaped area of f r a c t u r e  ( a r e a  'B', F igs .  19-2 and 
19-3) w a s  produced by a s i n g l e  b u r s t  of t e n s i b l e  f a i l u r e .  The s t a i n i n g  of t h i s  p o r t i o n  
of t h e  f r a c t u r e  suggested  some element of atmospheric  a t t a c k  dur ing crack growth and i t  i s  
p o s s i b l e  t h a t  t h e  c rack  was f u l l  of water at t h i s  s t a g e .  

The f a t i g u e  c rack  had not  o r i g i n a t e d  a t  any obviously  s eve re  geometric  stress 
concen t r a to r  and t h e  a r e a  of f a t i g u e  t h a t  had produced c a t a s t r o p h i c  f a i l u r e  was small. 
The anodic  f i l m  on t h e  component was i n  good cond i t i on  cons ide r ing  i t s  age and no evidence 
of o t h e r  t han  very  s u p e r f i c i a l  co r ro s ion  was de t ec t ed  by v i s u a l  o r  meta l lograph ic  examina- 
t i o n .  F a i l u r e  w a s  no t  a s s o c i a t e d  wi th  any t r a n s v e r s e  weakness i n  t h e  material s i n c e  t h e  
f a t i g u e  f a i l u r e  was a t  about 45O t o  t h e  l o c a l  d i r e c t i o n  of g r a i n  flow. Some smal l  p i t s  i n  
t h e  anodic f i l m  were observed on t h e  i n s i d e  s u r f a c e  of t h e  component ad j acen t  t o  t h e  reg ion  
of f a t i g u e  (Fig.  19-6). 

Some secondary f a t i g u e  c racks ,  p a r a l l e l  t o  t h e  main one, were noted i n  t h i s  
reg ion  and they were u s u a l l y  a s soc i a t ed  wi th  f a i n t  shal low machining marks (Fig. 1 9 - 7 ) .  
The main f a t i g u e  a r e a  probably followed such a mark and c e r t a i n l y  began a t  a p i t  a s  shown 
by arrow ' C '  i n  Fig. 19-8. 
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Examination of t h e  remaining p o r t i o n s  of t h e  unde rca r r i age  l e g  h a s  n o t  sugges ted  
t h a t  t h e  f a t i g u e  c r ack  grew beyond t h e  e x t e n t  i n d i c a t e d  i n  Figs.  19-2 and 19-3 p r i o r  t o  
f i n a l  f a i l u r e  which was probably  by t e n s i l e  bending. 

It is concluded t h a t  t h i s  component f a i l e d  by f a t i g u e .  Although t h e  f a i l u r e  
was a s s o c i a t e d  wi th  some very  s l i g h t  machining marks and s m a l l  p i t s ,  t h e  component w a s  i n  
good c o n d i t i o n  s o  f a r  a s  c o r r o s i o n  was concerned and t h e  s u r f a c e  f i n i s h  w a s  i n  accordance 
wi th  good eng inee r ing  p r a c t i c e .  

A test programme was  c a r r i e d  ou t  by t h e  manufac tu re r s  on a land ing  g e a r  l e g  
wi th  a  similar s e r v i c e  h i s t o r y  t o  t h a t  o f  t h e  f a i l e d  l e g  on G-APDH. I n  t h i s  test t h e  l e g ,  
which had a service h i s t o r y  of 6 165 f l i g h t s ,  c l o s e l y  approximating t h a t  o f  t h e  f a i l e d  l e g  
of G-APDH, was s u b j e c t e d  t o  21  335 s imula ted  f l i g h t s  under t es t ,  making a  t o t a l  of 27 000 
f l i g h t s ,  b e f o r e  a  c r ack  was d e t e c t e d  i n  t h e  c r i t i ca l  s e c t i o n .  These f i g u r e s  compare 
favourab ly  w i t h  t h e  de s ign  l i f e  of 8 000 f l i g h t s  which w a s  i n  f o r c e  a t  t h e  t i m e  of t h e  
acc iden t .  The s imula ted  f l i g h t  tests were n o t  d i r e c t l y  comparable w i t h  normal s e r v i c e  
c o n d i t i o n s ,  bu t  t hey  were made as r e p r e s e n t a t i v e  a s  p o s s i b l e  i n  t h e  l i g h t  of exper ience  
and of tests conducted by o t h e r  manufacturers .  The r e s u l t s  of t h e i r  tests, t o g e t h e r  wi th  
t he  t o t a l  s e r v i c e  h i s t o r y  of a l l  s i m i l a r  l e g s  i n  which no s i m i l a r  f r a c t u r e  had occur red ,  
i n d i c a t e  t h a t  t h e  f a i l u r e  on G-APDH was a n  i s o l a t e d  case .  

2. - Analys i s  and Conclus ions  

2 . 1  Ana lys i s  

Examination of t h e  groups  of t i re  marks on t h e  runway showed t h a t  t h e  star- 
board tires had made c o n t a c t  f i r s t ,  fol lowed by t h e  p o r t  33 f t  f u r t h e r  along.  A second 
group of marks, l e f t  by t h e  p o r t  t i res on ly ,  at. a  p o s i t i o n  about  750 f t  from t h e  f i r s t  
group,  showed where t h e  a i r c r a f t  had f i n a l l y  touched down. There were no f u r t h e r  t i r e  
marks on t h e  s t a r b o a r d  s i d e ,  but  t h e r e  were marks made by t h e  detached bogie.  M e t a l l i c  
marks and h o l e s  gouged out  of t h e  runway s u r f a c e  i n d i c a t e d  t h a t  t h e  s t a r b o a r d  l and ing  g e a r  
f a i l e d  dur ing  t h e  f i r s t  impact. I t  then  broke away from t h e  a i r c r a f t  and came t o  rest  
about  1 600 f t  f u r t h e r  a long  t h e  runway. 

Examination of t h e  s t a r b o a r d  main l and ing  g e a r  showed t h a t  t h e  main l e g  f o r g i n g  
had f r a c t u r e d  a t  a  po in t  immediately below t h e  s e c t i o n  c u t  ou t  f o r  t h e  rocke r  arm a t  t h e  
forward inboard corner  and running t o  t he  bottom of t h e  damper s t r u t  a t tachment  l u g  a t  t h e  
r e a r  of t h e  l eg .  The main shock absorber  s t r u t  p a r t e d  a t  t h e  j o i n t  between t h e  p i s t o n  and 
t h e  p i s t o n  cap. The damper s t r u t  p a r t e d  a t  t h e  j o i n t  between t h e  c y l i n d e r  and t h e  t op  cap. 
The rocke r  arm was t w i s t e d  a t  t h e  at tachment  p o i n t  f o r  t h e  ba lance  s t r u t .  The bottom h a l f  
of t h e  main l e g  had become detached and was found complete w i t h  bo th  a x l e  beams, b rake  
to rque  rods ,  ba l ance  s t r u t ,  r ocke r  arm and t h e  remainder of t h e  main s t r u t  and damper s t r u t ,  
on t h e  runway. 

From t h e  evidence  of t h e  pilot-in-command, t h e  co-p i lo t  and e y e w i t n e s s e s , i t  
w a s  concluded t h a t  t h e  approach was made i n  v i s u a l  c o n d i t i o n s  accord ing  t o  s t a n d a r d  proce- 
du re s  and was p e r f e c t l y  normal u n t i l  t h e  commencement of t h e  f l a r e ,  which w a s  i n i t i a t e d  a 
l i t t l e  l a t e .  

The evidence ,  i n c l u d i n g  t h e  manufacturers '  assessment  of a n  a n a l y s i s  of a  c i n e  
f i l m  taken  of t h e  l and ing  by an eyewi tness  from a p o s i t i o n  n e a r  t h e  runway t h r e s h o l d ,  
i n d i c a t e d  t h a t  t he  l and ing  was w e l l  w i t h i n  normal o p e r a t i n g  t o l e r a n c e s .  
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The t e c h n i c a l  evidence showed t h a t  t h e  f a i l u r e  of t h e  main fo rg ing  of t h e  under- 
c a r r i a g e  l e g  r e s u l t e d  from a f a t i g u e  i n  t h e  m a t e r i a l  (D.T.D. 683) which had been i n i t i a t e d  
by a  f a t i g u e  crack.  Th i s  c rack  c r e a t e d  a  cond i t i on  whereby f a i l u r e  could have occurred a t  
any t ime a f t e r  i t s  incep t ion .  

2.2 Conclusions 

Findings  

The a i r c r a f t  had a  c u r r e n t  c e r t i f i c a t e  of a i r w o r t h i n e s s  and had been maintained 
i n  accordance wi th  an  approved maintenance schedule.  

Its g ros s  weight and c e n t r e  of g r a v i t y  were w i t h i n  t h e  pe rmi s s ib l e  l i m i t s .  

The crew were p roper ly  l i c ensed  and had a t t a i n e d  t h e  approved s tandard  of 
competency. 

The f o r c e s  involved i n  t h e  landing were w i th in  normal ope ra t i ng  l i m i t s .  

There was pre-crash f a t i g u e  i n  the  landing gea r  fo rg ing  which f a i l e d .  

Cause o r  
Probable cause ( s )  

The land ing  gear  l e g ,  which had prev ious ly  been weakened by f a t i g u e ,  f a i l e d  
on f i r s t  impact dur ing  the  landing.  

3. - Recommendations 

No recommendations were conta ined i n  t h e  r e p o r t .  

4. - Action taken 

Immediately a f t e r  the  acc iden t  t h e  approved ope ra t i ng  l i f e  of a l l  Comet 4  
undercar r iage  l e g s  was reduced from 8  000 t o  4 500 land ings ;  a t  the  same time an ex t ens ive  
programme of u l t r a s o n i c  t e s t i n g  was introduced.  

The approved l i f e  of 8  000 land ings  was l a t e r  re- in t roduced,  s u b j e c t  t o  t h e  
l e g s  having undergone mod i f i ca t i on ,  inc lud ing  s h o t  peening and u l t r a s o n i c  t e s t i n g ,  i n  
conformity wi th  a  mandatory d i r e c t i v e  i s sued  by t h e  A i r  R e g i s t r a t i o n  Board. 

ICAO Ref.: tilt1894 
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No* 20 
'L 

AlitsXia, Vlckers Via.caunt 785, I-TAKE, accident on Monte Soma - 
Veswius. Na~les. Italy. on 28 March 1964. Accident report ,  

n o t  dated, released by the Inspector General of C iv i l  Aviation, 
Ministry of Transport and C iv i l  Aviation. Italy 

- - 

1, - Invest igat ion 

1.1 History of the flight 

Flight  ~ 2 1 0 4 5  was a scheduled domestic f l i g h t  from Rome to Naples, The a i r c r a f t  
took off from Fiumicino a t  2110 hours (;MT and was cleared by Rome ACC t o  follow the  route 
Pratica di Mare - Latina - Naples, A t  2115 the p i l o t  contacted Rome ACC and requested 
clearance t o  proceed d i r e c t l y  from Pra t i ca  d i  Mare t o  Naples NDB (LD). A t  2117 hours the 
f l i g h t  reached f l i g h t  l eve l  70. A t  2129 GMT it reported abeam of Teano estimating Naples 
a t  2137 GMT and was cleared t o  contact Naples APP, The f l i g h t  immediately contacted Naples 
APP and reported departing Teano a t  2129, maintaining l eve l  70 and estimating a r r i v a l  over 
NL)8 -LD at 2137, 

At  2130, it requested and obtained from. Naples APP the l o c a l  QNH given a s  29.65; 
inmediately t he rea f t e r  i t  asked whethet the  ILS was operating and received an aff i rmative 
reply, 

A t  2132 the  f l i g h t  was cleared t o  descend t o  5 000 f t  and reported t h a t  it wae 
i n i t i a t i n g  its descent from 7 000 t o  5 000 f t, 

A t  2134 it reported at.5 000 f t  and was then cleared t o  descend to 4 000 ft and 
ins t ructed  t o  report  over LD at 4 000 f t ,  It was a l so  asked whether It intended t o  make 
an ILS landing and rep1led:"We do not  think so, because we can see". 

A t  2135~30 the  f l i g h t  reported over LD. Naples APP asked what type of approach 
it intended t o  make, and the f l i g h t  repl ied  : we can see, we are  now leaving 4 000 f t 
d i r e c t l p  on visual, turning on down wind leg". 

A t  2136 Naples answered:"~oger, Since you can see  the runway from LD, you a r e  
cleared on visual .  Report down wind and on f i n a l  - wind 180/210~,  12 kt". 

A t  2137 the p i l o t  reported leaving LD, This  lo the last contact w i t h  the f l i g h t .  

According t o  witnessest statements and on the basis  of the evidence gathered, the 
l a s t  phase of the  f l i g h t ,  from 2137 onwards, w a s  reconstructed as follows. Immediately 
a f t e r  2137 hours the a i r c r a f t  left the ai rspace  above ~ a p g e e  dkd flew d i r ec t ly  towards the 
sea a t  an estimated a l t i t u d e  of 500-600 m Ibn a course roughly SE and through an area of 
heavy showers-. A t  2139 hours, i ,e,, 30 seconds prior t o  impact, the aircraft flew over 
the  town of S, Sebastiano (Vesuvius) at an estimated a l t i t u d e  of about 500-600 m on a 
heading of about 9O0 with undercarriage re t rac ted ,  engines running steady, landing l i g h t s  
on, i n  heavy showers. A t  approximately 2139:30 hours the  a i r c r a f t  crashed i n  c loud-shrouded  
Monte Soma. The impact occurred a t  an e levat ion of about 610 m whi le  t h e  a i r c r a f t  w a s  on 
a heading of approximately 900 and banked about 200 l e f t .  The s i te  of t h e  acc iden t  was 
40045'211% - 14020'32"E,  

I 
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1 . 2  I n j u r i e s  t o  persons  - 

1.3  Damage t o  a i r c r a f t  

I n j u r i e s  

F a t a l  

Non-f a t a l  
-- 

None 
- 

The a i r c r a f t  was des t royed.  

1.4 Other damage 

Passengers 

40 

- 

No o t h e r  damage was incur red .  

Others  

1.5 Crew informat ion 

The pilot-in-command, aged 53, he ld  a  C la s s  3  p i l o t ' s  l i c e n c e ,  a  f i r s t - c l a s s  
n a v i g a t o r ' s  l i c e n c e  and a  r a d i o  te lephone o p e r a t o r ' s  c e r t i f i c a t e .  He he ld  r a t i n g s  f o r  
DC-3 and Viscount 785 a i r c r a f t  and an ins t rument  r a t i n g .  He had flown a  t o t a l  of 14 923 
hours  inc lud ing  1 669 hours  on Viscounts .  H e  had never been involved i n  an acc iden t .  He 
held a  v a l i d  medical  c e r t i f i c a t e  a l though he had been dec l a r ed  t emporar i ly  " u n f i t "  f o r  
f l y i n g  dur ing t h e  per iod  27 June 1960 t o  2 September 1960 because of an  unspec i f i ed  i l l n e s s .  

The co -p i lo t ,  aged 25, he ld  a  Class  3 p i l o t ' s  l i c e n c e  and a  r a d i o  te lephone 
o p e r a t o r ' s  c e r t i f i c a t e .  He had a  r a t i n g  f o r  Viscount 785 a i r c r a f t  and an ins t rument  r a t i n g .  
He had flown a  t o t a l  of 1 555 hours  i nc lud ing  1 417 hours  on t h e  Viscount 785. H e  w a s  no t  
d i r e c t l y  involved wi th  t h e  p i l o t i n g  of t h e  f l i g h t .  

The n a v i g a t o r ,  aged 32, had v a l i d  Class  3  p i l o t  and nav iga to r  l i c e n c e s  and had 
flown a  t o t a l  of 7 178 hours  without  an  acc iden t  i nc lud ing  8  hours  on t h e  Viscount .  

The f l i g h t  crew's  f l y i n g  t imes  dur ing  t h e  l a s t  3  months and t h e  l a s t  48 hours  were 
w i th in  s p e c i f i e d  l i m i t s .  

Also aboard were a steward and a  h o s t e s s .  

1 .6 A i r c r a f t  informat ion 

The c e r t i f i c a t e  of a i r w o r t h i n e s s  of the  a i r c r a f t  was v a l i d  u n t i l  2 1  J u l y  1964. 
The a i r c r a f t  had flown a t o t a l  of 13  028 hours.  I t s  l a s t  maintenance was c a r r i e d  o u t  on 
23 March 1964. P r i o r  t o  take-off the  a i r c r a f t  had undergone t h e  r o u t i n e  s t a t i o n  t r a n s i t  
i n spec t ion .  

A t  t h e  t i m e  of t h e  a c c i d e n t  t h e  e s t ima ted  g r o s s  weight of t h e  a i r c r a f t  (24 836 kg) 
and i ts  c e n t r e  of g r a v i t y  (21.5%) were wi th in  t h e  pe rmi s s ib l e  l i m i t s .  
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1.7 Meteorological  inf onnat ion 

P r i o r  t o  depar ture  from Fiumicino t h e  crew received t h e  fol lowing weather fo recas t :  

En route:  - very cloudy with  cumulus formations up t o  1 6  000 f t  
s c a t t e r e d  cumulonimbus base 2 000 f t  top  2 500 f t  

- moderate tu rbulence  
- moderate i c i n g  condi t ions  
- f r eez ing  l e v e l  a t  about 7 000 f  t 
- wind a t  10 000 f t  from NW moderate 

Capodichino Airpor t  - (from 2813 1800 hours t o  2913 0300 hours)  
- su r face  wind 180° 16 k t ,  with g u s t s  up to 25  k t  - forward s u r f a c e  v i s i b i l i t y  6 km, hazy 
- 318 cumulus 2 000 i t  
- 5 / 8  stratocumulus 2 500 f t  
- 618 altocumulus 7 000 f t  
- r a i n i n g  with v i s i b i l i t y  reduced t o  4 km 

A t  2128 hours GMT the  a i r c r a f t  contacted Naples APP and w a s  provided with  the  
fol lowing weather r e p o r t  : 

"618 cover - 218 CU 2 000 f t  - 318 SC 3 000 f t  - 218 AC 7 000 f t  
v i s i b i l i t y  6 km. - QNH 29.65 - runway i n  use  24 - QFE 29.41 - wind S 
180/2100 1 2 k t  runway 24 - temperature 11'" 

A t  the  t i m e  of t h e  acc ident  t he  weather condi t ions  i n  the  a r e a  Naples, Gulf of  
Naples and Vesuvius were: 

Cloud cover mostly a t  low a l t i t u d e s  c o n s i s t i n g  of small and average-size 
cumulus - .  - and stratocumulus . - which had n o t  y e t  consol idated i n t o  a system; 

Cloud amount v a r i a b l e ;  complete overcast  along windward s lopes  of Vesuvius 
which were completely covered by clouds t h a t  had merged toge ther ;  along 
t h e  l i n e  Vomero-Capodichino, sky cover 418 - 618 ; over the  western part 
of t he  Gulf of Naples, sky cover 518 - 6 / 8 ;  over t h e  e a s t e r n  p a r t  of t h e  
Gulf and i n  t h e  area between Naples and the  Vesuvius,sky cover 618 - 818; 

The f i r s t  cloud l aye r ,  the lowest,  cons is ted  of 218 - 318 cumulus a t  
approximately 2 000 f r ;  these  small  i s o l a t e d  cumulus clouds were descending 
towards t h e  1 000 f t  l e v e l  i n  t h e  Vesuvius a rea ;  t h e  second cloud l a y e r  
cons is ted  of 318 - 518 cumulus and stratocumulus with t h e  base around the  
3 000 f t  l e v e l ;  t h i s  second l a y e r  was a l s o  moving downwards and increas ing  
i n  quan t i ty  towards t h e  Vesuvius a rea ;  a  t h i r d  l a y e r  cons is ted  of 218 - 418 
altocumulus, wi th  base around 7 000 f t ;  

A s teady l i g h t  r a i n  was f a l l i n g  a long the slopes of t h e  Vesuvius; i n  t h e  
Gulf zone heavy showers moving towards the  c i t y ;  i n  the  e a s t e r n  p a r t ,  
showers; 

Upper v i s i b i l i t y  was very v a r i a b l e  and c l o s e l y  r e l a t e d  t o  t h e  presence o r  
absence of clouds o r  showers along f f e l d  of vision. 
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P o s s i b i l i t y  of t u rbu l ence ,  p a r t i c u l a r l y  i n  v i c i n i t y  of showers and Vesuvius; 

Est imated f r e e z i n g  l e v e l  approximately 1 500 n; 

Estimated wind: s u r f a c e  180-210°/12 - 15  k t  
l 000 f t 210°/15 - 20 k t  
2 000 f t  230°/20 k t  
3 000 it 260°/20 k t  
4 000 f t  270°/20 k t  
5 000 ft 290°/20 kt. 

1.8 Aids t o  nav iga t i on  

Approach and landing a i d s  a v a i l a b l e  a t  Naples/Capodichino were: 

Holding 
- NDB LD 

Procedure 
- NDB IP 

VDF/NAV 
I LS 
GCA 

A l l  t h e  equipment w a s  o p e r a t i n g  normally between 2100 and 2400 hour s  on t h e  day 
of t h e  acc iden t .  

1.9 Communications 

A l l  communications were normal u n t i l  2137 hours ,  when Naples approach r ece ived  
t h e  l a s t  message from t h e  a i r c r a f t .  

1.10 Aerodrome and ground f a c i l i t i e s  

No bear ing  on t h e  acc iden t .  

1.11 F l i g h t  r e c o r d e r s  

No f l i g h t  r e co rde r  was c a r r i e d  by t h e  a ircraft .  

The impact occur red  a g a i n s t  s t e e p  s loped  ground broken by furrows i n  a n  a r e a  
covered w i th  scarce v e g e t a t i o n  and w i t h  trees from 2 t o  4 m high. The wreckage of  t h e  
a i r c r a f t  was s c a t t e r e d  over  an a r e a  approximately 80 m i n  l e n g t h .  

1.13 F i r e  - 
There was f i r e  damage on eng ines  Nos. 1 and 2 which i n d i c a t e d  t h a t  t h e  eng ines  

were ope ra t i ng  a t  t h e  t ime of impact. The impact and ensuing f i r e  r e s u l t e d  i n  t h e  near  
t o t a l  d e s t r u c t i o n  of t h e  wing s t r u c t u r e s .  The t i res  were cornple te l :~  burned.  
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1.14 Su rv iva l  aspects 

No in format ion  was con ta ined  i n  t h e  r e p o r t .  

1.15 T e s t s  and r e s e a r c h  

The f l a p  c o n t r o l  gea r  box was examined t o  f u r t h e r  de termine  t h e  p o s i t i o n  of t h e  
f i a p s  a € - - t h e  e f  impact and t o  check i t s  proper  func t i on ing  and t h e  mechanical cond i t i on  
of t h e  gears .  The examinat ion confirmed t h a t  t h e  f l a p s  were r e t r a c t e d  a t  t h e  t i m e  of 
impact and showed t h a t  t h e  gea r  mechanism was s t i l l  i n  e x c e l l e n t  o p e r a t i n g  cond i t i on .  

