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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 tor- 
rective action can be undertaken to prevent further accidents from similar causes. ~hus, 
the ultimate object of accident investigation and reporting, which is to pewit the corn- 
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 recomended 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 
recotrimendations 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, A I G / ~ ~ )  under the title of "Consolidated 
~ f s t  of publications and Documents relating to Aircraft Accident Investigation Reports and 
Procedures, Practices, Research and Development Work in the field of Aircraft Accident 
Inveetigation received by the PICA0 Secretariat from Contracting States". This was followed 
by further summaries at regular intervals, the last report being issued on 31 J U ~ Y  1950 
(~ist No. 12, Doc 7026, AIGl513). 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 

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 asao- 
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 m n d i n g  the 
presentation of the summaries with a view to producing them in a more Standardized -ere 

*Provisional International Civil Aviation Organization. 
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Accordingly, the Secre ta r i a t  prepared a uniform plan using f ixed subjec t  headings, i n  an 
agreed order and with standard paragraph numbering, t o  enable readers  t o  ex t r ac t  per t inent  
information more read i ly ,  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 plan was submitted 
t o  the Third Session of the Accident Inves t iga t ion  Division (Montreal, 19 January - 
11 February 1965) f o r  i t s  consideration and development. The meeting accepted the concept 
of a uniform plan  but  modified t h e  d e t a i l s .  Summaries of accident inquiry repor t s  a r e  now 

: b-g prepared-io accordance with t he  f i n a l  vers ion  of the uniform plan, a s  approved by the 
Council_. This plan fo r - t he  "Su-ry of Accsen t  Reportn appears i n  ~ ~ ~ e k d i x  3 of Armex .- 13 - 
Airc ra f t  Accident Inquiry (Second Edit ion) .  

Digests a r e  now published i n  separa te  volumes. Two of these  uolumes contain 
summaries prepared by the  Sec re t a r i a t  from the  inquiry repor ts  received from S ta t e s  on 
accidents  which occurred i n  a pa r t i cu l a r  year and a l s o  normally contain one o r  more safe ty  
a r t i c l e s .  Thh second volume contains,  i n  addi t ion,  accident da ta  such a s  c l a s s i f i c a t i o n  
t ab l e s ,  s t a t i s t i c s  and a list of laws and regulat ions of S t a t e s  per ta in ing  t o  accident 
inves t iga t ion .  The o ther  volume(s) contain summaries of r epor t s  prepared by S t a t e s  i n  
accordance with paragraphs 6.3 and 6.4 of Annex 13. These summaries a r e  published a s  
received 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  publ icat ion of a separate  volumye 

It is hoped t h a t  S t a t e s  w i l l  continue t o  co-operate t o  the  f u l l e s t  extent  permitted 
by t h e i r  na t iona l  laws i n  submitting mate r i a l  f o r  t he  Digests i n  accordance with the  provi- 
s ions  of 6.3 and 6.4 of Annex 13. It is recognized t h a t  inves t iga t ions  take a d ive r s i t y  of 
forms under the va r i e ty  of cons t i tu t iona l  and j u r i d i c a l  systems t h a t  e x i s t  throughout the  
Contracting S t a t e s  of ICAO and tha t ,  f o r  t h i s  reason, accident inves t iga t ion  presents  one 
of the  most d i f f i c u l t  problems of s tandardizat ion i n  i n t e rna t i ona l  c i v i l  aviat ion.  A t  t he  
same time i t  is a most f r u i t f u l  source of mater ia l  f o r  the  attainment of the objec t ives  of 
t he  Chicago Convention. 

The usefulness  of such a publ ica t ion  a s  t h i s  is d i r e c t l y  proportional t o  the thorough- 
ness with which accidents  a r e  invest igated,  the frankness and impar t i a l i ty  of the  f indings,  
and the  readiness  with which they a r e  disclosed and authorized t o  be published. It i s  i n  
t h i s  way only t ha 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 rna t i ona l  co-operation can be e f f ec t i ve ly  
exploited.  The measure of i n t e r e s t  t h a t  t h i s  publ icat ion has aroused, and the  v i t a l  infor-  
mation i t  imparts amply demonstrate the  p o s s i b i l i t i e s  of ul t imate achievement when every 
acbident i s  invest igated with the g r ea t e s t  thoroughness and the  f indings disclosed with 
complete frankness. 

Res t r i c t ion  upon reproduction i n  t he  Digest ser ious ly  impairs, of course, the  use- 
fu lness  of any repor t ,  a s  i t  i s  only by comparison between t he  circumstances t h a t  occasioned 
the  accident and the circumstances of other  operations t h a t  po t en t i a l l y  haaardoue c i r c w  
s tances  can be foreseen and avoided. Names of persons involved may, however, be omitted 
without de t rac t ing  f r o m t h e  value of the  report .  

Follow-up ac t ion  and o ther  supplementary information o r  conmrents on an accident 
repor t  by t he  S t a t e  o f  Registry o r - S t a t e  of Occurrence provide useful  mater ia l  f o r  inclu- 
s ion  in  t h e  Digest. 

The mater ia l  f o r  t h i s  Digest has been obtained from var ious  sources, i s  pr in ted  f o r  
information only and does not  necessar i ly  r e f l e c t  t he  views of t he  In te rna t iona l  C i v i l  
Aviation Organization. 
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SUMMARIES OF AIRCRAFT ACCIDENT REPORTS AS PREPARED BY STATES 

No. 1 

L i n j e f l y g  AB, Convair 340/440, SE-CCK, acc iden t  a t  h g e l h o l m ,  Sweden, 
on 20 November 1964. The r e p o r t  w a s  submitted t o  t h e  Swedish Government 

on 26 May 1965 by a Spec ia l  Commission of Inqu i ry  

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

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

F l i g h t  LF 267 V ,  being engaged i n  scheduled domestic a i r  t r a n s p o r t  o p e r a t i o n s  
from Stockholm-Brom Ai rpo r t  t o  k g e l h o l m  Ai rpo r t ,  took o f f  from Bromma on 20 November 
1964, a t  1846 hours GMT. 

The a i r c r a f t  was flown i n  accordance wi th  an approved f l i g h t  p l a n  v i a  JLInkijping 
and Halmstad towards dlngelholm. While under approach i n  ins t rument  meteoro log ica l  condi- 
t i o n s  t o  runway 14 on h g e l h o l m  Ai rpo r t ,  t h e  a i r c r a f t  c o l l i d e d  wi th  t h e  ground a t  2014 
hours GMT about 2 km from the  runway and w a s  des t royed.  

The s i t e  of the  acc iden t  has t h e  co-ordinates N 56' 18 '  E 12' 51' and i s  s i t u a t e d  
about 20 m above sea  l e v e l .  The acc iden t  took p l ace  i n  darkness ,  

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 dest royed.  The t i p  of t h e  r i g h t  wing and t h e  r i g h t  under- 
c a r r i a g e  s t r u c k  t h e  ground f i r s t  and almost  s imultaneously.  About 80 m f u r t h e r  on, the 
a i r c r a f t  t o r e  off  t h e  e l e c t r i c a l  cab l ing  of t h e  ra i lway  l i ne  between Halmstad and h g e l h o l m .  
The r i g h t  o u t e r  wing then  s t r u c k  and bent  a pylon. A t  t h e  same time t h e  r i g h t  i nne r  wing 
knocked down a conc re t e  pole .  Upon c o l l i d i n g  with t h e  pole ,  t h a t  p a r t  of  t h e  r i g h t  o u t e r  
wing which l ies  o u t s i d e  t h e  engine n a c e l l e  was t o r n  o f f .  Af t e r  t h a t  t h e  a i r c r a f t  r o l l e d  ' 

over t o  t h e  r i g h t  and, about 250 m from t h e  spo t  where i t  had f i r s t  s t r u c k  t h e  ground, 
s t r u c k  the  ground once more with t h e  remains of t h e  r i g h t  wing. This  r e s u l t e d  i n  t h e  
r i g h t  engine and t h e  r i g h t  undercar r iage  being torn of f  t h e  fuse lage .  The a i r c r a f t  bounced 
and, as it continued t o  t u r n  over on its back, t h e  f o r e p a r t  of t h e  fuse l age  and t h e  l e f t  
wing s t r u c k  the  ground a f t e r  a f u r t h e r  35 m. Thereupon t h e  f u s e l a g e  t r a i l e d  a long  on i ts 
back f o r  another 150 m. It came t o  a s t a n d s t i l l  upside-down, wi th  i ts nose head ing .about  
320 degrees. With t h e  f r a c t u r i n ,  of t h e  l e f t  wing t h e  escaping p e t r o l  caught f i r e .  The 
f i r e  d id  no t ,  however, spread t o  t h e  fuse lage .  

I n j u r i e s  

F a t a l  

Non-fatal 

None 

Passengers 

2 9 

8 

2 - 

-. 

C r e w  

2 

I 

1 
..-- 

Others  

- 

- 
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1.4 Other  damage 

P a r t  of t h e  e l e c t r i c a l  c a b l i n g  of t h e  r a i lway  w a s  t o r n  o f f  and a number of p o l e s  
were knocked down o r  bent .  

1.5 Crew.  in fo rmat ion  

The pilot-in-conrmand was born  on 10 June 1926; h e  was t h e  h o l d e r  of a v a l i d  
airline t r a n s p o r t  p i l o t ' s  licence. This inc luded  a r a t i n g  f o r  Convair 3401440. He under- 
went p e r i o d i c a l  f l i g h t  t r a i n i n g  on 3 1  August 1964, and emergency t r a i n i n g  on 26 October 
1964. H i s  t o t a l  f l y i n g  t i m e  amounted t o  about  6 200 hours ,  of which 600 hours  were on 
Convair 340/440. During t h e  most r e c e n t  24-hour pe r iod ,  h e  had been on du ty  5:40 hours ;  
du r ing  t h e  most recent 7 days '  pe r iod ,  29:lO hours ,  and du r ing  t h e  most r e c e n t  30 days '  
p e r i o d ,  142:40 hours ,  h i s  f l i g h t  time being 3:10 hours ,  10:45 hours ,  and 59:35 hours  
r e s p e c t i v e l y .  The pilot-in-command was k i l l e d  i n  t h e  acc iden t .  

The co -p i l o t  was bo rn  on 24 August 1926; he 'was  the ho lde r  of a v a l i d  commercial 
p i l o t ' s  l i c e n c e  and of a n  ins t rument  r a t i n g ,  which inc luded  Convair 340/440. H e  underwent 
p e r i o d i c a l  f l i g h t  t r a i n i n g  on 29 August 1964, and emergency t r a i n i n g  on 12 October 1964. 
H i s  t o t a l  f l y i n g  time amounted t o  6 100 hours ,  of which 850 hours  had been accumulated on 
Convair 3401440. During t h e  most r e c e n t  24-hour pe r iod ,  h e  had been on du ty  10:15 hours;  
dur tng  t h e  most r e c e n t  7 days'  pe r iod ,  32:50 hours ;  and dur ing  t h e  most r e c e n t  30 days '  
pe r iod  148 hours ,  h i s  f l i g h t  t i m e  be ing 5:10 hours ,  18:40 hours ,  and 75:35 hours  respec-  
t i v e l y .  The co-p i lo t  w a s  k i l l e d  i n  t h e  a c c i d e n t .  

The two a i r  h o s t e s s e s  were engaged by t h e  Company i n  June and October 1964 
r e s p e c t i v e l y .  When t h e  a i r c r a f t  c rashed they were s e a t e d  i n  a double  seat f a r t h e s t  back 
on t h e  r ight-hand s i d e  w i t h  t h e i r  s e a t - b e l t s  f a s t ened .  

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 Ai rwor th iness  was v a l i d  u n t i l  31 March 1965. A l l  t h e  r equ i r ed  
mod i f i ca t i ons  of t h e  a i r c r a f t  and t h e  eng ines  of importance t o  i ts  a i r w o r t h i n e s s  had been 
c a r r i e d  ou t .  F u r t h e r ,  t h e  a i r c r a f t  had been modif ied i n  accordance wi th  Convair Se rv i ce  
B u l l e t i n  No. 340-144. From t h e  f l i g h t  l o g  of t h e  a i r c r a f t ,  i t  could be s een  t h a t  no 
remarks regard ing  t h e  a i r c r a f t ,  t h e  eng ines ,  o r  t h e  rest of t h e  equipment which might have 
been of in terest  t o  t h e  i n v e s t i g a t i o n  had been made dur ing  t h e  pe r iod  16-20 November 1964, 
and t h a t  a l l  t h e  remarks which had been made p rev ious  t o  t h i s  pe r iod  had been seen to .  

The weight and centre of g r a v i t y  were w i t h i n  t h e  p r e sc r ibed  l i m i t s .  

The type  o f  f u e l  used w a s  g rade  1081135. 

1.7 Meteoro lon ica l  informat ion 

Over sou thern  Scandinavia and n o r t h e r n  Germany t h e  weather  was very bad; i n  
g e n e r a l ,  it was c h a r a c t e r i z e d  by haze  and a l a r g e  amount of c loud w i t h  a v e r y  low c e i l i n g .  
Occas iona l ly  t h e r e  was r a i n  o r  d r i z z l e .  Western Scandinavia  w a s  under a depress ion ,  w i th  
a f r o n t  system developing i t s  peak a c t i v i t y  over  Denmark and sou thern  Sweden t r a v e l l i n g  
f a i r l y  r a p i d l y  i n  a sou th -ea s t e r l y  d i r e c t i o n .  I n  t h e  rest of Sweden, too,  t h e  weather  was 
bad. Over F in land  t h e  weather  w a s  compara t ive ly  good, and over  n o r t h e r n  Norway ve ry  good. 
A t  Bramma Ai rpo r t  t h e r e  w a s  some m i s t  when t h e  a i r c r a f t  took o f f .  The r epo r t ed  runway 
v i s u a l  range  was 1 500 m, and v e r t i c a l  v i s i b i l i t y  120 m. 
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When t h e  a i r c r a f t  w a s  on approach t o  Pingelholm Ai rpor t  t h e r e  w a s  8/8 s t r a t u s  wi th  
a base a t  about 100 m. Below t h i s  t h e r e  w a s  6-8/8 f r a c t o s t r a t u s  wi th  a base  a t  about 60 m. 
The meteorological  v i s i b i l i t y  va r i ed  between 1.5 and 3 km. I n  t h e  ground l a y e r  t h e r e  w a s  
a wind shear.  Thus, from 25 k t  a t  about 300 m a l t i t u d e ,  t he  speed of t he  wind aba ted  t o  
6 k t  on the  ground. A t  t h e  same time the  wind was veer ing t o  t h e  l e f t  a t  about 20 degrees  
as one approached t h e  ground. 

A t  t h e  a l t e r n a t e s  - MalmU-Bulltofta and Copenhagen-Kastrup - weather cond i t ions  
became more unfavourable as the  evening progressed. A t  t h e  time when a proposed a l t e r -  
na t ive  landing might have been made, t h e r e  w a s  about 5-718 cloud a t  both t h e s e  a i r p o r t s ,  
with the  base a t  about 100 m, and meteorological  v i s i b i l i t y  about 3 km. 

The meteorological  information given t o  the  crew p r i o r  t o  take-of f  w a s  r a t h e r  
b r i e f ,  p a r t l y  owing t o  pressure  of work at METEO, but t he  crew would a l l  the  same seem t o  
have g o t  a f a i r l y  good i d e a  of t h e  s i t u a t i o n  on g e n e r a l  lines. The f l i g h t  planning seems 
mainly t o  have been based on the  a v a i l a b l e  aerodrome f o r e c a s t s ,  a l l  of which were s l i g h t l y  
too  op t imis t i c .  

The acc ident  occurred i n  darkness. 

1.8 Aids t o  naviga t ion  

Two non-direct ional  r a d i o  beacons (NDB) on medium f requenc ies ,  both l o c a t e d  
approximately in the  assumed extension of t he  runway, t h e  one 10,4 km, and the  o t h e r  
3 080 m from t h e  runway threshold.  I n  a l l  p r o b a b i l i t y ,  both were func t ion ing  when t h e  
accident  occurred. Measurements o f , t he  f i e l d  s t r e n g t h  showed t h a t  t h e  propagat ion and 
the  e f f e c t  from both were normal. The rynge of the  l o c a t o r s  exceeded t h e  nominal, which 
i s  15 NM. The range of the  o u t e r  l o c a t o r  was about 40 NM. The check made of nearby 
beacons wi th in  t h e  same frequency range d i d  not i n d i c a t e  p o s s i b i l i t i e s  f o r  i n t e r f e r e n c e  
even dur ing darkness.  

1.9 Communications 

The. recorder  at t h e  tower showed t h a t  t he  r ad io  communications were of good 
qua l i ty .  The r a d i o  communications of t he  a i r c r a f t  were mainly handled by t h e  co-pilot .  

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

The aerodrome, which i s  s i t u a t e d  about 5 km n o r t h  of t h e  town of h g e l h o l m ,  i s  
a m i l i t a r y  base. The o f f i c i a l  aerodrome e l e v a t i o n  is 56 f t .  It h a s  two main runways, 14-32 
and 04-22. Their  dimensions are 1 950 x 40 m and 2 000 x 40 m r e spec t ive ly .  ~ u n v a ~  14-32 
w a s  provided w i t h  whi te  h igh  i n t e n s i t y  runway l i g h t s  a t  a d i s t a n c e  o f ,  in t h e  main, 75 m 
from each o t h e r , a n d  with  green and red  h igh  i n t e n s i t y  th re sho ld  l i g h t s  at both ends of 
t h e  runway. Runway 14  was f u r t h e r  provided wi th  a s i n g l e  row of h igh  i n t e n s i t y  approach 
l i g h t s  a t  50 m from each o the r  along a t o t a l  d i s t a n c e  of 340 m. Apart from t h e s e  l i g h t s ,  
t h e  l i g h t i n g  system i n s t a l l e d  a t  the  aerodrome comprises r e d  non-direct ional  low i n t e n s i t y  
runway l i g h t s  on runway 14-32, red  obs t ruc t ion  l i g h t s ,  and a r o t a t i n g  aerodrome beacon 
loca ted  near  t h e  tower. 

Northwest of t h e  aerodrome, a t  a d i s t a n c e  of 2 250 m from t h e  th re sho ld  of 
runway 14, and about 110 m southwest of t h e  aesumed ex tens ion  of t he  runway c e n t r e  line, 
t h e r e  was a kind of approach'- l ight  beacon, a so-called lead-in l i g h t  s p e c i a l l y  cons- 
t r u c t e d  f o r  t h e  aerodrome. It w a s  i n s t a l l e d  i n  1959 as a n  a i d  i n  the  m i l i t a r y  opera t ions .  
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The be-whose i n t e n s i t y  exceeded t h a t  of the  high i n t e n s i t y  approach l i g h t s  of t he  aero- 
drome,was d i rec ted  t o  the  northwest p a r a l l e l  t o  t he  runway cent re  l i n e .  I t c o n s i s t e d  of 
nine landing headl ights  mounted I n  a s tand i n  3 groups over each o the r ,  with 3 l i g h t s  i n  
every group. 

1.11 Fl ight  recorder 

A f l i g h t  recorder was not ca r r i ed  on board. 

1.12 Wreckage 

The si te of the  accident  cons i s t s  of a rab le  land with groups of trees only near 
t h e  farmhouses in the v i c i n i t y  of the site. The t e r r a i n  i s  somewhat h i l l y .  The spot where 
the a i r c r a f t  f i r s t  s t ruck  ground lies about 3 m lower than t he  spot where i t  f i n a l l y  came 
t o  a s t a n d s t i l l .  The d is tance  between the spot  where the  a i r c r a f t  f i r s t  s t ruck  ground and 
the spot  where i t  stopped is about 440 m. According t o  t he  marks i n  the g round , i t  moved, 
when it f i r s t  s t ruck  the  ground, a t  a heading of about 195 degrees. The d i s t r i b u t i o n  
pa t t e rn  of the  wreckage is given i n  1.3. 

1.13 F i r e  - 
A s  s t a t e d  in 1.3, t he  f u e l  tank of the  l e f t  wing caught f i r e  on impact. The 

f i r s t  f i r e  engine ar r ived  a t  about 2025 hours GMT. The rescue team t h a t  f i n a l l y  ar r ived  
a t  t he  site of the  accident  t o t a l l e d  92 persons, 2 of aha were doctors.  Seven f i r e  
engines and 13 ambulances were at  the d isposa l  of the rescuers.  Since t he  accident had 
occurred a t  an aerodrome s i t u a t e d  near severa l  l o c a l  f i r e  brigades and several hosp i t a l s ,  
t h e  ava i l ab le  f a c i l i t i e s  were s u f f i c i e n t  t o  cover requirements. 

1.14 Survival aspects  

On the ba s i s  of the  information provided by the  cabin at tendants ,  i t  may be 
assumed t h a t  the  passengers were d i s t r i bu t ed  f a i r l y  evenly over t h e  cabin. According t o  
the post-mortem examination repor t s  the  heads and thoraxes of a l l  the passengers who l o s t  
t h e i r  l i vee  shoved severe bruises .  For a l l  of them these  i n j u r i e s  cons t i tu ted  the  primary 
cause of death. 

The a i r c r a f t  was equipped with double seats of type QC-2, made in Sweden according 
t o  type c e r t i f i c a t e  C 106162. At t he  crash,  the  s e a t s  were subjected t o  t he  heaviest  s t r a i n  
when the r i g h t  s i d e  of t h e  a i r c r a f t  s t ruck  the  ground and when it bounced u n t i l  i t  landed 

, upside-down. The seats withstood the  strain but ,  s ince  t he  sideways load t o  the r i g h t  was 
roneiderably i n  excess of what they a r e  supposed t o  withstand according t o  the  v a l i d  standarc 
(1.5 g), t he  seats on t h e  l e f t  s i d e  of t h e  cabin were bent t o  t he  r i g h t  and permanently 
deformed. For t h i s  reason t he  wunt inge  f i x ing  them t o  t he  cabin w a l l  came loose and the 
r i v e t s  f e l l  out. The mountings attaching the  seats t o  t he  f l o o r  rail  held. On the  r i g h t  
s ide ,  t he  sideways s t r a i n  on the  s e a t s  w a s  absorbed by the  cabin wal l ,  so t h a t  these were 
not deformed and t he  mountings d id  not  loosen here. A l l  t h e  s a f e ty  b e l t s  held. 

1.15 Tests  and research 

The t echn ica l  inveet igat ion showed t ha t  both engines were functioning e n t i r e l y  
s a t i s f a c t o r i l y .  The pos i t ion  of t he  f l a p s  w a s  about 25-30 degrees, and t he  undercarriage 
w a s  extended and locked. The landing headl ights  were extended and had i n  a l l  p robab i l i ty  
been switched on. The connunications and navigat ional  equipment had not  suffered any 
damage t h a t  could not  be assigned t o  the  accident. 
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T e s t  f l i g h t s  were made repeatedly i n  the  approach a r ea  i n  both aeroplanes and 
he l i cop te r s  i n  order  t o  form an est imate of the  probable combined e f f e c t  of t he  runway and 
approach l i g h t s  and the so-called lead-in l i g h t .  

The lead-in l i g h t  had not been marked on the  IAL-chart, but i t  w a s  b r i e f l y  
mentioned by the  ATC vhen the a i r c r a f t  was on approach t o  hgelholm. A s p e c i a l  invest iga-  
t i on  showed t h a t ,  of the  company's 39 pilots-in-command, 32 knew t h a t  t he r e  w a s  a lead-in 
l i g h t  a t  the  aerodrome, and 19 of t he  32 a l s o  knew where it was located.  