The domes of engines  Nos. 1 and 3 were opened and t h e  p o s i t i o n  of t h e  p i t c h  
s e t t i n g  l o c k s  was examined. It w a s  found t h a t  t h e  two p r o p e l l e r s  were set s l i g h t l y  above 
f i n e  p i t c h  wi th  t he  corresponding l o c k s  engaged and s l i g h t l y  below f e a t h e r i n g  p i t c h .  

2. - Analys i s  and Conclusions 

2 .1  Analys is  

The f l i g h t  appeared t o  be normal u n t i l  pass ing  over  LD. A t  2128 t h e  p i l o t  had 
r epo r t ed  h i s  ETA over  LD a s  2137 hours;  t h i s  e s t i m a t e  was subsequent ly  confirmed by t h e  
p i l o t  a t  2129:30 and 2134. 

A t  2134 he  i n d i c a t e d  he d i d  no t  i n t end  t o  fo l low t h e  ILS procedure because "he 
could see". A t  2135:30, i.e. 1 4  minutes earlier than  h i s  ETA, t h e  p i l o t  r epo r t ed  over  LD 
and a t  2137 t h a t  he was l e av ing  LD. There fore  90 seconds e l apsed  between a r r i v a l  over  LD 
and depa r tu r e  from LD. This  time was probably used f o r  l o s i n g  h e i g h t ,  s i n c e  t h e  p i l o t  w a s  
a t  5 000 f t  a t  2134 and r epo r t ed  90 seconds l a t e r  t h a t  he was about  t o  l e ave  4 000 f t  f o r  
a v i s u a l  approach. According t o  w i tne s se s  t h e  l o s s  of he igh t  f o r  v i s u a l  approach was most 
l i k e l y  achieved by a 360° t u r n  c a r r i e d  o u t  t o  t h e  r i g h t  i n  o r d e r  t o  make u se  of a s e c t o r  
t h a t  was more f r e e  from cloud and t h e  a i r c r a f t  then  f l ew  towards t h e  sea on a SE heading 
approximately,  pass ing  over  V i a  Caracc io lo  i n  t h e  c i t y  of Naples. 

During t h e  r i g h t  t u r n  t o  l o s e  h e i g h t ,  t h e  p i l o t  presumably p u t  t h e  a i r c r a f t  i n  
t h e  approach c o n f i g u r a t i o n  as p r e s c r i b e d  by t h e  Alitalia Viscount procedure  (unde rca r r i age  
down, f l a p s  20°), and f l ew out  over  t he  sea on a roughly  SE heading a t  2137. It was 
probably  a t  t h e  end of t h e  t u r n  t h a t  he  r epo r t ed  l e a v i n g  LD ( a t  2137). 

Considering t h e  fo l lowing  f a c t s :  

- t he  2 i  minutes  t h a t  e l apsed  between t h e  last  con t ac t  ( a t  2137) and t h e  
. ~ 

moment of impact; 

- t h e  SE f l i g h t  over  t h e  sea pas s ing  approximately over  Caste1 de l l ' ovo ;  

- t h e  l a c k  of w i tne s se s '  s t a t emen t s  concerning t h e  e x a c t  po in t  of over- 
f l i g h t  when t he  a i r c r a f t  r e t u r n e d  in land ;  

- t h e  l a s t  segment flown on a 90' heading; 

- t h e  weather  s i t u a t i o n  w i t h  heavy showers ove r  t h e  e n t i r e  a r e a  between 
t h e  Vesuvius,  t h e  runway and t h e  e a s t e r n  p a r t  of t he  Bay of Naples; 
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- t h e  s w i t c h i n g  on  of t h e  l a n d i n g  l i g h t s  o v e r  S. S e b a s t i a n o ;  

- the c l e a n  c o n f i g u r a t i o n  of t h e  a i r c r a f t  o v e r  S.  S e b a s t i a n o  and a t  
t h e  t i m e  of impact ;  

- t h e  a l t i t u d e  of t h e  a i r c r a f t  when i t  f l e w  o v e r  Via C i l e a ,  
S. S e b a s t i a n o ,  and t h e  e l e v a t i o n  of t h e  p o i n t  of impact ;  

- t h e  d i s t a n c e  of some 15 km t r a v e l l e d  i n  24 minu tes ;  

- t h e  s u r f a c e  wind 1 8 0 / 2 1 0 ~ ,  12 k t ;  t h e  wind a t  2 000 f t ,  230°, 
20 k t ;  a t  3 000 f t ,  260°, 20 k t ;  

i t  was concluded t h a t  t h e  p i l o t  w a s  f l y i n g  s o u t h  of t h e  i n t e n d e d  p a t h  because  h e  had i n  
mind t h e  2128-hour aerodrome weather  r e p o r t  g i v i n g  a  wind of 180-210°/12 k t .  T h i s  was 
suppor ted  by a  s k e t c h  which was found a t  t h e  a c c i d e n t  s i t e  and upon which an  a r row drawn 
i n  p e n c i l  i n d i c a t e d  a s o u t h  wind. 

It was f u r t h e r  b e l i e v e d  t h a t  between t h e  segment o v e r  t h e  s e a  f lown on a SE 
heading ,  and t h e  las t  segment flown on a 90° head ing ,  a r a t h e r  s h o r t  i n t e r m e d i a t e  segment 
was flown p o s s i b l y  on a  60' head ing ,  i . e .  t h e  heading co r respond ing  t o  t h e  down wind l e g .  

Up t o  t h a t  p o i n t  t h e  manoeuvres could  be c o n s i d e r e d  as normal f o r  t h e  v i s u a l  
approach procedure .  

The a i r c r a f t  t h e n  banked t o  t h e  r i g h t  t o  g e t  on a head ing  of 90'. Two assumpt ions  
were made w i t h  r e s p e c t  t o  t h i s  manoeuvre: 

1. i t  was i n t e n t i o n a l l y  c a r r i e d  ou t  t o  avo id  an area of heavy showers  
i n  t h e  c o n v i c t i o n  t h a t  t h e  a i r c r a f t  w a s  f a r t h e r  t o  t h e  n o r t h  and  
t o  t h e  west t h a n  it a c t u a l l y  was; 

2. i t  was performed because of an  i n a c c u r a t e  c o u r s e  i n d i c a t i o n  of t h e  
i n s t r u m e n t s ,  which might  have been u n n o t i c e d  by t h e  crew because  
t h e y  were: 

- c a r r y i n g  ou t  o t h e r  t a s k s  ( r e t r a c t i o n  of u n d e r c a r r i a g e  and f l a p s ,  
power i n c r e a s e ,  change of a l t i t u d e ,  etc. ) ; 

- f l y i n g  t h e  a i r c r a f t  i n  a d v e r s e  weather  c o n d i t i o n s ;  

- exchanging views concern ing  t h e  a c t i o n  t o .  t a k e ;  

- o b s e r v i n g  t h e  weather  r a d a r  s c r e e n ;  

- o b s e r v i n g  t h e  wea the r  o u t s i d e .  

While f l y i n g  o v e r  t h e  town of S. S e b a s t i a n o ,  n e a r  t h e  Vesuvius ,  w i t h  h i s  l a n d i n g  l i g h t s  
on,  t h e  p i l o t  n o t i c e d  a c loud f o r m a t i o n  ahead and a t  t h e  same moment sudden ly  r e a l i z e d ,  
on s e e i n g  t h e  l i g h t s  of t h e  town of S. S e b a s t i a n o ,  t h a t  he  was a t  a much lower a l t i t u d e  
t h a n  t h e  2 000 f t  i n d i c a t e d  on t h e  altimeter, w i t h  t h e  ground " r i s i n g  f a s t " .  
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H e  then i n i t i a t e d  a  l e f t  t u r n  t o  f i n d  an escape r o u t e ,  en t e r ed  the  cloud t h a t  
shrouded Monte Somma and crashed i n t o  t h e  mountain. 

2 . 2  Conclusions 

Findings  

The crew were s a t i s f a c t o r i l y  c e r t i f i c a t e d  and had cons ide rab l e  exper ience  on 
Viscount a i r c r a f t .  

The a i r c r a f t  had a v a l i d  c e r t i f i c a t e  of a i rwor th ines s ,  and t h e  maintenance of the  
a i r c r a f t  had been proper ly  c a r r i e d  ou t .  I ts es t imated  g ros s  weight and c e n t r e  of g r a v i t y  
a t  t h e  time of t h e  acc iden t  were w i t h i n  t h e  permiss ib le  l i m i t s .  

A t  t he  t ime of the  acc iden t  the  s lopes  of Vesuvius were covered wi th  c louds  and 
s teady  l i g h t  r a i n  was f a l l i n g  wi th  a  p o s s i b i l i t y  of tu rbu lence  i n  t h e  v i c i n i t y  of t h e  
showers. 

There was no evidence  t h a t  any t e c h n i c a l  d i f f i c u l t y  was the  cause of the  acc iden t .  

The f l i g h t  of I-LAKE up t o  t h e  Naples A i rpo r t  ho ld ing  beacon (LD) w a s  normal and 
i n  accordance wi th  f l i g h t  and c o n t r o l  procedures.  

Reconst ruct ion of the  f l i g h t  and examination of t h e  f a c t s  and evidence f o r  t h e  
per iod of t i m e  between 2135:30 GMT ( t ime a t  which t h e  a i r c r a f t  r epo r t ed  t o  Naples APP 
t h a t  i t  in tended t o  cont inue  t h e  f l i g h t  on v i s u a l )  and t h e  time of impact with t h e  ground 
(2139:30 GMT) l ed  the  Board t o  conclude t h a t  t h e  acc iden t  was probably caused by a v a r i e t y  
of f a c t o r s ,  some human and o t h e r s  pure ly  environmental ,  which induced t h e  p i l o t  t o  cont inue  
an unsafe  approach. The Board, however, d i d  no t  r u l e  ou t  t h e  p o s s i b i l i t y  of a  concomitant 
t e c h n i c a l  f a c t o r .  

Cause o r  
Probable cause(s )  

The Board concluded t h a t  t h e  causes  of t h e  acc iden t  were t h e  fol lowing:  

1. Delayed i n t e r r u p t i o n  o f ,  o r  f a i l u r e  t o  i n t e r r u p t ,  v i s u a l  approach 
i n  t h e  absence of minimum v i s i b i l i t y  cond i t i ons  r equ i r ed  f o r  t h e  
type  of manoeuvre involved.  

2 .  Abnormally wide i n i t i a t i o n  of down wind l e g  which brought t h e  
a i r c r a f t  cons iderab ly  sou th  of t h e  c i r c u i t  f o r  v i s u a l  descen t  
t o  t h e  a i r p o r t  and a long an unsafe  pa th  i n  r e l a t i o n  t o  t h e  
t e r r a i n  i n  t h e  area. 

3. I naccu ra t e  e s t i m a t e  of p o s i t i o n  of a i r c r a f t  as a r e s u l t  o f  which 
t h e  l e f t  t u r n  manoeuvre was i n i t i a t e d  t o o  l a te  f o r  completion of 
t h e  r equ i r ed  manoeuvre. 
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The Board concluded t h a t  t h e  p i l o t ' s  behaviour and h i s  manoeuvres were cond i t i oned  
by t h e  fo l lowing  f a c t o r s :  

1. The me teo ro log i ca l  s i t u a t i o n  i n  t h e  a r e a  surrounding t h e  a i r p o r t  
(cloudy wi th  p r e c i p i t a t i o n ) ,  which was v a r i a b l e  and worse than  
t h a t  e x i s t i n g  a t  t h e  a i r p o r t  a s  r epo r t ed  t o  t h e  p i l o t  by t h e  
aerodrome s e r v i c e s .  

2 .  A w e s t  wind component which c a r r i e d  t h e  a i r c r a f t  towards t h e  
Vesuvius whereas t he  p i l o t  had most l i k e l y  planned h i s  approach 
t a k i n g  i n t o  account t he  sou th  wind component i n d i c a t e d  i n  t h e  
aerodrome r e p o r t s .  

3 .  P o s s i b l y  e x c e s s i v e  conf idence  of t he  p i l o t  i n  h i s  knowledge of 
t h e  t e r r a i n  c h a r a c t e r i s t i c s  i n  t h e  a r e a ,  exp la ined  by t h e  f a c t  
t h a t  he  had c a r r i e d  ou t  a l a r g e  number of r e g u l a r  f l i g h t s  w i t h  
s t o p s  a t  t h e  Naples a i r p o r t .  

3. - Recommendations 

On t h e  b a s i s  of t h e  evidence  ga thered  dur ing  t h e  i n q u i r y ,  t h e  Board made t h e  
fo l lowing recommendations: 

a )  The "on v i s u a l "  procedure  should be s t r i c t l y  avoided i n  marginal  
weather  cond i t i ons .  

b) The r u l e s  governing v i s u a l  f l i g h t  should be s t r i c t l y  adhered t o  
by p i l o t s .  

c )  I n  t h e  case of a i r p o r t s  l o c a t e d  in d i f f i c u l t  t e r r a i n  t h e  a i r  
t r a f f i c  s e r v i c e s  should  no t  a ccep t  VFR f l i g h t  p l a n s  o r  t h e  
c a n c e l l a t i o n  of IFR f l i g h t  p l ans ,  o r  a l t e r n a t i v e l y  VFR f l i g h t s  
should o n l y  be pe rmi t t ed  a long r o u t e s  which do no t  cause  i n t e r -  
f e r e n c e  w i t h  f l i g h t  p a t h s  used f o r  ins t rument  f l i g h t s .  

d )  Bearing i n  mind t h a t  a i r l i n e  p i l o t s  have a l r e a d y  expressed  t h e i r  
concern about  t h e  p a r t i c u l a r  c o n d i t i o n s  i n  t h e  Naples approach 
zone and t h e  n a v i g a t i o n a l  a i d s  a v a i l a b l e  t o  them, p a r t i c u l a r l y  
i n  adverse  weather  c o n d i t i o n s ,  t h e  g e n e r a l  problem of  t h e  r a d i o  
a i d s  t o  n a v i g a t i o n  i n  t h e  Naples c o n t r o l  zone should  be' re- 
examined by t h e  component a u t h o r i t i e s .  

e )  F l i g h t  r e c o r d e r s  should be i n s t a l l e d  i n  a l l  a i r c r a f t  used i n  
scheduled s e r v i c e s .  

ICAO R e f .  : A R / 3 9 2  
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No. 21  

Cimber A i r ,  P i p e r  Apache. OY-AIK, emergency l and ing  nea r  Skelskdr .  
Denmark, on 30 March 1964. Report ,  da t ed  10  September 1964. 

r e l e a s e d  by t h e  D i r e c t o r a t e  of C i v i l  Avia t ion .  Denmark 

1. - I n v e s t i g a t i o n  

1.1 His to ry  of t h e  f l i g h t  

The a i r c r a f t  took o f f  from Sdnderborg Aerodrome a t  1956 hours  GMT on a non- 
scheduled domestic f l i g h t  t o  Copenhagen A i rpo r t ,  Kastrup.  It climbed t o  f l i g h t  l e v e l  50 
and f l ew normally f o r  10  minutes  a t  t h i s  a l t i t u d e .  The p o r t  eng ine  then  ceased t o  run  
smoothly. On d e t e c t i n g  t h a t  t h e  o i l  p r e s su re  on t h e  engine  had f a l l e n  t o  "0" t h e  p i l o t  
f e a the red  t he  p r o p e l l e r  and i nc r ea sed  t h e  power on t h e  s t a r b o a r d  eng ine  t o  2 500 rpm/25" 
(maximum cont inuous  power). A s  t h e  p i l o t  could  no t  ma in t a in  h e i g h t  wi th  a speed of 90 rnph 
he informed t h e  ACC accord ing ly  and reques ted  a  lower f l i g h t  l e v e l .  H e  was then  c l e a r e d  
t o  between f l i g h t  l e v e l s  45 and 35. When t h e  a i r c r a f t  reached f l i g h t  l e v e l  35 it was 
s t i l l  no t  p o s s i b l e  t o  ma in t a in  h e i g h t  s o  t h e  p i l o t  t r i e d  t o  r a i s e  t h e  nose  of t h e  a i r c r a f t  
s l i g h t l y  and t o  keep a speed of 85 mph. This ,  however, r e s u l t e d  i n  a s t a l l  w i th  a  l o s s  
of 150 f t ,  s o  t h e  p i l o t  lowered t h e  nose of t h e  a i r c r a f t  i n c r e a s i n g  t h e  speed t o  90 mph. 
A t  t h i s  speed t h e  average  r a t e  of de scen t  was s t i l l  300 f t lm in .  When reach ing  f l i g h t  
l e v e l  30 t h e  p i l o t  r e p o r t e d  t o  ACC accord ing ly  and r ece ived  a c l e a r a n c e  t o  f l i g h t  l e v e l  25 
However, he  was a l s o  unable  t o  main ta in  t h i s  f l i g h t  l e v e l ,  advised  t h e  ACC and reques ted  
t h a t  t h e  l i g h t s  of Ringsted and ~ v n d  aerodromes be  switched on. The a i r c r a f t  s t a l l e d  
t h r e e  times a t  1 5 0 0  f t  a t  a speed of 90 rnph and once a t  400 f t  a t  a  speed of 100 mph. 
AT 400 f t  he go t  v i s u a l  c o n t a c t  w i th  t h e  ground through r a i n  and sleet. The d i s t a n c e  t o  
Dalmos was then 20 NM. As t h e  a i r c r a f t  cont inued t o  stall  a t  speeds  of 90 - 100 rnph and 
as t h e  p i l o t  knew t h a t  t h e  t e r r a i n  was r a t h e r  favourab le  i n  th$s area, he decided t o  make 
an  immediate emergency landing.  During t h e  l and ing  t h e  p i l o t  saw some high t e n s i o n  wires 
i n  t h e  landing l i g h t s .  H e  t h e n  pushed on t h e  c o n t r o l  column; however, the a i r c r a f t  s t r u c k  
t h e  lowest  wire &d touched down i n  a near  l e v e l  a t t i t u d e  w i t h  t h e  unde rca r r i age  and f l a p s  
r e t r a c t e d  and wi th  maximum power o n  t h e  s t a r b o a r d  engine.  The a i r c r a f t  s l i d  a s h o r t  
d i s t a n c e  i n  a ploughed f i e l d  and t h e n  made a n  ab rup t  t u r n  t o  t h e  l e f t  of about 90' be fo re  
coming t o  rest. 

1.2 I n j u r i e s  t a  persons  

- 

1 

I n j u r i e s  

F a t a l  

Non-f a t a l  

None 

Passengers  C r e w  

1 

Others  

6 
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1 .3  Damage t o  a i r c r a f t  

The a i r c r a f t  was s u b s t a n t i a l l y  damaged. 

1 .4  Other  damage 

The lowes t  h i g h  t e n s i o n  l i n e ,  n e a r l y  2 cm i n  d i a m e t e r ,  was b roken  and a  p i e c e  of 
l i n e ,  60 cm l o n g ,  was found on t h e  ground. 

1.5 Crew i n f o r m a t i o n  

The pilot-in-command h e l d  a s e n i o r  commercial  p i l o t ' s  l i c e n c e  and a f l i g h t  r a d i o  
o p e r a t o r ' s  l i c e n c e  b o t h  v a l i d  u n t i l  6 November 1964. H e  had f lown a t o t a l  of  4  800 h o u r s  
i n c l u d i n g  about  350 h o u r s  on P i p e r  Apache a i r c r a f t .  

There  were no  o t h e r  crew members aboa rd .  

1 . 6  A i r c r a f t  i n f o r m a t i o n  

The a i r c r a f t ' s  c e r t i f i c a t e  of a i r w o r t h i n e s s  w a s  v a l i d  u n t i l  1 8  J u l y  1964. The 
a i r c r a f t  had flown a t o t a l  o f  2 188  h o u r s ,  i n c l u d i n g  6 1  h o u r s  s i n c e  t h e  l a t e s t  100-hour 
o v e r h a u l .  

The maximum p e r m i s s i b l e  take-of f  weight  was 1 724 kg. The l o a d  s h e e t  was n o t  
p r o p e r l y  f i l l e d  in. It showed a t ake -o f f  weight  of 1 710 kg; however, t h e  t ake -o f f  w e i g h t  
was computed as b e i n g  1 727 kg ,  s l i g h t l y  i n  e x c e s s  of  t h e  maximum p e r m i s s i b l e .  The c e n t r e  
of g r a v i t y  was w i t h i n  t h e  a l l o w a b l e  l i m i t s .  

The t y p e  of f u e l  b e i n g  used  was n o t  s t a t e d  i n  t h e  r e p o r t .  

1.7 M e t e o r o l o g i c a l  i n f o r m a t i o n  

A t  1914 h o u r s  t h e  p i l o t  c a l l e d  t h e  MET o f f i c e  i n  K a s t r u p  and w a s  g i v e n  t h e  fo l low-  
i n g  in fo rma t ion :  

A c t u a l  wea the r  i n  Kas t rup :  15  km v i s i b i l i t y  and 6 000 f t  c l o u d  b a s e ;  
no s i g n i f i c a n t  changes.  

Wind a t  5 000 f t  between Sdnderborg and K a s t r u p  110°/20 k t .  

M a l m Q  f o r e c a s t  a p o s s i b i l i t y  of snow, b u t  v i s i b i l i t y  n o t  e x p e c t e d  t o  g e t  
below 7 km and c l o u d  b a s e  n o t  below 1 500 f t .  ~ a l m $  c o u l d ,  t h e r e f o r e ,  be 
used a s  a l t e r n a t e .  

There  was a p o s s i b i l i t y  of  l i g h t  i c i n g  depending on t e m p e r a t u r e .  Only a t  
a s l i g h t  r i s e  i n  t e m p e r a t u r e  a t  6  000 f t  would i c i n g  set  i n .  

F r e e z i n g  l e v e l  was v e r y  low, b u t  t h e r e  w a s  p r a c t i c a l l y  i so the rmy  r i g h t  up 
I 1  t o  about  6  000 i t ,  which was d e s c r i b e d  as most embarrass ing" .  

Temperature was expec ted  t o  b e  -2 t o  - 3 ' ~  up t o  a b s u t  6  000 f t ,  t h e ~ e a f t e r  
r i s i n g  t o  -lo and a g a i n  f a l l i n g  h i g h e r  up. The p e n e t r a t i o n  of a  l i t t l e  
more w a r m  a i r  would cause  danger .  
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NO i c i n g  had occurred and no p r e c i p i t a t i o n  had been observed dur ing t h e  
f l i g h t  from Kastrup t o  Sdnderborg on t h e  a f te rnoon  of t h e  same day. 

Not u n t i l  t h e  landing a t  Sdnderborg d i d  p r e c i p i t a t i o n  occur a s  s l e e t .  

1.8 Aids t o  nav iga t ion  

Not r e l evan t .  

1.9 Communications 

No d i f f i c u l t i e s  were repor ted .  

1.10 Aerodrome and ground f a c i l i t i e s  

Not r e l evan t .  

1.11 F l i g h t  r eco rde r s  

Not mentioned i n  t h e  r epo r t .  

1.12 Wreckage 

The wrecked a i r c r a f t  w a s  found l y i n g  a t  t h e  n o r t h e a s t e r n  end of  a ploughed f i e l d  
a t  a d i s t a n c e  of about 10 m from t h e  f i e l d  pa th  running i n  a n o r t h e a s t e r l y  d i r e c t i o n  and 
about 25 m from t h e  hedge surrounding t h e  garden of  a m a l l  holding.  