2. - Analysis and Conclusions 

2.1 Analysis 

The inves t iga t ions  made by the  Commission show t h a t  t he  duty programme of both 
the pilot-in-command and t he  co-pilot  had been planned i n  accordance with the  v a l i d  l imi ta -  
t ions .  Before t he  f l i g h t  i n  the  course of which the accident occurred, they had been given 
the opportunity t o  enjoy the prescr ibed r e s t ,  and the re  i s  nothing t o  con t rad ic t  the  
assumption t h a t ,  on the day when the  accident  occurred, they were both e n t i r e l y  f i t  physi- 
cal ly .  No i n j u r i e s  o r  s ickness  symptoms tha t  might have caused t he  accident  o r  cont r ibuted  
t o  it were found. 

In  t he  course of t he  technica l  examinations of the engines and o the r  i n s t a l l a -  
t ions  i n  t he  a i r c r a f t  t h a t  were ca r r i ed  out ,  no defec ts  o r  s igns  of malfunction t h a t  might 
have caused the accident o r  contr ibuted t o  it were found t o  e x i s t .  

It would seem impossible to  r a i s e  any object ions t o  t he  pilot-in-command's 
decision t o  carry out the  f l i g h t  i n  the ex i s t i ng  meteorological  condi t ions.  The f l i g h t  
was planned in  accordance with the opera t ional  regulat ions.  

While descending from c ru i s ing  a l t i t u d e ,  t h e  crew received information t h a t  
weather conditions a t  Angelholm had grown somewhat worse. The meteorological  da t a  t rans-  
mitted simultaneously showed however t h a t ,  considering the  weather minima i n  fo r ce  f o r  the  
runway i n  question,  there  was nothing t o  hinder t he  a i r c r a f t  from making an approach and 
landing. The crew s t a t e d  a l so  t ha t  the i n t en t i on  w a s  t o  take the  s h o r t e s t  route  t o  the  
aerodrome. 

It is probable t h a t ,  between the  outer  and t he  inner  loca to r ,  the  a i r c r a f t  was 
flown e i t h e r  on o r  s l i g h t l y  l e f t  of the  approach l ine .  A VDF-bearing taken by t he  ATC 
o f f i c e r  shows t h a t ,  i n  an estimated pos i t ion  about 1 km from the  inner  loca to r ,  t he  a i r -  
c r a f t  was flown s l i g h t l y  t o  the  l e f t  of t h e  approach l i ne .  The pos i t i on  was es tab l i shed  
with t he  ass i s t ance  of the t h e  data  on t he  TWR-recorder and an es t imate  of t h e  a i r c r a f t ' s  
speed while on approach. During t he  l a s t  phase of t h e  f l i g h t ,  however, t h e  a i r c r a f t  made 
a t u rn  t o  t h e  r i gh t .  The t u rn  can hardly have been s t a r t e d  before the  a i r c r a f t  w a s  almost 
abeam the  inner locator .  

The d is tance  between the inner  loca to r  and the  spot  where the a i r c r a f t  f i r s t  
s t ruck  the  ground i s  somewhat less than 1 km. The d i f ference  between the a l t i t u d e  which, 
according t o  the IAL-chart, the a i r c r a f t  should have maintained over t he  inner  loca to r  and 
the spot where it f i r s t  s t ruck  the ground is about 150 m. I n  view of t h e  a i r c r a f t ' s  
probable speed a t  t h a t  time, t h i s  would imply t ha t  t h e  r a t e  of descent of the  a i r c r a f t  
would have amounted t o  about 10  m/sec i f ,  from the  a l t i t u d e  over t h e  inner  l oca to r  which 
was given on the  -chart, the a i r c r a f t  w a s  t o  s t r i k e  the  ground a t  the  s i t e  of the  



8 ICAO Circular 82-AN169 

a c c i d e n t .  Such a r a p i d  descen t  should have been observed by somebody among t h e  s u r v i v o r s ,  
bu t  t h a t  was no t  t h e  case. The s u r v i v o r s  who were i n t e r r o g a t e d  s a i d  they  had sat w i th  
t h e i r  s e a t - b e l t s  f a s t e n e d  as i n s t r u c t e d  and awai ted  t h e  l and ing .  S e v e r a l  o f  them have 
even s a i d  t h a t  t h e  f i r s t  impact a g a i n s t  t h e  ground appeared t o  them a s  a normal touchdown. 
Some of t h e  passengers  had a l s o  seen  l i g h t s ,  e s p e c i a l l y  from t h e  r a i lway  l i n e ,  and f e l t  
eve ry th ing  w a s  normal. It is t h e r e f o r e  p robab le  t h a t ,  on pass ing  t h e  i n n e r  l o c a t o r ,  t h e  
a i r c r a f t  was flown a t  an a l t i t u d e  t h a t  w a s  lower t han  i t  should have been accord ing  t o  
t h e  IAGchar  t . 

There i s  no reason  t o  assume t h a t  a mal func t ion  of t h e  a l t i m e t e r  can have been 
t h e  cause of t h e  low a l t i t u d e .  The normal t o l e r a n c e s  of t h e  ins t rument  and t h e  d i f f i -  
c u l t i e s  a crew h a s  i n  main ta in ing  an a i r c r a f t  a t  e x a c t l y  t h e  p r e s c r i b e d  a l t i t u d e  may, 
however, have l e d  t o  a n  a l t i t u d e  somewhat lower t han  had been in tended ,  b u t  probably  no t  
s o  low t h a t  t h e  r a t e  of descen t  should ,  between t h e  i n n e r  l o c a t o r  and t h e  s i t e  of t h e  
accLdent ,  have reached a normal va lue .  Some o t h e r  c i rcumstance  e n t i r e l y  independent of 
t h e  a l t i m e t e r  would, i n  t h e  manner de sc r ibed  below, seem t o  have l e d  t o  t h e  low a l t i t u d e .  

According t o  t h e  t a p e  r eco rde r  t h e  co -p i l o t  - probably  when t h e  a i r c r a f t  w a s  
abeam t h e  i n n e r  l o c a t o r  - s a i d  h e  s a w  a l i g h t .  Even a t  t h a t  moment, about  a q u a r t e r  of 
a minute  b e f o r e  t h e  f i n a l  c a t a s t r o p h e ,  t h e r e  i s  no th ing  whatever t o  show t h a t  anybody on 
board t h e  a i r c r a f t  was conscious  of t he  f a c t  t h a t  t h e  a i r c r a f t  w a s  i n  a s e r i o u s  o r  abnormal 
s i t u a t i o n .  The v o i c e  of t h e  co-p i lo t  sounded normal. The Commission i s  of t h e  op in ion  
t h a t  t h e  crew must have b e l i e v e d  t h a t  t h e  lead- in  l i g h t  marked t h e  beginning o f  t h e  row of 
approach l i g h t s  and consequent ly  embarked on t h e  f i n a l  de scen t  p r i o r  t o  l and ing  a t  t h e  
very  moment when they  n o t i c e d  t h e  lead- in  l i g h t ,  i.e. a t  less than one k i l ome t r e ' s  d i s t a n c e  
from t h e  i n n e r  l o c a t o r .  

Two c i rcumstances  p o i n t  t o  t h e  conc lus ion  t h a t ,  e i t h e r  owing t o  an  e r r o r  i n  
judging t h e  p o s i t i o n  of t h e  lead-in l i g h t  o r  because t hey  mistook t h e  lead-in l i g h t  f o r  
t h e  approach l i g h t ,  t h e  crew embarked too  soon on t h e  f i n a l  landing procedure.  I n  t h e  
f i r s t  p l ace ,  t h e  a i r c r a f t  c rashed  d i r e c t l y  a f t e r  pa s s ing  t h e  s p o t  where t h e  lead-in l i g h t  
i s  loca t ed .  I n  t h e  second p l a c e  - accord ing  t o  what was a s c e r t a i n e d  from i n v e s t i g a t i n g  
t h e  wreckage - t h e  crew probably took t w o  of t h e  s t e p s  which a r e  normally t aken  immediately 
p r i o r  t o  a l and ing ,  v i z .  t hey  extended t h e  wing f l a p s  from t h e  p o s i t i o n  they  had when t h e  
o u t e r  l o c a t o r  w a s  passed,  i.e. 24 degrees ,  t o  t h e  p robab le  p o s i t i o n  28  degrees ,  and 
swi tched on t h e  l and ing  h e a d l i g h t s .  

Immediately b e f o r e  reach ing  t h e  lead- in  l i g h t ,  however, t h e  c r e w  seem t o  have 
r e a l i z e d  t h a t  t h e  s i t u a t i o n  of t h e  a i r c r a f t  was dangerous. The eng ines  were i n  any case 
opened up i n  an  a t t emp t  t o  p u l l  t h e  a i r c r a f t  up. Most of t h e  s u r v i v o r s  s a i d  they  had 
no t i ced  a marked increase i n  t h e  r o a r  of t h e  eng ines  and f e l t  t h a t  t h e  nose  of t h e  a i r c r a f t  
w a s  going up. The t e c h n i c a l  i n v e s t i g a t i o n  has  a l s o  shown t h a t ,  on c o l l i s i o n  w i th  t h e  
g r w n d ,  t h e  nose had been i n  a h igh  p o s i t i o n .  F u r t h e r ,  t h e  loud boom of t h e  eng ines  w a s  
heard  by many people  i n  t h e  v i c i n i t y  of t h e  s i te  of  t h e  acc iden t .  However, t h e  e f f o r t  t o  
p u l l  up t h e  a i r c r a f t  was made a t  t o o  low an  a l t i t u d e  t o  be s u c c e s s f u l .  

A s  assumed by t h e  Comnission, t h e  cou r se  of even t s  must have impl ied  t h a t ,  p r i o r  
t o  t a k i n g  up r a d i o  comnunication wi th  h g e l h o l m ,  t h e  crew must have had no in format ion  
regard ing  t h e  lead- in  l i g h t  and its l o c a t i o n  which, according t o  t h e  r e s u l t s  of a s p e c i a l  
i n v e s t i g a t i o n ,  is q u i t e  pos s ib l e .  I t  must f u r t h e r  have  impl ied  t h a t  t h e  crew had omit ted  
t o  r e a l i z e  t h a t  t h e  a i r c r a f t  could no t  have reached t h e  approach l i g h t s  accord ing  to e i t h e r  
t h e  time-check made a t  t h e  o u t e r  l o c a t o r  o r  the p o s i t i o n  e s t a b l i s h e d  wi th  t h e  asssstance 
of t h e  i n n e r  l o c a t o r ,  and t h a t  it w a s  t h u s  too e a r l y  to abandon t h e  ins t rument  approach 
procedure and embark on a v i s u a l  approach. There i s  no reason t o  assume t h a t  t h e r e  were 
d e f e c t s  i n  t h e  l o c a t o r s  o r  t h e  two ADF c a r r i e d  on board. 
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To t h i s  must be added t h a t  work i n  t h e  cockpi t  had t o  be condensed because a  
shortened approach procedure w a s  being appl iea .  Owing t o  a  s t rong  t a i l w i n d  a t  t h e  begin- 
ning of t h e  f i n a l  approach t h e r e  w a s  a f u r t h e r  compression of work. In  add i t ion ,  wind . 

condi t ions  were d i f f i c u l t  s i n c e  the  t a i l w i n d  component changed from about 23 k t  a t  t h e  
beginning of the  approach t o  3 k t  a t  ground l e v e l .  I n  a d d i t i o n ,  t h e r e  w e r e  more p r o t r a c t e d  
r ad io  communications than  usua l  between the  ATC and the  crew. Consequently i t  does not  
seem impossible t h a t  t he  time i n  which t h e  crew could c a r r y  o u t  t h e  manoeuvres r equ i r ed  
accojding t o  the  check- l i s t  and the  t i m e  a t  the  co -p i lo t ' s  d i s p o s a l  f o r  e x e r c i s i n g  super- 
v i s i o n  had grown s h o r t .  The r e s u l t  of t h e  examination of t h e  a i r c r a f t ' s  s top-clocks can 
perhaps se rve  as an i n d i c a t i o n  i n  t h i s  r e spec t .  The examination showed t h a t  t he  c lock  i n  
f r o n t  of the  co -p i lo t ' s  s e a t  had s t a r t e d  a s  a consequence of t he  c o l l i s i o n  wi th  the  ground. 
It would not seem t o  have been s t a r t e d , a s  is usua l ly  t h e  case ,  by t h e  co-p i lo t  upon pass ing  
the  ou te r  l oca to r .  I f  the  approach procedure had been followed up, t h e  i n t e n t i o n  m a 5  how- 
eve r , a l so  have been n o t  t o  start the  c lock u n t i l  pass ing the  inner  l o c a t o r .  

Cer ta in  information w a s  received t o  t h e  e f f e c t  t h a t  t h e  approach and runway 
l i g h t s  on runway 1 4  had not  been switched on i n  comexion  wi th  t h e  approach. The Commission 
f e l t  compelled t o  devote a  g r e a t  d e a l  of a t t e n t i o n  t o  t h i s  quest ion;  i t  d iscussed ,  i n t e r  
a l i a ,  whether the l i g h t s  could have been switched off  i n  connexion wi th  the  v i s i b i l i t y  
measurements with the  a s s i s t a n c e  of t h e  l i g h t s  on runway 04/22,and a l s o  noted t h a t  i t  was 
d i f f i c u l t  t o  check the  l i g h t s  on runway 1 4  from t h e  tower. The i n v e s t i g a t i o n  which w a s  
made would, however, seem t o  lead  t o  the assumption t h a t  t h e  approach and runway l i g h t s  
f o r  runway 1 4  were switched on i n  the  usual  manner whi le  t h e  a i r c r a f t  was on approach. 
Nevertheless,  i t  appears  from the  i n v e s t i g a t i o n  t h a t  they were switched of f  very soon 
a f t e r  the  acc ident ,  but  t h i s  circumstance is of no importance whatever f o r  t h e  course  of 
events  . 

Even i f  i t  may thus  be assumed t h a t  t he  approach and runway l i g h t s  were switched 
on, t he  lead-in l i g h t  may a l l  t he  same have been mistaken f o r  t he  former l i g h t s  owing t o  
the  d i s t a n c e  between t h e  approach l i g h t s  and the  lead-in l i g h t ,  because t h e  v i s i b i l i t y  
range down t o  a l e v e l  of about 50 m above the  ground may have been s h o r t e r  than the  d i s t a n c e  
between the  two u n i t s  of l i g h t s  and because - during the  f i n a l  phase of t h e  f l i g h t  - t h e  
approach l i g h t s ,  i f  looked a t  from t h e  l o n g i t u d i n a l  a x i s  of t h e  a i r c r a f t ,  were on the  l e f t ,  
i.e. beyond the  iminediate f i e l d  of visior! of t he  crew. 

The i n s t a l l a t i o n s  a t  t h e  aerodrome d i d  not  f u l l y  meet the  requirements one would 
seem j u s t i f i e d  i n  expect ing of an aerodrome used f o r  scheduled a i r  t r a f f i c .  A s  f a r  as t h i s  
r e f e r s  t o  t h e  i n s t a l l a t i o n s  i n i t i a l l y  approved i n  1960 - a s h o r t  row of approach l i g h t s  and 
an abnormally g r e a t  d i s t a n c e  between t h e  beginning of t h e  row of approach l i g h t s  and t h e  
inner  l o c a t o r  - t he  improvements subsequently decided on have not y e t  been implemented. 
It is t r u e  t h a t  t he  approach procedure and the  weather minima e s t a b l i s h e d  according t o  the  
v a l i d  p r e s c r i p t i o n s  were appl ied  i n  t h e  way they s u i t e d  the  e x i s t i n g  i n s t a l l a t i o n s ,  bu t  
t h e  s i t u a t i o n  has  a l l  t h e  same r e s u l t e d  i n  the  a p p l i c a t i o n  of an approach procedure which 
dev ia t e s  considerably  from t h e  normal procedure and thus  makes it more d i f f i c u l t  f o r  the 
crews of a i r c r a f t  t o  c a r r y  out  c o r r e c t  approaches i n  pronounced instrument meteoro logica l  
condi t ions .  Furthermore, the superv is ion  of t h e  l i g h t s  i l l umina t ing  t h e  aerodrome and of 
the  r ad io  beacons has  not  been organized i n  a s a t i s f a c t o r y  manner, 
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2.2 Conclusions 

Cause o r  
Probable cause (s )  

The probable cause of the accident  w a s  t h a t  the  crew while on an approach i n  
instrrrmant..meteorological condit ions abandoned the  establ ished approach procedure and 
prematurely prepared t o  land. The reason f o r  t h i s  must have been t h a t  the  crew allowed 
themselves t o  be misled by a l i gh t i ng  i n s t a l l a t i o n  belonging t o  the aerodrome, of which, 
apar t  from c e r t a i n  information received during t he  approach, they probably had no knowledge. 

3. - Recommendations 

In the opinion of t he  Comnission, f l i g h t  s a f e ty  is endangered i f ,  a s  w a s  found 
t o  be the  case here,  t he r e  are di f ferences  between t h e  c i v i l  and mi l i t a ry  systems regarding 
a i r  t r a f f i c  cont ro l  and ground equipment. The Commission wishes t o  s t r e s s  the  importance 
of quick ac t ion  i n  the  el iminat ion of these d i f ferences .  

The Commission is given t o  understand t h a t  t h e  plans f o r  modifications of the  
approach f a c i l i t i e s  ex i s t i ng  a t  hge lho lm have reached an advanced s tage.  It does not 
the re fo re  regard i t  as necessary t o  make suggestions i n  t h i s  respect ,  but t he  Commission 
wishes t o  point  out t h a t  t he  ATC personnel must be provided with b e t t e r  a i d s  f o r  super- 
v i s i ng  t h e  functioning of t h e  approach and runway l i g h t s  and of t h e  radio  beacons. 

The inves t iga t ion  has shown t h a t  the  a u t h o r i t i e s  must devote more a t t en t i on  i n  
every individual  case t o  the s e l ec t i on  methods applied by operators  i n  promoting co-pilots 
t o  the  post of pilots-in-conunand. It should be considered whether t he  medical examination 
prece&ng the  granting of an a i r l i n e  t ranspor t  p i l o t ' s  l i cence  and perhaps a l s o  of a senior  
commercial p i l o t ' s  l i cence  should not be supplemented with a psychological t e s t  under the  
cont ro l  of t h e  au tho r i t i e s .  

I n  the Aeronautical Information Publicat ion (AIP) published by the Royal Board 
of C i v i l  Aviation, the  term "Cr i t i c a l  Height" is defined a s  follows: "The height above 
aerodrome e levat ion  a t  which descent during instrument approach should be discontinued i f  
t he  apftoach c a ~ o t  be continued visual ly"(see AIP RAC 1, item 2.7.1.1). The wording of 
the l a s t  sentence of the  d e f i n i t i o n  should be amended i n  such a way t h a t  it is made qu i t e  
c l ea r  t h a t  an  approach s h a l l  not  be continued unless  there  is v i sua l  reference t o  the run- 
way, the  runway- l i g h t @ ,  o r  the approach l i g h t  eystem. 

I n  view of the  circumstances t ha t  have come t o  l i g h t  during the inves t iga t ion ,  
t he  Commission wishes t o  propose, on the one hand, t h a t  the importance of repor t ing  obser- 
va t ions  and events connected with a f l i g h t  and of s igni f icance  f o r  f l i g h t  s a f e ty  should be 
emphasized t o  t h e  crews, and, on the  other ,  t h a t  a l l  r epo r t s  received should be adequately 
dea l t  with. 

The emergency l i gh t i ng  i n  the  a i r c r a f t  did not  funct ion because t he  so-called 
g-lamps came loose when t h e  a i r c r a f t  turned upside-down. The p o s s i b i l i t y  of placing such 
lamps in  some other  way should be examined. 

It was l e a r n t  during the inves t iga t ion  t h a t ,  a f t e r  the crash,  some passengers 
experienced d i f f i c u l t i e s  i n  f ree ing  themselves from t h e i r  s a f e ty  be l t s .  The Conmieeion 
proposes t h a t  t h i s  matter should be attended to .  

ICAO Ref. : ~ ~ 1 8 5 9  
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No. 2 

Bala i r .  Fokker Fr iendship,  HB-AAU. i nc iden t  which occurred a t  
Schiphol Airpor t .  Kingdom of t h e  Netherlanda,on 7 June 1965. Summary 

r e p o r t  dated 29 J u l y  1965, prepared by the  Dutch a u t h o r i t i e s ,  
r e l e a s e d  as Swiss Accident Report No. 1965/40/234* 

The f l i g h t  took of f  from Geneva Airpor t  a t  1550  hours GMT t o  Basel-Miihlhausen. 
The f l i g h t  w a s  uneventful  u n t i l  over Bern at  1 2  000 f t .  t h e  a i r c r a f t  w a s  s t r u c k  on the  
right-hand s i d e  of the nose by l i gh tn ing .  The crew not iced  t h a t  t he  r i g h t  wing t i p  had 
been damaged and n o t i f i e d  the ZSrich c o n t r o l  tower accordingly.  A t  1624 hours GMT t he  
f l i g h t  was c l ea red  t o  descend t o  Basel. The approach procedure proceeded normally u n t i l  
t he  cap ta in  no t i ced  t h a t  when he t r i e d  t o  b r ing  the  undercarr iage down t h e  nose wheel 
green l i g h t  d id  not come up. When making the  f i n a l  approach the  nose wheel l i g h t  w a s  
s t i l l  r e d  and the  cap ta in  decided t o  make an overshoot.  Ae t h e  aeroplane passed t h e  c o n t r o l  
tower, t h e  tower opera tor  observed t h a t  t he  nose gear w a s  not-extended.  -me p i l o t  aga in  
t r i e d  t o  extend t h e  nose gear;  he appl ied  a l l  conceivable means bu t  d i d  not; &nage t o  
extend the  gear.  After a consu l t a t ion  by r a d i o  with the  managing d i r e c t o r  of Balair, it 
w a s  decided t o  proceed t o  Schiphol Ai rpor t  (Fokker A i r c r a f t  Factory)  and t o  make a landing  
there .  A t  1717 hours GMT t h e  a i r c r a f t  l e f t  Base1 and en te red  the  te rmina l  area of 
Schiphol Ai rpor t  a t  1951 hours GMT. I n  t h e  meantime, t h e  a i r p o r t  a u t h o r i t y  at Schiphol 
had s t a r t e d  t o  l a y  a foam path  (10 f t  wide) on runway 06; t h e  foam pa th  was ready a t  
2020 hours  GMT. The ch ie f  t e s t  p i l o t  of the  Fokker A i r c r a f t  Factory,  who w a s  a t  t h e  
c o n t r o l  tower, advised the  p i l o t  about t he  approach procedure t o  be  fol lowed and about 
the emergency procedure t o  extend the  nose gear .  However, i t  was no t  poss ib l e  t o  extend 
t h i s  gear  and the  cap ta in  the re fo re  decided t o  land with  t h e  nose gear  up. Af t e r  a normal 
approach he landed the  a i r c r a f t  a t  2036 hours GMT and touched the  ground with  the  main 
gear about 100 m before  the  foam pa th  wi th  minimum speed (90-95 k t ) .  

The nose of t he  a i r c r a f t  touched t h e  ground i n  t h e  foam pa th  about 300 m from 
t h e  beginning of t h i s  path. The a i r c r a f t  came t o  a s t a n d s t i l l  about 6 m pas t  t h e  end of 
t h e  foam path.  A l l  occupants l e f t  the a i r c r a f t  without i n j u r i e s .  

* Although t h e  fol lowing does no t  come wi th in  the  ICAO d e f i n i t i o n  of a n  a i r c r a f t  acc ident  
and t h e r e f o r e  does not appear i n  t h e  c l a s s i f i c a t i o n  t a b l e s ,  t h e  sununary is included f o r  
gene ra l  i n t e r e s t .  
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1.2 I n j u r i e s  t o  persons 

None of the  4 crew members and 46 passengers was in jured .  

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

The underside of the  nose was damaged by ground.contact .  

During the  removal of the  a i r c r a f t ,  it had been necessary t o  open the  jammed 
nose wheel doors by means of a crowbar i n  order  t o  extend the  nose gear ;  the  nose wheel 
doors had been damaged by t h i s  operation.  Close inspec t ion  of the  nose s e c t i o n  revealed 
t h a t  the  sk in  a t  the  right-hand s i d e  and t h e  bottom had been deformed by a l o c a l  increase  
of a i r  pressure  due t o  the  l i g h t n i n g  s t roke .  

The wheel wel l  doors were damaged a t  t h e  l e f t  s i d e  due t o  ground contact ;  t he  
damage t o  t h e  l e f t  door d isc losed  t h a t  t h i s  door had been opened more than the  r i g h t  door 
before  ground contact  was made. The r i g h t  wing t i p ,  the  right-hand s i d e  and the  bottom 
of t h e n o s e  sec t ion  showed burn marks due t o  the  l i g h t n i n g  discharge.  

1.4 Other damage 

. None. 

1.5 C r e w  inf  ormation 

From t h e  pilot-in-connuand, t h e  following information was co l lec ted :  

Name - : Roland Hqefel i  
Born - : August 1927 a t  Solothurn 
Nat ional i ty  : Swiss 
Address : Hirslandweg 36, Arlesheim/BL 
Licence : FUhrerausweis f u r  Lin ienpi lo ten  No. 370, 

issued 17 February 1961, v a l i d  u n t i l  8 June 1965. 

Ratinns f o r  : Vickers Viking since 1 7  February 1961 
Douglas DC-4 s ince  1 7  February 1961 
Douglas DC-6B s i n c e  19 January 1962 
Fokker Friendship s i n c e  29 A p r i l  1964 

Experience : Aa pilot-in-cotnmand about 7 000 hours; on Fokker 
Friendship about 800 hours i n  connnand. 

1.6 A i r c r a f t  information 

Regis t ra t ion  marks : tIB-AAU 
2 l ? E  : Fokker F-27 Friendship 
S e r i a l  number : 10200 
Manufacturer : Fokker Ai rc ra f t  Factory, Schiphol Airport  

C e r t i f i c a t e  of r e ~ i s t r a t i o n  : 2287/a/1, issued on 30 March 1965 
t o  Bala i r  AG., Base1 

C e r t i f i c a t e  of a i rworthiness  : 2287/b/l,  i ssued on 30 March 1965, 
v a l i d  u n t i l  31 March 1966. 
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The a i r c r a f t  maintenance log  d id  not contain  any e n t r y  i n  r e l a t i o n  t o  t h e  opera- 
t i o n  of t he  nose gear.  The chief  engineer of B a l a i r  s t a t e d  t h a t  be fo re  the  inc iden t  no 
defec t  had occurred t o  t h e  nose gear .  

Both a t  take-off and landing t h e . a i r c r a f t  a l l -up weight and c e n t r e  of g r a v i t y  
were wi th in  t h e  prescr ibed  l i m i t s .  

1 . 7  Meteorological  information 

According t o  the  r e p o r t  of t he  I n s t i t u t  Su i s se  de M6t6orologie a heavy thunder- 
storm was loca ted  over Bern a t  about 1600 hours GMT. I t  was accompanied by l i g h t n i n g  and 
r a i n ,  and l o c a l  heavy turbulence.  

2 .  - Analysis  and Conclusions 

2 . 1  Analysis  

1. When f l y i n g  over Bern the  a i r c r a f t  w a s  s t r u c k  by l i g h t n i n g  on the  r i g h t -  
hand s i d e  and bottom of t h e  fuse l age  nose. 

2. When approaching Basel-Miihlhausen Airpor t  i t  proved t o  be impossible  t o  
extend t h e  nose gear .  
The f l i g h t  w a s  d ive r t ed  t o  Schiphol Ai rpor t  t o  make an emergency 
landing there .  

3. After renewed e f f o r t s  t o  extend t h e  nose gear  the  a i r c r a f t  landed a t  
Schiphol Ai rpor t ,  w i th  t h e  main gear  extended, on runway 06, on which 
a foam path  had been l a i d .  

2.2 Conclusions 

Findings 

1. The a i r c r a f t  was proper ly  c e r t i f i c a t e d  and maintained. I t  w a s  operated 
wi th in  t h e  opera t ing  l i m i t s .  Before t h e  inc iden t  no d e f e c t s  had occurred 
t o  t h e  nose gear.  

2. The pilot-in-command was proper ly  l i censed .  H i s  exper ience as p i lo t - in -  
command on t h e  type of a i r c r a f t  involved was about 800 hours. 

- 
3. The t e c h n i c a l  i n v e s t i g a t i o n  revealed t h a t  t h e  nose wheel doors were jammed 

due t o  deformation of t h e  fuse l age  nose as a r e s u l t  of t h e  l i g h t n i n g  s t r o k e ,  
which made extension of t h e  nose gear  impossible.  

Cause o r  
Probable cause ( s )  

The inc iden t  was caused by l i g h t n i n g  s t r i k i n g  t h e  nose  s e c t i o n  of t h e  aircraft,  
which r e s u l t e d  i n  jamming of t h e  nose wheel doors and made it subsequently impossible t o  
extend the  nose gear .  

ICAO Ref. : ~ ~ / 0 5 8 / 6 5  
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No. 3 

Cambrian Airways Ltd.. Viscount 701, G-AMm, accident near Liverpool Airport ,  
England. on 20 Ju lv  1965. C i v i l  Accident Report No. E~/C/0108 released by 

the  Accidents Inves t iga t ion  Branch. Board of Trade. United Kingdom, 
C.A.P. 288. 

1. - Inves t iga t ion  

1.1 History of t h e  f l i g h t  

The pilot-in-copomand and co-pilot reported f o r  duty a t  Liverpool Airport  a t  
0700 hours on t h e  day of t he  accident and took off a t  0800 hours i n  G-AMOL t o  operate  
passenger f l i g h t s  CS 354 t o  Guernsey and Jersey and CS 355 t o  Liverpool. They ar r ived  
back a t  Liverpool a t  1208 hours and the a i r c r a f t  was loaded with f r e igh t  f o r  Ronaldsway. 
A t  Ronaldsway the  a i r c r a f t  was re fue l l ed  and took off a t  1649 hours on the  r e t u r n  f l i g h t  
t o  Liverpool. The f l i g h t  was made a t  f l i g h t  l e v e l  70 and a t  1708 hours the  a i r c r a f t  was 
i den t i f i ed  by Liverpool radar  over Wallasey and posit ioned f o r  a PPI continuous descent 
radar  approach t o  runway 26. The radar  approach began 5 miles from touchdown and i n  
accordance with normal p rac t i ce  the  p i l o t  was t o l d  not t o  acknowledge fu r the r  ins t ruc t ions .  

Headings were given fo r  the  a i r c r a f t  t o  maintain the  approach path and the  
p i l o t  was advised of the height the a i r c r a f t  should be according t o  the  d is tance  from 
touchdown. The approach proceeded normally and only small a l t e r a t i o n s  t o  the  a i r c r a f t ' s  
heading were necessary. Half a mile from touchdown the  radar approach was completed and 
the  a i r c r a f t  w a s  then seen (on radar)  t o  be j u s t  discernably t o  the  r i g h t  of the  cent re  
l i ne .  No r ad io  messages were received from the  a i r c r a f t  a f t e r  the  s t a r t  of the  talk-down 
procedure. 

Witnesses on the  ground saw the  a i r c r a f t  about a mile from the  threshold of 
runway 26. It appeared t o  be i n  t he  normal approach a t t i t u d e ,  s l i g h t l y  t o  the r i g h t  of 
t he  extended cen t re  l i n e  and a l i t t l e  lower than normal f o r  an a i r c r a f t  approaching t h i s  
runway. A t  600 yd from the  th resho ld , i t  was estimated t o  be a t  a height between 200 and 
100 f t  and about 40 yd t o  t h e  r i g h t  of the cent re  l ine .  A t  t h i s  point  witnesses saw the  
a i r c r a f t  bank and t u rn  t o  t he  r igh t .  According t o  the  p i l o t s  of a i r c r a f t  a t  the runway 
holding point ,  t he  angle of bank increased smoothly "as i f  from a f a i r l y  rapid appl ica t ion  
of aileron". The fuselage was l e v e l  and the  a i r c r a f t  was banked almost v e r t i c a l l y  f o r  
p a r t  of the  turn.  When heading i n  approximately t he  opposite d i r ec t i on  t o  t he  runway,it 
r o l l ed  on t o  i ts  back and crashed i n t o  the roof of a fac tory  about 400 yd t o  the r i g h t  of 
the.extended cent re  l i n e  of the runway and about 600 yd from the  threshold.  Most witnesses 
heard l i t t l e  change i n  engine power, but two sa id  they heard an increase  of power before 
the turn  began. Nothing abnormalwas noticed about the  f l ap s .  A l l  p ropel le rs  were seen 
t o  be revolving a t  about the  same r a t e .  

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

Others 

2 

a . 

Passengers 

A 

I n j u r i e s  

Fa t a l  

Non-f atal  

None 

C r e w  

2 
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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 

The f a c t o r y  workshop s t r u c k  by t h e  a i r c r a f t  w a s  almost completely des t royed  by 
impact and f i r e .  Machinery and goods i n  t h e  f a c t o r y  were a l s o  des t royed .  

1.5 Crew  informat ion 

The pilot-in-command, aged 39,  q u a l i f i e d  a s  a  p i l o t  i n  t h e  Royal A i r  Force and 
he ld  a s h o r t  s e r v i c e  c o m i s s i o n .  On completion of h i s  s e r v i c e  i n  1957 he jo ined  Aden 
Airways as  a co-pi lo t  and i n  1960 was promoted t o  command Dakota a i r c r a f t ,  H e  j o ined  
Cambrian Airways as a F i r s t  O f f i c e r  on 1 February 1964, f l y i n g  Dakota and Viscount  a i r -  
c r a f t ,  and on 1 May 1965, was promoted t o  Captain.  A t  h i s  last  competency check on 
Viscounts  he  w a s  assessed  as a sound p i l o t  who e x h i b i t e d  q u a l i t i e s  of good a i rmanship  and 
cap ta incy .  H e  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  endorsed i n  Group 1 f o r  
Viscounts  and h i s  t o t a l  f l y i n g  amounted t o  8 350 hours ,  of which 185 were i n  command of 
Viscounts .  

A post-mortem examination revea led  no abnorma l i t i e s  which could have c o n t r i b u t e d  
t o  t h e  acc iden t  and t h e  cause of dea th  w a s  m u l t i p l e  i n j u r i e s .  

i n  1961 
f l y i n g  

The co-p 
. H e  jo ined  
amounted t o  

i l o t ,  aged 27, l e a rned  t o  f l y  a t  t he  London School of F ly ing ,  Elstree, 
Cambrian Airways on 14 December 1964, as a co-pi lo t  when h i s  t o t a l  

550 hours.  Since  t h a t  d a t e  h i s  logbook shows he had completed a fu r -  
t h e r  285 hours ,  b r ing ing  h i s  t o t a l  t o  835 hours,of  which 273 were i n  Viscounts .  H i s  last 
Viscount competency check w a s  c a r r i e d  ou t  on 16 March 1965. H e  he ld  a v a l i d  commercial 
p i l o t ' s  l i c e n c e  endorsed i n  Group 2 f o r  Viscounts ,  a c u r r e n t  instrument r a t i n g  and a 
r e s t r i c t e d  radiote lephony o p e r a t o r ' s  l i c ence .  

Post-mortem examination revea led  t h e  cause of dea th  was m u l t i p l e  i n j u r i e s .  
There was no "naked eye" evidence of any .p re -ex i s t i ng  d i s e a s e ,  bu t  an  examination of cer- 
t a i n  t i s s u e s  under a microscope a t  t h e  RAF I n s t i t u t e  of Pathology r evea l ed  f o c a l  myocar- 
d i t i s  (inflammation of t h e  h e a r t  muscle).  

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

OAMOL w a s  b u i l t  by Vickers-Armstrongs Limited,  Weybridge, i n  1953 and a f t e r  
s e r v i c e  with B r i t i s h  EuropeanpAirways i t  w a s  purchased by Cambrian Airways Limited i n  
A p r i l  1963. The r eco rds  show t h a t  a l i  mandatory in spec t ions  and mod i f i ca t ions  had been 
c a r r i e d  ou t  t o  t h e  a i r f r ame  and engines,and 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 f o r  20 694 hours.  

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 n  t h e  t r a n s p o r t  ca tegory  
(passenger) and it had been maintained t o  an  approved schedule.  The c e r t i f i c a t e  of main- 
tenance was v a l i d  and had been i s s u e d  a f t e r  t h e  last  Check 1 i n s p e c t i o n  on 23 June 1965. 
The weight of t h e  a i r c r a f t  a t  t h e  t i m e  of t h e  acc iden t  was about 39 600 l b ;  t h e  c e n t r e  of 
g r a v i t y  p o s i t i o n  (372.79 i n  a f t  of t h e  datum) w a s  w i t h i n  , the p r e s c r i b e d  l i m i t s .  
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1 . 7  Meteoro log ica l  in fo rmat ion  

An a f t e r c a s t  by t h e  me teo ro log i ca l  o f f i c e  o f  t h e  weather  f o r  t h e  r o u t e  Ronaldsway 
t o  Liverpool  gave s c a t t e r e d  thunders torms.  The f r e e z i n g  l e v e l  was 8 500 f t .  

A t  1702 hou r s  t h e  fo l l owing  weather  r e p o r t  f o r  Liverpool  w a s  passed t o  t h e  
a i r c r a f t  : 

Sur face  wind - 150 deg re s s  less than  3 k t  

V i s i b i l i t y  - 2.2 km i n  r a i n  

Cloud - 318 1 5 0 0  f t ,  518 2 000 f t ,  818 4 000 f t  

A weather  obse rva t i on  made a t  1720 hours  (2 min a f t e r  t h e  a c c i d e n t )  was: 

Sur face  wind - calm 

V i s i b i l i t y  - 2.2 km 

Weather - r a i n  

Cloud - 418 1 5 0 0  f t ,  6/8 2 000 f t ,  8 / 8  4 000 f t  

The f l i g h t  from Ronaldsway was made a t  f l i g h t  l e v e l  70. There fore ,  w i t h  a 
f r e e z i n g  l e v e l  of 8 500 f t ,  a i r f r a m e  i c i n g  i s  no t  cons idered  t o  have occurred .  

The p i l o t s  of a Viscount which landed a t  1654 hours  and a B r i t a n n i a  which 
a depar ted  a t  1723 hours  r e p o r t e d  t h a t  t h e  lowest  c loud w a s  between 400 and 500 f t  and t h a t  - 

they had no d i f f i c u l t y  i n  s e e i n g  t h e  approach and a e r o d r q e  l i g h t s .  

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

The fo l lowing  f a c i l i t i e s  were a v a i l a b l e :  

(1) Ronaldsway NDB 

(2) Wallasey NDB and VOR 

(3) Liverpoo l  NDB. 

1.9 Communications 

The a i r c r a f t  e s t a b l i s h e d  normal VHF r a d i o  c o n t a c t  w i t h  Ronaldsway Tower, P r e s t o n  
Airways, L iverpoo l  Approach and L iverpoo l  Radar. 
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1.10 Aerodrome and ground f a c i l i t i e s  

Rumay 26 a t  L ive rpoo l  a i r p o r t  h a s  a tarmac s u r f a c e  1 715 m long  and 46 m wide. 
A t  t h e  t i m e  of t h e  a c c i d e n t ,  t h e  runway l i g h t i n g ,  t h e  t h r e s h o l d  l i g h t i n g  and t h e  approach 
l i g h t i n g  ( a  h igh  i n t e n s i t y  c e n t r e  l i n e  and two sodium b a r s )  were a t  100% i n t e n s i t y .  There 
were no r e p o r t s  of any l i g h t i n g  u n s e r v i c e a b i l i t y .  The Decca 424 r a d a r  used by G-AMOL was 
checked a f t e r  t h e  a c c i d e n t  and found t o  be s a t i s f a c t o r y .  

Speke Hal l  Road c r o s s e s  t h e  approach pa th  t o  runway 26 approx imate ly  235 yd from 
the  t h r e sho ld .  T r a f f i c  l i g h t s  on t h e  road,  c o n t r o l l e d  by a swi t ch  i n  t h e  A i r  T r a f f i c  Con- 
t r o l  Tower, h a l t  t r a f f i c  when an  a i r c r a f t  i s  approaching t o  land.  A road  t a n k e r  was 
a l l e g e d  t o  have ignored t h e  l i g h t s  and cont inued n o r t h  a long  t h e  road when G-AMOL was on 
i t s  f i n a l  approach. Ne i the r  t h e  aerodrome c o n t r o l l e r  nor  t h e  crews of t h e  a i r c r a f t  a t  t h e  
ho ld ing  p o i n t  of t h e  runway saw any v e h i c l e  moving a long t h e  road  which would b a l k  t h e  
approaching a i r c r a f t .  No o t h e r  a i r c r a f t  was known t o  be f l y i n g  i n  t h e  v i c i n i t y  a t  t h e  t i m e .  

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

Not f i t t e d .  

1.12 Wreckage 

In spec t i on  a t  t h e  scene  of t h e  a c c i d e n t  showed t h a t  t h e  a i r c r a f t  had plunged 
through t h e  roof of a f a c t o r y  workshop approximate ly  25 f t  h igh .  It had s t r u c k  t h e  roof  
i nve r t ed  and wi th  i t s  nose and p o r t  wing down. Its heading had been approximate ly  0500M. 
Af t e r  p e n e t r a t i n g  t h e  roo f , t he  a i r c r a f t  had s t r u c k  a heavy s t ee l  g i r d e r  which had caused 
i t  t o  t i p  " tai l -over-nose",  It had t hen  come t o  rest t h e  r i g h t  way up on t h e  f l o o r  of 
t h e  workshop wi th  t h e  t a i l  r e s t i n g  on t h e  s t ee l  roof  t r u s s e s .  An i n t e n s e  f i r e  broke ou t  
which consumed almost  t h e  whole s t r u c t u r e  of t h e  fu se l age .  The me ta l  components of t h e  
c e n t r e  s e c t i o n ,  w i th  t h e  exception of t h e  heavy s p a r  s e c t i o n s ,  had melted.  F i r e  had con- 
sumed almost a l l  of t h e  p o r t  wing except  about  12 f t  of t h e  t i p .  The s t a r b o a r d  wing had 
been burned away p r o g r e s s i v e l y  from t h e  wing r o o t  but t h e  s e c t i o n  ou tboard  of No. 4 eng ine  
remained and was found l y i n g  t h e  r i g h t  way up on t h e  roof t r u s s e s  of t h e  a d j o i n i n g  work- 
shop. Both p o r t  eng ines  had broken away on impact and had been thrown forward  on t o  t h e  
workshop f l o o r .  The s t a r b o a r d  eng ines  were found on t h e  workshop f l o o r  i n  f r o n t  of t h e  
remains of t h e  s t a r b o a r d  wing. A l l  p r o p e l l e r s  had been broken o f f .  An examinat ion  of t h e  
wreckage on t h e  s i te  showed t h a t  a t  t h e  time of impact t h e  u n d e r c a r r i a g e  w a s  locked down. 
The wreckage was removed t o  a hangar and s u b j e c t e d  t o  a d e t a i l e d  examinat ion .  

1.12.1 F ly ing  c o n t r o l s  

( a )  A i l e rons  

Examination of t h e  remains of t h e  a i l e r o n  c o n t r o l  sys tem r evea l ed  no 
evidence  of pre-crash mechanical  f a i l u r e  o r  malfunct ion .  The a i l e r o n  c o n t r o l  
l o c k s  had not  been engaged a t  t h e  moment of impact.  The t r i m  t a b  i n d i c a t o r  
showed t h a t  t h e  t a b  had been i n  t h e  n e u t r a l  p o s i t i o n  and t h i s  was confirmed by 
t h e  p o s i t i o n  of t h e  t a b  o p e r a t i n g  rod.  

The p o r t  wing t i p  had been crushed inwards. It had c o n t a c t e d  t h e  l e f t -  
hand t r a i l i n g  edge of t h e  a i l e r o n  and a mark made showed t h a t  a t  t h e  moment of 
impact t h e  a i l e r o n  was f u l l y  up. 
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The mode of f a i l u r e  of t h e  c o - p i l o t ' s  c o n t r o l  wheel and t h e  s e t t i n g  of t h e  
cha in  on t h e  a i l e r o n  jockey sprocke t  confirmed t h a t  f u l l  l e f t  a i l e r o n  was 
a p p l i e d  at  t h e  moment of impact. There w a s  no evidence  t h a t  t h i s  c h a i n  had 
been jammed by ex t r aneous  articles. 

(b) The rudder  

T h i s  had been almost  completely des t royed by f i r e  but  a n  examinat ion  of 
t h e  t o rque  t u b e ,  t o  which t h e  t r i m  t a b  is a t t a c h e d ,  showed t h a t  t h e  a c t u a t o r  
had been d r i v e n  beyond i ts normal t r a v e l .  It is cons idered  t h a t  t h i s  occur red  
du r ing  t h e  break-up of t h e  a i r c r a f t .  The t r i m  t a b  c o n t r o l  on t h e  p i l o t ' s  
console  had been set two t h i r d s  of a d i v i s i o n  nose  l e f t .  

( c )  E l e v a t o r s  

The t a i l  p l ane  and e l e v a t o r  were s e v e r e l y  burned but  no ev idence  w a s  found 
t o  i n d i c a t e  pre-crash mechanical  f a i l u r e  o r  malfunct ion .  The e l e v a t o r  t r i m  t a b  
w a s  found t o  be f u l l y  UP. Th i s  was most probably  due t o  one s i d e  o f  t h e  oper- 
a t i n g  c i r c u i t  breaking and t h e  j a c k  running t h e  t a b  t o  t h e  f u l l y  UP p o s i t i o n .  
The e l e v a t o r  t r i m  wheel on t h e  p i l o t ' s  console  had been set t o  one t h i r d  of a 
d i v i s i o n  nose UP. 

The rudder  and e l e v a t o r  trimmers have t h e i r  own c lo sed  c i r c u i t s  w i t h i n  t h e  
c o n t r o l  pedes t a l .  S e l e c t i o n s  on e i t h e r  t r i m m e r  c o n t r o l  are t r a n s m i t t e d  by 
sp rocke t s  on s p l i n e d  s h a f t s  t o  t h e  bottom of t h e  c o n t r o l  p e d e s t a l  and thence  
t o  t h e  f u s e l a g e  c i r c u i t s .  These s h a f t s  had been d r i v e n  o u t  of engagement a t  
t h e  moment of impact which i n d i c a t e s  t h a t  t h e  t r i m  s e t t i n g s  on t h e  p e d e s t a l  a r e  
r e l i a b l e  evidence  of t h e  s e t t i n g s  p r i o r  t o  impact.  They a r e  normal s e t t i n g s  
f o r  t h e  a i r c r a f t ,  

(d) F l aps  

The f l a p  system had been s eve re ly  d i s r u p t e d  by t h e  impact and most of t h e  
aluminium a l l o y  to rque  s h a f t  had been melted i n  t h e  ground f i r e .  