The a i r c r a f t  w a s  l y ing  i n  p r a c t i c a l l y  normal f l i g h t  a t t i t u d e ,  i ts  nose po in t ing  
towards n o r t h e a s t  s o  t h a t  i t s  l o n g i t u d i n a l  a x i s  was p a r a l l e l  wi th  t h e  f i e l d  path.  I t  was 
r e s t i n g  on t h e  unders ide  of the  fu se l age ,  t h e  unders ide  of t h e  wings and engine  n a c e l l e s .  

1.13 F i r e  - 
There w a s  no f i r e .  

1.14 Surv iva l  a s p e c t s  

Not r e l evan t .  

1.15 Tests and r e sea rch  

According t o  Owners' Handbook t h i s  type of a i r c r a f t  has  t h e  fo l lowing performance 
on one engine  at maximum pe rmis s ib l e  take-off weight: 

Climbing power 

Absolute c e i l i n g  

Serv ice  c e i l i n g  

The Handbook a l s o  g ives  t h e  recommended climb speed on one engine a s  95 mph, and 
minimum speed f o r  s a f e  c o n t r o l  as 72 mph. Normal c r u i s i n g  speed on one engine is 110 mph. 
These va lues  apply t o  a i r c r a f t  not  equipped wi th  de-icing equipment. Such equipment 
reduces t h e  performance of t h e  a i r c r a f t  and the  c r u i s i n g  speed i s  about 5 mph l e s s .  The 
a i r c r a f t  had such equipment. 
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According t o  t h e  Handbook the c a r b u r e t t o r  heat is able to i n c r e a s e  the air inlet 
t empera tu re  by 9 6 ' ~  (200~~). This reduces engine power b y  about 204. 

The u s e  of 100'~ heat reduces engine power by approximately 8 - 104.  

In order t o  t e s t  the one-engine performance of the Piper Apache a test f l i g h t  w a s  
carried out on 14  April 1964 w i t h  another aircraft  which had no de-icing installation, 
The a i rc ra f t  was loaded to 1 669 kg, i.e, abou t  55 kg below the maximum p e r m i s s i b l e  take- 
o f f  weight .  

The test f l i g h t  was carr ied  ou t  as a s i m u l a t e d  instrument f l i g h t ,  the propeller 
of the port engine being f e a t h e r e d .  A power setting of 2450/24,5" was maintained during 
the  entire f l i g h t  and the c a r b u r e t t o r  heat was kept at 1009. 

The t e s t  f l i g h t  was commenced at 1206 hours at 5 000 f t ,  o u t e r  t e m p e r a t u r e  b e i n g  
-40C, I A S  90 mph, Under t h e s e  conditions the variometer indicated a rate of descent  
between 50 and 200 ft/min. A t  1215 t he  aircraft had got  down to 4 440 ft, t h e  temperature 
there being s t i l l  -4%. The rate of descent varied between 0 and 150 f t .  IAS was sti l l  
k e p t  at 90 mph, 

A t  1220 the a l t i t u d e  was 4 250 f t ,  the o u t e r  temperature -2OC, t he  variometer 
i n d i c a t i n g  a r a t e  of descent of O to 150 ft/min, LAS still 90 rnph. 

During these manoeuvres the  a i r c r a f t  was i n  trim and trim i n d i c a t o r s  showed one 
point t a i l  heavy and 3& po in t s  starboard wing down. A t  4 000 ft speed was increased t o  
105 mph wi thou t  a l t e r a t i o n  of power setting. Under t h e s e  c o n d i t i o n s  the  variometer 
i n d i c a t e d  an average rate of descent of 100 f tfrnfn. 

A t  about 2 500 f t  it was just about possible t o  ma in t a in  a l t i t u d e  a t  I A S  105 mph, 
but even very small alterations i n  speed,  positive as well as n e g a t i v e ,  resulted i n  a rate 
of d e s c e n t  of about SO f t / m i n .  

2. - Analysis and Conclusions 

Analysis 

The f l i g h t  plan had been c o r r e c t l y  f i l l e d  i n .  Although t he r e  was a possibility of 
icing t h i s  d i d  not justify t h e  c a n c e l l a t i o n  of t h e  flight. ALI messages had been c o r r e c t l y  
dispatched, 

A s  r e g a r d s  t h e  OPS f l i g h t  plan, t h e  p i l o t  as w e l l  as t h e  company maintained t h a t  
one of the normal OPS f l i g h t  plans, approved by t h e  D i r e c t o r a t e  of  Civil A v i a t i o n ,  had been 
f i l l e d  i n  and that a copy had been c a r r i e d  on board d u r i n g  t h e  f l i g h t ,  a n o t h e r  copy being 
filed a t  ~ d n d e r b o r g ,  Ne i the r  copy c o u l d ,  however, b e  t r a c e d ,  

When ques t ioned  a t  t h e  site of t h e  a c c i d e n t  t h e  p i l o t  d i d  no t  even mention the OPS 
f l i g h t  plan when t h e  Acc iden t  I n v e s t i g a t o r s  expressed t h e i r  s u r p r i s e  t h a t  t h e  company had 
i n t r o d u c e d  an abbreviated OPS f l i g h t  p lan,  The p i l o t  lacer  s ta ted  t h a t  an ordinary as 
well a s  an abbreviated OPS flight p l a n  w a s  carr ied aboard t h e  a i r c r a f t  because t h e  abbre- 
v i a t e d  plan h a d  n o t  y e t  been approved bv t n e  D i r e c t o r a r e ,  The a b b r e v i a t e d  plan was carried 
on board only t o  t r a i n  the p i l o t  i n  its use, 
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The company was r epea t ed ly  asked by t h e  i n v e s t i g a t o r s  f o r  a copy of t h e  o rd ina ry  
OPS f l i g h t  p l a n  but was unable  t o  produce it. It produced only  a photocopy of t h e  abbre- 
v i a t e d  OPS f l i g h t  p lan  which w a s  l e f t  behind i n  Sdnderborg and which d i f f e r e d  from t h e  
copy handed over  by t h e  p i l o t  a t  t h e  si te of t h e  acc iden t .  

The p i l o t  exp la ined  t h a t  he  had used t h e  wrong s i d e  of t h e  carbon paper when f i l l i n g  
in t h e  form and t h a t  he  had t o  p r epa re  two forms. . . .- . a 

Furthermore, many d e f i c i e n c i e s  i n  t h e  f i l l i n g  i n  of t h i s  abbrev ia ted  OPS p lan  were 
found . 

A t  t h e  s i t e  of t h e  acc iden t  t h e  p o r t  engine ,  t h e  po r t  f l a p  and t h e  po r t  s i d e  of 
t h e  fu se l age  were found heav i ly  smeared wi th  o i l .  The p o r t  p r o p e l l e r  was f ea the red  and 
undamaged. 

By running t h e  engine it w a s  found t h a t  t h e  o i l  l e a k  was caused by a c rack  i n  t h e  
rubber tube  connecting t h e  engine t o  t h e  o i l  coo le r .  This  crack was t h e  r e s u l t  of a 
s l i g h t l y  tw i s t ed  mounting of t h e  tube  t o  t h e  o i l  coo l e r  i n l e t  and of engine v i b r a t i o n s .  

The o i l  l e a k  occurred a f t e r  about 12 minutes of f l i g h t  when t h e  a i r c r a f t  had 
reached f l i g h t  l e v e l  50 and was i n  t h e  a r e a  of ~ v e r n a k d  a t  a d i s t a n c e  of about  1 7  NM from 
Sdnderborg. 

It would t h e r e f o r e  have been reasonab le  t o  r e t u r n  t o  Sdnderborg Aerodrome which 
could have been reached even wi th  a rate of descen t  of about  475 f t l m i n  a t  an IAS of about 
100 mph. 

This  r a t e  of descen t  is  cons iderab ly  h ighe r  than  t h e  r a t e  of about 300 f t / m i n  t h a t  
t h e  p i l o t  w a s  a c t u a l l y  a b l e  t o  mainta in .  I f  he  had r e tu rned  t o  Sbnderborg wi th  t h i s  l a t t e r  
rate of descent  h i s  h e i g h t  above t h e  aerodrome would have been about  1 850 f t .  

The p i l o t  decided not  t o  do s o  because he had comparat ively l i t t l e  exper ience  i n  
instrument l and ings  on t h e  S&nderborg Aerodrome and was f u l l y  f a m i l i a r  wi th  approach 
procedures a t  Kastrup where b e t t e r  r a d i o  landing f a c i l i t i e s  were a v a i l a b l e .  

Light  i c i n g  d i d  probably occur .  I n  normal c i rcumstances  t h i s  would n o t  have 
no t i ceab ly  a f f e c t e d  t h e  f l i g h t ;  however, t h i s  cons iderab ly  reduced t h e  performance of t h e  
a i r c r a f t  on one engine .  Weather was t h e r e f o r e  considered a s  having a bea r ing  on t h i s  
acc iden t .  

The a c t i o n  of t h e  p i l o t  when t h e  o i l  p r e s s u r e  on t h e  p o r t  engine went down t o  "011 
9 

as w e l l  as h i s  approach and landing were considered as normal i n  t h e  extremely d i f f i c u l t  
s i t u a t i o n  encountered. 

2.2 Conclusions 

Findings  

The p i l o t  he ld  a v a l i d  l i c e n c e  and v a l i d  r a t i n g s  e n t i t l i n g  him t o  c a r r y  ou t  t h e  
s u b j e c t  f l i g h t .  

The a i r c r a f t  had a v a l i d  c e r t i f i c a t e  of  a i r w o r t h i n e s s  and w a s  au thor ized  t o  c a r r y  
out  non-scheduled commercial a i r  t r a f f i c  under ins t rument  meteoro log ica l  condi t ions .  The 
p re sc r ibed  overhau ls  of t h e  a i r c r a f t  had been performed. The a i r c r a f t ' s  load shee t  had 
no t  been c o r r e c t l y  f i l l e d  i n .  The a i r c r a f t  weighed s l i g h t l y  more than  t h e  maximum permis- 
s i b l e .  The a i r c r a f t ' s  c e n t r e  of g r a v i t y  was w i th in  l i m i t s .  
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The f l i g h t  was e n t i r e l y  j u s t i f i e d  w i t h  r e g a r d  t o  t h e  w e a t h e r  s i t u a t i o n  f o r e c a s t .  

Only a n  a b b r e v i a t e d  OPS f l i g h t  p l a n  was produced t o  t h e  Board and many d e f i c i e n c i e s  
wer t  f2und i n  t h e  way i t  was f i l l e d  i n .  

"0" A f t e r  abou t  12  m i n u t e s  of f l i g h t  t h e  p o r t  e n g i n e ' s  o i l  p r e s s u r e  dropped  t o  3 

and t h e  p i l o t  had  t o  f e a t h e r  t h e  p r o p e l l e r .  The one-engine pe r fo rmance  of t h e  a i r c r a f t ,  
p r o b a b l y  reduced  by i c i n g ,  w a s  such  t h a t  t h e  p i l o t  had t o  c a r r y  o u t  a  f o r c e d  l a n d i n g  i n  
ex t r eme ly  , ' i f f i c u l t  c o n d i t i o n s .  

An o i l  l e a k a & e  was found on t h e  p o r t  e n g i n e .  It was caused  by a c r a c k  i n  t h e  t u b e  
c o n n e c t i n g  t h e  e n g i n e  t o  t h e  o i l  c o o l e r .  T h i s  c r a c k  was t h e  r e s u l t  o f  a s l i g h t l y  t w i s t e d  
mount ing of t h e  t u b e  t o  t h e  o i l  c o o l e r  i n l e t  and of  e n g i n e  v i b r a t i o n s .  It was n o t  p o s s i b l e  
t o  e s t a b l i s h  w i t h  c e r t a i n t y  when t h i s  t w i s t e d  mount ing was made. 

Cause o r  
P r o b a b l e  c a u s e ( s )  

The c a u s e  o f  t h e  f a l l i n g  o i l  p r e s s u r e ,  which made i t  n e c e s s a r y  t o  s h u t  down t h e  
p o r t  e n g i n e ,  was a c r a c k  of t h e  o i l  p i p e  which c o n n e c t s  t h e  e n g i n e  t o  t h e  o i l  c o o l e r .  

The shutdown of t h e  e n g i n e  n e c e s s i t a t e d  a n  emergency l a n d i n g  b e c a u s e  v a r i o u s  
u n f o r t u n a t e  c i r c u m s t a n c e s  ( r educed  e n g i n e  power when c a r b u r e t t o r  h e a t i n g  w a s  switch??. on  
and p r o b a b l y  some i c i n g )  made i t  i m p o s s i b l e  f o r  t h e  p i l o t  t o  m a i n t a i n  h i s  f l i g h t  l e v e l .  

3. - Recommendat i o n s  

I t  is  recommended t h a t  a i r l i n ,  companies e n s u r e  t h a t  p i l o t s  d u r i n g  f u t u r e  checks  
on mul t i - eng ined  a i r c r a f t  p e r f o r m  a t  l e a s t  p a r t  o f  t h e  checks  w i t h  one p r o p e l l e r  f e a t h e r e d .  
The o p i n i o n  of t h e  D i r s c t o r a t e  was t h a t  :;lany p i l o t s  a r e  u s u ~ l l y  n o t  t r a i n e d  i n  t h i s  manner 
bu t  o n l y  i n  f l y i n g  w i t h  a power s e t t i n g  on one e n g i n e  c o r r e s p o n d i n g  t o  a f e a t h e r e d  p r o p e l l e r .  

A s  r e g a r d s  a i r c r a f t  whose ~ r o p e l l e r s  c a n n o t  be  f e a t h e r e d ,  t h e  i g n i t i o n  s h a l l  b e  
c u t  o f f  on one  e n g i n e .  

Greater a c c u r a c y  i n  t h e  p r e p a r a t i o n  and f i l i n g  of  OPS f l i g h t  p l a n s  and  l o a d  s h e e t s  
s h o u l d  b e  emphasized upon Cimber A i r .  

The presumed i n a c c u r a t e  mounting of t h e  t u b e ,  c o n n e c t i n g  e n g i n e  and  o i l  c o o l e r ,  
s h o u l d  b e  p o i n t e d  o u t  t o  t h e  ma in t enance  s e r v i c e  o f  Cimber A i r .  

ICAO Ref.  : ~R1878 
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Nu. 22 

Kentinp Aviation Ltd.  ,. &to Commander 680E, CF-JQK, accident a t  Thompson, 
Manitoba, on 1 April- 1964. Report Serial No. 2206, undated,  released by 

tbu Department o f  Transpo r t ,  Canada 

1. - Lnves t i pa t i on  

1.1 H i s t o r y  of t h e  flight 

The a i r c r a f t  depa r t ed  Thompson f o r  a f l i g h t  t o  Toronto,  O n t a r i o  v i a  Winnipeg, 
Manitoba. The a i r c r a f t  t ook  off  from runway 05 and a f t e r  a l e f t  procedure  t u r n  returned 
a c r o s s  t h e  a i r p o r t  p a r a l l e l  t o  runway 23  a t  low a l t i t u d e .  The right wing was observed t o  
f o l d  upward, and t h e  a i r c r a f t  collided with t h e  ground. Some of t h e  material which separated 
from the a i r c r a f t  be fo r e  impact w a s  from t h e  left wing; it  is t h e r e f o r e  considered t h a t  some 
deformation of t h a t  wing antst have occurred  before impact  a l though  t h e  f a i l u r e  observed by 
w i tne s se s  involved t h e  r i g h t  wing, The acc iden t  occurred a t  0826 hours  C e n t r a l  S tandard  
Time. The co-ord ina tes  of t h e  accident site were 55048'N, 9 7 O 5 2 ' ~ .  

1.2  In- jur ies  t o  pe r sons  

1.3  Damane to aircraft 

The a i r c r a f t  was des t royed  by impact and f i re ,  

1.4 Other damage 

No o b j e c t  o t h e r  t h a n  t h e  a i r c r a f t  was damaged. 

1.5 C r e w  i n f  ormat ian  

The p i l o t  held a commercial p i l o t ' s  l i c e n c e  and h i s  t o t a l  flying exper ience  
amounted t o  7 600 hours, i n c l u d i n g  about 500 hours  on Aero Commander a i r c r a f t ,  of w h i c h  
125 hours had been flown du r ing  t h e  90 days  p r i o r  t o  the  a c c i d e n t .  

1 .6 - Aircraft in fo rmat ion  

The a i r c r a f t  h e l d  a v a l i d  c e r t i f  fcate of a i r w o r t h i n e s s .  A t  the time of t h e  
accident it had flown a t o t a l  of 5 949 hours including about  5 000 hours  s i n c e  1958 when 
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i t  had been impor t ed  i n t o  Canada. I n  Oc tobe r  1963,  t h e  a i r c r a f t  was c o n v e r t e d  t o  a model 
680E by t h e  a d d i t i o n  of ex t ended  wing t i p s  and a d d i t i o n a l  f u e l  t a n k s .  A s  a  r e s u l t  o f  t h i s ,  
t h e  a l l - u p  we igh t  was i n c r e a s e d  by 500  l b  t o  7 500  l b .  

A t  t h e  t ime  of t h e  i n s t a l l a t i o n  of t h e  ex t ended  wing t i p s  and  a d d i t i o n a l  f u e l  
t a n k s ,  an  i n s p e c t i o n  of t h e  i n t e r n a l  wing s t r u c t u r e  c e n t r e  s e c t i o n  was c o n d u c t e d ,  and t h e  
rear s p a r  w a s  mod i f i ed  and s t r e n g t h e n e d .  It h a s  been  c o n f i r m e d ,  however,  t h a t  t h i s  i n s p e c -  
t i o n  d i d  n o t  i n c l u d e  X-ray e x a m i n a t i o n  of t h o s e  a r e a s  of t h e  f r o n t  s p a r  a r  S t a t i o n s  2 4  l e f t  

11 and 24 r i g h t  fo rward  of t h e  s p a r  web. A t  t h e s e  p o i n t s  a c u t o u t "  of t h e  f o r w a r d  s i d e  of 
t h e  lower  s p a r  f l a n g e  o c c u r s  and i n  a i r c r a f t  of ser ia l  number s e r i e s  b e f o r e  and f o r  some 
t ime  a f t e r  t h a t  of CF-JOK, t h e  " c u t o u t "  is of  a q u a r t e r - c i r c l e  form. An e n g i n e e r i n g  change  

I 1  on l a t e r  model a i r c r a f t  made t h i s  c u t o u t "  a t  a 600 a n g l e ,  which h a s  m a t e r i a l l y  i n c r e a s e d  
t h e  amount of m e t a l  i n  t h e  a f f e c t e d  area. I n  t h i s  same area a change t o  t h e  s p a r  p l a n  
form o c c u r s  and t h e  wing d i h e d r a l  starts. 

A p e r u s a l  of  t h e  h i s t o r y  of t h e  a i r c r a f t  r e v e a l e d  t h a t  i t  had  been  f r e e  of any 
major  i n c i d e n t s  and t h e  o n l y  two minor  i n c i d e n t s  i n  which t h e  a i r c r a f t  was known t o  h a v e  
been invo lved  were n o t  c o n s i d e r e d  s i g n i f i c a n t  i n  r e l a t i o n  t o  t h e  a c c i d e n t  u n d e r  i n v e s t i g a t i o n .  

The  a i r c r a f t  was l oaded  n e a r  t h e  maximum p e r m i s s i b l e  w e i g h t .  

The t y p e  of f u e l  b e i n g  used  was n o t  s t a t e d  i n  t h e  r e p o r t .  

1 .7  M e t e o r o l o g i c a l  i n f o r m a t i o n  

The w e a t h e r  a t  t h e  t i m e  of t h e  a c c i d e n t  was r e p o r t e d  t o  have  been o v e r c a s t  
c l o u d  a t  2 000 f t ,  v i s i b i l i t y  1 5  miles, t e m p e r a t u r e  2 0 ° ~  and t h e  wind f rom t h e  n o r t h -  
east a t  10 mph. 

1.8 A i d s  t o  n a v i g a t i o n  

Not r e l e v a n t  t o  t h e  a c c i d e n t .  

1 .9  Communications 

No i n f o r m a t i o n  was c o n t a i n e d  i n  t h e  r e p o r t .  

1 . 1 0  Aerodrome and ground f a c i l i t i e s  

Runway 05 a t  Thompson had  a  g r a v e l  s u r f a c e  and was 5  100 f t  l o n g  and  150  i t  wide .  

1.11 F l i ~ h t  r e c o r d e r s  

Not ment ioned i n  t h e  r e p o r t .  

1 .12  Wreckage 

The a c c i d e n t  o c c u r r e d  i n  a n  a r e a  r o u g h l y  c l e a r e d  of t rees ,  where  b u l l d o z e r  
o p e r a t i o n s  had l e f t  snow-covered r i d g e s .  The f o l l o w i n g  s i g n i f i c a n t  f a c t o r s  were  found :  

( a )  t h e  l e f t  e n g i n e  was t o  t h e  r i g h t  of t h e  wreckage p a t i : ;  

(b )  t h e  a i r c r d E i  wre,:kage was l o c a t e d  l o n g i t u d i n a l l y  i n  :nc f i l i o w i n g  s e q u e n c e  - 
c e n t r e  s e ~ t i o n ,  p r o p e l l e r s ,  t h e  l e f t  w ing ,  t h e n  t h e  main wreckage and t h e  
r i g h t  winx , w h i c h  had a p p a r e n t l y  remained a t t a c h e d  t:- ;he f u s e l a g e .  
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1.13 - F i r e  

F i r e  followed impact, 

1.14 Surviva l  aspects  

No information w a s  contained i n  the report, 

Tes ts  and research 

Eight s i g n i f i c a n t  por t ions  of the  f r o n t  spar  were salvaged from the wreckage 
and were given d e t a i l e d  examinat ion by the National  Aeronautical  Establishment. The report  
on t h i s  examination states t h a t  f a t i g u e  cracks extended over 40.5% of the  lower spar  cap a t  
wing S ta t ion  24 r i g h t  and over 30.5% a t  wing S t a t i o n  24 l e f t .  

2, - Analysis and conclusions 

2.1 Analysis 

There was no evidence of any f a u l t  i n  t h e  engines o r  c o n t r o l s  p r i o r  t o  t h e  
acc ident ,  

A s h o r t  s e c t i o n  of t h e  wing f ron t  lower spar  cap, which extends from S t a t i o n  24 
l e f t  outboard, exhib i ted  evidence of a f a t i g u e  crack of l a rge  proportions extending rear-  
wards. 

The laboratory examination f a i l e d  t o  revea l  any mate r i a l  defect  which could 
account f o r  the  i n i t i a t i o n  of t h e  f a t i g u e  cracks. The f r a c t u r e  sur faces  exhibi ted 
c h a r a c t e r i s t i c  f a t i g u e  s t r i a t i o n s  which were of very f i n e  spacing and i n d i c a t i v e  of high 
frequency moderate load condi t ions .  These would most likely be the result of gust loading, 
and while t h e  number of cycles  probably exceeded 300 000, i t  w a s  not  poss ib le  t o  es t imate  
the  t i m e  involved f o r  the  cracks t o  propagate. 