The t o p  s e c t i o n  of t h e  f l a p  s e l e c t o r  l e v e r  had been broken o f f  but  marks 
on t h e  s e l e c t o r  gate showed t h a 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  l e v e r  w a s  i n  
t h e  f u l l y  UP p o s i t i o n .  T h i s  w a s  confirmed by t h e  p o s i t i o n  of t h e  electrical 
s e l e c t o r  swi tch  i n  t h e  console .  The c o n d i t i o n  of t h e  f i l a m e n t s  of t h e  f l a p  
overrun warning l i g h t s  i n d i c a t e d  t h a t  they were not  i l l umina t ed  a t  t h e  t i m e  of 
f r a c t u r e .  

Examination of t h e  burnt  remains of t h e  gea r  box, which o p e r a t e s  t h e  f l a p s  
through t o rque  t u b e s  and cha in s ,  showed t h a t  its s h a f t  could  be a l i g n e d  t o  cor- -- 
respond t o  1-degree, l l - d e g r e e  o r  20-degree f l a p  p o s i t i o n s .  The p o r t  to rque  
s h a f t  ex t ens ion  from t h e  s i d e  of the g e a r  box had melted away, l e av ing  only t h e  
square  s teel  d r i v e  i n  t h e  g e a r  box and t h e  steel f l a n g e  t o  which t h e  nex t  out-  
board s e c t i o n  of t h e  to rque  s h a f t  had been bo l ted .  The coupl ing  n u t s  and b o l t s  
which a r e  of h igh t e n s i l e  s teel ,  were no t  found. Examination of t h e  h o l e s  i n  
t h e  steel f l a n g e  r evea l ed  s i g n s  of d i s t o r t i o n  i n d i c a t i n g  s h e a r  l oads  i n  t h r e e  
of t h e  h o l e s  and bending i n  t h e  fou r th .  It is concluded,  t h e r e f o r e ,  t h a t  t h e  
fou r  b o l t s  f a i l e d  due t o  abnormal t o r s i o n a l  and bending l o a d s  a c t i n g  upon t h e  
f l a n g e  coupl ing  dur ing  t h e  c r a s h  impact. The b o l t s  were renewed dur ing  a  
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Check 4 completed on 4 December 1964. A similar coupling on t h e  s t a r b o a r d  s i d e  
survived i n t a c t  wi th  t h e  l i g h t  a l l o y  f l anges  secure ly  bo l ted  toge ther .  Some 
outboard s e c t i o n s  of t h e  torque s h a f t  were recovered but no evidence of pre- A 

c rash  mechanical f a i l u r e  o r  malfunctioning w a s  found. 

The f l a p  beams, which house t h e  chain d r i v e s  of t h e  f l a p  o p e r a t i n g  gea r ,  
are nL.2-red 1 t o  4 outwards from t h e  wing roo t .  Examination showed t h a t  No. 2 
on t h e  p o r t  wing and Nos. 2 and 4 on t h e  s t a rboa rd  wing were complete; t h e  
o t h e r s  had melted. A l l  t h e  f l a p  beam anchorages t o  the  wing rear s p a r s  were 
found t o  be secure.  The modi f ica t ion  t o  the  f l a p  beams f o r  a t t a c l i i i n t  t o  t h e  
s p a r s ,  introduced a f t e r  t h e  acc ident  t o  Viscount G-ALWE a t  Manchester on 
14 March 1957, had been embodied. 

The f l a p  s u r f a c e s  were l a r g e l y  destroyed by f i r e  b u t t h e  steel cha ins ,  
sprocke ts  and t e l e s c o p i c  rods  of t h e  opera t ing  gear  were recovered.  

The s i n g l e  cha in  of No. 1 p o r t  f l a p  beam had pa r t ed  i n  t e n s i o n  and t o r s i o n  
on the  top of t h e  f r o n t  d r i v i n g  sprocket .  It i s  considered t h a t  t h i s  occurred 
dur ing the  crash. The o the r  cha ins  were unbroken. Examination of t h e  cha ins  
and t h e i r  a s soc ia t ed  sp rocke t s  revealed no evidence of jamming and t h e  cha in  
s l i d e r s  and f l a p  attachment t runnions  showed no evidence of any pre-crash 
f a i l u r e .  Inspec t ion  of t h e  remains of t h e  f l a p  gu ide - ra i l s  showed no s i g n  t h a t  
t he  r o l l e r s  had jammed o r  jumped out  of engagement. 

Only two t e l e s c o p i c  r a d i u s  rods  of t h e  s t a rboa rd  f l a p s  and one t e l e s c o p i c  
r a d i u s  rod of t h e  p o r t  f l a p s  were s t r a i g h t  when recovered from t h e  wreckage; 
t he  o t h e r s  w e r e  e i t h e r  bent o r  f r ac tu red .  None had been f r a c t u r e d  o r  had become 
disconnected p r i o r  t o  impact, bu t  because of f i r e  damage i t  w a s  impossible t o  
say  whether any had seized.  

Measurements of t h e  cha ins  and t e l e s c o p i c  r a d i u s  rods  were taken  t o  t r y  t o  
determine t h e  post-crash p o s i t i o n  of t he  f l a p s .  The average f l a p  angle  der ived  
from these  measurements ind ica t ed  t h a t  a f t e r  t h e  acc ident  t h e  f l a p s  were approxi- 
mately symmetrical a t  an angle  between 5 and 6 degrees.  Although i t  was not  
p o s s i b l e  t o  determine whether ' the  f l a p s  were symmetrical p r i o r  t o  t h e  impact,  
it is apparent  t h a t  they had been forced upwards towards t h e  f u l l y  UP p o s i t i o n  
f r o a  e i t h e r  11 o r  20 degrees ,  two of t h e  t h r e e  poas ib l e  s e t t i n g s  i n d i c a t e d  by 
t h e  'gear  box. 

1.12.2 Engines and p r o p e l l e r s  

Examination of t h e  engines  revealed no evidence of pre-crash mechanical 
f a i l u r e  o r  malfunctioning but they had been badly damaged by impact+,and f i r e .  
No. 4 engine had s u f f e r e d  considerably  less damage than  t h e  o t h e r s .  The 
n i t r i d e d  s u r f a c e  of t h e  s p r i n g  d r i v e  s h a f t  of t h i s  engine w a s  only  cracked,  
whereas t h e  s h a f t s  on t h e  o t h e r  engines  were completely f r a c t u r e d  under tor- 
s i o n a l  loads .  The evidence i n d i c a t e s  t h a t  a l l  engines  were r o t a t i n g  a t  impact, 
and t h a t  No. 4 engine was e i t h e r  brought t o  rest less r a p i d l y  than t h e  o t h e r s  
o r  w a s  developing less rpm and power a t  t h e  t i m e .  S t r i p  examination of t h i s  
engine and its a c c e s s o r i e s  revealed no mechanical f a u l t  o r  f a i l u r e  which was 
not  a t t r i b u t e d  t o  t h e  c ra sh  and subsequent f i r e .  Although It was r o t a t i n g  a t  
t h e  t i m e  of i m p a c t s i t  w a s  no t  p o s s i b l e  t o  determine t h e  rpm and power. 
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The condi t ion  of t h e  broken f i l amen t s  of t h e  warning l i g h t  bulbs  f o r  t h e  
f l i g h t  f i n e  and ground f i n e  p i t c h  s t o p s  of t h e  p r o p e l l e r s  i n d i c a t e  they were 
n o t  i l lumina ted  a t  t h e  t i m e  of f r a c t u r e .  

Examination of the  p r o p e l l e r s  revealed no d e f e c t s  o the r  than from impact 
and t h e i r  condi t ion  was c o n s i s t e n t  wi th  low power absorpt ion.  The blade angles  
of Nos. 1, 2 and 3 p r o p e l l e r s  were a t  293, 284 and 29 degrees r e spec t ive ly .  
No. 4 p r o p e l l e r  had t h r e e  p o s s i b l e  ang les ,  v i z :  39, 27 o r  21 degrees but t h e  
most probable w a s  27 degrees. Blade angles  between 27 and 30 degrees  would be 
produced dur ing s teady s t a t e  power ON cond i t ions ,  with a t h r o t t l e  opening con- 
s i s t e n t  wi th  t h e  f i n a l  s t a g e  of t h e  landing approach. I n  the  case  of No. 4 
p r o p e l l e r ,  t h e  o the r  two angles  21 o r  39 degrees  could be produced by both a 
s teady s tate o r  a t r a n s i e n t  state,  v i z :  

(a) Blade angle  of 21 degrees 

( i )  Steady state - power ON - t h r o t t l e  closed.  

( i i )  Steady state - p r o p e l l e r  windmill ing and dead engine. 

( i i i )  Transient  s tate - fol lowing a r ap id  opening of t h e  t h r o t t l e .  

(b) Blade a n ~ l e  of 39 degrees 

Trans ien t  s t a t e  dur ing a f e a t h e r i n g  cycle.  

The cond i t ion  of t h e  b lades  of No. 4 p rope l l e r  is  cons i s t en t  with low 
power absorp t ion  and assoc ia ted  with  rpm. Th i s  i s  not  compatible with the  
power s e l e c t i o n  suggested by a t r a n s i e n t  21-degree blade angle  produced by a 
r ap id  opening of t he  t h r o t t l e .  To achieve t h e  requi red  t r a n s i e n t  peak, t he  
r equ i red  power s e l e c t i o n  would have t o  be made with in  one second of impact. 
It is considered t h a t  n e i t h e r  t h e  s teady  s t a t e  nor t h e  t r a n s i e n t  s t a t e  condi- 
tiws assoc ia t ed  wi th  t h e  poss ib l e  blade angles  of 21 o r  39 degrees would have 
a f f e c t e d  t h e  handl ing of t h e  a i r c r a f t  s u f f i c i e n t l y  t o  produce t h e  change of 
f l i g h t  pa th  t h a t  preceded t h e  crash.  

A l l  H.P. and L.P. f u e l  cocks were ON,vhich i n d i c a t e s  t h a t  f e a t h e r i n g  had 
n o t  been i n i t i a t e d .  A b lade angle  of 39 degrees was t h e r e f o r e  un l ike ly .  

1.13 F i r e  - 
An i n t e n s e  f i r e  had broken out  on impact, probably as t h e  r e s u l t  of f u e l  from 

t h e  bu r s t  wing tanks  being i g n i t e d  by t h e  h o t  engines. The f i r e  had been i n t e n s i f i e d  by 
t h e  wreckage being contained wi th in  t h e  a r e a  of t h e  new r o o f l e s s  workshop, which measured 
approximately 100 f t  by 60 it, and by being f ed  by l a r g e  q u a n t i t i e s  of combustible mater ia  ' 
conta in ing  naphthalene. A 2Lin diameter gas p ipe  which had been f r a c t u r e d  had i g n i t e d  unde 

/ 1 -  t h e  fuse l age  df t h e  aircraft . 
There w a s  prompt a t tendance at  t h e  scene of t h e  accident  by both t h e  C i ty  of 

Liverpool F i r e  Brigade and t h e  a i r p o r t  f i r e  appl iances .  The f i r s t  appl iance w a s  on t h e  
scene w i t h i n  two minutes of t h e  acc ident ,  but t h e  i n t e n s e  bea t  and smoke prevented imme- 
d i a t e  rescue at tempts ;  it was necessary f o r  some firemen t o  wear brea th ing  apparatus .  A 
hazard w a s  c r ea t ed  by t h e  explosions  of small methyl-bromide f i r e  ex t ingu i she r s  f i t t e d  i n  
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the  a i r c r a f t  and by t h e  v i o l e n t  r e a c t i o n  which occurred when water w a s  brought i n t o  con tac t  
with t h e  ho t  magnesium a l l o y  p a r t s  of t h e  a i r c r a f t .  Tern ia ry  e u t e c t i c  c h l o r i d e  dry  powder 
ex t ingu i she r s  were used t o  c o n t r o l  i s o l a t e d  f i r e s  involv ing  magnesium a l l o y .  The f i r e  was 
brought under c o n t r o l  a t  1813 hours,  i . e .  almost one hour a f t e r  t h e  c rash .  

1.1h Surv iva l  a s p e c t s  

The acc iden t  was not  surv ivab le .  

1.15 T e s t s  and r e sea rch  

The a i r c r a f t ' s  depa r tu re  from t h e  approach pa th  occurred about h a l f  a m i l e  from 
the  runway th re sho ld ,  approximately where t h e  talk-down was completed. A t  t h i s  p o s i t i o n ,  
t h e  f l a p s  would normally be lowered from 32 degrees  t o  40 degrees .  An a n a l y s i s  of t h e  
f l i g h t  path shows t h a t  i t  could have been achieved by t h e  a p p l i c a t i o n  of h a l f  a i l e r o n ;  
a l t e r n a t i v e l y ,  wi th  t h e  f l a p s  at  32 d e g r e e s , i t  could have been t h e  r e s u l t  of two engines  
f a i l i n g  on t h e  s t a rboa rd  s i d e  whi le  t h e  two p o r t  engines  had been at  f u l l  power. In  t h i s  
case  f u l l  oppos i te  a i l e r o n  would not hold t h e  a i r c r a f t  l e v e l .  The t h i r d  p o s s i b i l i t y  i s  
t h a t  f l a p  asymmetry of 20 t o  25 degrees occurred and c a l c u l a t i o n s  show t h a t  t h i s  would 
produce t h e  observed r o l l i n g  a c c e l e r a t i o n  a g a i n s t  the  a p p l i c a t i o n  of f u l l  oppos i te  a i l e r o n .  

With regard  t o  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  w i th  asymmetric f l a p ,  r e f e rence  
has been made t o  a f l i g h t  test r e p o r t  by Vickers Armstrongs Limited,  i n  A p r i l  1954. This  
shows t h a t  a t  150 k t ,wi th  t h e  s t a rboa rd  f l a p  u n i t s  locked i n  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  
and 15 degrees  of p o r t  f l a p ,  t h e  r e s i d u a l  s t i c k  f o r c e  was a t  least 1 0  l b  wi th  f u l l  a i l e r o n  
t r i m .  A t  190 k t  i t  was only j u s t  poss ib l e  t o  mainta in  lateral  t r i m  wi th  two hands. With 
20 degrees of por t  f l a p  a t  150 k t ,  i t  was considered t h a t  t h e  r e s i d u a l  s t i c k  f o r c e  could 
not  be he ld  by one p i l o t  f o r  more than  a few seconds. Even wi th  t h e  a s s i s t a n c e  of a second 
p i l o t , a  very dangerous s i t u a t i o n  could a r i s e  i f  t h i s  happened unexpectedly. With 20-degree 
asymmetric f l a p ,  i r r e s p e c t i v e  of s t i c k  f o r c e ,  t h e r e  i s  i n s u f f i c i e n t  a i l e r o n  c o n t r o l  t o  
co r rec t  f o r  t h e  i n i t i a l  wing drop. 

2. - Analysis  and Conclusions 

2 . 1  Analysis  

From t h e  examination of t h e  wreckage no evidence came t o  l i g h t  t o  e s t a b l i s h  t h e  
cause of t h e  acc iden t .  Therefore,  of t h e  p o s s i b i l i t i e s  t o  be examined, c o n s i d e r a t i o n  was 
f i r s t  given t o  the  ques t ion  whether t h e  t u r n  was a d e l i b e r a t e  manoeuvre o r  was brought 
about by f a c t o r s  beyond the  c o n t r o l  of t h e  p i l o t s .  

I f  t h e  manoeuvre had been d e l i b e r a t e l y  made, i t  must fo l low t h a t  t h e  approach 
had been abandoned. However, t h e  evidence sugges t s  t h a t  overshoot power was not  app l i ed ;  
t h e  f l a p s  were s e l e c t e d  f u l l y  UP in s t ead  of t o  t h e  take-off pos i t i on .  The undercar r iage  
remained s e l e c t e d  down and ATC were not  informed of a n  overshoot.  I f  t h e  p i l o t  had decided 
t o  abandon t h e  approach by tu rn ing  t o  t h e  r i g h t ,  i t  i s  t o  be expected t h a t  he would have 
made a cl imbing t u r n  and it i s  un l ike ly  t h a t  h e  would have l o s t  c o n t r o l  du r ing  t h i s  manoeu- 
vre .  There could have been no d i f f i c u l t y  i n  s ee ing  t h e  approach and runway l i g h t s  and t h e  
s t r e e t  l i g h t s  were not  on. It seems u n l i k e l y ,  t h e r e f o r e ,  t h a t  t h e  acc iden t  stemmed from 
an at tempt t o  overshoot.  
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There i s  no evidence of o ther  a i r  t r a f f i c  which could have caused t he  p i l o t s  
t o  take  avoiding ac t ion .  However, the re  i s  evidence t h a t  a road tanker  had ignored the  
t r a f f i c  l i g h t s  on the  road crossing t he  approach t o  t h e  runway while the  a i r c r a f t  was on 
f i n a l  approach. The height of t he  tanker was about 2 f t  above the  s t r e e t  l i gh t i ng  stand- 
ards .  This would not c a l l  f o r  avoiding ac t ion  by an a i r c r a f t  almost a quar ter  of a mile 
away a t  a height between 200 and 100 f t .  It is considered, the re fo re ,  t h a t  t h i s  incident  
has no bearing on t he  accident.  

The p o s s i b i l i t y  of an acc identa l  s t a l l  was a l s o  considered. The power-off 
s t a l l i n g  speed f o r  t he  weight and configurat ion of the  a i r c r a f t  a t  t he  t i m e  of the  acci-  
dent was 74 k t .  Calculat ions based on the  timing of t he  radar  approach show t h a t  the 
average speed from 5 m i l e s  out t o  the  completion a t  half  a m i l e  was 128 k t .  This margin 
of speed makes it unl ikely t h a t  an acc identa l  s t a l l  was t he  cause of the f i n a l  turn .  Had 
the  speed been much lower than 128 k t  the  s t a l l  would have occurred e a r l i e r  i n  t he  turn.  

It was therefore  concluded t ha t  the manoeuvre was unin tent ional  and could not 
be prevented by the  p i l o t s  and consideration was therefore  given t o  the  p o s s i b i l i t y  of 
p i l o t  incapaci ty  o r  a defect  i n  the  a i r c r a f t .  

P i l o t  incapaci ty  

It is the  p r ac t i c e  i n  Cambrian Airways Limited t o  car ry  out instrument 
approaches with t h e  co-pilot a t  the  cont ro ls ,  the  pilot-in-command taking over 
when completion of the  approach and landing by v i s u a l  reference becomes pos- 
s i b l e .  It appears most l i k e l y  t h a t  t h i s  procedure was being used on t h i s  
occasion a s  t he  CL2 compass switch had been se lec ted  t o  the  starboard compass 
indica tor .  The medical evidence t h a t  the post-mortem examination of the  co- 
p i l o t  had revealed a hear t  condition ( foca l  myocarditis) introduced the pos- 
s i b i l i t y  t h a t  he may have collapsed over t he  con t ro l s  and caused t he  a i r c r a f t  
t o  bank s teep ly  t o  the  r i gh t .  

Both p i l o t s  were strapped i n  by sa fe ty  b e l t s .  From t e s t s  i n  a Viscount 70 
i t  was found t h a t  a p i l o t  col lapsing forwards i n h i s  s ea t  s t ruck  the  coaming and 
not the  cont ro ls ;  even i f  he did i n t e r f e r e  with the movement of the  cont ro ls ,  
the  o the r  p i l o t  would be ab le  t o  p u l l  him c lear .  The evidence t h a t  t he  tu rn  
was smooth and i n  no way e r r a t i c  argues agains t  t h i s  s o r t  of obstruct ion and, 
i n  addi t ion ,  i t  has  been es tabl i shed t h a t  t he  con t ro l s  were operated t o  an 
extent  t h a t  a t  impact f u l l  opposite a i l e ron  had been applied.  

Therefore, although sudden t o t a l  co l lapse  could r e s u l t  from foca l  myocar- 
d i t i s ,  such an occurrence does not f i t  the  circumstances of t h i s  accident .  

A i r c r a f t  de fec t s  

It is considered t h a t  t he  examination of t he  wreckage provided evidence 
t h a t  reasonably eliminated malfunction of the  f l y i n g  con t ro l s ,  engines and 
p rope l l e r s  as causes of t h i s  accident. Because of t h e  extreme damage caused 
by the  crash and subsequent f i r e ,  t h e  evidence with regard t o  the  f l a p s  was not 
so  conclusive and i t  was not poss ib le  t o  determine t h e i r  r e l a t i v e  pre-crash 
s e t t i ngs .  It appears l i k e l y  t h a t  on impact t he  f l a p s  were dr iven upwards 
almost t o  t h e  f u l l y  UP pos i t ion  from e i t h e r  11 o r  20 degrees (two of t he  pos- 
s i b l e  s e t t l n g s  indicated by t he  gearbox) and t h a t  t he  impact forces ,  ac t ing  on 
t he  por t  f l a p s  agains t  t he  r e s i s t ance  of the  gear box, caused the  f a i l u r e  of 



ICAO C i r c u l a r  82-AN/69 23 

t h e  b o l t s  on t h e  p o r t  to rque  s h a f t  coupl ing .  It i s  not  p o s s i b l e  t o  say  why t h e  
b o l t s  i n  t h e  s t a r b o a r d  coupl ing remained i n t a c t  but i t  i s  u n l i k e l y  t h a t  t h e  
impact f o r c e s  w e r e  i d e n t i c a l .  

When cons ider ing  t h e  p o s s i b i l i t y  of mal func t ion  of t h e  f l a p s ,  i t  should  
be noted tha t , a l though  t h e  reason  why they  had been s e l e c t e d  f u l l y  UP is 
unexpla ined,  i t  is n o t  normal t~ do s o  f o r  a n  overshoot .  The p o s i t i o n  on t h e  
approach where t h e  t u r n  began is t h e  normal p o s i t i o n  where a change of f l a p  
s e t t i n g  from 32 t o  40 degrees  is made. I f  f o r  any reason  t h e  s t a r b o a r d  s i d e  
went t o  t h e  t r a i l  p o s i t i o n  when t h i s  s e l e c t i o n  w a s  made, approximate ly  25 deg rees  
of f l a p  asymmetry would have r e s u l t e d  and c a l c u l a t i o n s  have shown t h a t  t h i s  would 
have produced t h e  observed f l i g h t  p a t h  a g a i n s t  t h e  a p p l i c a t i o n  of f u l l  o p p o s i t e  
a i l e r o n .  The normal t ime taken  f o r  r e t r a c t i o n  of t h e  f l a p s  would mean t h a t  
c o n t r o l  could not  be rega ined  i n  t i m e .  There fore ,  a l t hough  t h e  examinat ion of 
t h e  wreckage provided no evidence  of malfunct ion,  i t  is cons idered  t h a t  i n  t h e  
absence of o t h e r  evidence  t o  account  f o r  t h e  t u r n ,  t h e  p o s s i b i l i t y  t h a t  i t  w a s  
brought about  by f l a p  asymmetry cannot  be e n t i r e l y  e l imina t ed .  