The remaining spa r  f r a c t u r e s  on t h e  r i g h t  s i d e  ind ica te  t h a t  the  wing f a i l e d  
from upload fo rces ,  The l e f t  wing, however, ind ica ted  a f a i l u r e  from downloads. 

Evidence indicated t h a t  the  i n i t i a l  impact a reas  w e r e  around the  nose of t h e  
a i r c r a f t  and t h a t  a t  some point  i t  w a s  inver ted ,  There was considerable impact damage t o  
t h e  left wing. Many items from the frant section were located i n  t h e  i n i t i a l  p a r t  of t h e  
wreckage t r a i l ,  and t h e  t a i l  and rudder were sheared off  e a r l y  i n  t h e  d i s i n t e g r a t i o n  
process. Assembly of the  empennage i t e m s  and the  extensive damage t o  t h e  top and ou te r  
por t ions  of t h e  l e f t  wing confirmed t h i s  sequence. 

The r i g h t  wing apparently remained with t h e  main wreckage and a c t u a l l y  came t o  
rest somewhat beyond it .  It landed inver ted and the  whole of the  underskin and its i n t e g r a l  
p a r t s  were burned out.  The condi t ion of the  upper sk in  sur face  of this wing d id  not show 
any s i g n i f i c a n t  bending o r  d i s t o r t  ion  of the skin. 

2.2 Conclusions 

F i n d i n ~ s  

The crew were properly c e r t i f i c a t e d ,  
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The a i r c r a f t  had a v a l i d  c e r t i f i c a t e  of a i r w o r t h i n e s s .  I t  was loaded nea r  t h e  
maximum p e r m i s s i b l e ,  which would i n  t h e  c i rcumstances  impose h i g h e r  stresses t h a n  t h o s e  
found i n  f l i g h t  wi th  l i g h t e r  l oads .  However,the e x t e n t  of t h i s  l oad ing  would no t  approach 
des ign  f a i l u r e  loads .  

The manoeuvres which immediately preceded t h e  a c c i d e n t  shou ld  no t  have r e s u l t e d  
i n  any problem had t h e  a i r c r a f t  s t r u c t u r e  been normal. 

F a i l u r e  of t h e  main s p a r  wing s t r u c t u r e  occurred  i n  t h e  a i r  p r i o r  t o  impact .  

It was determined t h a t  t h e  f a i l u r e  o r i g i n a t e d  from f a t i g u e  c r a c k s .  

No d i r e c t  cause  f o r  t h e  i n i t i a t i o n  of t h e  f a t i g u e  c r a c k s  at  t h e  f r o n t  s p a r  wing 
S t a t i o n s  24 l e f t  and 24 r i g h t  could be determined.  The a i r c r a f t  h i s t o r y  d i d  n o t  r eco rd  
abnormally heavy l and ings  o r  o t h e r  i n c i d e n t s  which might have s t a r t e d  them. V i s i b l e  t o o l  

I I marks were found on t h e  forward f l a n g e  cu tou t"  r a d i u s  on t h e  l e f t  s i d e ,  but  s i n c e  t h e  
g r e a t e s t  c r a c k  was on t h e  r i g h t ,  t h e  marks were n o t  cons idered  s i g n i f i c a n t .  

The l eng th  of t i m e  t aken  f o r  t h e  f a t i g u e  c r a c k s  t o  p ropaga te  could  no t  be 
a s c e r t a i n e d .  

The f a c t  t h a t  f a t i g u e  c r acks  e x i s t e d  i n d i c a t e d  t h a t  a c o n s i d e r a b l e  stress riser 
had been genera ted  i n  t h e  c o n f i g u r a t i o n  of t h e  s p a r  caps  a t  t h e  mi l led-out  r a d i u s  i n  t h e  
f r o n t  f l a n g e  . 

The type  of f l y i n g  which had been performed by t h e  a i r c r a f t  (magnetometer and 
o t h e r  survey f l i g h t s  a t  low a l t i t u d e )  sugges ted  an  a c c e l e r a t e d  f a t i g u e  l i f e .  It was no t  
p o s s i b l e  t o  estimate t h e  amount by which t h i s  may have been a c c e l e r a t e d .  

Cause o r  
Probable  cause  ( s )  

Material f a i l u r e  of t h e  wing main s p a r o c c u r r e d u n d e r  f l i g h t  l o a d s  as  a r e s u l t  
of weakness caused by f a t i g u e  c r acks .  

3 .  - Recommendations 

None were con ta ined  i n  t h e  r e p o r t .  

ICAO R e f . :  ~ ~ 1 8 5 5  
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No, 23 

Pan American World Airways, Boeinp, 707-139, N 779PA, acc iden t  a t  John F. Kennedy 
In t e rna t  t o n a l  Airport, Jamaica, New York on 7 A p r i l  1964. C-ivi l  Aeronautics  

Board (USA) Aircraft Accident Report,  F i l e  No, 1-0052,- r e l ea sed  1 6  February 1965 

1. - I n v e s t i ~ a t  i on  

1.1 His to ry  of t h e  f l i g h t  

F l i g h t  212 w a s  a scheduled domestic passenger f l i g h t  from San Juan,  Puer to  Rico 
t o  JFK I n t e r n a t i o n a l  A i r p o r t ,  New York. It took  o f f  from San Juan a t  1514 hours Eas te rn  
Standard Time and was rou t ine  u n t i l  a r r i v a l  i n  t h e  New York area. After descending and 
e n t e r i n g  t h e  ho ld ing  p a t t e r n  a t  t h e  Col t s  Neck VOR a t  1838 hours  t h e  f l i g h t  received the  
latest JFK weather,  which w a s  below landing minima. It t h e r e f o r e  proceeded t o  i t s  a l t e r -  
n a t e ,  Dul les  I n t e r n a t i o n a l  A i r p o r t ,  Chant i l l y ,  V i r g i n i a  and landed t h e r e  a t  1937 hours .  
The weather  having improved a t  New York, t he  f l i g h t  depar ted  Dul les  Ai rpor t  a t  2 2 2 1  hours  
wi th  t h e  same crew of 9 and 136 passengers.  

The f l i g h t  w a s  cond6cted under instrument cond i t i ons  and w a s  r o u t i n e  u n t i l  
arrival i n  t h e  New York area. A t  2239 hours t h e  N e w  York Centre c o n t r o l l e r  t r ansmi t t ed  
t h e  JFK weather t o  the f l i g h t .  The runway v i s u a l  range (RVR) on runway 4 R  a t  JFK was 
r epo r t ed  t o  be 1 600 f t .  A t  2250 hours  JFK Approach Cont ro l  e s t a b l i s h e d  r a d a r  and r a d i o  
con tac t  with t h e  f l i g h t  and advised:  "Depart C o l t s  Neck heading z e r o  n ine  z e r o  f o r  v e c t o r s  
t o  t h e  f i n a l  approach course;  Kennedy weather  is t h r e e  hundred t h i n  broken, measured c e i l i n g  
one thousand f i v e  hundred ove rcas t ;  v i s i b i l i t y  one and one-half miles fog;  and the tunway 
v i s u a l  range runway Eour r i g h t  more t han  s i x  thousand f e e t ,  s tand by." This was acknowledged 
by t h e  f l i g h t .  The f l i g h t  repor ted  over  t h e  Col t s  Neck VOR a t  2253:35 hours  and was c l ea red  
t o  descend from 6 000 t o  1 500 f t ,  Seve ra l  v e c t o r s  were given t o  t h e  f l i g h t  on t h e  inbound 
heading t o  t he  o u t e r  marker (OM). A t  2256:15 hours ,  whi le  on a heading of 040°, t h e  crew 
repor ted  reaching 1 500 f t ,  airspeed 180 k t .  Severa l  de lay ing  v e c t o r s  were given t o  pos i -  
t i o n  t h e  a i r c r a f t  31 miles behind a DC-8 which w a s  landing ahead. A t  2 2 5 9 : 4 5  hours  t h e  
JFK l o c a l  c o n t r o l l e r  t r ansmi t t ed :  "Clipper two one two t h i s  is Kennedy tower, r e p o r t  
pa s s ing  o u t e r  marker, s t r a i g h t  i n  Eour r i g h t ,  wind calm, runway v i s u a l  range,  a l l  a i r c r a f t  
copy, f o u r  r i g h t  i s  more than  s i x  thousand. 

P r e v a i l i n g  v t s i b i l i t y  a t  t h e  JFK Ai rpo r t  was less than t h r e e  m i l e s ,  t h e r e f o r e  
t h e  P r e c i s i o n  Approach Radar (PAR) cant  r o l l e r  w a s  monitoring a l l  ILS approaches t o  runway 
4R as prescribed by procedures,  

A t  2301:10 hours  t he  PAR c o n t r o l l e r  advised:  " c l i ppe r  two twelve,  Kennedy r ada r  
on l o c a l i z e r  one m i l e  from o u t e r  marker course  and g l i d e  pa th  OK." A t  2301:40 hours  t h e  
f l i g h t  repor ted  pass ing  t h e  ou te r  marker and t h e  PAR c o n t r o l l e r  adv ised ,  "Clipper two twelve 
two miles from touchdown. " The l o c a l  c o n t r o l l e r  t r ansmi t t ed  a t  2301:45 hours: "C l ippe r  two 
one two, Kennedy tower c l e a r e d  t o  land f o u r  r i g h t ,  t r a f f i c  w i l l  be c l e a r  i n  f i v e  seconds. t I  

PAR a t  2302:10 hours advised:"Clipper two twelve,  Kennedy r a d a r ,  execute a missed approach 
i f  you do not have t h e  runway i n  s i g h t . "  Immediately fo l lowing t h i s  t ransmiss ion t h e  
f l i g h t  acknow1edged;"Uh . . . Roger two one t w o ,  " The next r ad io  t r a n s m i s s i o n  was a t  
2303:10 hours  when t h e  l o c a l  c o n t r o l l e r  c a l l e d  t h e  f l i g h t  b u t  was u n a b l e  to e s t a b l i s h  
r a d i o  con tac t .  
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A f t e r  touchdown t h e  a i r c r a f t  continued down and off  t h e  runway a c r o s s  t h e  a s p h a l t  
overrun and through a  sandy a r e a  be fo re  coming t o  rest i n  t h e  sha l low water  of Thurs ton 
Basin approximately 800 f t  from t h e  f a r  end of runway 4 R .  The acc iden t  occurred a t  2303 hours  
Eas te rn  Standard Time. 

1 . 2  I n j u r i e s  t o  persons  

* O f  a t o t a l  of 9  crew and 136 passengers ,  33  persons  aboard t h e  a i r c r a f t  received minor 
i n j u r i e s  and 7 were s e r i o u s l y  i n j u r e d .  The r e p o r t  does not  s t a t e  how many were crew 
and how many were passengers .  

I n j u r i e s  

F a t a l  

Non-f a t a l  

None 

1 .3  Damage t o  a i r c r a f t  

The a i r c r a f t  s u s t a i n e d  major s t r u c t u r a l  damage. 

C r e w  

* 

* 

1 . 4  Other  d a m a ~ e  

No o b j e c t  o t h e r  t han  t h e  a i r c r a f t  was damaged. 

Passengers  

* 

* 

1 .5  C r e w  informat ion 

Others  

The pilot-in-command, aged 47, he ld  a c u r r e n t l y  e f f e c t i v e  FAA a i r l i n e  t r a n s p o r t  
p i l o t ' s  c e r t i f i c a t e  wi th  numerous r a t i n g s  inc lud ing  one f o r  t h e  Boeing 707. H i s  las t  l i ne  
check i n  Boeing 707 a i r c r a f t  was on 9 January 1964. H i s  last p r o f i c i e n c y  check i n  Boeing 707 
a i r c r a f t  w a s  on 26 December 1963. H e  had flown a t o t a l  of 1 4  629 hours ,  i nc lud ing  7 1 1  hours  
on Boeing 707 a i r c r a f t .  

The co -p i lo t ,  aged 47, a l s o  he ld  a  c u r r e n t l y  e f f e c t i v e  FAA a i r l i n e  t r a n s p o r t  
p i l o t ' s  c e r t i f i c a t e  wi th  a  r a t i n g  f o r  Boeing 707 a i r c r a f t .  His last  l i n e  and p r o f i c i e n c y  
check was accomplished i n  Boeing 707-720 a i r c r a f t  on 2 1  October 1963. H e  had flown a t o t a l  
of 10 4 3 3  hours ,  i nc lud ing  141 hours  on t h e  Boeing 707. 

The second o f f i c e r ,  aged 36,  he ld  a c u r r e n t l y  e f f e c t i v e  commercial p i l o t ' s  
c e r t i f i c a t e  wi th  ae rop lane  s i n g l e  and mult i -engine l and ,  f l i g h t  i n s t r u c t o r  ae rop lane  and 
instrument r a t i n g s .  He had flown a t o t a l  of 5 000 hours ,  i nc lud ing  33 hours  on t h e  
Boeing 707. 

The f l i g h t  eng ineer ,  aged 44,  he ld  a c u r r e n t l y  e f f e c t i v e  e n g i n e e r ' s  c e r t i f i c a t e .  
He rece ived  h i s  l a s t  r e c u r r e n t  f l i g h t  check on 18 February 1964 and on 19 February 1964 
was des igna ted  by FAA a s  a  check airman on Boeing 707 a i r c r a f t .  He had flown a  t o t a l  of 
11 303 hours  a s  eng inee r ,  of which 192 hours were on Boeing 707 a i r c r a f t .  
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1.8 Aids t o  nav iga t ion  

Not p e r t i n e n t  t o  t h i s  acc iden t .  

1.9 Communications 

No d i f f i c u l t i e s  were r epo r t ed .  

1.10 Aerodrome and ground f a c i l i t i e s  

JFK A i rpo r t  is 12 f t  AMSL. A t  t h e  time of t h e  acc iden t  runway 4R was 8 400 f t  
long and 150 f t  wide. The runway s u r f a c e  was paved conc re t e  wi th  a  120 f t  a s p h a l t  overrun 
ex tend ing  beyond t h e  f a r  end of t h e  runway. The l i g h t i n g  system included approach l i g h t s  
wi th  sequence f l a s h e r s ,  h igh  i n t e n s i t y  runway l i g h t s  and touchdown zone l i g h t s .  The touch- 
down zone l i g h t s  extended a long t h e  f i r s t  3 000 f t  of t h e  runway wi th  runway c e n t r e  l i n e  
l i g h t s  s t a r t i n g  a t  t h e  3 000 f t  mark and con t inu ing  t o  t h e  f a r  end of t h e  runway. The 
h igh  i n t e n s i t y  l i g h t s  extended a long  t h e  e n t i r e  l eng th  of t h e  runway on both s i d e s .  A l l  
l i g h t s  were on and ope ra t i ng  normally a t  t h e  t i m e  of t h e  f l i g h t ' s  approach and land ing .  

Following n o t i f i c a t i o n  of t h e  a c c i d e n t ,  Fede ra l  Avia t ion  Agency Systems Mainten- 
ance Serv ice  personne l  performed r equ i r ed  ground checks on f a c i l i t y  r a d a r  equipment and 
t h e  ILS s e rv ing  runway 4R a t  JFK A i r p o r t .  The equipment was found t o  be f u n c t i o n i n g  norm- 
a l l y .  A f l i g h t  check of t h e  ILS  was made by t h e  FAA on 8 A p r i l  1964 and it t o o  w a s  found 
t o  be ope ra t i ng  normally.  

1.11 F l i n h t  r eco rde r s  (See Figure  23-1) 

A readout  of t h e  f l i g h t  r eco rde r  was conducted on t h a t  p o r t i o n  of t h e  t a p e  
r ep re sen t ing  approximately the  f ive-minute per iod  before  touchdown. During t h i s  t i m e  
pe r iod  t h e  parameters  showed no evidence  of abnormal i ty  i n  t h e i r  f unc t ion ing .  The readout  
shows t h a t  approximately 1 2  seconds p r i o r  t o  touchdown t h e  a i r c r a f t  w a s  a t  an  a l t i t u d e  of 
400 f t  AMSL and a t  an i n d i c a t e d  a i r speed  of 178 k t ;  t h e  IAS a t  touchdown was 160 k t .  

Examination of t h e  a i r c r a f t  revealed  t h a t  t h e  forward s e c t i o n  of t h e  f u s e l a g e  
was p r a c t i c a l l y  severed from t h e  remainder of t h e  a i r c r a f t  around t h e  e n t i r e  c i rcumference  
a t  approximately fuse lage  s tat  i on  600. General  d i s t r i b u t i o n  and o r i e n t a t i o n  of s h e a r  
wr ink l e s  i n  t h e  s k i n  forward of t h e  f r a c t u r e  and s t r u c t u r a l  components a t  t h e  f r a c t u r e  
i n d i c a t e  a compressive load was e x e r t e d  on t h e  forward f u s e l a g e  s e c t i o n  a t  t h e  time of 
impact wi th  t h e  water .  Other p a r t s  of t h e  a i r c r a f t  r ece ived  vary ing  degrees  of damage. 
A l l  s p o i l e r s  remained i n t a c t  wi th  t h e  excep t ion  of t h e  inboard ends  of t h e  inboard  s p o i l e r s  
which were damaged by t h e  ad j acen t  t r a i l i n g  edge s t r u c t u r e  when t h e  t r a i l i n g  edge s t r u c t u r e  
was pushed upward by t h e  inboard f l a p  c a r r i a g e s  and t r a c k s ,  caus ing  t h e  inboard f o r e f l a p s  
t o  con t ac t  t h e  s p o i l e r s .  Matching i n t e r f e r e n c e  marks correspond t o  t h e  s p o i l e r s  be ing  I n  
t h e  r e t r a c t e d  p o s i t i o n  a t  t h e  t i m e  of occurrence  of t h e  a c c i d e n t .  

There was no f i r e .  
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1 .14 Surv iva l  aspec ts  

When the  a i r c r a f t  came t o  r e s t , t h e  c r e w  proceeded a f t  t o  assist t h e  passengers .  
The main forward ( l e f t )  cabin door was opened and the  passengers i n  t h i s  s ec t ion  of t h e  
aircraft l e f t  through t h i s  door.  The passengers i n  the  a f t  s e c t i o n  left through t h e  over- 
wing e x i t s  on t o  t h e  wings; and o the r s  l e f t  through t h e  two rear doors and got i n t o  two 
l i f e  r a f t s  t h a t  had been launched, Evacuation of the' aft section of t h e  aircraft was 
completed i n  approximately f i v e  minutes. After  s e a t s  and d6bris  had been removed f rom t h e  
f i r s t - c l a s s  compartment a i s l e ,  some of t h e  persons  who had been i n  t h e  aft  s e c t i o n  of t h e  
a i r e r a f  t re-entered the  a i r c r a f t  and l e f t  through the main forward cabin door.  

1 -15  Tes ts  and researchb 

The a k r c r a f t  brake system, including t h e  anti-skid device,  was examined and 
funct iona l  tests were conducted on t h e  components. This examination d isc losed  no evidence 
t h a t  would have precluded normal brake operarfon p r i o r  t o  impact with, and submersion i n ,  
t h e  sa l t  water of Thurston Basin. 

Analysis 

Analysis and Conelusiuns 

The a i r c r a f t ,  i t s  powerplants and systems were operat ing normally a t  t h e  time 
t h e  accldent  occurred. The undercarriage was down and locked, f l a p s  were extended a t  50°, 
but although the  pilot-in-command s t a t e d  that he extended the speed brake ( s p o i l e r s )  a f t e r  
touchdown, and i n  a l l  p robab i l i ty  believed t h a t  he d i d ,  t h e  phys ica l  evidence showed that  
t h e  s p o i l e r s  were r e t r a c t e d  a t  t h e  time of impact  with t h e  water,  

Based o n . t h e  reported surface wind of 210' a t  4 k t  9 minutes p r i o r  t o  t h e  accident 
and 230° a t  6 k t  II minutes after the acc ident ,  i t  is believed t h a t  t h e  a i r c r a f t  landed a t  
JFK Airport  with an average t a i l  wind component of 5 k t .  The only wind information given 
t o  t h e  crew by FAA ATC personnel was by t h e  l o c a l  c o n t r o l l e r  approximately 2 minutes 
p r i o r  t o  touchdown when h e  reported t h e  wind "calm".* 

The PAR c o n t r o l l e r  s t a t e d  t h a t  FAA 212's approach was rout ine  u n t i l  approximately 
one mile from touchdown. A t  t h a t  p o i n t  the a i r c r a f t  appeared t o  l e v e l  off  o r  climb, Shortly 
t h e r e a f t e r  the a i r c r a f t ' s  radar  target  rap id ly  l e f t  the g l i d e  s l o p e ,  and appeared outside 
the s a f e t y  zone l i n e  above t h e  g l i d e  slope, The PAR c o n t r o l l e r  said he then t ransmit ted an 
advisory t o  execute a missed approach i f  runway was not i n  s i g h t .  The t a r g e t  t h e r e a f t e r  
appeared t o  descead r a p i d l y  towards the  touchdown p o i n t  on the glide s lope ,  remaining above 
t h e  g l i d e  s l o p e  u n t i l  i t  disappeared tnto t h e  ground c l u t t e r  surrounding the  touchdown 
point on the  runway. 

* AT P 7110. U, paragraph 417,IB stated i n  par t :  "When t h e  surface wind ve loc i ty  i s  ~ ~ C T C .  

than 5 k t ,  t h e  runway prescribed o r  normally used  i s  the  'calm' runway, due t o  length .  
b e t t e r  approach, shorter t a x i i n g  d i s t a n c e  o r  o t h e r  r e a s o n s ,  i n  which case t h e  wind  
d i r e c t i o n  and ve loc i ty  shall be s ta ted  s ince  some a i r c r a f t  a re  n o t  approved  f o r  take-  
off  o r  l a n d i n g  when a t a i l  wind component is present .  I !  
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The l o c a l  c o n t r o l l e r  s t a t e d  t h a t  no v i s u a l  c o n t a c t  was e s t a b l i s h e d  w i t h  PAA 212 
du r ing  t h e  approach o r  landing a s  no p o r t i o n  of runway 4R was v i s i b l e  from t h e  tower cab 
due t o  low v i s i b i l i t y  i n  t h a t  d i r e c t i o n .  The t r a f f i c  on t h e  runway w a s  be ing observed on 
t h e  A i rpo r t  Sur face  Detec t ion  Equipment r ada r  (ASDE). Following obse rva t ion  of t h e  DC-8 
t u r n  o f f  a t  t h e  f a r  end of runway 4R, a fast-moving t a r g e t  was observed on t h e  runway b r i e f l y  
but d isappeared a t  the  f a r  end. 