2 .2  Conclusions 

1. The a i r c r a f t  was a i rwor thy ,  p rope r ly  mainta ined and c o r r e c t l y  loaded.  

2. The p i l o t s  were p rope r ly  l i c ensed .  

3 .  The manoeuvre t o  t h e  r i g h t  from t h e  approach p a t h  w a s  u n i n t e n t i o n a l  and one 
which could no t  be c o n t r o l l e d  by t h e  p i l o t s .  

4 .  No evidence  of pre-crash  f a i l u r e  w a s  d i s c w e r e d .  

Cause o r  
Probable cause  ( s )  

The a i r c r a f t  went out  of c o n t r o l  du r ing  t h e  f i n a l  s t a g e  of an approach t o  l and  
but  t h e  reason  f o r  t h i s  ha s  no t  been determined.  

ICAO Ref:  ~ ~ / 0 6 9 / 6 5  
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No. 4 

Trans World Ai r l ines  Inc. Boeing 707-33l.N 766 TW. accident 
a t  FrankfurtIMain Airport.  Federal  Republic of Germany, 
on 30 January 1966. Summary of r epo r t  re leased by the 

Federal  Office of C i v i l  Aeronautics. 

1. - Inves t iga t ion  

1.1 History of the  f l i ~ h t  

The a i r c r a f t  was operat ing a scheduled TWA serv ice  on the route  Frankfurt/Mai 
New York (John F. Kennedy Airport)  under f l i g h t  No. 741. The estimated f l i g h t  time t o  
New York was 8 hours and 16 minutes; the f u e l  suppl ies  on board were calculated on the 
ba s i s  of a maximum f l i g h t  time of 11 hours and 30 minutes. 

After  the  p i l o t  had received t ax i i ng  clearance by the  aerodrome cont ro l  he 
taxied t o  t he  t a x i  holding pos i t ion  of runway 25 R where the  check list was read out .  1 
wing f l aps  were extended t o  30° and the  s t a b i l i z e r  t r i m  was s e t  t o  4.5 u n i t s  "nose-up". 
Following the take-off c learance t he  four  engines were brought t o  take-off power. In t t  
beginning t he  take-off was normal. The f ron t  wheel cont ro ls  were applied up t o  a speed 
80 k t .  The precalculated V 1 speed of 146 k t  a s  wel l  a s  the  precalculated VR speed were 
reached and t he  uns t i ck  phase was i n i t i a t e d .  A t  about the same time when the nose wheel 
landing gear l i f t e d  off the runway, t he  horn of the  take-off warning system sounded. TI 
p i l o t  decided t o  i n t e r rup t  t he  take-off and i n i t i a t e d  the necessary measures such a s  
lowering the  nose, applying the  t h r u s t  reverser  and ac t i va t i ng  the brakes. The runway 
dis tance  ava i l ab le  was not s u f f i c i e n t ,  however, t o  bring the a i r c r a f t  t o  a s top  so  t h a t  
the  a i r c r a f t  overran the runway threshold and came t o  a s top  i n  an unpaved area ,  The p: 
sengers were evacuated immediately. It is the  p i l o t ' s  r e spons ib i l i ty  t o  in te r rup t  o r  t c  
continue t he  take-off i n  case t he  take-off warning system s t a r t s  sounding. 

None of t he  passengers was injured.  

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

The a i r c r a f t  was s l i g h t l y  damaged. 

1.4 Other damage 

Hinor damage t o  ground i n  t he  extension of runway 25 R. 

1.5 Crew information 

The crew consisted of t he  pilot-in-command, the  co-pilot ,  t he  f l i g h t  engineel 
one steward and f i v e  stewardesses. 
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The pilot-in-command, aged 56 y e a r s ,  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 s e  
endorsed f o r  Boeing 707-100/200/300 series. He had passed h i s  l a s t  medica l  examinat ion  on 
9 October 1965. H e  had flown a t o t a l  of 25 537 hours ,  4 635 of which had been on a i r c r a f t  
Boeing 707. During t h e  p reced ing  24 hours  he had no t  been on duty .  

The p i l o t  s t a t e d  i . a .  t h a t  p r i o r  t o  take-off t h e  s t a b i l i z e r  t r i m  was set t o  
11 4.5 u n i t s  nose-up", wh i l e  a f t e r  t h e  i n t e r r u p t i o n  of t h e  take-off t h e  i txdicator:showed 
I I 5.5 u n i t s  nose-up", a l though  - accord ing  t o  h i s  s t a tement  - h e  had no t  changed t h e  

The c o - p i l o t ,  aged 38  years, 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 s e  f o r  
Boeing 7071720. H e  had passed h i s  last medical  examinat ion on 22 December 1965. H i s  
f l y i n g  expe r i ence  amounted t o  12  044 hours ,  of which 3 972 hou r s  had been flown on Boeing 
707. P r i o r  t o  t h e  t ime of t h e  a c c i d e n t  he  had no t  been on duty.  

The statements made by t h e  co-p i lo t  w i t h  r e g a r d  t o  t h e  s e t t i n g  of t h e  s t a b i l i z e r  
p r i o r  t o  take-off and t h e  i n d i c a t e d  s e t t i n g  a f t e r  t h e  i n t e r r u p t i o n  of t h e  take-off co r r e -  
spond w i th  t h e  s t a t emen t s  made by t h e  pilot-in-coannand. 

The f l i g h t  eng inee r ,  aged. ,47 y e a r s ,  h e l d t a  f l i g h t  e n g i n e e r ' s  l i c e n s e .  H e  had 
passed h i s  last  medical  examinat ion on 17 January 1966. H e  had flown a t o t a l  of 14 1 8 1  
hours ,  1 817 of which had been on a i r c r a f t  t ype  Boeing 707. Dur ing t h e  p reced ing  24 hours  
he  had not been on duty .  

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

The a i r c r a f t  had flown a t o t a l  of 20 789 hours ,  4 721 hou r s  of which s i n c e  i t s  
l a s t  overhaul .  A f t e r  21 January 1966 no d i f f i c u l t i e s  were l i s t e d  i n ' t h e  maintenance l o g  
book concerning t h e  func t i on ing  of t h e  take-off warning system i n c l u d i n g  t h e  i n d i c a t o r  
switch f o r  t h e  wing f l a p s ,  t h e  a i r  brakes  o r  t h e  s t a b i l i z e r .  According t o  t h e  l oad  s h e e t s  
t he  take-off  weight was 299 143 l b s .  The maximum p e r m i s s i b l e  weight w a s  300 500 l b s .  The 
trimming of t h e  s t a b i l i z e r  r e s u l t i n g  from the  c a l c u l a t i o n  of t h e  c e n t r e  of g r a v i t y  w a s  

11 4 .5 u n i t s  nose-up" . 
1 . 7  Meteorologica l  in fo rmat ion  

The meteoro log ica l  cond i t i onswere  n o t  a f a c t o r  c o n t r i b u t i n g  t o  t h e  acc iden t .  

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

These a r e  no t  r e l e v a n t  t o  t h e  acc iden t .  

1 .9  Comun ica t i ons  

The a i r c r a f t  had rad io te lephony  con t ac t  w i th  t h e  aerodrome c o n t r o l  tower.  The 
crew d i d  no t  r e p o r t  any d i s t u r b a n c e  o r  d i f f i c u l t i e s .  

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

The runway 25 R of t h e  a i r p o r t  ~ r a n k f u r t / M a i n  ex tends  i n  a magnetic  d i r e c t i o n  
of 254O. The take-off  d i s t a n c e  a v a i l a b l e  amounts t o  3 960 m and t h e  a c c e l e r a t e - s t o p  
d i s t a n c e  a v a i l a b l e  t o  3 900 m. 
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1.11 F l i g h t  r e c o r d e r s  

The f l i g h t  r e c o r d e r  i n d i c a t e d  t h a t  t h e  maxinum speed w a s  165 k t  (KIAS). The 
was no evidence  t h a t  t h e  a i r c r a f t  had l i f t e d  from t h e  ground. However, a t  t h e  time of t 
a c c e l e r a t e  s t o p  t h e  nose wheel l and ing  gear  may have been o f f  t h e  ground. 

1.12 F ind ings  a t  t h e  s i t e  of the i n c i d e n t  and at t h e  ae rop lane  

The f i r s t  b rake  marks caused by t h e  l e f t  main unde rca r r i age  were v i s i b l e  abou 
800 m be fo re  t h e  end of runway 25 R ,  wh i l e  t h e  marks of t h e  nose wheel l and ing  gea r  bega 
about  320 m b e f o r e  t h e  end of t h e  runway. The s c r a p e s  of t h e  r i g h t  main unde rca r r i age  
were recognizab le  a t  t h e  end of t h e  runway over  a d i s t a n c e  of about  70 m. The a i r c r a f t  
then  over ran  t h e  stopway which had a l e n g t h  of 100 m, and came t o  a s t o p  on a s o f t  lawn 
a f t e r  a d d i t i o h l  225.6 m a t  a p o i n t  33.1 m t o  t h e  l e f t  of t h e  extended runway c e n t r e  l i n  
The d i s t a n c e  covered by t h e  a i r c r a f t  from t h e  s t a r t i n g  p o i n t  on t h e  runway was 4 226 m. 
The the rmal  p lugs  of t h e  tires of t h e  fo l lowing  main unde rca r r i ages  had melted: 

r i g h t  main unde rca r r i age ,  f r o n t ,  i n s i d e  ; 

r i g h t  main unde rca r r i age ,  rear, i n s i d e ;  

l e f t  main unde rca r r i age ,  rear, i n s i d e .  

Both main unde rca r r i ages  had sunk i n t o  t h e  s o f t  ground up t o  t h e  wheel a x l e s .  

F ind ings  on t h e  take-off warning system 

The wing f l a p s  were extended t o  30° which corresponded t o  t h e  i n d i c a t i o n  i n  t 
cockp i t ;  t h e  air b rakes  had no t  been a c t i v a t e d ,  and t h e  s t a b i l i z e r  w a s  trimmed t o  5.5 un 
I I  nose-up". T h i s  t r i m  s e t t i n g  could a l s o  be  seen  on t h e  trimming i n d i c a t o r .  Furthermore 
t h e  warning sys tem w a s  swi tched on. 

I n v e s t i g a t i o n  of t h e  take-off warning sys tem 

The p a r t s  and swi tches  of t h e  a i r c r a f t  connected w i th  t h e  take-off warning s y  
t e m  were thoroughly  i n v e s t i g a t e d  and measured. A t  t h e  measuring p o i n t , i t  w a s  a s c e r t a i n e  
t h a t  w i th  a s t a b i l i z e r  trimming of 5.5 u n i t s  "nose-up" t h e  d i s t a n c e  was 23.78 inches .  

11 S ince  t h e  r e l e v a n t  t a b l e  g i v e s  only  up t o  5 u n i t s  nose-up" t h e  t r i m  s e t t i n g  w a s  reduced 
by one h a l f  u n i t  t o  5 u n i t s  and examined; i t  was w i t h i n  t h e  t o l e r a n c e s .  The swi tch  whic 
r e l e a s e d  t h e  warning r e a c t e d  w i t h i n  t h e  p r e s c r i b e d  t o l e r a n c e s .  The warning was r e l ea sed  

I I  when t h e  t r i m  s e t t i n g  was 5.2 u n i t s  nose-up". According to t h e  o p e r a t i o n a l  documents,t 
warning w i l l  be r e l e a s e d  as soon as t h e  t r i m  s e t t i n g  i s  one h a l f  u n i t  be fo re  o r  behind t 

I t  g reen range (5.5 u n i t s  nose-up"). When t h e  t r i m  s e t t i n g  is changed by one u n i t  t h e  t r j  
wheel a t  t h e  console  t u r n s  about  12 times. A sw i t ch  f o r  t h e  t r i m  s e t t i n g  of t h e  s t a b i l i  
is a t  t h e  c o n t r o l  s t i c k  ho rn  of t h e  l e f t  c o n t r o l  column. 

Also t h e  s e t t i n g  of the warning swi tch  f o r  t h e  air  b rakes  and t h e  wing f l a p s  
were i n  l i n e  wi th  t h e  r e g u l a t i o n s  and t h e  t o l e r a n c e s .  

1.13 F i r e  - 
No f i r e  occur red  when t h e  a i r c r a f t  ove r r an  t h e  runway. 
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2 .  - Ana lys i s  and Conclusions 

2 . 1  Analys i s  

The a i r c r a f t  was du ly  l i c e n s e d  f o r  ope ra t i on .  The i n v e s t i g a t i o n  of t h e  p a r t s  
which could have caused t h e  d i s t u r b a n c e ,  d i d  no t  r e v e a l  any d e f i c i e n c i e s .  The crew h e l d  
t h e  l i c e n s e s  r e q u i r e d  f o r  t h e  o r d e r l y  o p e r a t i o n  of t h e  f l i g h t ;  t h e s e  l i c e n s e s  were v a l i d  
on t h e  day of t h e  acc iden t .  Both p i l o t s  had s u f f i c i e n t  f l i g h t  exper ience .  The weather  
d id  not have any i n f l u e n c e  on t h e  a c c i d e n t ,  nor  d i d  t h e  n a v i g a t i o n  systems.  The rad io -  
te lephony communication worked a l r i g h t  and d i d  no t  g ive  any i n d i c a t i o n s  as t o  t h e  source  
of t he  d i s t u r b a n c e .  The runway used d i d  no t  have any d e f i c i e n c i e s .  Take-off weight  and 
c e n t r e  of g r a v i t y  were w i th in  t h e  p e r m i s s i b l e  l i m i t s .  

The a i r c r a f t  took  o f f  f o r  a  d i r e c t  f l i g h t  t o  New York. 14  passengers ,  9 crew 
members, 673 l b  of f r e i g h t  and baggage and 157 500 l b  of f u e l  were on board. According 
t o  t h i s  load, the  s e t t i n g  of t h e  s t a b i l i z e r  was c a l c u l a t e d  wi th  4.5 u n i t s  "nose-up" and 
ad ju s t ed  p r i o r  t o  take-off .  Af t e r  t h e  i n t e r r u p t i o n  of t h e  take-off  t h e  t r i m  s e t t i n g  was 

11 5.5 u n i t s  nose-up". A s  t h e  co-p i lo t  d i d  n o t  c o n t r o l  t h e  a i r c r a f t  but  w a s  occupied w i t h  
o t h e r  t a s k s ,  i t  must be assumed t h a t  t h e  pilot-in-command d u r i n g  t h e  take-off  phase 
- poss ib ly  wi thout  n o t i c i n g  it - trimmed t h e  a i r c r a f t  f u r t h e r  "nose-up". A s  soon as t h e  
p o s i t i o n  was reached which releases t h e  take-off  warning, t h e  warning horn  sounded. Since  
t h e  p i l o t  d id  not r ecogn ize  t h e  r ea sons  f o r  t h i s  warning, he assumed a genuine d i s t u r b a n c e  
and decided t o  d i s c o n t i n u e  t h e  s t a r t i n g  phase. Such a  d e c i s i o n  i s  t h e  p i l o t ' s  own respon- 
s i b i l i t y .  When judging t h i s  c a s e ,  however, t h e  unusual  load ing  and t h e  r e s u l t i n g  s e t t i n g  
of t h e  s t a b i l i z e r  should be taken i n t o  cons ide ra t i on .  

2 .2  Conclusions 

Findings  

The a i r c r a f t  overran  t h e  runway end a f t e r  t h e  a c c e l e r a t e d  s t o p .  

Cause o r  
Probable  cause  ( s )  

I n  a l l  p r o b a b i l i t y  t h e  pilot-in-command du r ing  t h e  take-off phase changed 
t t  - p o s s i b l y  wi thout  n o t i c i n g  i t  - t h e  t r i m  of t h e  s t a b i l i z e r  from 4 .5  u n i t s  nose-up" t o  

I I  5.5 u n i t s  nose-up"; t h i s  r e s u l t e d  i n  t h e  release of t h e  take-off  warning system which 
caused t h e  p i l o t  t o  i n t e r r u p t  t h e  take-off .  The runway d i s t a n c e  s t i l l  a v a i l a b l e  was no t  
s u f f i c i e n t  f o r  b r i ng ing  t h e  a i r c r a f t  t o  a  s t o p  be fo re  t h e  end of t h e  runway. 

I C A O  Ref. : ~ ~ 1 0 4 1 1 6 6  
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No. 5 

Compafiia Aviaci6n y Comercio S.A., Convair 440 Metropo l i t an ,  EC-APU, 
a c c i d e n t  a t  Las Palmas A i rpo r t .  Gran Canaria-on 2 February 1966. 

Report da t ed  31 January  1967. r e l e a s e d  by t h e  Department 
of C i v i l  Avia t ion ,  Spain. 

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  w a s  performing a scheduled passenger  f l i g h t  between T e n e r i f e  and 
Las Palmas ( F l i g h t  1B-112). It proceeded normally from take-off a t  T e n e r i f e  u n t i l  a r r i v a l  
a t  Las Palmas, where t h e  touchdown w a s  made w i t h  l and ing  gear  r e t r a c t e d .  The a i r c r a f t  
s l i d  a long  t h e  runway about  300 metres and came t o  a  s t o p  wi thou t  f i r e  occu r r i ng .  

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

1 .3  Damave t o  a i r c r a f t  

I 

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  s u s t a i n e d  v a r i o u s  damage t o  t h e  p r o p e l l e r s ,  eng ines ,  gondolas,  
f l a p s  and t h e  lower p a r t  of t h e  fu se l age .  

1 . 4  Other damage 

C r e w  

- 
- 

4 

None. 

1.5 C r e w  in format ion  

Passengers  

- 
- 

39 
A 

The pilot-in-command of t h e  a i r c r a f t  had logged a t o t a l  of 6 000 f l y i n g  hours ,  
of which 2 000 on t h i s  t ype  of a i r c r a f t .  He  had a v a l i d  a i r l i n e  p i l o t  l i c e n c e ,  No. 445. 
H e  had been a war p i l o t  and obse rve r ,  and was a t e a c h e r  a t  t h e  b a s i c  p i l o t  t r a i n i n g  schoo l ;  
he had taken cou r se s  on DC-3, Convair 440, and had a rad io te lephony  r a t i n g .  (He was i n  
t h e  c o - p i l o t ' s  s e a t ) .  

Others  

- 
- 

- 
- 

The co-p i lo t  had logged a l t o g e t h e r  4 000 hours ,  of which about  40 on t h i s  t ype  
of a i r c r a f t .  He h e l d  a i r l i n e  ~ i l o t  l i c e n c e  No. 522. He had been a war p i l o t  and observe] 
and t aken  cou r se s  on DC-3 and Convair 440. He had a rad io te lephony  r a t i n g .  (He was i n  
t h e  pilot-in-command's s e a t ) .  
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The f l i g h t  engineer had logged 3  000 hours,  of which about 2 000 of t h i s  type 
of a i r c r a f t .  

1.6 A i r c r a f t  information 

The C e r t i f i c a t e  of Airworthiness waa v a l i d  up t o  29 J u l y  1966. The a i r c r a f t  
had f l m  15  873:50 hours :  10 442:55 hours  s i n c e  last overhaa.1 and 61:lO hours  s i n c e  i ts  
last inspect ion.  

The p o r t  engine had been operated 1 2  659:16 hours: s i n c e  l a s t  overhaul  
1 260:05 hours and s i n c e  l a e t  pe r iod ic  in spec t ion  61:lO hours. 

The s ta rboard  engine had been operated 10 353:lO hours: s i n c e  last overhaul  
175:40 hours and s i n c e  l a s t  p e r i o d i c  in spec t ion  61:10 hours. 

When t h e  acc ident  occurred,  t h e  weight of t h e  a i r c r a f t  and i ts c e n t r e  of g r a v i t y  
were wi th in  t h e  permiss ib le  l i m i t s .  

1 . 7  M e t e o r o l o ~ i c a l  information 

The meteorological  condi t ions  a t  the  a i r p o r t  a t  t he  time of t h e  acc iden t  were: 

QAM: Gando QAN: 010° -8 k t  QBA: 30 km QNY: N I L  
QBB: 118 Sc 750 + 718 C s  4 000 QNK: 1 0 2 3  mb QMU: 21/14 

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

N i l .  

1.9 Communications 

Normal. 

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

Not mentioned. 

1.11 F l i g h t  recorders  

Not concerned i n  t h i s  acc iden t ,  

1.12 Wreckage 

The components damaged were: both p r o p e l l e r s ,  engines and engine n a c e l l e s ,  
f l a p  and lower p a r t  of fuse lage .  

1.13 Fire 

F i r e  d i d  not  occur. 
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2.  - Analys i s  and Conclus ions  

2 . 1  Ana lys i s  

The p o s s i b i l i t y  w a s  i n i t i a l l y  cons idered  t h a t  t h e  crew might no t  have been 
a b l e  t o  see t h a t  t h e  l and ing  gear  w a s  r e t r a c t e d ,  i f  t h e  horn  d i d  no t  f u n c t i o n  and i f  they 
d i d  n o t  n o t i c e  t h e  v i s u a l  s a f e t y  system because t h e  sun was s h i n i n g  on t h e  ins t rument  
pane l ,  but  t h e s e  c o n s i d e r a t i o n s  were later  d i s ca rded ,  s i n c e  t h e  f l i g h t  eng ineer  s t a t e d  
t h a t  h e  had no t  checked t h e  l and ing  gear  p o s i t i o n  i n d i c a t o r s  because t h i s  check i s  t h e  
r e p l y  t o  t h e  o r d e r  t o  lower t h e  l and ing  g e a r ,  which, h e  states, was no t  g iven.  Also t h e  
p i l o t  a t  t h e  c o n t r o l s ,  M r .  Montoya,says he  doee n o t  remember whether he gave t h i s  o r d e r ,  
nor  does t h e  pilot-in-command, M r .  Sancho, remember g i v i n g  t h e  o r d e r  t o  lower t h e  l and ing  
gea r ,  s t a t i n g  on ly  that,when h e  w a s  on f i n a l  approach and a f t e r  concluding t h e  checks,he 
asked t h e  Tower f o r  t h e  wind d a t a  and i n i t i a t e d  t h e  l and ing  manoeuvre q u i t e  normally.  
Furthermore, i n  t h e  subsequent  t e c h n i c a l  r e p o r t  i t  i s  s t a t e d  t h a t  t h e  l and ing  gear  l e v e r  
was i n  t h e  " landing gear  r e t r a c t e d "  p o s i t i o n ;  t h e  emergency systems f o r  lower ing i t  had no 
been 'appl ied .  The l and ing  gear  p o s i t i o n  i n d i c a t o r s ,  a c t i v a t e d  by ground b a t t e r i e s ,  were 
f u n c t i o n i n g  c o r r e c t l y  a£ ter t h e  acc iden t .  F i n a l l y ,  t h e  horn  system t o  i n d i c a t e  " landing 
gea r  down" func t i oned  on t h e  ground when t h e  t h r o t t l e  l e v e r  w a s  p u l l e d  back. 

2.2 C m c l u s i o n s  

Cause o r  
Probable  cause ( s )  

The crew d i d  n o t  lower t h e  l and ing  gea r  and d i d  no t  c a r r y  ou t  t h e  corresponding 
checks w i th  t h e  neces sa ry  care. 

3 .  - Recommendations 

None w a s  made. 

ICAO Ref: AR/035/66 
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No. 6 

I b e r i a ,  Spanish A i r l i n e s .  DC-8, EC-AUM, acc iden t  a t  Las Pa lmas .Ai rpor t ,  
Gran Canaria,on 2 March 1966. Report da ted  22 November 1966, 

r e l e a s e d  by t h e  Department of C i v i l  Avia t ion ,  Spain .  