The pilot-in-command of F l i g h t  212 s t a t e d  . . . "At  approximate ly  t h e  o u t e r  marker I 
glanced up and could observe t h e  runway and t h e  glow of t h e  ' s t r o b e '  l i g h t s  a s s o c i a t e d  wi th  
t h e  approach l i g h t  system. I t  was apparen t  t h a t  t h e  fog stopped a t  about t h e  s h o r e l i n e  and 
a l s o  t h a t  t h e  RVR of 6 000 p l u s  was a c c u r a t e  f o r  a l l  p r a c t i c a l  purposes .  I could  s e e  t h e  
e n t i r e  runway. I e l e c t e d  t o  d i s con t inue  t h e  approach on ins t ruments  and t o  con t inue  v i s u a l l y  
I l e v e l l e d  t h e  a i r c r a f t  s o  a s  t o  ge t  over  t h e  fog bank ove r ly ing  t h e  approach l i g h t  system. 
S h o r t l y  t h e r e a f t e r  I c a l l e d  f o r  and rece ived  50° f l a p .  A s  we c rossed  t h e  t h r e s h o l d  I pushed 
t h e  ae rop lane  down and squared away f o r  t h e  landing.  The ae rop lane  went on smoothly,speed 
brakes  were app l i ed  immediately,  r e v e r s e  t h r u s t  and brakes  were a p p l i e d  a f t e r  t h e  s p o i l e r s  
were r a i s e d .  Brakes were app l i ed  and were wi thout  e f f e c t .  Power i n  r e v e r s e  was i nc rea sed  
t o  maximum a v a i l a b l e .  Dece le ra t ion  was not  s a t i s f a c t o r y ,  and t h e  ae rop lane  cont inued down 
t h e  runway. It became apparent  t h a t  we would go of f  t h e  end ... I I 

The fog bank involved extended a t  l e a s t  t o  t h e  approach end of runway 4R, a s  
shown by t h e  RVR on runway 31L of 2 000 f t  a t  2254 hours  and 2 600 f t  on runway 4 R a t  
2314 hours.  Reduction t o  t h e s e  d i s t a n c e s  could only  have occurred a s  a r e s u l t  of t h e  fog .  
The extended c e n t r e  l i n e  of t h e  approach end of runway 3 1 L  i s  i n  proximity  and c r o s s e s  t h e  
approach end of runway 4R. 

The i n i t i a l  touchdown of t h e  a i r c r a f t  could not  be determined by v i s u a l  examina- 
t i o n  of t h e  runway s u r f a c e .  The f i r s t  d i s c e r n i b l e  marks t h a t  could be a s s o c i a t e d  wi th  t h e  
a i r c r a f t  were i d e n t i f i e d  a s  t hose  made by t h e  l e f t  main l and ing  gea r  (MLG) t i r e s .  These 
werewhi te i sh  s c rub  marks and began a t  a  po in t  7 600 f t  from t h e  approach end of runway 4R 
and continued t o  a  po in t  on t h e  a s p h a l t  overrun 14 f t  beyond t h e  end of t h e  runway. Whiteish 
s c rub  marks i d e n t i f i e d  wi th  t h e  r i g h t  MLG could be d i s t i n g u i s h e d  a s  commencing 8 300 f t  from 
t h e  approach end of runway 4 R  and a l s o  con t inu ing  14 f t  beyond t h e  end of t h e  zfunway. These 
marks showed t h a t  t h e  a i r c r a f t  veered s l i g h t l y  t o  t h e  l e f t  of t h e  runway c e n t r e  l i n e  s h o r t l y  
before  pass ing  over t h e  macadam b l a s t  pad a t  t h e  end of t h e  runway. No nose  g e a r  t i r e  marks 
could be de t ec t ed  on t h e  runway. 

The wet runway s u r f a c e  a f fo rded  f a i r  t o  poor b rak ing  at  b e s t  as a t t e s t e d  t o  
by t h e  crew, t h e  c a p t a i n  of a DC-8 t h a t  landed one minute be fo re ,  and from examination of 
t h e  wh i t e i sh  s c rub  marks l e f t  by t h e  MLG t i r e s  of t h e  s u b j e c t  a i r c r a f t .  The l a c k  of nose 
gea r  t i r e  marks, coupled w i th  t h e  wh i t e i sh  s c rub  marks made by t h e  l e f t  and r i g h t  MLG t i res ,  
shows t h a t  t h e r e  was some braking e f f e c t  a l though poor.  

For a l l  p r a c t i c a l  purposes  t h e  t i r e s  on t h e  r i g h t  MLG were smooth a s  opposed t o  
r e l a t i v e l y  new r ibbed t i r e s  on t h e  l e f t  MLG. The rear t i r e s  of tandem i n s t a l l a t i o n s  pro- 
duce most of t h e  braking on wet runways. Where d i r e c t i o n a l  c o n t r o l  was maintained as t h e  
a i r c r a f t  proceeded down t h e  runway, braking e f f i c i e n c y  would have been l i m i t e d  by t h e  
e f f e c t i v e n e s s  of t h e  r i g h t  MLG t i r e s .  The new r ibbed  t i r e s  on t h e  l e f t  MLG probably  
accounted f o r  t h e  swerve t o  t h e  l e f t  nea r  t h e  end of t h e  runway a s  t h e s e  t i r e s  would brake 
more e f f e c t i v e l y  t han  t h e  r i g h t  t ires as t h e  a i r c r a f t  slowed. 
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1 ? The pilot-in-command s t a t e d  ., . A s  w e  crossed the  threshold 1 pushed t h e  ae ro -  
l i plane down .,, An analysis of t h e  f l i g h t  r e c o r d e r  readout  shows t h i s  push-over occurred  

a t  an a l t i t u d e  of 400 ft and 12 seconds p r i o r  t o  touchdown, Using t h e  average  airspeed 
from t h r e s h o l d  t o  touchdown of 169 kt and adding a 5 kt t a i l  wind, the a i rc ra f t  w a s  making 
a ground speed  of 1 7 4  kt f o r  t he  1 2  seconds  p r i o r  t a  touchdown. At this speed, and f o r  
this l eng th  of time, computat ions show t h a t  t h i s  aircraft would have touched down about  
3 516 ft from the threshold, and would have l e f t  t h e  s u r f a c e  of t h e  runway a t  an i n d i c a t e d  
airspeed of approximately 82 k t ,  An i n c r e a s e  i n  the magnitude of "G" trace d e f l e c t  ions 
occurred  23 seconds  after touchdown when t h e  t r a c e  went from -0.025Gs to + 2.52Gs. 

At  the average ground speed of 132 kt (127 kt ZAS plus 5 k t  t a i l  wind)  for t h e  
23 seconds foflowing touchdown, the a i r c r a f t  would have t r a v e l l e d  5 120 f t  on t he  runway. 
This d i s t a n c e  subtracted from the  length of the runway shows that the touchdown po in t  w a s  
3 280 f t  from t h e  approach end of runway 4R. Fram a touchdown ground speed of 165 k t  
(160 kt IAS plus 5 k t  t a i l  wind) ,  the aircraft d e c e l e r a t e d  t o  142 k t  ground speed during 
the next 10 seconds  at  an average  speed of 151 kc. A t  t h i s  average speed f o r  10 seconds ,  
the aircraft would have t r a v e l l e d  2 543 f t .  This  d i s t a n c e ,  added t o  the  lesser of t he  corn- 
puted touchdown p o i n t s  (3 280 f t )  and s u b t r a c t e d  from the l e n g t h  of runway 4 R  (8 400 f t ) ,  
shows t h a t  when . ,  t h e  aircraft reached a ground speed of 142 kt, t h e r e  was o n l y  2 577 f t  of 
remaining runway. 

Boeing t e s t  data i n d i c a t e  t h a t  under conditions of w e t  runway a t  sea level  z e r o  
wind, 196 000 lb gross weight, a n t i - s k i d  brakes on, a t t a i nmen t  of maximum r e v e r s e  t h r u s t  
w i t h i n  10 seconds after touchdown, spoilers r e t r a c t e d ,  smooth tires, and a touchdown 
speed of 142.2 kt IAS, 4 350 f t  of runway is required to  stop the aircraft,  

Examination of these data further shows that the elimination of any of t h e  
adve r se  factors r e l a t e d  above would n o t  have preven ted  the  aircraft from overrunning the 
runway. 

2.2 Conclusions 

F ind ings  

The crew were p r o p e r l y  certificated and had c o n s i d e r a b l e  exper ience ,  

N o  mention is made i n  t h e  report regarding the ai tcraf  t ' s  c e r t i f i c a t e  of air- 
wor th ine s s .  Due to an e r r o r  in the d i s p a t c h i n g  a t  Dulles the aircraft's gross weight a t  
t h e  time of landing w a s  6 488 lb in excess of the maximum a l l o w a b l e  f o r  JFK Ai rpo r t .  

The approach was normal u n t i l  approximately one mile from touchdown. Then the 
aircraft appeared  t o  l e v e l  off and was continuously above the g l i d e  slope. It was estimated 
t h a t  it passed t h e  t h r e s h o l d  of runway 4 R  a t  an altitude of 400 f t  and touched down 
3 280 f t  a f t e r  t h e  thxeshold a t  a ground speed of 165 k t .  During the next 10 seconds t h e  
a i r c r a f t  d e c e l e r a t e d  t o  142 k t  at an average speed of 151 k t .  A t  t h i s  average speed  t h e  
a i r c r a f t  would have t r a v e l l e d  2 543 ft. This distance, added t o  t he  lesser of the computed 
touchdown points (3 280 f t )  and s u b t r a c t e d  from t h e  l eng th  of runway 4R (8 400 f t )  , showed 
t h a t  when the  aircraft reached a ground speed  of 1 4 2  k t ,  there was only  2 577  f t  of runwsy 
remaining. The aircraft therefore overran t h e  runway. 
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Cause o r  
Probable c a u s e ( s 1  

The Board determined t h a t  t h e  probable  cause of t h i s  acc iden t  was t h e  p i l o t - i n -  
command's d e v i a t i o d  from the g l i d e  s lope  du r ing  an ILS approach r e s u l t i n g  i n  a touchdown 
on t h e  runway a t  apoint and speed which precluded stopping t h e  a i r c r a f t ' o n  t h e  remaining 

. . . 
runway. - .. : . . . . . . 

3. - Recommendations 

None were con ta ined  i n  t h e  r e p o r t .  

I C A O  Re f . :  A R / 8 7 4  
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No. 24 

Middle East A i r l i n e s .  SE 210 C a r a v e l l e  111. OD-AEM. a c c i d e n t  a t  sea 1 0  NM - 
SSE of Dhahran A i r p o r t ,  S a u d i  A r a b i a  on  17 A p r i l  1964. Repor t  d a t e d  
J u l y  1964 of  t h e  Committee of Accident  I n v e s t i g a t i o n  convened by t h e  

S u p e r i n t e n d e n t  D i r e c t o r  Genera l  o f  C i v i l  A v i a t i o n .  S a u d i  A r a b i a  

1. - I n v e s t i g a t i o n  

1.1 H i s t o r y  of t h e  f l i g h t  

F l i g h t  ME 444 was a  schedu led  i n t e r n a t i o n a l  f l i g h t  from B e i r u t  t o  Dhahran A i r p o r t .  
I t  d e p a r t e d  B e i r u t  a t  1709 h o u r s  GMT and proceeded i n  accordance  w i t h  i t s  f l i g h t  p l a n  t o  
Dhahran a t  f l i g h t  l e v e l  300. A t  1904 h o u r s  t h e  a i r c r a f t  r e p o r t e d  t o  Bahra in  C o n t r o l  t h a t  i t  
was e s t i m a t i n g  Dhahran a t  1928 h o u r s ,  and was c l e a r e d  t o  descend  t o  r e a c h  f l i g h t  l e v e l  50 
ove r  t h e  Dhahran beacon. A t  1906 h o u r s  i t  c o n t a c t e d  Dhahran Tower and r e q u e s t e d  t h e  l a tes t  
wind and v i s i b i l i t y ,  which were g i v e n  a s  NNE/10 k t ,  g u s t i n g  t o  16 ,and  4 NM ( r e p o r t e d  110 yd 
i n  suspended d u s t ) .  A t  1909 h o u r s  t h e  f l i g h t  r e p o r t e d  t o  Bahra in  t h a t  i t  was l e a v i n g  FL 300, 
and a t  1926 h o u r s  t h a t  i t  was e s t i m a t i n g  t h e  Dhahran NDB i n  two minu tes .  A t  1928 h o u r s  i t  
c o n t a c t e d  Dhahran and r e p o r t e d  "5 000 f t  descending".  It was c l e a r e d  f o r  a n  ADF approach  
and r e q u e s t e d  t o  r e p o r t  a t  4 000 f t  and outbound a t  2  000 ft, QNH 1 006 mb. At  1929 h o u r s  
i t  r e p o r t e d  l e a v i n g  4  000 f t  and a t  1930 h o u r s  p a s s i n g  2  500 f t  and t u r n i n g  inbound. It w a s  
t h e n  c l e a r e d  t o  f i n a l  approach  and r e q u e s t e d  t o  r e p o r t  r e a c h i n g  minimum and runway i n  s i g h t .  
A t  app rox ima te ly  1932 h o u r s  a  s h o r t  loud t r a n s m i s s i o n  n o i s e  was r eco rded  by t h e  Tower. No 
f u r t h e r  message was r e c e i v e d  from t h e  f l i g h t .  I t  was s u b s e q u e n t l y  found t h a t  t h e  a i r c r a f t  
s t r u c k  t h e  sea at  t h e  comple t ion  of t h e  p rocedure  t u r n  4  NM o f f  s h o r e  and 1 0  NM s o u t h  of 
Dhahran A i r p o r t  (26°05'55"N - 50°13'36"E). The a c c i d e n t  o c c u r r e d  a t  1932 h o u r s  GMT. 

1 .2  I n j u r i e s  t o  p e r s o n s  

1.3 Damage t o  a i r c r a f t  

The a i r c r a f t  w a s  d e s t r o y e d .  

1 .4  O t h e r  damane 

None. 

I n j u r i e s  

F a t a l  

Non-f a t a l  

None 

C r e w  

7 

- 
- 

P a s s e n g e r s  

42 

- 
- 

+ 

O t h e r s  

- 
- 
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1 . 5  Crew informat ion 

The pilot-in-command, aged 33, he ld  a  v a l i d  a i r l i n e  t r a n s p o r t  p i l o t ' s  l i c e n c e  
wi th  a  Group 1 r a t i n g  f o r  Ca rave l l e  a i r c r a f t .  He had flown a t o t a l  of 9 193 hou r s ,  inc lud ing  
3 425 hours a s  pilot-in-command and 235 hours on Ca rave l l e s ,  of which 10:35 were i n  OD-AEM*. 

The c o - p i l o t ,  aged 36, a l s o  he ld  a v a l i d  a i r l i n e  t r a n s p o r t  p i l o t ' s  l i c e n c e  w i t h  a 
Group 2 r a t i n g  f o r  Ca rave l l e  a i r c r a f t .  He had flown a t o t a l  of 7 691 hours ,  inc lud ing  
1 680 hours  a s  pilot-in-command and 70 hours  on Ca rave l l e s ,  of which 29 hours  were i n  
OD-AEM*. 

The f l i g h t  eng ineer ,  aged 42, h e l d  Lebanese and French f l i g h t  eng ineer  l i c e n c e s  
with a  C la s s  I r a t i n g  f o r  t h e  Ca rave l l e  SE 210. He had flown a t o t a l  of 15 000 hours ,  
i nc lud ing  more than 1 500 hours on Carave l les ,mos t ly  on Carave l le  111 a i r c r a f t .  

1 . 6  A i r c r a f t  informat ion 

The a i r c r a f t  was a  Ca rave l l e  111. It had a v a l i d  Lebanese c e r t i f i c a t e  of 
r e g i s t r a t i o n  and a c e r t i f i c a t e  of a i rwor th ines s  v a l i d  u n t i l  29 January  1965. A c e r t i f i c a t e  
of maintenance, v a l i d  f o r  350 hours ,  had been i s sued  f o r  t h e  a i r c r a f t  on 5 Apr i l  1964.  

A t  t h e  completion of a f l i g h t  Beirut-Ankara-Beirut on t h a t  same day some t e c h n i c a l  
d e f e c t s  were r epo r t ed  and were c o r r e c t e d  p r i o r  t o  t h e  d e p a r t u r e  of t h e  a i r c r a f t  f o r  Dhahran. 

The maximum g ros s  weight allowed f o r  t h i s  f l i g h t  was 46 000 kg. A t  t h e  t ime of 
t h e  acc iden t  t h e  a i r c r a f t  weight was es t imated a s  being approximately 37 250 kg. A t  t h e  
commencement of t h e  f l i g h t  t h e  c e n t r e  of g r a v i t y  was a t  32.2Z, w e l l  w i th in  t h e  l i m i t s  
(25% - 39% MAC). 

* OD-AEM was t h e  only Ca rave l l e  I11 of t h e  MEA f l e e t  . The p i l o t ' s  instrument pane l  of 
t h i s  a i r c r a f t  d i f f e r e d  from t h e  instrument pane l  of Carave l le  V I  N a i r c r a f t  a s  
fo l lows : 

Instrument Ca rave l l e  111 Carave l le  V I  N 

A l t ime te r  Kollsman s i n g l e  p o i n t e r  drum Smiths two p o i n t e r s  

Airspeed I n d i c a t o r  Smiths two p o i n t e r s  Kollsman s i n g l e  p o i n t e r  
(100's) drum (10 ' s )  

Radio Al t imete r  Yes None 

RMI - Separa ted  by r a d i o  a l t i m e t e r  Adjacent 

D i r e c t o r  Horizon Di f f e r en t  p r e s e n t a t i o n  

S tandbv Horizon Below r a d i o  a l t i m e t e r  Below stop-watch 

Turn & Bank I n d i c a t o r  Below ILS i n d i c a t o r  Below VOR RMI 

The c o - p i l o t ' s  ins t rument  pane l  of t h i s  a i r c r a f t  a l s o  d i f f e r e d  i n  many i n s t a n c e s  from 
t h e  instrument pane l  of Ca rave l l e s  V I  N. 
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1.7 Meteoro log ica l  in fo rmat ion  

The f o r e c a s t  f o r  Dhahran supp l i ed  t o  t h e  f l i g h t  a t  1025 hou r s  a t  B e i r u t  was 
a s  fo l lows :  

Val id  from 18  - 2400 hours  - v i s i b i l i t y  15 NM, i n t e r m i t t e n t l y  2 NM 
f a l l i n g  t o  0 1  NM i n  sandstorm; wind ,  
140°/15 k t ,  g u s t i n g  25 k t ;  i n t e r m i t t e n t l y ,  
340°/25 k t ,  g u s t i n g  40 k t ;  c loud 4 / 8  Sc 
3 500 f t ,  5 / 8  A c  15  000 f t ;  t empora r i l y  
118 Cb 3 500 f t .  

A t  t h e  t i m e  of t h e  a c c i d e n t  t h e  weather  c o n d i t i o n s  a t  Dhahran A i r p o r t  were: 

cloud c e i l i n g ,  sky obscured;  v i s i b i l i t y  110 yd i n  d u s t  haze ;  
wind 10-20°/16 k t ,  g u s t i n g  22 k t ;  tempera ture  28i0c;  dew p o i n t  8i0c.  

1.8 Aids t o  n a v i g a t i o n  

Aids f i t t e d  t o  t h e  a i r c r a f t  were: VOR, ADF, ILS and a r a d a r  scope.  

The ADF and VOR both appear  t o  have been i n d i c a t i n g  c o r r e c t l y .  

Aids a v a i l a b l e  a t  Dhahran: VOR s i t u a t e d  on t h e  aerodrome about  500 yd e a s t  
of runway 34/16 and 2  000 yd no r th  of t h e  t h r e s h o l d  of runway 34. NDB (DH) s i t u a t e d  
1 .2  NM SSE of t h e  t h r e sho ld  of runway 34, wi th  which i t  was a l i g n e d .  

1 .9  Communications 

A l l  r a d i o  communications between t h e  a i r c r a f t  and a i r  t r a f f i c  c o n t r o l  a t  Bahrain 
and Dhahran were normal. 

1 .10  Aerodrome and mound f a c i l i t i e s  

Dhahran A i rpo r t  was f u l l y  o p e r a t i o n a l  throughout  t h e  a i r c r a f t ' s  approach.  The 
main runway was i n  use  - 34/16,  10 000 ft by 200 f t .  The approach l i g h t s  were n o t  i l l u m i n a t e d  
as they were under r e p a i r .  

1.11 F l i g h t  r e c o r d e r s  

Not mentioned i n  t h e  r e p o r t .  

1.12 Wreckage 

Salvage o p e r a t i o n s  were commenced t h e  day fo l lowing  t h e  a c c i d e n t  and about  95% 
of t h e  a i r c r a f t  s t r u c t u r e  was r ecove r td  i n  a n  a r e a  of about  250 f t  r a d i u s  from t h e  main 
body of t h e  a i r c r a f t .  A t  t h e  moment of impact t h e  a i r c r a f t  was s l i g h t l y  nose-down and 
banked t o  t h e  r i g h t .  The a t t i t u d e ,  t o g e t h e r  wi th  t h e  n a t u r e  and e x t e n t  of t h e  a i r f r a m e  
damage, appeared c o n s i s t e n t  w i t h  s t r i k i n g  t h e  water at  approach speed.  

The f r o n t  and r e a r  f u s e l a g e  s e c t i o n s ,  a l though d i sconnec ted  s t r u c t u r a l l y ,  were 
s t i l l  l o o s e l y  h e l d  by c o n t r o l  and e l e c t r i c a l  c a b l e s  and were sepa ra t ed  d u r i n g  s a lvage  
opera t  i ons .  



15L ICAO C i r c u l a r  82-AN169 

There was no f i r e .  

1.14 S u r v i v a l  a s p e c t s  

There were no su rv ivo r s .  Seventy passenger s e a t s  were recovered out  of a  t o t a l  
of 80. No evidence  w a s  found t o  i n d i c a t e  t h a t  any s e a t  had s u f f e r e d  damage due t o  d i sp l ace -  
ment by i n e r t i a  l oads  dur ing  impact. The r e l e a s e  of s e a t s  from t h e  forward f i r s t  c l a s s  
compartment was due t o  t h e  break-up and displacement of t h e  cab in  f l o o r  a s  t h e  f r o n t  fuse-  
l age  broke up fo l lowing impact wi th  t h e  water .  The s e a t s  i n  t h e  c e n t r e  p a r t  of t h e  fu se l age ,  
which remained a t t ached  t o  t h e  l e f t  wing, were s t i l l  s ecu re ly  f i x e d  i n  p o s i t i o n  and v i r t u a l l y  
undamaged. There was evidence  t h a t  most of t h e  passengers  had been s t rapped i n  t h e i r  s e a t s .  

1.15 T e s t s  and research  

The fo l lowing  equipment was removed from t h e  a i r c r a f t  and examined by A i r  France 
a t  Orly under t h e  gene ra l  d i r e c t i o n  of t h e  Minis tSre  des Travaux P u b l i c s  e t  des  Transpor t s :  

a )  p i l o t ' s  and c o - p i l o t ' s  a l t i m e t e r s ,  a i r  speed i n d i c a t o r s  and v e r t i c a l  speed 
i n d i c a t o r s ;  

b) both gyro u n i t s  wi th  p i l o t ' s  and c o - p i l o t ' s  HZ4 hor izon  i n d i c a t o r s ;  

c )  t h e  r a d i o  a l t i m e t e r ,  i n d i c a t o r  and swi tch  u n i t ;  

d) t h e  e l e v a t o r  and rudder f e e l  system; 

e )  t h e  f o u r  servodyne u n i t s  ope ra t i ng  t h e  a i r c r a f t ' s  f l y i n g  c o n t r o l  s u r f a c e s .  

It was not  p o s s i b l e  t o  c a l i b r a t e  e i t h e r  of t h e  a l t i m e t e r s ,  t h e  a i r speed  ind ica -  
t o r s  o r  t h e  v e r t i c a l  speed i n d i c a t o r s  due t o  co r ros ion  of t h e  mechanism fo l lowing  t h e i r  
immersion i n  s e a  water .  S t r i p  examination of t h e  mechanisms revea led  t h a t  a l l  ba romet r ic  
capsu les  were s e r v i c e a b l e  and no evidence of pre-crash f a i l u r e  o r  de fec t .was  found i n  t h e s e  
ins t ruments .  Both a l t i m e t e r s  were s e t  t o  1 0 0 6  mb. 

Complete f u n c t i o n a l  t e s t i n g  of t h e  gyro u n i t s  and computer could no t  be c a r r i e d  
out owing t o  the  e f f e c t s  of s a l t  depos i t i on  and co r ros ion  on e l e c t r i c a l  components. The 
d i r e c t i o n a l  and v e r t i c a l  gyros and t h e  HZ4 i n d i c a t o r  u n i t s  were t e s t e d  i n d i v i d u a l l y  and 
found t o  be capable  of normal opera t ion .  

The r a d i o  a l t i m e t e r  t r a n s m i t t e r  and r e c e i v e r  could not  be bench checked due t o  
damage and cor ros ion .  The s e l e c t o r  was a t  400 f t  and funct ioned c o r r e c t l y  a t  t h i s  p o s i t i o n .  
The i n d i c a t o r  was s e l e c t e d  t o  "small s c a l e "  wi th  t h e  swi tch  i n  t h e  "on" p o s i t i o n .  

Examination and checking of t h e  mechanical p o r t i o n  of t h e  rudder  and e l e v a t o r  
f e e l  systems revea led  no evidence of any pre-crash d e f e c t  o r  malfunct ion,  and t h e  s e t t i n g  
of t h e  t o r s i o n  ba r s  of t h e  spr ing load  system were c o r r e c t .  The p i t c h - c o r r e c t o r  a c t u a t o r  
was i n  t h e "  normal" p o s i t i o n .  S t r i p  examination of t h e  hyd rau l i c  components of t h e  s y s t e r .  
i . e .  t h e  a c t u a t o r s ,  t h e  p re s su re  reducing va lve  and t h e  on/off  s e l e c t o r  revea led  no evidel ;  . 
of any pre-crash d e f e c t  o r  malfunction.  The pre-crash  p o s i t i o n  of t h e  on/off  s e l e c t o r  c o ~ o  
not  be determined. 
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The fou r  servodyne u n i t s  o p e r a t i n g  a i l e r o n s ,  e l e v a t o r  and rudder  were bench t e s t e d  
and found t o  ope ra t e  normally.  No evidence was found of any pre-crash  d e f e c t  o r  mal func t ion .  

2 .  - Ana lys i s  and Conclus ions  

2 . 1  Ana lys i s  

It was be l i eved  t h a t  t h e  t i m e  a t  which t h e  loud t r ansmis s ion  n o i s e  w a s  t a p e  
recorded by Bhahran Tower, 64 seconds a f t e r  t h e  a i r c r a f t  had informed t h e  Tower t h a t  i t  was 
" tu rn ing  inbound", w a s  t h e  t i m e  of t h e  acc iden t .  S ince  t h e  a i r c r a f t  had been c l e a r e d  by 
Bahrain c o n t r o l  t o  5 000 f t  over  t h e  Dhahran NDB, i t  was be l i eved  t h a t  it was over  the 
beacon a t  about  t h e  t i m e  i t  r epo r t ed  "5 000 f t  descending".  A t  normal ins t rument  approach 
speed t h e  a i r c r a f t  could have descended t o  t h e  p o s i t i o n  where t h e  a c c i d e n t  took  p l a c e  i n  
t h e  3 minutes 26 seconds i n t e r v a l  between t h e s e  two t r ansmis s ions .  

A s  t he  Jeppesen NDB Instrument  Approach Chart  w a s  found l o o s e  i n  t h e  cockp i t  
a f t e r  t h e  a c c i d e n t ,  i t  was presumed t h a t  t h e  procedure l a i d  down i n  t h e  c h a r t  w a s  be ing 
c a r r i e d  ou t .  The Operator  drew a t t e n t i o n  t o  t h e  f a c t  t h a t  t h e  pilot-in-command w a s  ve ry  
f a m i l i a r  wi th  t h e  " tea rdropw p a t t e r n  approach procedure which was p r e s c r i b e d  f o r  Dhahran. 
The Jeppesen Instrument  Approach Chart  i n d i c a t e s  among o t h e r  t h i n g s  t h a t  t h e  procedure  
t u r n  should be made i n  l e v e l  f l i g h t  o r  completed a t  1 6 0 0  f t  QNH. A f t e r  t h e  complet ion 
of t h e  procedure t u r n  t h e  a i r c r a f t  may descend t o  t h e  OCL of 648 f t  (MEA's minimum is 
700 f t )  and con t inue  a t  t h i s  h e i g h t  inbound u n t i l  i t  a r r i v e s  overhead t h e  NDB. 

Evidences i n d i c a t e d  t h a t  a t  t h e  t i m e  t h e  a i r c r a f t  s t r u c k  t h e  water it was i n  an  
approach c o n f i g u r a t i o n  ( l o 0  f l a p  s e t t i n g  and underca r r i age  extended) .  I t s  speed could not 
be a c c u r a t e l y  e s t a b l i s h e d ,  a l though i t  was probably i n  excess of 154 k t  and may have been 
i n  t h e  range of 170 - 180 k t .  Its a t t i t u d e  on impact was s l i g h t l y  nose-down and banked t o  
t h e  r i g h t ,  which i n d i c a t e d  t h a t  t h e  a i r c r a f t  w a s  complet ing o r  had j u s t  completed t h e  
procedure t u r n .  A t  t h i s  po in t  t h e  a i r c r a f t  should have been a t  an  a l t i t u d e  of a t  l e a s t  
1 600 f t .  The t e c h n i c a l  examinat ion of t h e  wreckage f a i l e d  t o  produce any evidence  of 
mal func t ion  o r  f a i l u r e  of t h e  a i r c r a f t ,  its eng ines  o r  i ts  equipment. No ev idence  of 
exp los ion  o r  b i r d  s t r i k e  i n  f l i g h t  were found and t h e  manner i n  which t h e  a i r c r a f t  s t r u c k  
t h e  wa te r  suppor ted  t h e  conc lus ion  t h a t  t h e  a i r c r a f t  was o p e r a t i n g  normally a t  t h e  t i m e  
of t h e  a c c i d e n t .  

I n  cons ide r ing  whether t h e  acc iden t  might have been t h e  r e s u l t  of t h e  p i l o t - i n -  
command misreading h i s  primary altimeter o r  be ing confused over  h i s  f l i g h t  i n s t rumen t s ,  
t h e  Committee a p p r e c i a t e d  t h a t  under t h e  c o n d i t i o n s  p r e v a i l i n g  d u r i n g  an ins t rument  approach 
and t h e  environment c r e a t e d  by n i g h t  and sandstorm, both p i l o t s  would have been c o n c e n t r a t i n g  
on t h e i r  f l i g h t  ins t ruments .  A s  t h e  co-p i lo t  was known f o r  h i s  mental a l e r t n e s s  and h a b i t  
of c l o s e l y  moni tor ing  and commenting upon any v a r i a t i o n s  from t h e  c o r r e c t  conduct of a 
f l i g h t ,  and t h e  exper ienced f l i g h t  eng inee r  had a  r e p u t a t i o n  f o r  c l o s e l y  moni to r ing  t h e  
approach phase of a f l i g h t ,  i t  was d i f f i c u l t  t o  conceive t h a t  i f  t h e  pilot-in-command had 
permi t t ed  t h e  a i r c r a f t  t o  descend dangerously l o w  as  a r e s u l t  of mis read ing  h i s  a l t i m e t e r  
o r  be ing confused over  h i s  f l i g h t  i n s t rumen t s ,  it could have pkssed unnot iced  by t h e  o t h e r  
crew members. However, t h e  Committee examined t h e s e  p o s s i b i l i t i e s .  

Misreading of t h e  A l t i m e t e r  

The Committee cons idered  t h e  p o s s i b i l i t y  t h a t  t h e  pilot-in-command misread h i s  
pr imary altimeter ( p r e s s u r e  drum wi th  s i n g l e  p o i n t e r  type)  by 1 000 f t  h igh  and t hen  
decided t o  descend t o  t h e  OCL d u r i n g  t h e  procedure  t u r n .  
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The Committee no ted  t h e  s i m i l a r i t i e s  between t h e  s u b j e c t  a c c i d e n t  and two prev ious  
C a r a v e l l e  111 a c c i d e n t s ,  one a t  Augara (Esenboga) on 19 January ,  1960*,and t h e  o t h e r  a t  
Rabat on 12 September, 1961**. The two a i r c r a f t  involved i n  t h e s e  a c c i d e n t s  had s i m i l a r  
i n s t rumen ta t i on  and were c a r r y i n g  out  ADF ins t rument  approaches a t  n i g h t .  In  n e i t h e r  of 
t h e s e  a c c i d e n t s  w a s  any evidence  found of t e c h n i c a l  f a i l u r e  o r  mal func t ion  which could have 
caused t h e  a c c i d e n t s .  I n  both  ca se s  t h e  a i r c r a f t  were flown by exper ienced p i l o t s ,  and 
t h e  i n v e s t i g a t i n g  a u t h o r i t y  s t a t e d  t h a t  t h e  p o s s i b i l i t y  of t h e  p i l o t  misreading h i s  a l t i -  
meter could  n o t  be r u l e d  ou t .  

Fol lowing t h e  Rabat a c c i d e n t ,  t h e  t o p  p o r t i o n  of t h e  a l t i m e t e r ' s  window was 
blanked off  s o  t h a t  only one complete numeral of t h e  drum could be s een  a t  a  t i m e .  While 
t h e  Committee accepted  t h a t  t h i s  measure should have made i t  imposs ib le  f o r  a  p i l o t  t o  
misread t h e  ins t rument  by 1 000 f t  h i g h ,  n e v e r t h e l e s s  t h e  Committee d i d  no t  r u l e  out  t h i s  
p o s s i b i l i t y .  I t  a l s o  considered  i t  p o s s i b l e  t h a t  t h e  crew might have  been mis led  i n t o  a  
m i s i n t e r p r e t a t i o n  of t h e  h e i g h t  by a f a l s e  i n d i c a t i o n  on t h e  r a d i o  a l t i m e t e r .  

Following t r i a l s  c a r r i e d  ou t  i n  t h e  Sahara i n  1958, A i r  France i s sued  t h e  
fo l lowing t e c h n i c a l  i n s t r u c t i o n :  

"1. These r a d i o  a l t i m e t e r s  (RCA AVQ 6  and CSF AM 210) a r e  frequency modulated. 
Measurements i n  t h e  Saharan l abo ra to ry  and s imula ted  t r i a l s  on t h e s e  r a d i o  
altimeters have shown t h a t .  

- The e l e c t r i c  f i e l d s  surrounding t h e  a i r c r a f t  a r e  of t h e  o rde r  of 1 vo l t / cm i n  
calm wea ther ,  but  they exceed 150 vo l t s / cm i n  v i o l e n t  sandstorms.  

- Under t h e s e  c o n d i t i o n s ,  t h e  s t a t i c  d i s cha rge  wicks can no longer  ensu re  t h e  
cont inuous  d i s cha rge  of t h e  a i r c r a f t  and s e r i e s  of r a p i d  d i s cha rges  a r i s e  i n  
t hose  a r e a s  of t h e  a i r f r ame  which have a  smal l  r a d i u s  of cu rva tu r e ;  t h e  
phenomenon i s  maintained by t h e  cont inuous  e l e c t r i f i c a t i o n  produced by t h e  
g r a i n s  of sand and by a  s tate  of p a r t i a l  i o n i z a t i o n  n e a r  t h e  d i s r u p t i o n  p o i n t s .  

- The rate of r e p e t i t i o n  of t h e  d i s cha rges  comes w i t h i n  t h e  range of a c t i o n  
of t h e  computing c i r c u i t s  of t h e  r a d i o  a l t i m e t e r , s o  t h a t  i n t e r f e r e n c e  pu l s e s  
a r e  added t o  t h e  normal p u l s e s  r e s u l t i n g  from t h e  bea t i ng  of t h e  emi t t ed  and 
r ece ived  waves. For t h i s  r eason ,  t h e r e  is  sometimes an  i n d i c a t i o n  of he igh t  
p r e a t e r  t h a n  t h e  a c t u a l  h e i ~ h t  above t h e  ground. 

2.  Under t h e s e  c o n d i t i o n s ,  t h e  r a d i o  altimeter must be used only  wi th  t h e  g r e a t e s t  
c au t i on .  The p r e s s u r e  altimeter must be renarded as t h e  b a s i c  instrument  f o r  
measuring t h e  a i r c r a f t ' s  a l t i t u d e  and t h e  r a d i o  altimeter should be used only  
as a  c r o s s  check of t h i s  b a s i c  in fo rmat ion .  

3. It is on ly  i n  extreme ca se s  of ve ry  s t r o n g  sandstorms t h a t  t h e  p r e s s u r e  a l t i -  
meter may a l s o  g ive  er roneous  i n d i c a t i o n s  (sand i n  t h e  i n t a k e s  e t c . ) .  Under 
t h e s e  rare and s p e c i a l  cond i t i ons :  

* A i r c r a f t  Accident Diges t  No. 1 2 ,  page 108 
** A i r c r a f t  Accident Diges t  No. 13, page 169 
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- The i n d i c a t i o n s  of t h e  ins t ruments  must be c r o s s  checked and t h e  ins t rument  
g i v i n g  t h e  lowest  a l t i t u d e  must be used. 

- The approach must ilot be cont inued below 500 f t ;  a t  t h a t  a l t i t u d e ,  t h e r e  i s  
no t  s u f f i c i e n t  v i s i b i l i t y  of t he  ground t o  con t inue  t h e  approach v i s u a l l y .  I' 

A f t e r  t h e  acc iden t  t h e  r a d i o  altimeter was found swi tched "OQ" and t h e  range  
s e l e c t o r  set  a t  400 f t .  There was no mention i n  t h e  A i r  France o p e r a t i o n s  manual found 
i n  t h e  a i r c r a f t  of t h e  above t e c h n i c a l  i n s t r u c t i o n .  The o p e r a t o r  s t a t e d  t h a t  he  was 
unaware of t h e  t e c h n i c a l  i n s t r u c t i o n  and, consequent ly ,  had t aken  no a c t i o n  t o  warn p i l o t s  
no t  t o  r e l y  on t h e  r a d i o  altimeter i n  sandstorm cond i t i ons .  

Confusion of AS1 wi th  A l t i m e t e r  

The Committee then cons idered  t h e  p o s s i b i l i t y  t h a t  t h e  pilot-in-command mis took 
t h e  AS1 f o r  t h e  altimeter. It w a s  no ted  t h a t  h i s  expe r i ence  on t h e  s u b j e c t  a i r c r a f t  
(Ca rave l l e  111) w a s  only  about  10  hours  compared w i t h  approximate ly  225 hour s  on  t h e  
C a r a v e l l e  V I  N .  The V I  N is equipped wi th  double-pointer  altimeters and s i n g l e - p o i n t e r  
ASIs, whereas t h e  Ca rava l l e  111 had s i n g l e - p o i n t e r  a l t i m e t e r s  and double-pointer  ASIs ( s ee  
F igure  24-2).  Thus, when t h e  p o i n t e r s  of t h e  altimeter i n  t h e  V I  N are,  (say)  i n d i c a t i n g  
1 600 f t ,  they  are i n  t h e  same p o s i t i o n s  a s  t he  p o i n t e r s  of t h e  AS1 i n  a 111. 

I n  t h e  p a s t ,  a c c i d e n t s  have occurred  as t h e  r e s u l t  of a pane l  hav ing  two d i f f e r e n t  
ins t ruments  wi th  s i m i l a r  p r e s e n t a t i o n ,  wi th  t h e  r e s u l t  t h a t  t h e  p i l o t  had mis taken  one f o r  
t h e  o t h e r .  P i l o t s  have been found t o  make such mis takes  when making ins t rument  approaches 
i n  s i m u l a t o r s  when t h e  workload is h igh  and t h e  c o n d i t i o n s  under which a n  ins t rument  
approach was c a r r i e d  out  were d i f f i c u l t .  

I n  t h e  s u b j e c t  a c c i d e n t ,  however, t h e  method of p r e s e n t i n g  in format ion  on t h e  
a i r speed  i r i d i ca to r  was d i f f e r e n t  from t h e  method of p r e s e n t a t i o n  of in fo rmat ion  on t h e  
a l t i m e t e r .  It is t o  be noted a l s o  t h a t  t h e  a i r s p e e d  i n d i c a t o r  and t h e  altimeter i n  both  
t h e  Ca rave l l e  111 and Ca rave l l e  V I  N occupy r e s p e c t i v e l y  t h e  same geograph ica l  p o s i t i o n  
on t h e  ins t rument  pane l s ,  t h u s  making a p o s s i b i l i t y  of e r r o r  u n l i k e l y .  

The Committee found it  d i f f i c u l t  t o  conceive  how such a mis take  cou ld  have 
occur red  and remained unnot iced  by t h e  o t h e r  crew mmbers ,  u n l e s s  t hey  had been r e a s s u r e d  
by t h e  he igh t  be ing  e r roneous ly  i n d i c a t e d  by t h e  r a d i o  a l t i m e t e r .  

The Committee a l s o  cons idered  whether t h e  NDB r a d i o  n a v i g a t i o n a l  f a c i l i t y  may 
have provided i n a c c u r a t e  guidance due t o  n i g h t  e f f e c t  o r  t h e  adve t s e  e f f e c t  of a s t a t i c  
build-up i n  t h e  sandstorm cond i t i ons .  However, i n  view of t h e  use  of t h e  f a c i l i t y  by o t h e r  
a i r c r a f t  immediately be fo re  and s h o r t l y  a f t e r  t h e  a c c i d e n t ,  t h e  Committee w a s  s a t i s f i e d  t h a t  
t he  f a c i l i t y  opera ted  e f f i c i e n t l y .  The Committee was a lso e a t i s f i e d  t h a t  t h e  l a c k  of approach 
l i g h t i n g  f o r  runway 34 i n  no way c o n t r i b u t e d  t o  t h e  a c c i d e n t .  

High Ve loc i t y  Gust 

The Committee a l s o  cons idered  whether a t  t h e  t i m e  of t h e  acc iden t  t h e r e  w a s  a 
p o s s i b i l i t y  of v e r t i c a l  o r  h o r i z o n t a l  g u s t s  s u f f i c i e n t l y  s t r o n g  t o  i n c r e a s e  cons ide rab ly  
t h e  r a t e  of descen t  of t h e  a i r c r a f t .  It w a s  suggsated  t h a t  t h i s  s i t u a t i o n  could  have been 
aggravated  by t h e  a i r c r a f t  be ing i n  i t s  approach c o n f i g u r a t i o n ,  and t h a t  it wight  have been 
beyond t h e  p i l o t ' s  c a p a b i l i t y  t o  c o n t r o l  t h e  ensu ing  r a p i d  descent  i n  t h e  l i m i t e d  h e i g h t  
a v a i l a b l e  f o r  f u l l  recovery  t o  be e f f e c t e d .  
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The Senior  Meteorological  Of f i ce r  a t  Bahrain s t a t e d  t h a t  t h e  most severe  turbulence 
i n  the  a r e a  of t he  c rash  would have occurred between 1700 and 1730 hours GMT and t h a t  a t  t he  
time of t h e  crash he d id  not  be l ieve  t h a t  any unusually severe  tu rbulence  might have e x i s t e d .  

On t h e  o t h e r  hand, t he  chief  of t h e  Forecas t ing  Centre a t  Beirut  considered t h a t  
i n  view of the  condi t ions  i n  the  genera l  a r e a ,  t h e r e  was a very d i s t i n c t  p o s s i b i l i t y  of 
h o r i z o n t a l  and v e r t i c a l  wind shea r  i n  t h e  Dhahran l o c a l  a r ea  before  and a f t e r  19302 i n  the  
region from ground l e v e l  up t o  3 000 f t .  

A t  t h e  same t i m e ,  t he  department of t he  Minis t ry  of Aviat ion,  London, was requested 
t o  i n d i c a t e  what maghitude and type of gus t  would be requi red  t o  cause a Caravel le  111 a i r -  
c r a f t ,  i n  approach conf igura t ion ,  t o  e n t e r  an uncont ro l lab le  descent .  The Minis t ry  of 
Aviat ion gave the  fol lowing opinion: 

"According t o  our c a l c u l a t i o n s ,  only a gust  which l ed  t o  t h e  a i r c r a f t  s t a l l i n g  
could cause a n  uncont ro l lab le  descent .  The a i r c r a f t  would have been ab le  t o  recover 
e a s i l y  a f t e r  any smal le r  g u s t ,  an& i n  f a c t  s i n c e  it w a s  above i ts  minimum drag speed q u i t e  
a l a rge  gust  would have been needed even t o  increase  t h e  r a t e  of descent  a t  constant  t h r u s t .  

The minimum gus t  which would cause t h e  Caravel le  t o  s t a l l  a t  a n  a i r speed  of 
154 k t  would be anup-gust of about 90 f p s  EAS. Al t e rna t ive ly ,  a h o r i z o n t a l  gus t  of about 
100 f p s  could have reduced the  a i r speed  and hence have led t o  t h e  a i r c r a f t  s t a l l i n g .  E i the r  
of t hese  is,  of course,  an extremely v i o l e n t  gus t . "  

In  view of these  opinions ,  t he  Committee was unable t o  determine *ether o r  not 
a wind shear  of s u f f i c i e n t  magnitude t o  cause t h e  a i r c r a f t  t o  e n t e r  a pronounced r a t e  of 
descent w a s  present  i n  t h e  a rea .  

2 .2  Conclusions 

Find inns 

The crew were proper ly  l i censed  and q u a l i f i e d  t o  conduct t h e  f l i g h t  and had had 
adequate r e s t .  

The pilot-In-comnand w a s  more f a m i l i a r  wi th  the  manner i n  which the  a i r speed  and 
a l t i t u d e  information was presented i n  t h e  Carave l le  VI N,  campared wi th  : tha t  in t h e  sub jec t  
a i r c r a f t ,  but t h e  Committee was unable t o  conclude t h a t  t h i s  cont r ibu ted  t o  t h e  acc ident .  

The a i r c r a f t  had been  proper ly  maintained,  and was c o r r e c t l y  documented, equipped, 
f u e l l e d  and loaded f o r  t h e  f l i g h t  from Bei ru t  t o  Dhahran. A t  t h e  t i m e  of t he  acc ident  t he  
engines were running normally,  and t h e r e  w a s  no mechanical de fec t  o r  malfunction i n  t h e  
a i r c r a f t  , i ts  systems o r  instruments.  