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  w a s  engaged on a scheduled passenger f l i g h t  between Madrid and 
Las Palmas de Gran Canaria ( F l i g h t  ZB-681). The f l i g h t  proceeded normally from Madrid 
Ai rpor t  t o  t h e  a i r p o r t  of Las Palmas, where a n  acc iden t  occurred on land ing  a t  2324 hour s ,  
when t h e  wheels s t r u c k  t h e  edge d i v i d i n g  t h e  a l l o t t e d  runway from i t s  approach end,  which 
is s i t u a t e d  some 30 cm below t h e  s u r f a c e  of t h e  runway i t s e l f .  Th i s  caused t h e  blow-out 
and sepa ra t ion  of t h e  wheels from t h e  undercarr iage .  S ix  of them were s t rewn about  t h e  
runway and ad jacen t  a r e a s ,  whi le  t h e  o t h e r  two remained a t t ached  t o  t h e  r i g h t  landing-gear 
l e g  u n t i l  t h e  end of t h e  a i r c r a f t ' s  run. 

The l e f t  l e g  became detached 380 m along t h e  runway and t h e  a i r c r a f t ,  suppor ted 
by the  r i g h t  landing gear  and engine No. 1, continued t o  a p o i n t  1 050 m from t h e  approach 
end of runway 03. 

F r i c t i o n  wi th  t h e  runway caused a f i r e  i n  t h e  two wheels s t i l l  a t t a c h e d  t o  t h e  
r i g h t  l e g ,  bu t  t h i s  was put  out  by t h e  f i r e - f i g h t i n g  s e r v i c e  of t h e  a i r p o r t .  

A f i r e  a l s o  broke ou t  i n  engine  No. 1 and was ex t inguished  by t h e  a i r c r a f t ' s  
own equipment. 

The two nose-wheels were t h e  only  wheels no t  t o  blow ou t .  

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

1.3 Dama~e 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 - 

Ser ious  damage occurred mainly t o  t h e  f l a p s ,  undercar r iage  and t h e  mounts which 
j o i n  engine No. 3 t o  t h e  a i r c r a f t .  

C r e w  

- 
- 

10 

Passengers  

- 

3 

66 

- 
Others  

- 
- 

A 
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1 .4  Other damage 

None. 

1 .5  C r e w  in fo rmat ion  

The pilot-in-comaand of t h e  a i r c r a f t  had a t o t a l  of 20 000 f l y i n g  hours ,  i n -  
c lud ing  approximately 3 000 on t h i s  t ype  of a i r c r a f t .  H e  had a v a l i d  commercial p i l o t ' s  
l i c e n c e  (No. 64) .  Hewasa  m i l i t a r y  p i l o t  w i th  r a t i n g s  f o r  DC-3s, DC-4s, S u p e r - C o n s t e l l a t i o ~  
and DC-8s. 

The co-p i lo t  had a t o t a l  of 17 500 f l y i n g  hours ,  i n c l u d i n g  60 on t h i s  type  of 
a i r c r a f t .  He he ld  a  v a l i d  c e r t i f i c a t e  (No. 172 ) ,  wasa  m i l i t a r y  p i l o t  and observer ,  wi th  
r a t i n g s  f o r  DC-3s, DC-49, Convair 440s. Super-Conste l la t ions ,  C a r a v e l l e s  and DC-8s. 

The f l i g h t  mechanic had a t o t a l  of 1 0  500 f l y i n g  hours ,  i n c l u d i n g  approximately 
1 100 on t h i s  t ype  of a i r c r a f t .  H e  he ld  crew member and i n s t r u c t o r  r a t i n g s  f o r  DC-3s,  
DC-4s and Super -Cons te l l a t ions  and a D G 8  r a t i n g .  

The f l i g h t  r a d i o  o p e r a t o r  had a t o t a l  of 16 000 f l y i n g  hours ,  i n c l u d i n g  approxi-  
mately 2 000 on t h i s  t y p e  of a i r c r a f t .  H e  had completed courses  on t h e  equipment of DC-38, 
DC-4s, Convairs ,  Super -Cons te l l a t ions ,  C a r a v e l l e s  and DC-8s. 

1 .6 A i r c r a f t  in fo rmat ion  

The a i r w o r t h i n e s s  c e r t i f i c a t e  was v a l i d  u n t i l  23 August 1966. The a i r c r a f t  had 
logged a t o t a l  of 7 098:35 hou r s ,  i nc lud ing  343:48 hours  s i n c e  t h e  las t  r e g u l a r  overhaul .  

The eng ines  had logged t h e  fo l lowing  hours  s i n c e  r econd i t i on ing :  No. 1 engine:  
1 955:25, No. 2 engine:  1 483:20, No. 3 engine:  7 632:07, No. 4 engine:  7 905:25; and s i n c e  
r e g u l a r  overhaul :  No. 1: 343:48, No. 2: 343:48, No. 3: 343:48 and No. 4: 11:25. 

When t h e  a c c i d e n t  occurred ,  t h e  weight of t h e  a i r c r a f t  and t h e  l o c a t i o n  of i t s  
c e n t r e  of g r a v i t y  were w i t h i n  t h e  p r e sc r ibed  l i m i t s .  

1 .7  Meteoro log ica l  in fo rmat ion  

The weather  c o n d i t i o n s  a t  t h e  a i r p o r t  a t  t h e  t i m e  of a cc iden t  were t h e  fo l l owing :  
Wind 3600 08/12 k t  QNH 1 021.6 mb, tempera ture  1 7 O ~ ,  dewpoint 14OC. 

The me teo ro log i ca l  o f f i c e  a t  Las Palmas po in ted  ou t  t h e  p o s s i b l e  e f f e c t  of 
meteoro log ica l  c o n d i t i o n s  i n  t h a t  the a i r c r a f t  might have l o s t  h e i g h t  suddenly due t o  
f l y i n g  a t  low l e v e l s  i n  a  l a y e r  of humid air  o r  t o  a  change of 180 deg ree s  i n  t h e  d i r e c -  
t ion of t h e  wind du r ing  t h e  approach t o  t h e  runway. 

T h i s  p o s s i b i l i t y  w a s  d i s ca rded  i n  t h e  f i n a l  r e p o r t .  

1 .8  Aids t o  n a v i g a t i o n  

Mot a p p l i c a b l e .  
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1.9 Communications 

Air-ground communications were normal. 

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

The t h r e s h o l d  of runway 03-21, on which t h e  acc iden t  occur red ,  w a s  d i s p l a c e d  
60 m a t  i t s  03 end. 

Due t o  work being c a r r i e d  out  a t  t h e  above l o c a t i o n ,  t h e  e n t i r e  t h i c k n e s s  of 
t h e  conc re t e  pavement p ro t rudes  above rhe n a t u r a l  t e r r a i n ,  forming a s t e p  some 30 cm high.  

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

Of no re levance  t o  t h i s  acc iden t .  

1.12 Wreckage 

The a i r c r a f t  and i t s  power p l a n t  s u f f e r e d  damage, e s p e c i a l l y  No. 1 eng ine ,  
f l a p s  and main unde rca r r i age ,  c o l l a p s e  and detachment of t h e  l e f t  u n d e r c a r r i a g e  l e g ,  sepa-  
r a t i o n  of s i x  t i r e s  from t h e  main unde rca r r i age  l eav ing  on ly  two wheels  a t t a c h e d  t o  t h e  
r i g h t  gea r .  A l l  t h e  above damge was d u e t o  impact wi th  t h e  runway. 

There was no f i r e  be fo re  t h e  impact.  

The f i r e  occurred a f t e r  t h e  impact of t h e  unde rca r r i age  and t h e  c o n t a c t  of t h e  
motor wi th  t h e  ground. The f i r s t  was put out  by t h e  a i r p o r t ' s  f i r e - f i g h t i n g  s e r v i c e  and 
t h e  second by t h e  a i r c r a f t ' s  own app l iances .  

2.  - Analys i s  and Conclusions 

2 .1  Analys is  

The cause of t h e  acc iden t  was undershoot ,  which r e s u l t e d  i n  c o n t a c t  wi th  t h e  
runway occur r ing  30 cm below t h e  l e v e l  of t h e  runway s u r f a c e .  

From t h e  s t a t emen t s  of t h e  pilot-in-command,it appears  t h a t  he  w a s  confused by 
t h e  colour  of t h e  ground ahead of t h e  runway approach end and by t h e  f a c t  t h a t  t h i s  t e r r a i n  
i s  2 m lower. 

The co-p i lo t  l i k e w i s e  made an  e r r o r  of judgement f o r  t h e  r ea sons  mentioned i n  
h i s  s t a t emen t s  i n  t h a t  he  considered t h e  he igh t  s u f f i c i e n t  t o  reach  t h e  l i g h t s  of t h e  
t h r e sho ld  and f o r  t h i s  reason  made no obse rva t ions  t o  t h e  a i r c r a f t ' s  pilot-in-command. 

These s t a t emen t s  show t h a t  bo th  misjudged t h e  t e r r a i n .  It i s  q u i t e  p o s s i b l e  
t h a t ,  a s  both dec l a r ed ,  t h i s  e r r o r  w a s  due t o  confus ion of t h e  colour of t h e  t e r r a i n  b e f o r e  
t h e  runway wi th  t h a t  of t h e  runway s a f e t y  zone. 
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Misjudgement of t h e  he igh t  i s  more d i f f i c u l t  t o  understand,  a s  t h e  impact 
occurred 60 m ahead of t h e  t h re sho ld  l i g h t s .  

Bearing i n  mind t h a t  t h e  pilot-in-command and t h e  co-p i lo t  have cons ide rab le  
exper ience ,  it d i d  no t  seem normal, on t h e  f a c e  of i t ,  t h a t  both should commit t h e  same 
e r r o r  of judgement.' The p o s s i b i l i t y  noted i n  paragraph 1 . 7  '%leteorological Information" 
w a s  t h e r e f o r e  considered,  but  f i n a l l y  excluded. 

2.2 Conclusions 

Cause o r  
Probable cause ( s )  

Human e r r o r  on t h e  p a r t  of t h e  pilot-in-command who executed an  undershoot.  

3. - Recommendations 

The r e p o r t  c o n t a i n s  none. 

ICAO Ref: AR/033/66 
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No. 7 

BOAC. Boeing 707. G-APFE, accident  a t  the  foot  of Mount F u i i ,  JapanL 
on 5 March 1966. Report re leased by t he  Board of Trade, 

United Kingdom. G.A.P. 286, 

1. - Inves t iga t ion  

1.1 History of the  f l i g h t  

The a i r c r a f t ,  GAPFE, on scheduled f l i g h t  911 (San ~rancisco/Honolulu/Tokyo/ 
Hong Kong) was expected t o  a r r i v e  a t  Tokyo In te rna t iona l  Airport  a t  1645 hours on 4 March. 
However, due t o  poor meteorological condi t ions a t  Tokyo In t e rna t i ona l  Airport  and because 
the precis ion approach radar  (PAR) of the GCA was out of service*,  it d iver ted  t o  I tazuke 
( a l t e rna t e  a i r p o r t )  and landed there  a t  1800 hours. After s taying  overnight a t  I tazuke,  
i t  l e f t  f o r  Tokyo at 1125 hours on 5 March and proceeded on J e t  Airway J40L v i a  Oshima a t  
f l i g h t  l eve l  (FL) 290 i n  accordance with the  instrument f l i g h t  r u l e s ;  it landed a t  Tokyo 
In ternat ional  Airport  a t  1243 hours. 

Between 1300 and 1330 hours, the  pilot-in-command, accompanied by t he  co-pi lot ,  
received b r i e f i ng  f o r  the  Tokyo-Hong Kong sec to r  from the  BOAC Duty Operations Assigtant,  
i n  the i n t e rna t i ona l  passengers'  departure lounge. He br iefed  them on t h e 5 0 0  mb, 300 mb 
and 200 mb prognostic char t s ,  prognostic tropopause cha r t ,  prognost ic  char t  of s i g n i f i c a n t  
weather and terminal f o r eca s t s  f o r  aerodromes a t  the  estimated time of a r r i v a l  which had 
been provided by Tokyo In te rna t iona l  Airport  Aviation Weather Service.  

A t  about 1330 hours, the  Operations Ass is tant  f i l e d  with the  Operations Section 
of Tokyo Aeronautical Aids Office a f l i g h t  plan,  f o r  a f l i g h t  i n  accordance with the  
instrument f l i g h t  r u l e s  v i a  Oshima on 366 t o  Hong Kong a t  FL 310 with proposed ti- of 
departure of 1345 hours and t o t a l  estimated f l i g h t  time of 4 hours and 1 7  minutes, and 
handed a copy t o  t he  co-pilot.  

A t  1342 hours, G-APFE commenced colpmunications with air t r a f f i c  con t ro l  a t  
Tokyo In te rna t iona l  Airport ,  request ing permission t o  s t a r t  engines and clearance f o r  a 
VMC climb v i a  Fuji-Rebel-Kushimoto. The a i r c r a f t  l e f t  the  ramp a t  1350 hours and, a f t e r  
receiving an ins t ruc t ion  a t  1357 hours t o  make "a r i g h t  tu rn  a f t e r  take off",  departed 
Tokyo In te rna t iona l  Airport  a t  1358 hours. 

The estimated f l i g h t  path from Tokyo In t e rna t i ona l  Airport  t o  Gotemba Ci ty ,  
based on an 8-millimetre cine photo colour f i l m  of t he  countryside taken by a passenger 
on board, i s  a s  follows: 

The a i r c r a f t  , a f t e r  taking off  from Tokyo In t e rna t i ona l  Airport ,  f lew over 
Samezu, made a r i g h t  tu rn  and proceeded, climbing, towards a point  between 
Yokohama and - - -  Ofuna. - - -  It therr made another r i g h t  t u r n  and flew over a point  - 
(see Fig. 7-1, between A and B) approximateiy 13 km t o - t h e  nor th  wegt of O d a ~ r a -  
City and a$Proximately 5 km t o  the  north of M t .  @ojindake,at  an a l t i t u d e  of 
5 100 m on a heading of approximately 246% a t  an indicated airspeed of 320 
t c  370 k t .  

* PAR was out of se rv ice  between 1525 hours and 1650 hours. The g l i de  s lope of t he  ILS 
was awaiting f l i g h t  check. 
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The a i r c r a f t  subsequently f lew over Gotemba C i ty  (see  Fig.  7-1, between C and D) 
on a heading of approximately 2980M a t  an a l t i t u d e  of approximately 4 900 m 
and i n d i c a t e d  a i r speed  of 320 t o  370 k t .  (Immediately a f t e r  t h i s ,  t h e  f i l m  
skipped two frames, followed by vague p i c t u r e s  of something l i k e  t h e  passenger 
seats o r  c a b i n  c a r p e t ,  and suddenly came t o  an  end.) 

The es t imated  f l i g h t  pa th  from Gotemba C i t y  t o  t h e  c rash  s i te ,  based on t h e  
s ta tements  of many wi tnes se s  and t h e  p i c t u r e s  is a s  fo l lows  ( see  Fig.  7-3): 

The a i r c r a f t ,  t r a i l i n g  whi te  vapor ,  was l o s i n g  a l t i t u d e  over t h e  Takigahara 
a r e a ,  and p a r t s  of t h e  a i r c r a f t  began t o  break away over Tsuchiyadai  and 
Ich i r imatsu .  

F i n a l l y  over Tarobo at  an  a l t i t u d e  of approximately 2 000 m, t h e  forward 
f u s e l a g e  broke away. The mid-aft f u s e l a g e  toge the r  wi th  t h e  wing, making a 
slow f l a t  s p i n  t o  t h e  r i g h t ,  crashed i n t o  a f o r e s t *  a t  2109, Nakahata, Gotemba 
C i ty  a t  approximately 1415 hours.  

The forward f u s e l a g e  crashed i n t o  t h e  f o r e s t  (2110 Nakahata) approximately 
300 m t o  t h e  w e s t  of t h e  above s i te  and caught f i r e .  

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

Post-mortem examinations of t h e  f l i g h t  crew members revea led  no evidence of any 
pre-exist ing d i s e a s e  or drugs  t h a t  might have s f  f ec t ed  t h e  performance of t h e i r  d u t i e s .  

1 .3  Damage t o  a i r d a f t  

Others  

- 

The a i r c r a f t  broke i n t o  p i e c e s  i n  t h e  a i r  and t h e  forward fu se l age  ( inc lud ing  
t h e  cockpi t )  w a s  almost des t royed  by ground impact and f i r e .  

Passengers  

113 

I n j u r i e s  

F a t a l  

Non-fatal 

None 
. 

1.4 Other damage 

Some p a r t s  of t h e  f o r e s t  on which t h e  p i e c e s  of G-APFE f e l l  r ece ived  damage. 

C r e w  

11 

* L a t i t u d e  3S019'45"N 
Eleva t ion  1 320 m 

Longitude 138O48' 1 7 " ~  
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1 .5  C r e w  in f  ormation 

The pilot-in-command, aged 45, jo ined BOAC on 6 March 1946, and q u a l i f i e d  as 
cap ta in  on Boeing 707 on 3 December 1960. 

He obtained United Kingdom 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  (ALTP) No. 22160 
on 4 May 1950 and w a s  q u a l i f i e d  a s  cap ta in  on Boeing 707 and co-pi lot  on Canadair C4 and 
Douglas DC-7C. 

On 1 November 1965, he  passed a medical examination and h i s  medical c e r t i f i c a t e  
was v a l i d  t i l l  11 May 1966. 

H e  had accumulated a t o t a l  of 14 724 f l y i n g  hours  inc lud ing  a t o t a l  of 2 155 hours  
i n  Boeing 707 a i r c r a f t  (2 101 hours a s  pilot-in-command and 54 hours  a s  co -p i lo t ) .  

4 

H e  had flown 19 hours i n  t h e  30 days preceding t h e  a c c i d e n t .  

According t o  t h e  BOAC f l i g h t  c o n t r o l  m n a g e r , t h e  pilot-in-command had operated 
t o  Tokyo I n t e r n a t i o n a l  Airpor t  i n  a i r c r a f t  of va r ious  types  s i n c e  1950 and was experienced 
i n  opera t ion  i n  t h e  Tokyo a rea .  H e  was f u l l y  conversant  w i th  meteorological.conditions on 
the  rou te  and around Tokyo and was f u l l y  aware of t he  problems a s s o t i a t e d  wi th  f l i g h t  i n  
turbulence and mountain wave systems. I n  a d d i t i o q h e  a t tended  a s p e c i a l  l e c t u r e  i n  A p r i l  
1965, on f l i g h t  i n  turbulence and recovery from any r e s u l t i n g  abnormal f l i g h t  a t t i t u d e s .  

The co-pi lot ,  aged 33, jo ined  BOAC on 29 September 1957, and q u a l i f i e d  a s  co- 
p i l o t  on Boeing 707 on 26 June 1962 and as second-in-command on 8 May 1963. 

H e  obtained United Kingdom 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  No. 46165 on 
5 January 1966,with a r a t i n g  f o r  co-pilot  on Boeing 707. H e  a l s o  he ld  a f l i g h t  n a v i g a t o r ' s  
l i cence .  H e  passed a medical examination on 3 January 1966 and h i s  medical c e r t i f i c a t e  w a s  
v a l i d  till 8 J u l y  1966. 

H e  had accumulated a t o t a l  of 3 663 f l y i n g  hours  inc lud ing  a t o t a l  of 2 073 hours  
i n  Boeing 707 (710 hours a s  co-pi lot ,  1 214 hours as t h i r d  p i l o t  and 149 hours  as n a v i g a t o r ) .  
H e  had flown 54 hours i n  the  30 days preceding t h e  accident .  

The second f i r s t  o f f i c e r ,  aged 33, jo ined BOAC on 23 September 1957, and qua l i -  
f i e d  as co-pilot  on Boeing 707 on 8 J u l y  1962 and as second-in-command on 11 June 1963. 

H e  obta ined United Kingdom 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  No. 46673, on 
25 May 1965 wi th  a r a t i n g  f o r  co-pilot  on Boeing 707. H e  a l s o  he ld  a f l i g h t  n a v i g a t o r ' s  
l icence.  

H e  passed a medical examination on 15 September 1965 and h i s  medical c e r t i f i c a t e  
was v a l i d  t i l l  27 March 1966. 

He had accumulated a t o t a l  of 3 906 f l y i n g  hours  inc lud ing  2 538 hours  i n  
Boeing 707 (812 hours a s  co-p i lo t ,  1 4 0 6  hours a s  t h i r d  p i l o t  and 320 hours  a s  n a v i g a t o r ) .  
He had flown 53 hours i n  t h e  30 days preceding t h e  acc iden t .  

The f l i g h t  engineer ,  aged 31, jo ined BOAC on 8 J u l y  1957, and was appointed as 
f l i g h t  engineer on Boeing 707 on 17 A p r i l  1963. He obtained United Kingdom f l i g h t  e n g i n e e r ' s  
l i cence  No. 726 on 24 June 1958. 
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He passed a medical examination on 9 June 1965 and h i s  medical c e r t i f i c a t e  was 
v a l i d  u n t i l  21 June 1966. 

He had accumulated a t o t a l  of 4 748 f l y ing  hours including 1 773 hours i n  
Boeing 707. H e  had flown 54 hours i n  the  30 days preceding the accident .  

Inves t iga t ion  of t he  f l i g h t  experience of the  crew i n  the  30 days preceding t h e  
accident and t h e i r  a c t i v i t i e s  a t  Itazuke on 4 and 5 March revealed no evidence t o  ind ica te  
any f ac to r s  which could be associated with the  accident.  

1.6 Ai rc ra f t  in£ ormation 

(a) GAPFE, a Boeing 707-436, manufacturer's s e r i a l  No. 17706,was manufactured 
i n  1960 and issued with a United S t a t e s  Export C e r t i f i c a t e  of Airworthiness 
on 29 Apr i l  1960. The a i r c r a f t  had accumulated a t o t a l  of 19 523 hours 
33 minutes f ly ing  with a t o t a l  of 6 744 landings. 

Its United Kingdom c e r t i f i c a t e  of a i rworthiness  (No. A.6676) was renewed 
on 29 Apr i l  1965 and was v a l i d  till 28 Apr i l  1966. The a i r c r a f t  and power- 
p l an t s  were properly maintained i n  accordance with BOAC maintenance 
procedures. 

(b) The gross weight of the  a i r c r a f t  a t  the  t i m e  of the  accident was computed 
t o  be approximately 112 500 kg'. The weight a t  the time of take-off from 
Tokyo In te rna t iona l  Airport  was 117  832 kg and the  cen t re  of g rav i ty  was 
wi th in  l i m i t s  a t  INDEX +190. 

The a i r c r a f t  c a r r i ed  40 400 kg of f u e l  i n  the wing tanks and 2 570 kg i n  
the  cent re  tank. 

(c) The a i r c r a f t  was serviced with She l l  Aviation Kerosene J e t  A-1. 

1 . 7  Meteorological infqrmation 

(a) Meteorological Conditions between Tokyo and M t .  F u j i  

A depression i n t ens i f i ed  during the  night of 415 March and moved rapidly 
NE across  Japan. After  t h i s ,  t he r e  w a s  an anticyclone over the  Asian 
Continent and a depression over the  sea t o  the  e a s t  of Japan; a s teep  
pressure gradient  from w e s t  t o  e a s t  predominated over Japan a t  low levels .  