Although the  repor ted  weather condi t ions  f o r  landing were unfavourable,  they 
did  not preclude t h e  pilot-in-command from making an approach t o  h i s  c r i t i c a l  he igh t  t o  
determine whether a landing could be c a r r i e d  ou t  i n  accordance with t h e  o p e r a t o r ' s  weather 
minima. 

It was not poss ib l e  t o  determine whether or  not  t h e r e  was a l o c a l  d i s turbance  
i n  t h e  a r e a  which produced a high v e l o c i t y  v e r t i c a l  o r  h o r i z o n t a l  gus t  e u f f i c i e n t  t o  have 
caused t h e  a i r c r a f t  t o  e n t e r  a phase i n  which t h e r e  w a s  a pronounced inc rease  i n  the  rate 
of descent .  
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The a i r  t r a f f i c  control .  a t  Dhahran Ai rpor t  rendered t h e  a i r c r a f t  a l l  necessary  
a s s i s t a n c e  dur ing  i t s  instrument approach,  and t h e  NDB and VOR r a d i o  nav iga t i on  a i d s  
funct ioned normally.  

The a i r c r a f t  f l ew i n t o  t h e  s e a  when descending and s l i g h t l y  banked t o  t h e  r i g h t  
i n  an  approach con f igu ra t i on .  It was complet ing,  o r  had completed, t h e  procedure t u r n  of 
t h e  NDB ins t rument  approach p a t t e r n .  

Cause o r  
Probable Cause(s)  

The probable  cause  of t h i s  acc iden t  cannot be a s c e r t a i n e d .  

3 .  - Recommendation 

That an  instrument l and ing  system (ILS) should  be i n s t a l l e d  a t  Dhahran I n t e r -  
n a t i o n a l  A i rpo r t .  

ICAO Ref.: ~ ~ 1 8 8 8  
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FIGURE 24-1 
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No. 25 

United Arab Air l ines ,  C m w t  4C, SU-ALL accident a t  Khartoum l[ntemational 
Airport, Republic of the Sudan an 22 April 1964. Report No. CA.7.E.120, 

. dated 2 ~Mav 1964, released by the  Department of - Civ i l  Aviation, Ministry 
of Ca-nications, Republic of the  Sudan 

1. - Znvesti~atfon 
1.1 History of the  f l i g h t  

Fl ight  767 was a scheduled in te rna t iona l  f l i g h t .  It departed Cairo at 2207 h o u r s  
CHT and arr ived a t  Khartoum a t  0320 hours GMT. It departed Khartoum a t  0415 with 8 crew 
and fO passengers, The undercarriage w a s  selected t o  the "up" posi t ion  a f t e r  take-off and 
all indicat ions were usual. Approximately seven minutes a f t e r  take-off t h e  green system 
pressure warning light came on and a rapid loss  of hydraulic pressure occurred. An inspection 
by the  f l i g h t  engineer revealed t h a t  the  corresponding tank was empty. At 0430 hours t h e  
p i l o t  requested authorizat ion from Khartwm t o  r e tu rn  because of a failure in the  green 
hydraulic system. Approaching t h e  a i r p o r t  the landing gear was lowered using the red system, 
but an  abnormal sound was heard combined with a sudden shock coming from the  right-hand s i d e  
of t h e  a i r c r a f t .  The nose and por t  wheels were t h e n  down and locked, whi l e  starboard was 
showing red and its mechanfcal indica tor  was up. Since a warning horn sounded when c l o s i n g  
the  throttles,  the crew were convinced that the starboard wheel was no t  locked down. A t  
0516 hours the pilot-in-command requested a u t h o r i z a t i o n  t o  j e t t i s o n  fue l  and t o  make an 
emergency landing. Fuel was reduced t o  a minimum, leaving i n  the port tank 400 kg more 
than in the  s tarboard one. A t  0624 hours t h e  a i r c r a f t  flew low aver the  runway and t h e  
pilot advised Control tha t  the  starboard undercarriage w a s  not fully locked and tha t  he 
would land the  a i r c r a f t  on runway 36, the main runway. During the  f i n a l  approach engines 1 
and 4 were stopped, and the approach was normal. A t  0632 hours the a i r c r a f t  touched down 
on the  port  main landing gear f i r s t ,  then levelled of f ,  but durlng the i n i t i a l  s tage  of 
the landing r o l l  it leaned v io len t ly  t o  starboard and veered s l i g h t l y  t o  t h e  right of the 
centre  l i n e  of the  runway. The starboard undercarriage had callapsed. At t h i s  stage 
800 metres of the  landing r o l l  had been completed. The a i r c r a f t  canre t o  rest on the runway 
about 1 260 metres from the threshold. The co-ordinates of the site were 15°36'00t'N - 
3 ~ ~ 3 3 '  30"~. 

1 . 2  I n ju r i e s  t o  person8 
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3 ;jamage t o  a i r c r a f t  

She a i r c r a f t  xas sobstant i a l l y  Jaxaged.  The damage was c o n f i n e d  t o  i n t e r c h a n g e a b l e  
i t e ! ? ~ ~ ,  i . e .  main u n d e r c a r r i a g e  d o o r ,  i n n e r  and o u t e r  s p l i t  f l a p s ,  i n n e r  and o u t e r  p l a i n  f l a p s ,  
p s d  ta!-~k whee l .  and f a i r i n g  and t h e  u n d e r c a r r i a g e  d o o r  o p e r a t i n g  l e v e r .  R e p a i r  o f  t h e  a i r c r a f t  
was completed on 2 h  A p r i  1 and  t h e  a i r c r a f t  was f lown back t o  C a i r o  on  t h a t  same day .  

1 . 4  O t h e r  damage 

Ko o b j e c t s  o t h e r  t h a n  t h e  a i r c r a f t  were  damaged. 

1 . 5  C r e w  i n f o r m a t i o n  

The c rew c o n s i s t e d  of 4 o p e r a t i n g  c rew and 4  c a b i n  a t t e n d a n t s .  No i n f o r m a t i o n  
r e g a r d i n g  t h e  c rew was c o n t a i n e d  i n  t h e  r e p o r t .  

1 . 6  A i r c r a f t  i n f o r m a t i o n  

No i n f o r m a t i o n  was c o n t a i n e d  i n  t h e  r e p o r t .  The a i r c r a f t  c a r r i e d  1 000  kg of 
f u e l  a t  t h e  time of t h e  l a n d i n g .  

1 . 7  M e t e o r o l o g i c a l  i n f o r m a t i o n  

Weather  c o n d i t i o n s  were  good. 

1 .8  A i d s  t o  n a v i g a t i o n  

Not p e r t i n e n t .  

1 . 9  Communications 

No communication d i f f i c u l t i e s  were ment ioned i n  t h e  r e p o r t .  

1 . 1 0  Aerodrome and ground f a c i l i t i e s  

Runway 36 is 2 134 metres l o n g  and 45 metres wide.  Its e l e v a t i o n  i s  1 256 f t  AMSL. 

1.11 F l i g h t  r e c o r d e r s  

Not ment ioned.  

1 . 1 2  Wreckage 

See  p a r a g r a p h  1.3. 

1 . 1 3  F i r e  - 
There  w a s  no f i r e .  The f i r e  r e s c u e  services were  p o s i t i o n e d  t o  e n s u r e  no 

f u r t h e r  i n c i d e n t .  

1 .14 S u r v i v a l  aspects 

C r e w  and p a s s e n g e r s  d i sembarked  i n  a n  o r d e r l y  manner.  
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1.15 Tests and r e s e a r c h  

Laboratory examination of t h e  fixed head of t h e  main re t rac t ion  jack of the star- 
board landing gear showed that it was one of a batch of 24 manufactured from a zinc-based 
a l l o y  (BTD 6831, an approved a l t e r n a t i v e  for copper-based a l l o y  (DTD 364). A l l  o t h e r  heads 
were manufactured from DTD 364, Every e f f o r t  was made t o  locate the 23 remaining heads i n  
o r d e r  t o  withdraw them from s e r v i c e ,  

Fur ther  tests were i n i t i a t e d  i n  order  t o  establish i f  any f u r t h e r  a c t i o n  may be 
required on copper-based a l l o y  heads. 

2. - Analysis  and conclusions 

2 . 1  Analysis  

I n v e s t i g a t i o n  showed t h a t  f a i l u r e  of the f ixed  head of t h e  main r e t r a c t i o n  jack  

- - had occurred, after which t h e  j ack  was no l o n g e r  a t t ached  t o  the r e t r a c t i o n  l e v e r ,  The 
S r a c t u r e  was-init i a t e d  %y f atigu& and was 3 inches long.   he‘ stress* l e v e l s  a t  the ends  of 

*. - 
t h i s  c r a c k  eventua l ly  --- r e s u l t e d  ,..-.- - i n  - a t ens ion  f a i l u r e  whikh extended past  the  ens-seal and - - m m  

prodiced ._ a - l o s s  _ _ _  . . of preszure  and f l u i d .  * A t  t h i s  stage t h e  jack w a s - s f i l l  i n  ode piece,  
- 

-although t h e  f i x e d  head -- - w a s  cracked f o r  about  h a l f  its circumierenke.* On s e l e c t i n g  un&r- 
c a r r i a g e  down on t h e  red system, s u f f i c i e n t  material remained t o  c a r r y  the-load rehui red  to ..- .- - - - -  
unlock  .- . - -  t h e  - - - -  r ad ius  - - rod,  b u t  as t h e  sys tem*pressure  b u i l t  up, t h e  f i n a l - s e v e r a n c e  of t he  j ack  
occurred allowing a free fall  .- , of th-4 undercarr iage l eg  and p r e v e n t i n g  i ts locking i n  t h e .  . . 
down position-. 

2.2 Conc l u s  ions  

F ind i n ~ s  

No informat ion was contained i n  t h e  r e p o r t  regarding the crew and t h e  a i r c r a f t .  
F a t i g u e  caused f r a c t u r e  of t h e  f ixed head of t h e  main r e t r a c t i o n  jack of t h e  s ta rboard  
undercarr iage,  A t ens ion  f a i l u r e  r e s u l t e d  producing a l o s s  of p ressure  and f l u i d  i n  t h e  
green system. F i n a l  severance of t h e  jack  allowed a f r e e  f a l l  of t h e  leg and prevented 
locking of t h e  s t a rboa rd  undercarr iage in  t h e  down pos i t i on .  

Cause o r  
Probable cause ( s )  

Fat igue f r a c t u r e  of t h e  f ixed  head of t h e  main r e t r a c t i o n  jack of t h e  s t a rboa rd  
undercarr iage.  

3. - Recommendations 

None were contained i n  t h e  r e p o r t .  

ICAO Ref. : AR1812 
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PART I1 

A I R  SAFETY ARTICLES 

Excerpts  from F l i g h t  Safe ty  Focus 
May, No. 3/1966, i s sued  by 

The F l i g h t  Safe ty  Committee, 
United Kingdom 

THE FLYING QUALITIES OF J E T  TRANSPORTS 

Large C.G.  Ran~e  

A l l  c i v i l  t r a n s p o r t s  need a reasonable  range of c e n t r e  of g r a v i t y  p o s i t i o n s  i n  
order  t o  c a t e r  f o r  t h e  loading of passengers and f r e i g h t .  O n  a piston-engine aeroplane,  
because of i t s  s t r a i g h t  wing, f u e l  loading i s  not  normally a l i m i t i n g  parameter i n  es tab-  
l i s h i n g  C.G.  t r a v e l .  On a b i g  j e t  t r a n s p o r t ,  however, two f a c t o r s  demand a l a r g e r  C.G.  
range than previously:  

1. T h e  u se  of f u e l  i n  t h e  wing due t o  t h e  sweep of t h e  wing r e s u l t s  i n  a 
l a r g e  change i n  t h e  c e n t r e  of g r a v i t y ,  t h e  C .G .  moving forward a s  t h e  f u e l  i s  
consumed. S imi l a r ly  f o r  use of the  c e n t r e  t ank  f u e l :  t h i s  i s  u s u a l l y  a l i t t l e  
forward and with t h e  use  of t h i s  f u e l  t h e  C .G .  w i l l  move a f t ;  

2.  Because of t h e  extremely long passenger compartments t h e  e f f e c t  of i nd i s -  
c r imina te  passenger loading and f r e i g h t  loading i s  exaggerated: hence t h e  
need f o r  a l a r g e  C.G .  range.  

The e f f e c t s  of extremes of C.G.  p o s i t i o n s ,  of course ,  a r e  t h e  same i n  a b i g  jet 
a s  i n  a piston-engine t r a n s p o r t  - only more so;  they r e f l e c t  p r imar i ly  i n  t h e  s t a b i l i t y  
and c o n t r o l l a b i l i t y  q u a l i t i e s  i n  t h e  l o n g i t u d i n a l  plane.  

A t  a very forward C.G. - 
- t h e  s t a b i l i t y  of t h e  aeroplane is increased and t h e  s t a t i c  and manoeuvre 

margins a r e  l a rge .  S t i c k  f o r c e s  f o r  manoeuvring are r e l a t i v e l y  h igh ,  l a r g e r  
s t i c k  movements a r e  r equ i r ed  f o r  a given manoeuvre and l a r g e r  t r i m  changes 
a r e  necessary f o r ,  f o r  example, a given speed change. The aeroplane i s  
gene ra l ly  heavy and less responsive  t o  handling i n  f l i g h t ,  and l a r g e r  and 
heavie r  f o r c e s  are necessary  f o r  take-off and landing.  

A t  a very a f t  C.G. - 
- the  s t a b i l i t y  of t h e  aeroplane i s  decreased and the s t a t i c  and manoeuvre 

margins a r c  smaller. S t i c k  f o r c e s  are comparatively l i g h t ,  s t i c k  movements 
are smaller and a smaller amount of t r i m  is necessary  f o r  any g iven  change. 
The aeroplane is gene ra l ly  l i g h t e r  and more responsive .  
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A l l  ae rop lanes ,  of course ,  have acceptable h a n d l i n g  q u a l i t i e s  throughout  the 
c e r t i f i c a t e d  C.G. range and no special b r i e f i n g  should  be necessary. However, because of 
t h e  domestic limfts inside t h e  certificated l i m i t s  which most o p e r a t o r s  prudent ly  impose, 
i t  i s  rare f o r  a l i n e  p i l o t  t o  experience the change'in handl ing q u a l i t i e s  which go w i t h  
extremes of C.G. p o s i t i o n s .  Broadly, i t  is worth h igh - l i gh t ing  t h e  h igh  s t i c k  f o r c e s  which  
can be r equ i r ed  t o  f lare  a t  forward CcG. and t h e  comparative d e l i c a c y  with which t h e  
elevator c o n t r o l  should be used a t  a f t  C.G.; i t  i s  particularly important  not  t a  overtrim 
the t a i l  when manoeuvring on a f t  C.G. a t  h igh  speeds. 

Var iab le  Incidence T a i l p l a n e s  

The f ixed  t a i l l e l e v a t o r  con f igu ra t ion  can become r a t h e r  l i m i t e d  when d e a l i n g  
w i t h  a very l a r g e  C . G .  range.  For an aeroplane i n  balance l o n g i t u d i n a l l y  i n  ideal c r u i s i n g  
f l i g h t  t h e  weight a c t s  downwards through t h e  same po in t  as t h e  l i f t  a c t s  upwards on the 
wing and t h e  t a i l  i s  no t  c a l l e d  upon t o  provide any balancing force.  I f  t h e  C.G. i s  now 
moved a long way forward t h e r e  w i l l  be a nose-down tendency which is counte rac ted  by 
'upr -e leva tor  producing t h e  r equ i r ed  balancing f o r c e  downwards from t h e  t a i l p l a n e :  f o r  a 
s i g n i f i c a n t  a f t  movement of t h e  C.G. t h e  r e v e r s e  would apply.  For l a r g e  changes of C .G. ,  
p o s i t i o n s  could be  a r r i v e d  a t ,  a t  which t h e  e l e v a t o r  would be f u l l y  d e f l e c t e d  - and no 
f u r t h e r  c o n t r o l  i n  t h e  p i t c h i n g  sense  would be a v a i l a b l e .  

With a v a r i a b l e  incidence t a i l ,  however, a s  t h e  C . G .  i s  moved over comparat ively 
l a r g e  d i s t a n c e s ,  t h e  incidence of t h e  t a i l  is a l t e r e d  t o  provide  t h e  ba lanc ing  f o r c e  and 
t h e  e l e v a t o r  remains i n  t h e  s t reaml ined  p o s i t i o n .  Because the t a i l  area i s  much l a r g e r  
than  t h e  e l e v a t o r  a r e a  the tail needs t o  move through a smaller angle  t o  produce the  

1 t required balancing f o r c e  and, t h e  e l e v a t o r  always being n e u t r a l "  t o  t h e  t a i l p l a n e ,  f u l l  
e l e v a t o r  control remains a v a i l a b l e  a t  a l l  times. This  l a r g e  i nc rease  i n  balancing farces 
a v a i l a b l e  from a V , I .  t a i l  makes a l a r g e  C.C. range a p r a c t i c a b l e  p ropos i t i on .  

There a r e  o the r  advantages of a VI1, t a i l :  

- I n  p r a c t i c e  a f i x e d  t a i l  c a r r i e s  a small down load i n  the c r u i s e  i n  o rder  not  
t o  l i m i t  t h e  amount of ' up t -e leva tor  r e q u f r e d f o r ,  s a y , a  forward C,G,  landing;  
a V . I .  t a i l  can be set t o  be a t  an optimum incidence f o r  t h e  c r u i s e ,  thus  
reducing t h e  d rag ;  

- While d rag  i s  p ropor t i ona l  t o  lift, the p r o f i l e  drag of a f i x e d  t a i l  wi th  a 
grossly d e f l e c t e d  elevator is much more than  t h e  p r o f i l e  drag of a V.1, t a i l  
w i t h  a s l ips t reamed elevator producing t h e  same balancing f o r c e .  

In d e a l i n g  wi th  the consequences of having a V . I .  t a i l ,  t h i s  b a s i c  f a c t  must be 
k e p t  i n  mind - i t  is ve ry  powerful. Because t h e  e l e v a t o r ,  when i n  trim, i s  always s l i p -  
s treaming the t a i l ,  i t  remains a v a i l a b l e  over i t s  full range and can be smal ler  t h a n  t h e  
e l e v a t o r  on a f i x e d  t a i l  a i r c r a f t  - simply because t h e  V.1. t a i l  can be set t o  meet the 
bu lk  of t h e  demand and the e l e v a t o r  remains t o  look a f t e r  t he  rest. On a V . I .  t a i l  
aeroplane, theregore, t h e  e l e v a t o r  is smaller, and less e f f e c t i v e  i n  i s o l a t i o n  than i t  is 
on a fixed t a i l  aeroplane.  This enormous power i n  a V . I .  t a i l  can be a good servant when 
requ i red  bu t  an impossible  master when n o t  r equ i r ed .  Normal manoeuvres should be c a r r i e d  
out on t h e  e l e v a t o r  a lone  and t h e  t a i l  trimmed t o  remove t h e  r e s i d u a l  s t i c k  f o r c e  a f t e r  t h e  
manoeuvre h a s  been completed. I f ,  i n  a n  extreme case ,  the  tail i s  needed t o  a s s i s t  i n  a 
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manoeuvre, i t  shou ld  be  used s lowly  and c a r e f u l l y  and i t s  e f f e c t  on t h e  a e r o p l a n e  mon i to red  
a l l  t h e  t i m e ;  a t  v e r y  h i g h  s p e e d s ,  p a r t i c u l a r l y ,  a  V . I .  t a i l  s h o u l d  be used  o n l y  i n  s h o r t  
b u r s t s  and t h e  f u l l  e f f e c t  be  a p p r e c i a t e d  b e f o r e  any more t a i l  change i s  made. I f  a V . I .  
t a i l  should  be g r o s s l y  mis-set, e . g . ,  b e f o r e  t a k e - o f f ,  t h e r e  i s  e v e r y  l i k e l i h o o d  t h a t  n o t  
o n l y  w i l l  t h e  r e s u l t i n g  s t i c k  f o r c e s  be t o o  h i g h  t o  h o l d  b u t ,  even  i f  t h e y  c o u l d  be h e l d ,  
f u l l  e l e v a t o r  d e f l e c t i o n  would be  i n s u f f i c i e n t  t o  c o n t r o l  t h e  a e r o p l a n e .  For  t ake -o f f  i t  
i s  v i t a l  t h a t  t h e  V . I .  t a i l  be set p r e t t y  c l o s e l y  t o  t h e  p r o p e r  s e t t i n g  a c c o r d i n g  t o  t h e  
C.G.  p o s i t i o n .  

V a r i a b l e  i n c i d e n c e  t a i l p l a n e s  can  f a i l  i n  two ways : (a )  a  s i m p l e  s t u c k  t a i l  and 
(b )  a  runaway t a i l .  

( a )  A s imple  s t u c k  t a i l  is  no  t r o u b l e .  Some a e r o p l a n e s  make p r o v i s i o n  f o r  
handwinding o r  s low s t andby  e lec t r ica l  o p e r a t i o n  of  a f a i l e d  power s y s t e m  
t o  t h e  t a i l ;  i n  t h i s  c a s e  i t  i s  o n l y  n e c e s s a r y  t o  make changes  of con- 
f i g u r a t i o n ,  power and speed  i n  p l e n t y  of  t i m e  t o  a l l o w  f o r  t h e  v e r y  s low 
r a t e  of t a i l p l a n e  change.  On t h o s e  a e r o p l a n e s  where no such  p r o v i s i o n  i s  
made and i n  a  r e a l  ' s t u c k  t a i l '  c o n d i t i o n ,  l i f e  i s  a l i t t l e  more d i f f i c u l t  - 
b u t  n o t  much, s o  l o n g  a s  you know what t o  do.  I f  you e n j o y  t h e  f a c i l i t y  
of s p l i t  f l a p s  o r  s p o i l e r s  t o  a l t e r  t h e  b a s i c  p i t c h  t r i m  o f  t h e  a e r o p l a n e ,  
t a k e  advan tage  o i  them,of  c o u r s e .  I f  n o t ,  remember t h a t ,  s o  l o n g  as you 
m a i n t a i n  t h e  speed  a t  which t h e  t a i l  s t u c k  you w i l l  remain s u b s t a n t i a l l v  
i n  t r i m .  