On t he  afternoon of 5 March, westerly or  north-westerly winds blew a t  the 
sur face  between Tokyo and Gotemba, the  weather being f i n e  with such good 
v i s i b i l i t y  t h a t ,  qu i t e  unl ike the previous day, M t .  Fu j i  could be seen from -. . 

~ a k G  (& Fig. 7-4). A t  h i  he r  l eve l s ,  the  winds were general ly  west- 
north-westerly (she Fig.. 1-5 f &tween T o q o  and the  Mr. Fu j i  area.  Accordin 
t o  the observations taken" a t  the  - ~ u j  i - s in  Weather S ta t ion  (eleSat ion 
3 776 m), a t  the s u m i t  of M t .  Fu j i ,  t he  wind was 60 t o  70 k t  north-west 
and the  temperature was -goto -12OC. 
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(b )  Turbulence Reports  from A i r c r a f t  

A i r  r e p o r t s  were c o l l e c t e d  from 100 a i r c r a f t  which f lew w i t h i n  150-km 
r a d i u s  of M t .  F u j i  on 5 March. 79 a i r c r a f t  among t h e  100 a i r c r a f t  expe- 
r i enced  tu rbu lence ,  mostly below 3 000 m, and p r i n c i p a l l y  at low a l t i t u d e  
dur ing  climb o r  descen t .  

4 a i r c r a f t  out  of t h e  above 79 encountered seve re  t u rbu lence  w i t h i n  a 
50-km r a d i u s  of M t .  F u j i  i n  i t s  e a s t e r n  quadrant .  

(c) Meteorological  Serv ice  t o  G-APFE 

The Tokyo Avia t ion  Weather Serv ice  fu rn i shed  t h e  BOAC Opera t ions  personne l  
on duty  wi th  t h e  p re sc r ibed  weather c h a r t s  regard ing  t h e  G-APFE f l i g h t  
between Tokyo and Hong Kong. 

P r i o r  t o  t h e  d e p a r t u r e  of G-APFE from Tokyo, n e i t h e r  t h e  pilot-in-command 
nor t h e  ope ra t ions  personnel  on duty informed t h e  Weather Se rv i ce  of t h e  
i n t e n t i o n  t o  f l y  v i a  F u j i ,  nor  reques ted  b r i e f i n g  on weather  c o n d i t i o n s  
a long t h e  airway from t h e  Aviat ion Weather Service.* 

1.8 Aids t o  nav iga t ion  

The ope ra t ing  cond i t i ons  of t h e  NAVAIDs r e l a t e d  t o  Tokyo I n t e r n a t i o n a l  A i rpo r t  
and t o  t he  f l i g h t  p l an  of G-APFE on t h e  day of t h e  acc iden t  were as  fo l lows:  

* BOAC have s t a t e d  t h a t  t h e i r  p i l o t s  do no t  normally a t t e n d  f o r  p e r s o n a l  b r i e f i n g  u n l e s s  
any mat ter  i n  t h e  documentation provided appears  t o  r e q u i r e  f u r t h e r  c l a r i f i c a t i o n .  

Tokyo I n t e r n a t i o n a l  
Ai rpor t  

PAR (33L) 
PAR (33R) 
ASR 
ILS (Glide Slope) 
ILS (Loca l ize r )  

NDB - 
Haneda NDB(HM) 
Kisarazu NDB(KZ) 
Chigasaki  NDB(LW) 
Hamamatsu NDB(LH) 
Kushimoto NDB (KH) 

Range 
Oshima Range (XA) 

VOR - 
Tokyo VOR(TY0) 
Kushimot o  VOR (KHO) 

VORTAC 
Oshima VORTAC (XAC) 

Date of 
Last  F l i g h t  Check 

6  Jan.  1966 
5 Mar. 1966 
4 Feb. 1966 
5 Mar. 1966 

15 Feb. 1966 

29 J u l .  1965 
6  Aug. 1965 

29 Mar. 1965 
29 J u l .  1965 
1 Feb. 1966 

15 June 1965 

29 Jan. 1966 
10 Dec. 1965 

6  Jan.  1966 j ,  

Operat ing 
Condi t ions  

I n  o p e r a t i o n  
II 

11 

Awaiting f l i g h t  check 
I n  o p e r a t i o n  

I n  ope ra t ion  
II 

11 

t1 

II 

II 

I I 

II 

11 

Operat ing 
Hours 

2  4 hours  
I I 

II 

24 hours  

2  4 hours  
II 

?I 

II 

tI 

I$ 

II 

II 

II 
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F l i g h t  checks along t h e  es t imated  f l i g h t  pa th  could not be accomplished s i n c e  
t h e  a i r c r a f t  conducted a VMC climb o u t s i d e  t h e  airway between Tokyo I n t e r n a t i o n a l  Airpor 
and F u j i .  

1.9 Communications 

The last communications between t h e  a i r c r a f t  and Tokyo Tower (frequency 
118.1 Mc/s) a t  1400 hours  a f t e r  take-off were a s  fo l lows:  

ACFT Tokyo Tower Speed Bird 911 we a r e  2 000 f t  cl imbing,  a r e  w e  c l ea red  
your frequency ? 

TWR Roger, Speed Bird 911 ... c l ea red  t o  l eave  our frequency con tac t  Tokyo 
Approach approaching -er- j o i n i n g  airway over.  

ACFT W i l l  do. Frequency p l ea se .  

TWR Roger, frequency w i l l  be 135.9 over.  

ACFT Roger, 135.9, Good day. 

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

GAPFE depar ted  Tokyo I n t e r n a t i o n a l  Ai rpor t  a t  1358 hours ,  us ing runway 33L. 

Runway 33L, 3 000 m long,  45 m wide,  h a s  e l e v a t i o n  of 2 . 5  m and runway grad ie .  
l e s s  t han  0.2%. When t h e  a i r c r a f t  took o f f ,  t h e  runway s u r f a c e  was dry.  

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

The SFIM f l i g h t  recorder  and t h e  RAE counting accelerometer  i n s t a l l e d  below 
the  cockpi t  f l o o r  were des t royed by f i r e  and no d a t a  were a v a i l a b l e .  These r eco rde r s  we 
c a r r i e d  a s  p a r t  of t h e  United Kingdom c i v i l  a i r c r a f t  a i rwor th ines s  d a t a  record ing  p rog ra  
t he  acc iden t  occurred before  t h e  U.K. requirement f o r  t h e  c a r r i a g e  of acc iden t  f l i g h t  da  
r e c o r d e r s  became mandatory. 

(a)  Major p a r t s  which broke away i n  t h e  a i r  

Starboard wing t i p  ( s e c t i o n  outboard of STA 733) 
S ta rboard  wing between t h e  v i c i n i t y  of STA 500 and STA 733 ( inc lud ing  
No. 4 pylon attachment s e c t i o n )  
Each pylon ( inc lud ing  engine)  
Forward fu se l age  ( s e c t i o n  forward of STA 600K) 
Aft f u s e l a g e  ( s e c t i o n  a f t  of STA 1592), v e n t r a l  f i n  and t a i l  cone 
V e r t i c a l  s t a b i l i z e r  and rudder 
Por t  h o r i z o n t a l  s t a b i l i z e r  and e l e v a t o r  
Starboard h o r i z o n t a l  s t a b i l i z e r ,  s t a b i l i z e r  c e n t r e  s e c t i o n  and s t a rboa rd  
e l e v a t o r  
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(b)  D i s t r i b u t i o n  of t h e  Wreckage 

The above a i r c r a f t  p a r t s  and o t h e r  f ragments  were s c a t t e r e d  over  an  a r e a  
approximately 16  km long  from east t o  w e s t  and approximate ly  2 km wide 
( s e e  F ig .  7-2) . 
The main wreckage c o n s i s t i n g  of s t a r b o a r d  and p o r t  wings and mid-aft fuse-  
l a g e  was found on t h e  ground heading i n  a w e s t e r l y  d i r e c t i o n ;  i ts c o n d i t i o n  
was such as t o  suppor t  a presumption t h a t  immediately be fo re  impact i t  f e l l  
a lmost  v e r t i c a l l y  i n  a  n e a r l y  l e v e l  a t t i t u d e .  

No. 1 t o  No. 4 eng ines  and t h e i r  py lons  f e l l  i n  a n  a r e a  0.5 t o  2 km t o  t h e  
w e s t  of t h e  main wreckage. The forward f u s e l a g e  ( i nc lud ing  c o c k p i t )  w a s  
found 0.3 km t o  t h e  w e s t  of t h e  main wreckage. 

The s t a r b o a r d  wing s e c t i o n  ( i nc lud ing  p a r t  of No. 4  pylon)  between t h e  
v i c i n i t y  of STA 500 and STA 733 w a s  found i n  an  area 1 t o  2 km t o  t h e  east 
of t h e  main wreckage. I n  an  a r e a  2 t o  3  km t o  t h e  east of t h e  main wreckag 
were found t h e  s t a r b o a r d  wing t i p  (outboard s e c t i o n  of STA 733),  s t a r b o a r d  
h o r i z o n t a l  s t a b i l i z e r  ( i nc lud ing  c e n t r e  s e c t i o n ) ,  s t a r b o a r d  e l e v a t o r ,  rear 
s p a r  of t h e  p o r t  h o r i z o n t a l  s t a b i l i z e r ,  a p a r t  of r h e  p o r t  e l e v a t o r ,  t h e  
r e a r  s p a r  and t r a i l i n g  edge s e c t i o n  of t h e  v e r t i c a l  s t a b i l i z e r  and t h e  
upper h a l f  of t h e  rudder .  I n  a n  area 3  t o  4  km t o  t h e  east of t h e  main 
wreckage were found f ragments  of t h e  v e r t i c a l  s t a b i l i z e r ,  p o r t  h o r i z o n t a l  
s t a b i l i z e r ,  rudder ,  e l e v a t o r s ,  t a b s ,  s t a r b o a r d  wing s k i n ,  t a i l  cone and 
v e n t r a l  f i n .  I n  a n  a r e a  4 t o  6 km t o  t h e  east of t h e  main wreckage were 
found fragments  of t h e  h o r i z o n t a l  s t a b i l i z e r ,  v e r t i c a l  s t a b i l i z e r ,  rudder  
and c a b i n  bulkheads. 

(c) Examination of t h e  Wreckage 

The s t a r b o a r d  wing f r a c t u r e d  a t  STA 733 and i n  t h e  v i c i n i t y  of STA 550; 
both f r a c t u r e s  were i n  t h e  d i r e c t i o n  of wing t i p  up bending. 

A l l  the pylons  f r a c t u r e d  a t  t h e i r  wing a t t achments  i n  t h e  same manner, dde 
t o  predominantly l e f twa rd  load.  

The f  o w a r d  f u s e l a g e  f a i l e d  t o  t h e  l e f t  (and s l i g h t l y  downward) i n  t h e  
v i c i n i t y  of STA 600K. 

The a f t  f u s e l a g e  f r a c t u r e d  i n  t h e  a r e a  between STA 1440 and STA 1592. THe 
v e n t r a l  f i n  f r a c t u r e d  at  i t s  f u s e l a g e  a t tachment  s e c t i o n  due t o  approxi-  
mately l e f twa rd  l oad  and broke away from t h e  f u s e l a g e .  

The v e r t i c a l  s t a b i l i z e r  f r a c t u r e d  a t  i t s  a t t achments  t o  t h e  f u s e l a g e  due 
t o  l e f twa rd  load.  The s t a r b o a r d  rear a t tachment  f i t t i n g  (on f u s e l a g e  s i d e )  
of t h e  v e r t i c a l  s t a b i l i z e r  f r a c t u r e d  a t  t h e  upper b o l t  h o l e  due t o  t e n s i o n  
load.  Fa t igue  c r a c k s  were found on t h e  f r a c t u r e  f a c e  of one of t h e  b o l t  
ho les .  

Damage t o  t h e  p o r t  h o r i z o n t a l  s t a b i l i z e r  w a s  e x t e n s i v e  and d e n t s ,  s c r a t c h e s  
and p a i n t  adhes ion were found which a r e  presumed t o  have been caused by i t  
being s t r u c k  by t h e  v e r t i c a l  s t a b i l i z e r .  Subsequen t ly , the  p o r t  h o r i z o n t a l  
s t a b i l i z e r  s epa ra t ed  from t h e  f u s e l a g e  a t  i t s  r o o t .  
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The s t a r b o a r d  h o r i z o n t a l  s t a b i l i z e r ,  which w a s  almost  i n t a c t ,  broke away 
from t h e  f u s e l a g e  t o g e t h e r  w i th  t h e  c e n t r e  s e c t i o n .  

The j ack  screw rod of t h e  h o r i z o n t a l  s t a b i l i z e r  t r i m  a c t u a t o r  f r a c t u r e d  
nea r  t h e  t op  end a t  t h e  lower s u r f a c e  of t h e  nu t .  The l e n g t h  of t h e  screw 
from t h e  s toppe r  s u r f a c e  of t h e  upper p a r t  of t h e  screw and t h e  upper sur -  
f a c e  of t h e  nu t  was 1 0 5 m c o r r e s p o n d i n g  t o  1.4 u n i t s  a i r c r a f t  nose down 
on t h e  p i t c h  t r i m  wheel scale i n  t h e  cockpi t .  

Almost a l l  ins t ruments  were des t royed  by t h e  f i r e  i n  t h e  forward f u s e l a g e  
and no u s e f u l  d a t a  were a v a i l a b l e .  

It i s  presumed t h a t  t h e  a i r c r a f t  w a s  i n  c r u i s i n g  c o n f i g u r a t i o n  because t h e  
f l a p s  and t h e  l and ing  gear  had been i n  t h e  r e t r a c t e d  p o s i t i o n .  

No s t r u c t u r a l  d e f e c t s  were found i n  t h e  a i r f r ame  s t r u c t u r e  except  t h e  
f a t i g u e  c r acks  i n  t h e  v e r t i c a l  s t a b i l i z e r  r e a r  spar  at tachment f i t t i n g  (on 
t h e  f u s e l a g e  s i d e ) .  

No s i g n  of malfunct ioning w a s  ev iden t  i n  t h e  f l y i n g  c o n t r o l  systems,  con- 
t r o l  s u r f a c e s  and o t h e r  systems. 

There w a s  no evidence of any pre-crash engine  d e f e c t s .  No s i g n  of explo- 
s i o n  i n  t h e  cab in  w a s  found. 

F i r e  broke o u t  i n  t h e  forward fu se l age  a t  ground impact. It i s  presumed t h a t  a  
cons iderab le  amount of f u e l  e n t e r e d  t h e  space below t h e  forward fu se l age  f l o o r  a s  a  r e s u l t  
of t h e  break-up of t h e  c e n t r e  wing f r o n t  s p a r ,  which took p l a c e  when t h e  forward fu se l age  
broke i n  t h e  a i r  a t  STA 600K, and t h e  damage t o  t h e  c e n t r e  f u s e l a g e  f u e l  t ank  which appears  
t o  have occurred a t  t h e  same t i m e .  None of t h e  wreckage o t h e r  t han  t h e  forward fu se l age  
caught f i r e .  

The Defense Agency personne l  who were f i r s t  t o  a r r i v e  a t  t h e  f i r e  s i te ,  e x t i n -  
guished t h e  f i r e  by cover ing it  wi th  e a r t h .  

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

The c i rcumstances  of t h e  acc iden t  were such t h a t  it was no t  su rv ivab l e .  

1.15 Tests and r e s e a r c h  

(a )  8-mmCamera and i t s  Colour Film 

An 8-mm c i n e  camera (Keystone zoom) belonging t o  a passenger was recovered 
a t  t h e  c r a sh  s i t e .  It conta ined a Kodak co lour  f i l m  of Tokyo I n t e r n a t i o n a l  
A i r p o r t ,  t h e  Tanzawa Mountains and Lake Yamanaka and, a f t e r  sk ipp ing  two 
frames,  something l i k e  passenger  seats, c a r p e t  e t c .  Then t h e  f i l m  suddenly 
came t o  an:: end. 
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Based on t h e  a n a l y s i s  of t h i s  f i l m  and the  photogrammetry of each frame, 
t he  f l i g h t  a l t i t u d e  and path  of t h e  a i r c r a f t  were assessed  as ind ica t ed  i n  
Fig.7-1. The a i r speed  was a l s o  assessed  based on t h e s e  da ta .  

With regard t o  damage t o t h e  view-finder of t h e  camera and t h e  skipping of 
two frames, t h e  camera w a s  sub jec ted  t o  a shock test.  During a 7-mill i-  
second t e s t  i n  which a peak shock of 7.5g was reached,malfunctioning of 
f i l m  feeding occurred similar t o  t h a t  evident  i n  t h e  f i l m  recovered from 
the  passenger ' s  c i n e  camera. 

(b) Load and Strength of Airframe S t r u c t u r e  

Based on the  d a t a  submitted by t h e  Boeing Co., t h e  s t l e n g t h  of t h e  air-  
frame s t r u c t u r e  was inves t iga t ed  i n  accordance with  a i rwor th iness  requi re -  
ments (CAR 4b) of the  C i v i l  Aviat ion Regulat ions ,  United ~ t a c e s .  For t h i s  
a n a l y s i s ,  i t  w a s  assumed t h a t  t h e  a i r c r a f t  weight was 112 500 kg (252 00 l b )  
and t h e  a i r speed  335 k t ,  EAS. The p r i n c i p a l  r e s u l t s  were a s  fol lows:  

( i )  The s t r e n g t h  of t h e  wing around STA 733 corresponds t o  a symmetrical 
l o a d  of 6 . 4 g  and, i n  t h e  case  of about lo0 s i d e - s l i p ,  t h e  wing load 
amounts t o  approximately 4 . 6 g .  

( i i )  The s t r e n g t h  of t h e  fuse l age  around STA 600K i s  5.6g downward and 
4.lg s idevard  and t h a t  of t h e  pylon attachment p o r t i o n  i s  2.758 
(inboard) -- 2.55g (outboard) sideward. Any of t h e  above a r e a s  can 
s tand  a s teady  s i d e - s l i p  i n  excess  of 40'. 

( i i i )  (a) The s t r e n g t h  of t h e  v e r t i c a l  f i n  f o r  l a t e r a l  load corresponds 
t o  t h e  load which w i l l  be produced by l a t e t a l  gus t  v e l o c i t y  
(Ude) of 130 f p s  (75 k t )  EAS o r  by s i d e - s l i p  of lo0, 

(b) The h o r i z o n t a l  s t a b i l i z e r  was designed f o r  an u l t i m a t e  d i s -  
t r i b u t e d  a i r  load of 140 000 l b  (margin of s a f e t y  f a c t o r  i s  
approximately 0.15). This  load corresponds t o  t h e  load which 
w i l l  be produced by a  downward gust  v e l o c i t y  (Ude) of 225 f p s  
(133 k t )  EAS approximately. 

(c)  T ra j ec to ry  of A i r c r a f t  P a r t s  

Based on the  wreckage d i s t r i b u t i o n  c h a r t  and t h e  es t imated  wind v e l o c i t y  
a t  t h e  t ime of t h e  acc iden t ,  and a l s o  the  r e s u l t s  of a i r  drag experiments 
us ing  models, t h e  t r a j e c t o r y  of r e p r e s e n t a t i v e  a i r c r a f t  p a r t s  was analysed 
and an e s t ima t ion  made of where they broke away i n  the  a i r  wi th  t h e  f o l -  
lowing r e s u l t s :  

No time d i f f e r e n c e  was apparent  between t h e  break-up of t h e  r i g h t  wing a t  
STA 733 and t h a t  around STA 550; they broke away above t h e  main wreckage 
impact a rea .  

The engine pylons and t h e  forward fuse l age  broke up almost a t  t h e  same time 
and they broke away abovethe main wreckage impact a r e a .  

'. 
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The v e r t i c a l  s t a b i l i z e r  and t h e  p o r t  h o r i z o n t a l  s t a b i l i z e r  broke away almost 
a t  t h e  same t i m e  above a l o c a t i o n  a l i t t l e  t o  t h e  east of t he  main wreckage 
impact a rea .  

It w a s  no t  p o s s i b l e  t o  determine t h e  sequence of break-up of t he  s t a rboa rd  
ou te r  wing, t h e  engine pylons and t h e  forward fuselage.  

The v e r t i c a l  s t a b i l i z e r  and t h e  p o r t  h o r i z o n t a l  s t a b i l i z e r  broke away some- 
what earlier than t h e  s ta rboard  ou te r  wing, engine pylons and the  forward 
fuse lage .  

(d )  Me ta l lu rg ica l  T e s t s  of V e r t i c a l  S t a b i l i z e r  Rear Spar Right Hand Attachment 
F i t t i n g  (on Fuselage Side)  

The tests conducted by t h e  Boeing Co. revealed t h a t  t h e  f r a c t u r e  s t a r t e d  
from t h e  upper outboard body frame attachment ho le  and progressed i n  a 
d u c t i l e  t e n s i l e  manner. 

The f a t i g u e  c racks  found i n  t h e  b o l t  h o l e  were 1.9 and 1.4 millimetres deep. 
The f i n a l  f r a c t u r e  w a s  caused by a sudden load s u b s t a n t i a l l y  g r e a t e r  than 
t h e  load which caused t h e  f a t i g u e  c racks  i n  t h e  f i t t i n g .  The mechanical 
q u a l i t i e s  of t h e  material used were up t o  s p e c i f i c a t i o n .  

(e )  S t rength  T e s t  of Vertical. S t a b i l i z e r  Rear Spar Right Hand Attachment F i t t i n g  
(on Fuselage Side)  

A test w a s  made by Boeing on a similar attachment f i t t i n g  i n  which t h e  
f a t i g u e c r a c k s  found i n  t h e  b o l t  ho le  of G-APFE were simulated.  When t h e  
load w a s  increased a t  1 000 k i p s l s  t h e  f i t t i n g  f a i l e d  a t  a load of 163 k ips .  
This  load corresponds t o  approximately 110% l i m i t  des ign f i n  gust  load. 

( f )  Model Experiment of Des t ruc t ion  Sequence of T a i l  

Using 1/15 scale models of t h e  empennage and t h e  r e a r  end of t he  fuse lage  
of a Boeing 707, made of foamed p l a s t i c  material, an i n v e s t i g a t i o n  was made 
t o  determine whether t h e  v e r t i c a l  s t a b i l i z e r  h i t s  t h e  p o r t  h o r i z o n t a l  
s t a b i l i z e r  when it breaks up a t  i t s  fuse l age  attachment po r t ion  due t o  
lateral  load from t h e  r i g h t  s ide .  

The r e s u l t s  supported the  assumption t h a t  t h e  den t s ,  s c ra t ches  and t rans-  
f e r r e d  p a i n t  on t h e  p o r t  h o r i z o n t a l  s t a b i l i z e r  were mostly caused by i t  
being s t r u c k  by the  v e r t i c a l  s t a b i l i z e r .  

(g) F a l l i n g  Condit ions of t h e  Main Wreckage 

A f i l m  record w a s  a v a i l a b l e  of t h e  las t  8 seconds of t h e  descent  of t h e  main 
wreckage. This  w a s  analysed and ind ica t ed  t h a t  t he  f a l l i n g  speed w a s  
approximately 70 m / s ,  r o t a t i n g  cyc le  approximately 15  e c G d s ,  and vcnd-- 
d i r e c t i o n  approximately 2900. 
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(h) Wind Tunnel T e s t  of Te r ra in  Model of M t .  F u j i  

A s  a prel iminary t o  the  i n v e s t i g a t i o n  of air c u r r e n t s  around M t .  F u j i ,  t h e  
Meteorological  Research I n s t i t u d e ,  Meteorological  Agency conducted a wind 
tunne l  t e s t  us ing  a t e r r a i n  model of M t .  Fuji. 