T h i s  shou ld  be  s u f f i c i e n t  r e a s o n  t o  d e c l a r e  a n  emergency and f l y  t h e  
remainder  of  t h e  f l i g h t  as  c l o s e l y  as p o s s i b l e  t o  t h i s  o r i g i n a l  speed .  
P l a n  f o r  a  l o n g  f i n a l  and r e d u c e  t h e  speed  as l a t e  as p r u d e n t l y  p o s s i b l e  
i n  o r d e r  t o  keep t o  a  minimum t h e  l e n g t h  of t i m e  f o r  which h i g h  s t i c k  
f o r c e s  w i l l  have  t o  be  h e l d .  Use a reduced  f l a p  s e t t i n g  o r  a h i g h e r  speed  
f o r  l a n d i n g  i f  d i s t a n c e  i s  n o t  a t  a l l  l i m i t i n g .  Guard a g a i n s t  t h e  tendency  
t o  come below t h e  g l i d e  p a t h  because  of  t h e  s u b c o n s c i o u s  r e l a x i n g  of t h e  
h i g h  p u l l  f o r c e s  i n v o l v e d  o v e r  an a p p r e c i a b l e  l e n g t h  o f  t i m e .  With t a i l s  
s t u c k  w i t h i n  t h e  normal  f l i g h t  s e t t i n g s  t h e r e  s h o u l d  be  no l a c k  of e l e v a t o r  
a v a i l a b l e  f o r  t h e  l a n d i n g .  It i s  a l s o  p o s s i b l e ,  o f  c o u r s e ,  t o  v a r y  t h e  
C.G. of  t h e  a e r o p l a n e  i n  o r d e r  t o  make l i f e  easier: i f  t h e  t a i l  h a s  s t u c k  
i n  t h e  c r u i s e ,  any speed  r e d u c t i o n  o r  f l a p  e x t e n s i o n  w i l l  need  a p u l l  f o r c e  
on t h e  c o n t r o l  column; t h i s  can  be  a l l e v i a t e d  by g e t t i n g  t h e  C.G. f u r t h e r  
a f t  - e i t h e r  by moving t h e  p a s s e n g e r s ,  i f  p o s s i b l e ,  a n d / o r  a n o n s t a n d a r d  
f u e l  usage .  

( b )  A runaway t a i l  must be s t o p p e d  as soon as p o s s i b l e .  T h e r e  are approved  
d r i l l s  f o r  t h i s  emergency f o r  e v e r y  a e r o p l a n e .  I f  t h e  runaway i s  a r r e s t e d ,  
e i t h e r  handwind back ,  o r  proceed  as f o r  a s t u c k  t a i l  above f o r  a  nose-down 
s t u c k  t a i l ;  f o r  a  nose-up s t u c k  t a i l ,  o r  c o u r s e ,  one s h o u l d  g e t  t h e  C.G. 
more forward .  I f  t h e  runaway i s  n o t  a r r e s t e d ,  l i f e  i s  go ing  t o  be v e r y  
d i f f i c u l t .  The f a c t  t h a t  some a e r o p l a n e s  c a n  be  f lown under  some condi-  
t i o n s  of  c o n f i g u r a t i o n  and speed  w i t h  a f u l l  runaway t a i l  i s  o n l y  of 
academic i n t e r e s t .  I f  t h i s  s h o u l d  occur  a t  h i g h  s p e e d ,  t h e  a e r o p l a n e  i s  
a lmost  bound t o  b e  l o s t  - t h e  on ly  hope i s  t o  g e t  t h e  speed  o f f .  T h e r e  i s  
no p o i n t  i n  t a k i n g  t h i s  a n a l y s i s  any f u r t h e r :  t h e  d e s i g n  of  a e r o p l a n e s  is 
such t h a t  t h e  f a i l u r e  t o  s t o p  t h e  runaway w i l l  n o t  o c c u r .  Su ,  i f  t h e  t a i l  
s t a r t s  o f f  on i t s  own o r  d o e s n ' t  s t o p  moving when t h e  i n p u t  i s  removed, 
t a k e  t h e  r e q u i r e d  emergency a c t i o n  immedia te lv .  
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E x c e r p t s  f rom F l i g h t  S a f e t y  Focus 
J u n e ,  No. 411966, i s s u e d  by 
The F l i g h t  S a f e t y  Committee,  

U n i t e d  Kingdom 

1. AIR MISSES 

A t  p r e s e n t  t h e r e  i s  no common d e f i n i t i o n  of a n  A i r  Miss. S e v e r a l  e x p r e s s i o n s ,  
I I  such  a s  " r i s k  of c o l l i s i o n " ,  h a z a r d o u s  s i t u a t i o n " ,  e t c . ,  a r e  used b u t  a s  t h e  most impor- 

t a n t  s i n g l e '  f a c t o r  i s  s a f e t y ,  t h e n  i t  i s  c o n s i d e r e d  t h a t  i f  t h e  man on t h e  s p o t ,  t h e  p i l o t ,  
makes a n  a i r  m i s s  r e p o r t  t h e n  a n  i n c i d e n t  h a s  o c c u r r e d .  T h i s  may n o t  n e c e s s a r i l y  mean 
t h a t  a n  a i r  m i s s  h a s  been  e x p e r i e n c e d  bu t  even  when two a i r c r a f t  come i n t o  c l o s e  p r o x i m i t y  
w i t h o u t  t h e  r i s k  of c o l l i s i o n  i t  i s  p o s s i b l e  t h a t  a  l e s s o n  c a n  be l e a r n t  i n  t h e  hope of 
p r e v e n t i n g  a  r e p e t i t i o n .  

The b a s i s  of  a n  A i r  Miss i n v e s t i g a t i o n  is t h a t  i t  i s :  

( a )  f i r s t  r e p o r t e d ;  

( b )  i n v e s t i g a t e d  and a n a l y s e d  by t h e  a p p r o p r i a t e  a u t h o r i t i e s  t o  p roduce  f a c t s ;  

( c )  r e p l i e d  t o  i n  f u l l  t o  t h e  O p e r a t o r  conce rned  w i t h i n  a r e a s o n a b l e  t i m e ;  

( d )  f o l l o w e d  up i f  n e c e s s a r y  and l e s s o n s  l e a r n t .  

I n  t h i s  r e s p e c t  i t  i s  n e c e s s a r y  t h a t  S t a t e s  shou ld  have a  sys t em f o r  t h e  r e p o r t -  
i n g  and a n a l y s i n g  of a i r  m i s s e s .  T h i s  would t h e n  p r o v i d e  v a l u a b l e  i n f o r m a t i o n  f o r  t h e  
r e v i e w  of A i r  T r a f f i c  C o n t r o l  p r o c e d u r e s  and s e p a r a t i o n  c r i t e r i a ,  a s  w e l l  a s  h i g h l i g h t  
where s p e c i f i c  p rob lems  l i e .  

Al though i n v e s t i g a t i n g  a u t h o r i t i e s  w i l l  n o t  a lways  a g r e e  a s  t o  whe the r  a  r e p o r t  
c o n s t i t u t e s  a n  a i r  m i s s ,  d e f i n i t i o n  is n o t  c o n s i d e r e d  i m p o r t a n t ,  r e p o r t i n g  must n o t  be 
i n h i b i t e d  and t h e  f l ow must be  k e p t  g o i n g  t h r o u g h  t o  them s o  t h a t  any d i s t u r b i n g  t r e n d s  
may be uncovered .  

When a  r e p o r t  i s  made, i t  i s  f o l l o w e d  up by t h e  O p e r a t o r  conce rned  w i t h  t h e  
a p p r o p r i a t e  agency i n  t h e  c o u n t r y  where t h e  a c c i d e n t  o c c u r r e d .  T h i s  sys t em works q u i t e  
w e l l  and depends  on f r i e n d l y  c o - o p e r a t i o n ,  b u t  i n  c a s e s  where a  s a t i s f a c t o r y  r e p l y  i s  n o t  
f o r t h c o m i n g  t h e n  t h e  ? f i n i s t r y  of A v i a t i o n  c a n  be a sked  t o  a s s i s t .  

Having looked  a t  t h e  r e p o r t i n g  p r o c e d u r e  f o r  a i r  misses it i s  n e c e s s a r y  t o  l o o k  
a t  why t h e y  o c c u r .  The re  a r e  a  number of f a c t o r s  which c o n t r i b u t e  t o  t h i s  p rob lem,  amongst 
which are: 

( a )  IFR/vFR mixed. I n  t h e  p a s t  much v a l u e  h a s  been a t t a c h e d  t o  ' l o o k - o u t ' .  
However, i n  t h e  j e t  a g e  t h e  v a l u e  of t h i s  h a s  been r educed  t o  a minimum 
and t h e r e  i s  a c a s e  f o r  c i v i l  a i r c r a f t  f l y i n g  a t  a l l  times i n  a c o n t r o l l e d  
a i r s p a c e  on a n  IFR p l a n .  
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( b )  C i v i l / m i l i t a r y  c o n f l i c t s .  More in s t ances  of a i r  misses from c i v i l /  
m l l t t a r y  c o n f l i c t  occur i n  West European a i r s p a c e  than  anywhere e l s e .  
S i g n i f i c a n t l y ,  fewer cases  due t o  t h i s  c o n f l i c t  occur i n  United S t a t e s  
a i r space  s i n c e  t h e  in t roduc t ion  of a s i n g l e  c o n t r o l l i n g  agency f o r  a l l  
a i r s p a c e  users .  Action should be taken t o  improve the  s i t u a t i o n  i n  
Western Europe where t h e r e  i s  s o  much m i l i t a r y  t r a f f i c  by many n a t i o n a l  
a i r  f o r c e s .  

( c )  A i r  T r a f f i c  Control .  The q u a l i t y  of A i r  T r a f f i c  C o n t r o l l e r s  and the  equip- 
ment wi th  which they a r e  provided e s p e c i a l l y  i n  t h e  undeveloped c o u n t r i e s  
con t r ibu te s  t o  the  problem. Much remains t o  be done i n  the  f a c i l i t a t i o n  
of t r a i n i n g  and the  provis ion  of t he  t e c h n i c a l  means t o  provide a  modern, 
e f f i c i e n t  A i r  T r a f f i c  Service .  

(d) A i r  D i sc ip l ine .  I n  t h i s  r e spec t  s t r i c t  adherence t o  c l ea rances ,  r u l e s  and 
r egu la t ions  e t c . ,  by a l l  a i r space  use r s  i s  the  important f a c t o r .  

No doubt t h e r e  a r e  o ther  f a c t o r s  but i t  can be a n t i c i p a t e d  t h a t  whi le  f u t u r e  
c i v i l  a i r c r a f t  w i l l  r e q u i r e  t o  opera te  a t  even higher  a l t i t u d e s  than  h i t h e r t o ,  t h e  amount 
of a i r space  a v a i l a b l e  is b a s i c a l l y  of f ixed  dimension. Forecast  and planned t r a f f i c  
growths during t h e  next  decade mean even g r e a t e r  crowding i n  t h e  a i r s p a c e  with  an i n e v i t -  
ab le  s i g n i f i c a n t  rise i n  r i s k  of c o l l i s i o n  un le s s  remedial  a c t i o n  is taken. This  war ran ts  
t he  a t t e n t i o n  of a l l  concerned with  a v i a t i o n  opera t ions ,  and improvements should be fore-  
most i n  t h e  minds of a l l  respons ib le  a u t h o r i t i e s .  

2 .  THE FLIGHT SAFETY OFFICER 

Notes on t h e  func t ion ,  t h e  personal  q u a l i t i e s  necessary and t h e  d u t i e s  involved.  

Safe ty  and Economy 

The p rospe r i ty  and growth of an a i r l i n e ,  o r  an a v i a t i o n  indus t ry ,  i s  d i r e c t l y  
r e l a t e d  t o  s a f e t y  achievement; bu t  whereas p r o f i t  or d e f i c i t  must be accounted f o r  
annual ly ,  money invested i n  s a f e t y  cannot normally br ing  b e n e f i t  i n  a s h o r t  t i m e  s c a l e .  
It is s a i d  t h a t  s a f e t y  c o s t s  money. It should be an a i m ,  t h e r e f o r e ,  t h a t  a F l i g h t  Safe ty  
func t ion  should account f o r  i ts  e f f e c t i v e n e s s  by con t r ibu t ing  t o  management e f f i c i e n c y .  

C h a r a c t e r i s t i c s  of a  F l i g h t  Safety  func t ion  

A F l i g h t  Safe ty  func t ion  should not at tempt t o  r ep lace  primary b a s i c  organi- 
s a t i o n a l  r e s p o n s i b i l i t y .  It should be co-operative, remedial ,  advisory and non-punitive. 
Its aim must be t o  monitor a l l  experience and, through a  sys temat ic  process  of record ing ,  
i n v e s t i g a t i o n ,  c o r r e l a t i o n  and review, t o  advise  upon any changes considered necessary t o  
maintain o r  improve s a f e t y .  

The q u a l i t i e s  d e s i r a b l e  i n  a  F l i g h t  Safe ty  Of f i ce r  

H e  should possess  a good background of f l y i n g  experience.  H i s  b a s i c  purpose 
is t o  communicate e f f i c i e n t l y .  H e  should c u l t i v a t e  an atmosphere of confidence which w i l l  
enable him t o  e s t a b l i s h  and mainta in  continuously good l i a i s o n  wi th  t h e  ope ra t ions  and 
engineer ing d i v i s i o n s  of h i s  a i r l i n e  a t  every l e v e l  t o  ensure  e f f e c t i v e  s a f e t y  coverage 
of t he  whole operat ion.  
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The o r g a n i z a t i o n a l  p l a c e  of a  F l i g h t  S a f e t y  O f f i c e r  

I n  o r d e r  t o  ma in t a in  t h e  i n t e g r i t y  of r e s p o n s i b i l i t y  i n  t h e  normal management 
s t r u c t u r e ,  t h e  f u n c t i o n  should be adv i so ry  only .  .- 

The F l i g h t  S a f e t y  O f f i c e r  should  have d i r e c t  a c c e s s  and be r e s p o n s i b l e  t o  t h e  
c h i e f  execu t ive .  

The appointment should ,  i f  p o s s i b l e ,  be on a  f u l l - t i m e  b a s i s  t o  ensu re  t h a t  t h e  
o f f i c e r  can work independent ly  of f l i g h t  o p e r a t i o n s  and eng inee r ing  d i v i s i o n s .  

Where i t  i s  n o t  p o s s i b l e  t o  make a f u l l - t i m e  appointment and i t  i s  combined 
w i t h  o t h e r  d u t i e s ,  t h e  person appointed  should no t  be f i n a n c i a l l y  pena l i s ed .  I n  t h i s  c a se  
t h e  person appointed  should be of s u f f i c i e n t  s e n i o r i t y  t o  have a c c e s s  t o  and be a b l e  t o  
d i s c u s s  problems a t  every  l e v e l  w i t h i n  h i s  o r g a n i s a t i o n .  

I n  t h e  absence  of any o t h e r  independent i n v e s t i g a t i n g  body w i th in  t h e  organiza-  
t i o n ,  t h e  F l i g h t  S a f e t y  O f f i c e r  should conduct any i n t e r n a l  i n v e s t i g a t i o n  i n t o  t h e  a i r l i n e ' s  
i n c i d e n t s l a c c i d e n t s .  ( I n  t h i s  con tex t  i n v e s t i g a t i o n  means f a c t - f i n d i n g  only i n  accordance 
wi th  t h e  ICAO d e f i n i t i o n ,  d i f f e r e n t i a t i n g  between t h i s  and an  i nqu i ry . )  

The F l i g h t  S a f e t y  O f f i c e r  should have a n  o f f i c e  a t  t h e  main o p e r a t i o n s  base.  

The d u t i e s  o f  a F l i g h t  S a f e t y  O f f i c e r  

H e  should be f a m i l i a r  wi th  t h o s e  procedures  and p r a c t i c e s  of h i s  a i r l i n e  which 
have a  bea r ing  on s a f e t y .  He should a l s o  be a s  f a m i l i a r  a s  p o s s i b l e  i n  t h i s  r e s p e c t  wi th  
t h e  procedures  and p r a c t i c e s  of o t h e r  a i r l i n e s  t o  t h e  end t h a t  he  w i l l  sugges t  cons idera-  
t i o n  of any procedures  d i f f e r e n t  from t h o s e  i n  use  which might b e n e f i t  s a f e t y .  

The s e t t i n g  up, w i t h i n  h i s  o r g a n i z a t i o n ,  of a n  a c c u r a t e  r e p o r t i n g  and r eco rd ing  
system f o r  i n c i d e n t s  and a c c i d e n t s .  

- I n c i d e n t s / a c c i d e n t s  must be r e p o r t e d  on a p r e s c r i b e d  form designed f o r  t h e  
purpose of e s t a b l i s h i n g  b a s i c  f a c t u a l  and environmental  informat ion.  

- The r eco rd  should  i n c l u d e  a l l  r e p o r t a b l e  i n c i d e n t s / a c c i d e n t s  a s  de f ined  i n  
t h e  a i r l i n e  o p e r a t i o n s  manual. 

- It i s  e s s e n t i a l  t o  encourage t h e  d i s c r e t i o n a r y  r e p o r t i n g  of i n c i d e n t s  which 
could have l ed  t o  a c c i d e n t s  o r  which have a bea r ing  on t h e  s a f e t y  of opera- 
t i o n s  g e n e r a l l y .  

The in format ion  recorded from r e p o r t s  should be surveyed and analysed t o  es tab-  
l i s h  t r e n d s ,  and any neces sa ry  recommendations t o  management should be formula ted .  

The assembly and s e l e c t i v e  d i s semina t ion  of f l i g h t  s a f e t y  in fo rmat ion  from a l l  
sources  w i t h i n  h i s  own o r g a n i z a t i o n  and i t s  c o r r e l a t i o n  wi th  t h a t  provided by e x t e r n a l  
agenc ies  such a s  t h e  UKFSC, FSF, ICAO, IATA, ARB, MoA, BOAC, BEA, BIATA, manufacturers ,  
t h e  P r e s s ,  etc.  
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The provision of flight safety information to UK IncidentIAccident Exchange 
Scheme. 

The arrangement of periodic meetings with his executive and representatives of 
operational and engineering management for the purpose of reviewing systematically the 
overall safety of the airline's operation. 

The provision of adequate publicity for flight safety matters within his airline. 

Attending those national and international meetings on flight safety at which 
his airline decides to be represented. 

The maintenance of a reference library of flight safety information conveniently 
accessible to flight crew members and others who will wish to keep up to date with current 
flight safety matters. 

- END - 



ICAO TECHNICAL PUBLICATIONS 

The fotZow*fig summary gives the statzcs, attd also 
de.wri&es in general terms the cortiesi's o f  the vuviozcs 
series of technical pzct7lic~tions koced by the In to - -  
natio~al Civil Auiat ioa Organizat i o ~ ,  l i  does not incizsde 
specialized Publications flzat du ttoi fall sperificajfy 
within one of the serim, such. as the ICAO Aeronautical 
Chart Catalogue or the Meteorological Tables for 
International Air Navigation. 

INTERNATIONAL STAN;DARDS AND RECOM- 
MENDED PRACTICES are adopted by the Council 
in accordance with ArticIes 54, 37 and 90 of the Con- 
ventian on International Civil Aviation and are desig- 
nated, for convenience, as Annexes to the Convention. 
Tlte uniform application by Contracting States of the 
specifications comprised in the f nternat iolnal Standards 
is recogtlited as necessary fur the safety or  regularity 
of international air navigation while the uniform appfi- 
ca t io~~  of the specifcations 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 obtigation, under Article 38 of 
the Convention, to notify the Council of any differences. 
Knowledge of differences from Recommended Practices 
may also be important far the safety of air navigation 
arid, although the Convention does not impose any obii- 
gation with regard thereto, the Council has invited Con- 
tracting States to notify such differences in addition to 
those relating fo International Standards. 

PROCEDURES FOR AIR M V l G A T I O N  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 attained 
a sufficient degree of maturity for adoption as Inter- 
national 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 S tates to notify any differences 
between their national practices and the P A N S  when the 
knowledge of such differences is important for the 
safety of air navigation, 

REGIONAL SUPPLEMENTARY PROCEDURES 
CSUPPS) 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 publicafions are ~ r e ~ a r e l t  by  authority 
of the Secretary General in accordance with the 
prificigtes and Policies approved by $he Council. 

ICAQ FIELD MANUALS derive their status f r m  
the International Standards, Recommended Practices 
and r m s  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 their own use. 

TECHNICAL MANUALS provide guidance and in- 
formation in arnpli fication of the International Standards, 
Recommended Practices and PANS, the implementation 
of which they are designed to facilitate. 

AIR NAVIGATION PLANS detail requirements for 
facilities and services for international air navigation in 
the: respective ICAO Air Navigation Regions. They are 
prepared on the authority of the Secretary General dn 
the basis of recommendations of regional air navigation 
meetings and of the Council action thermn. The plans 
are amended periodically to reflect changes in require- 
ments and in the status of implementation 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 of 
Provisional Acceptable Means of Compliance. 



EXTRACT F R O M  T H E  C A T A L O G U E  

I C A O  S A L A B L E  P U B L I C A T I O N S  

ANNEX 

Annex 13 . A i r c r a f t  accident i n q u i r y  . 2nd e d i t i o n .  
March 1966. 16 pp ............................................... $0.50 

MANUAL 

Manual o f  a i r c r a f t  accident inves t iga t ion  . ( D O C  6 9 2 0 - ~ ~ / 8 5 5 / 3 )  . 
3rd e d i t i o n ,  1959. 257 pp . .................................... . 

ICAO C I R C U L A R S  

18-AN115 - A i r c r a f t  Accident Digest No . 1 . June 1 9 5 1  . 116 pg . . . .  $2.00 

. . 2 4 - A N / 2 1  - A i r c r a f t  Accident Diges t  No . 2 1952 1 7 0  pp . . . . . . . . .  $0.85 

. . 31-AN126 - A i r c r a f t  Accident Digest No . 3 1952 1 9 0  pp . . . . . . . . .  $1 .00  

........ . 38-AN/33 - Airc rd f t  Accident Digest No . 4 1954. 1 8 6  p p .  $3 .00  

. . . . . . . . . . .  39-AN134 - A i r c r a f t  Accident Digest No . 5 1955 186 pp $ 2 . 0 0  

. . 47-AN142 - A i r c r a f t  Accident Digest No . 6 1956 237 pp . . . . . . . . .  $2.50 

. . . . . . . . . . .  50-AN/45  - A i r c r a f t  Accident Digest No . 7 1957 2 4 5  p p  $2.50 

........ . . 54-AN149 - A i r c r a f t  Accident Digest No. 8 1958 212 p p .  $2.25  

. . . . . . . . .  . . 56-AN151 - A i r c r a f t  Accident Digest No . 9 1959 2 9 0  p p  $ 3 . 0 0  

. . . . . . . .  . . 59-AN154 - A i r c r a f t  Accident Digest No. 1 0  1961 2 8 6  pp $3.00 

....... . . 6 2 - A N / 5 7  - A i r c r a f t  Accident Digest No . 11 1961 2 6 6  p p .  $ 4 .  25 

. . . . . . . .  . . $4-ANfS8 - A i r c r a f t  Accident Digest No. 1 2  1963 3 7 6  pp $ 5 . 7 5  

. . . . . . . .  . . 69-AN/61 - A i r c r a f t  Accident Digest No . 13 1964 359 pp $5 .50  

7L-AN163 - A i r c r a f t  Accident Digest No. 1 4  . 
Volume f . 1965 . 115 pp ....................................... $2.00 
Volume 11. 1966 . 202 pp. ...................................... $3.25 

78-AN166 - A i r c r a f t  Accident Digest No. IS . 
Volume I . 1966 . 1 5 6  pp ....................................... $2.50  
Voluue I I  . 1967 . 256 pp. ...................................... $4.00 

82-AN169 - A i r c r a f t  Accident Digest No . 16 . 
Volume 1. 1968 . 171 pp . .  . . . . . . . . . . . . . . . . . . . . . . . . ~ . . l . l . L . . . . .  $2.75 

N B . - - c ~ s ~  remittance should accompany each o+tr . 

PRICE: U.S. $2.75 
(or equivalent in other currencies) 