The t e s t  w a s  made i n  a Goett ingen t y p e  wind tunne l  of 1 .5  m diameter  wi th  
wind v e l o c i t y  of 2 m / s .  The speed of t he  a i r  stream was measured by a hot 
w i r e  anemometetcwith plat inum wire  of 5 microns diameter and 3 m i l l i m e t r e s  
long,  and a hot wire anemoscope with approximately equa l  dimensions. The 
scale of t h e  t e r r a i n , m o d e l  of Mt. Fuji (cover ing an a r e a  '50 km t o  t h e  e a s t ,  
w e s t ,  south  and nor th  of t he  c e n t r e  of M t .  F u j i )  w a s  1 t o  50 000, wi th  the  
r a t i o  of h o r i z o n t a l  d i s t a n c e  and he ight  of 1:1.2. 

The r e s u l t s  of t h e  experiment a r e  i n t e r e s t i n g  and a r e  o u t l i n e d  below. 
However, they cannot be app l i ed  d i r e c t l y  t o  t h e  a c t u a l  a i r  f low around 
M t .  F u j i ,  p a r t i c u l a r l y  i n  view of l a p s e  rate and wind shear  cons ide ra t ions .  

(i) I n  a region from t h e  summit t o  20 km leeward t h e r e  e x i s t s  a r e v e r s e  
cu r ren t  i n  t h e  lower l aye r s ,wh ich ,  according t o  c i rcumstances ,  may 
not be d i s t i n c t  but becomes a d i v e r s i f i e d  c u r r e n t .  

I n  t h i s  reg ion ,  t h e  ex i s t ence  of t h e  r e v e r s e  cu r ren t  sometimes 
r e s u l t s  i n  descent  of t h e  upper l a y e r  a i r  c u r r e n t  over a range from 
the  summit t o  a f a i r l y  f a r  po in t  and t h e  descent  of t h e  a i r  c u r r e n t  
may take place  i n t e r m i t t e n t l y  at  the  end of t h e  descent  range.  

( i i )  I n  an a r e a  beyond 20 km' from t h e  summit, no a i r  edd ie s  of d i s t i n c t  
form can be d e t e c t e d b e c a u s e  turbulence due t o  t e r r a i n  h a s  l a r g e l y  
decayed a t  these  d i s t ances .  

( i i i )  Turbulence due t o  t e r r a i n  is considered t o . e x t e n d  w i t h i n  a wake 
wedge angle  of approximately 60° i n  t h e  leeward, h o r i z o n t a l  d i r ec -  
t ion .  It a l s o  extends  v e r t i c a l l y  t o  t h e  upper l a y e r  by approximately 
30% of the  he ight  of t h e  mountain. 

( i v )  I n  the  a i r  cu r ren t  blowing leeward around t h e  mountain i s  found a 
sudden v a r i a t i o n  of wind v e l o c i t y  which i s  considered t o  be due t o  
t r a i l  eddies .  It should be noted t h a t  t h e  average wind v e l o c i t y  
i n  t h i s  a r e a  i n  t h e  leeward s i d e  i s  h igher  than  t h a t  of t h e  sur- 
rounding cu r ren t .  

( j )  Formation of Mountain Waves 

( i )  Mountain Waves due t o  a Mountain Range 

An i n v e s t i g a t i o n  was conducted on t h e  formation of mountain waves 
due t o  t h e  Kiso Mountain Range and t h e  Akaishi  Mountain Range i n  
the  windward of M t  . F u j i .  

Analysis  of t h e  upper a i r  observa t ions  a t  Wajima, Hamamatau and 
Tateno on 5 March, revealed t h e  ex i s t ence  of a s t a b l e  l a y e r  below 
3 000 - 4 000 m with winds of 60 - 70 k t  blowing approximately a t  
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r i g h t  angles t o  the  two mountain ranges. The wind v e l o c i t i e s  a t  
Yonago and Wajima increased more o r  l e s s  uniformly with a l t i t ude .  
The above meteorological condi t ions favoured the  formation of moun- 
t a i n  waves i n  the  l e e  oE the Kiso Mountain Range and t he  Akaishi 
Mountain Range on t he  afternoon of 5..March. 

I n  t he  weather s a t e l l i t e  p i c tu r e s  taken a t  1330 hours on 5 March, 
clouds were present  i n  t he  l e e  of t he  Suzuka Mountain Range; these 
a r e  considered t o  have been formed i n  mountain waves but such 
clouds were not found i n  the lee of the Kiso and Akaishi Mountain 
Ranges. This was due t o  t he  f a c t  t h a t  the  a i r  was too dry but it 
does not preclude t he  exis tence  of mountain waves. 

( i i )  Mountain Waves associated with I so la ted  Peak 

Wurtel* suggests t h a t  an i so l a t ed  peak can form a kind of mountain 
wave system with form d i f f e r e n t  from t h a t  of mountain waves due t o  
mountain ranges. In  t he  case of M t .  Fu j i ,  t he  p o s s i b i l i t y  of the 
exis tence of such waves can be deduced from clouds of a horseshoe 
shape formed i n  its lee.  (As mentioned e a r l i e r ,  the  a i r  was too 
dry t o  support such cloud formation.) 

( i i i )  Turbulence accompanying Mountain Waves 

Turbulence accompanying mountain waves i n i t i a t e d  by mountain ranges 
may be qua l i f i ed  as follows:** 

In  powerful mountain waves, r o t o r s  o f t en  form and severe turbulence 
i e  ueually associated with ro tors .  

Apart from this ,severe turbulence may occur a t  the  f r i nge  of a moun- 
t a i n  wave system by in ter ference  with surrounding current .  

Based on t h e  assumption t h a t  t he  breakdown of mountain waves results 
i n  severe turbulence, severe turbulence occurs when and where the  
wave motion is interrupted.  Such severe turbulence is l i k e l y  t o  be 
of small  ex tent  and shor t  l i f e .  

Since the  energy supply f o r  turbulence accompanying mountain waves 
is s tored  i n  gravi ty  waves, i t  is poss ib le  t h a t  turbulence may 
become extremely severe i f  powerful (high energy) mountain waves 
develope . 

2. - Analysis and Conclusions 

2 . 1  Analysis 

The inves t iga t ion  revealed t h a t  the  qua l i f i c a t i ons ,  f l i g h t  experience, work 
load, physical  condition e t c .  of the f l i g h t  crew had no bearing on the accident.  

* WMO Technical Note No. 34 (1960) 
** WMO Technical Note No. 38 (1961) 
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The ind ica t ed  a i r speed  a t  t h e  t i m e  of t h e  acc iden t  is es t ima ted  t o  have been 
between 300 and 3 8 0 k t ,  judging from t h e  es t imated  t r i m  p o s i t i q n  of t h e  h o r i z o n t a l  s t a b i -  
l i z e r ,  and it is h igh ly  probable t h a t  t h e  a i r speed  was approximately 335 k t .  The a i r s p e e d  
a t  t h e  t i m e  of t h e  acc iden t  deduced from t h e  a n a l y s i s  of t h e  8-mm co lour  f i l m  taken  by a 
passenger i n  the  cabin was 320 t o  370 k t .  Although no o t h e r  d a t a  r e l a t e d  t o  a i r speed  were 
a v a i l a b l e  due t o  d e s t r u c t i o n  of t h e  f l i g h t  recorder  by f i r e ,  335 k t  U S  w a s  taken a s  a  
s tandard r e fe rence  f o r  t h e  a n a l y s i s  of a i r f rame s t r e n g t h  e t c .  s i n c e  t h e  estimates of a i r  
speed ranges a r r i v e d  a t  on t h e s e  two bases  a r e  s u b s t a n t i a l l y  s i m i l a r .  

Judging from t h e  evidence of eyewitnesses  and t h e  s c a t t e r e d  d i s t r i b u t i o n  of 
t h e  wreckage, it i s  c l e a r  t h a t  t h e  a i r c r a f t  broke up i n  the air .  However, even i f  i t  is 
assumed t h a t  t h e  break-up s t a r t e d  from one o r  more of t h e  major p o r t i o n s  which broke of f  
i n  t h e  a i r ,  i t  w a s  not  poss ib l e  t o  e s t a b l i s h  thebreak-up sequence* of t h e  major p o r t i o n s  
of t h e  e n t i r e  a i r c r a f t .  It was a l s o  impossible t o  determine c l e a r l y  how much t h e  f a t i g u e  
c racks  i n  t h e  v e r t i c a l  s t a b i l i z e r  rear spar  s t a rboa rd  f i t t i n g  con t r ibu ted  t o  thebreak-up 

The s t a rboa rd  o u t e r  wing was f r a c t u r e d  i n  t h e  upward bending d i r e c t i o n  but no 
evidence of excess ive  load appl ied  t o  t h e  p o r t  wing was found. From t h i s , t i t  can be 
deduced t h a t  t h e  upward bending load app l i ed  t o  t h e  wing w a s  a n  asymmetric l o a d  wi th  l e f t -  
ward component. A s  t h e  o the r  major p a r t s  (excluding t h e  h o r i z o n t a l  s t a b i l i a e r ,  rear p o r t i o n  
of t h e  fuse l age  and t h e  t a i l  cone) were f r a c t u r e d  by mostly l e f tward  load,  it is apparent  
t h a t  t h e  a i r c r a f t  broke up due t o  mostly le f tward  load. 

From t h e  above, i t  is presumed t h a t  t h e  a i r c r a f t  broke up i n  a  very  s h o r t  pe r iod  
of t i m e  due t o  an abnormally high gus t  load  and r e s u l t i n g  high i n e r t i a  f o r c e  i n  excess  of 
t h e  des ign l i m i t .  

The BOAC F l i g h t  Operat ions I n s t r u c t i o n s  provide t h a t  a i r c r a f t  s h a l l  always £17 
on a n  IFR c learance ;  VMC f l i g h t  is permit ted excep t iona l ly ,  s u b j e c t  t o  r e s t r i c t i o n ,  t o  
exped i t e  t h e  progress  of a i r c r a f t  i n  t h e  s t a g e s  of climb, descent  and approach-to-land. 
In  t h e  case of t a b - o f f ,  a pilot-in-command may r eques t  VMC climb c l ea rance  from ATC, o r  
accept  VMC climb c learance  from ATC, t o  exped i t e  p rogress  of t h e  a i r c r a f t ,  i f , h a v i n g  su f -  
f i c i e n t  s epa ra t ion  from o the r  a i r c r a f t ,  he cons iders  a delayed depa r tu re  c l ea rance  may be 
avoided. 

Regarding IFR t r a f f i c  i n  Kanto A i r  Space before  and a f t e r  take-off of G-APFE, 
i t  is recognized t h a t  J A  8617 (Fokker F-27), depa r t ing  Tokyo I n t e r n a t i o n a l  A i r p o r t  a t  
1352 hours,  was f l y i n g  t o  Oshima v i a  Tateyama on t h e  samd route as t h a t  i n  t h e  f l i g h t  p l a n  
of G-APFE but GAPFE could have taken of f  without being a f f e c t e d  by J A  8617 because t h e  
radar  c o n t r o l  could have provided s a f e  s e p a r a t i o n  between t h e  two. However, t h e r e  remains 
a  p r o b a b i l i t y  t h a t  t h e  c a p t a i n  of GAPPE, knowing t h e  presence of J A  8617 which was slower 
than GAPFE, requested VMC climb f o r  t h e  purpose of exped i t i ng  t h e  p rog res s  of h i e  a i r c r a f t .  

Fu r the r ,  i t  i s  a p o s s i b i l i t y  t h a t  it w a s  due t o  VFR t r a f f i c  and IFR arr ival  
t r a f f i c  t h a t  t h e  cap ta in  requested a VMC climb. 

* It i s  ev ident  t h a t  t h e  v e r t i c a l  s t a b i l i z e r  broke away a t  i ts  attachment, t o  t h e  f u s e l a g e  
due t o  a  l e f tward  load ,  and f e l l  t o  t h e  l e f t ,  h i t t i n g  t h e  p o r t  h o r i z o n t a l  s t a b i l i c e r  
which i n  t u r n  w a s  destroyed by t h e  impact. La te r ,  the  s t a rboa rd  h ~ r i z o n t a l  s t a b i l i z e r  
and t h e  a f t  fu se l age  ( inc lud ing  t h e  t a i l  cone) broke away. 
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Based on t h e  above, t h e  VMC climb v i a  F u j i  was a matter l e f t  t o  t h e  c a p t a i n ' s  
d i s c r e t i o n  i f  it w a s  made t o  expedi te  t h e  progress  of t h e  a i r c r a f t .  The VMC climb may 
a l s o  have been a s soc ia t ed  wi th  t h e  c a p t a i n ' s  d e s i r e  t o  a l low h i s  passengers t o  ob ta in  a 
b e t t e r  view of M t .  F u j i  but t h i s  cannot be e s t a b l i s h e d  with  c e r t a i n t y .  

Resu l t s  of a n a l y s i s  of t h e  colour  f i l m  based on photogrammetry revealed t h a t  
t h e  90 frames of t he  Tanzawa Mountains were taken between A and B i n  Fig. 7-1 and . the  
81 frames of Lake Yamanaka were taken between C and D i n  Fig. 7-1. 

There w a s  no b l u r r i n g  of t h e  p i c t u r e s .  From t h e  f a c t  t h a t  t h e  p i c t u r e s  of 
Lake Yamanaka were taken following t h e  Tanzawa Mountains, i t  is presumed t h a t  t h e  f l i g h t  
over t h i s  p o r t i o n  w a s  smooth and t h e  condi t ions  were such t h a t  t h e  passengers could take 
p i c t u r e s  a t  any time. I n  o the r  words, it i s  presumed t h a t  t h e r e  was no bumpiness which 
might have a f f e c t e d  photography dur ing t h i s  period.  It i s  a l s o  presumed t h a t  t h e  a l t i t u d e  
change of 200 m between A - B and C - D took p lace  s o  slowly t h a t  photography was not 
a f f ec t ed .  

The bodies  had sus ta ined  common f a t a l  i n j u r i e s  r e s u l t i n g  from an abnormally 
severe  d e c e l e r a t i o n  of t h e  a i r c r a f t  i n  f l i g h t .  From t h i s ,  i t  is presumed t h a t  t h e r e  was 
a l a r g e  e x t e r n a l  load appl ied  t o  t h e  a i r c r a f t  wi th  abnormal suddenness. This  a l s o  accounts 
f o r  t h e  f a c t  t h a t  a cons iderab le  amount of f u e l  i n  t h e  c e n t r e  tank  moved t o  t h e  forward 
fuse lage  i n  a very s h o r t  t i m e .  Based on t h e  camera tests, it i s  evident  t h a t  t h e  camera, 
whi le  i n  opera t ion ,  received a n  abrupt  shock on i ts  view f i n d e r  a t  D po in t .  

I f  a  s t r o n g  mountain wave system e x i s t e d  t n  t h e  lee of M t .  F u j i  on t h e  day of 
t h e  acc ident ,  severe  turbulence would have e x i s t e d  i n  any r o t o r  po r t ion  and a t  t h e  f r i n g e s  
of t he  system a s  i n  t h e  case  of mountain waves formed by mountain ranges.  

When s t rong  winds blow aga ins t  M t .  F u j i  as they d i d  on t h e  day of t h e  acc iden t ,  
it can be considered,  i r r e s p e c t i v e  of t h e  ex i s t ence  of t h e  mountain waves, t h a t ,  a s  men- 
t ioned by F h c h t g o t t * ,  t h e  down draught cu r ren t  formed i n  the  l e e  by t h e  over mountain 
cu r ren t  and t h e u p d r a u g h t  c u r r e n t  formed i n  t h e  lee by t h e  cu r ren t  de tour ing  around the  
mountain complicate t h e  cu r ren t  i n  t h e  lee. 

Furthermore, as t h e  temperature of t h e  air  which reached t h e  summit of M t .  F u j i  
on t h e  day of t h e  acc ident  w a s  approximately 8 0 C  lower t h a n  t h a t  of t h e  f r e e  a i r ,  it i s  
considered t h a t  t h i s  co ld  a ir ,  becoming a s t rong  down draught cu r ren t  i n  t h e  lee, may have 
played an important r o l e  i n  forming turbulence i n  the  lee. 

In  cons idera t ion  of t h e  above meteorological  condi t ions  which could have e x i s t e d  
i n  t h e  l e e  s i d e  of M t .  F u j i  m . t h e  day of t h e  accident  and t h e  tu rbulence  r e p o r t s  from 
a i r c r a f t  on the  day, i t  can be presumed t h a t  moderate o r  severe  turbulence e x i s t e d  i n  t h e  
lee of M t .  F u j i  a t  t h e  t i m e  of t he  acc iden t ,  but it i s  impossible t o  determine whether therl 
was i n  ex i s t ence  tu rbulence  corresponding i n  s e v e r i t y  t o  "EXTREMEv'** under t h e  United S t a t e  
c l a s s i f i c a t i o n .  

* W O  Technical  Note No. 18 (1958) 

* *  Defined as follows: 

"A r a r e l y  encountered tu rbu len t  condi t ion  i n  which t h e  a i r c r a f t  i s  v i o l e n t l y  tossed  
about ,  and i s  p r a c t i c a l l y  impossible t o  con t ro l .  May cause s t r u c t u r a l  damage. II 
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However, it is  n o t  unreasonable  t o  assume t h a t  on t h e  day of t h e  a i r c r a f t  
a cc iden t  powerful mountain waves e x i s t e d  i n  t h e  lee of M t .  F u j i a s  i n  t h e  c a s e  of mountain 
waves formed by extended r idges ,and  t h a t  t h e  breakdown of t h e  waves r e s u l t e d  i n  small- 
s c a l e  t u r b u l e n q t h e  i n t e n s i t y  of which might have become seve re  o r  extreme i n  a  s h o r t  
pe r iod  of time. 

2 . 2  Conclusions 

Findings  

G A P F E  was making a normal f l i g h t  towards M t .  F u j i  till immediately be fo re  t h e  
acc iden t  i n  such c l e a r  weather t h a t  M t .  F u j i  could be seen fromTokyo. 

The evidence  provided by t h e  a i r c r a f t  wreckage, t h e  i n j u r i e s  t o  t h e  v i c t i m s  and 
t h e  evidence from t h e  co lour  f i l m  suggest  t h a t  t h e  a i r c r a f t  suddenly encountered abnormally 
s eve re  gus t  l oads  exceeding t h e  des ign  l i m i t  l oad  over  Gotemba C i t y  and d i s i n t e g r a t e d  i n  
t h e  a i r  i n  a very  s h o r t  pe r iod  of t i m e .  

Although i t  was imposs ib le  t o  f o r e c a s t  t h e  e x i s t e n c e  over  Gotemba C i t y  of t u r -  
bulence s u f f i c i e n t l y  severe  t o  d e s t r o y  t h e  a i r c r a f t  and t h e  i n v e s t i g a t i o n  could  not  d i s -  
cover evidence which could v e r i f y  meteoro log ica l ly  t h e  e x i s t e n c e  of such t u rbu l ence ,  it 
cannot be denied t h a t  tu rbu lence  might have become ext remely  s eve re ,  i f  it is assumed t h a t  
a  s t r o n g  mountain wave system was p re sen t  i n  t h e  l e e  of M t .  F u j i .  

Cause o r  
Probable cause ( s )  

The probable  cause of t h e  a c c i d e n t  i s  t h a t  t h e  a i r c r a f t  suddenly encountered 
abnormally s eve re  tu rbu lence  over Gotembo C i t y  which imposed a g u s t  l oad  cons ide rab ly  i n  
excess  of t h e  des ign  l i m i t .  

ICAO Ref: AR/008/66 
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No. 8 

I b e r i a ,  Spanish Airlines. DC-3. EC-AET, acc iden t  a t  Malaga A i r p o r t ,  Spain, 
on 12  March 1966. Report da ted  9 February 1967, r e l e a s e d  by t h e  

Department of C i v i l  Avia t ion,  Spain. 

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  was engaged i n  a scheduled passenger f l i g h t  between m'laga and 
M e l i l l a .  During t h e  t ake-of f ,  when t h e  a i r c r a f t  w a s  approximately 30 m above t h e  ground, 
heavy v i b r a t i o n  was no t i ced  on t h e  r i g h t  s i d e  and rendered it almost uncon t ro l l ab l e .  The 
p i l o t  t h e r e f o r e  decided t o  abandon take-off and ordered t h e  undercar r iage  t o  be re-extended 
immediately. Owing t o  t h e  suddenness of t h e  manoeuvre t h e  landing gear  d i d  no t  have t i m e  
t o  lock  i n  p o s i t i o n ,  and dur ing  land ing  i t  was gradua l ly  fo rced  back i n t o  t h e  w e l l .  The 
a i r c r a f t ,  wi th  t h e  l and ing  gear  r e t r a c t e d ,  s l i d  t o  a po in t  about 150 m from t h e  end of t h e  
runway. 

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

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

Ser ious  damage was sus t a ined  by t h e  p r o p e l l e r s ,  landing wheels ,  engine  n a c e l l e s  
and o t h e r  components. 

Others  

1.4 Other damage 

Paeeengers 

2 ( s l i g h t )  

13 

r 

I n j u r i e s  

F a t a l  

Non-f a t a l  

None 

None. 

C r e w  

3 

1.5 Crew i n f ~ r m a t i o n  

The pilot-in-command had logged a t o t a l  of 4 000 f l y i n g  hours ,  inc lud ing  700 on 
DC-3s. H e  was i n  possess ion of a v a l i d  a i r l ine  t r a n s p o r t  p i l o t ' s  l i c e n c e ,  No. 537. 

The co-pi lo t  had logged a t o t a l  of 7 000 f l y i n g  hours ,  i nc lud ing  3 800 on t h e  
s u b j e c t  type.  H e  was i n  possess ion of 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 ,  No. 474. 
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1 . 6  A i r c r a f t  informat ion 

The a i rwor th ines s  c e r t i f i c a t e  was v a l i d  u n t i l  2 May 1966. The a i r c r a f t  had a 
t o t a l  f l i g h t  t ime of 24  179:35 hours ,  i nc lud ing  2 935 hours  s i n c e  l a s t  overhaul .  

The r i g h t  engine  had a  t o t a l  of 1 2  895:45 hours ,  i nc lud ing  841:45 s i n c e  l a s t  
overhaul .  

The l e f t  engine had a  t o t a l  of 12 545:35 hours ,  i nc lud ing  475:15 s i n c e  last 
overhaul .  

1 . 7  Meteorological  informat ion 

Weather c o n d i t i o n s  a t  t h e  a i r p o r t  were: 

Wind speed and d i r e c t i o n :  140°/10 k t  

Hor izon ta l  v i s i b i l i t y :  20 km 

Cloud cover: 318 C i r r u s  a t  6 000 m 

Atmospheric p re s su re :  1 015.6 mb, equ iva l en t  t o  29.99 i n  

Temperature: 190 

Dew po in t :  12O 

1.8 Aids t o  nav iga t ion  

Not app l i cab le .  

1 .9  Communications 

Not app l i cab le .  

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

Not concerned i n  t h e  acc iden t .  

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

Not concerned i n  t h e  acc iden t .  

1.12 Wreckage 

When it  came t o  r e s t ,  t h e  a i r c r a f t  was approximately 15  m from t h e  runway centre 
l i n e ,  about 150 m from the  head of runway 32 and a l i gned  on magnetic bear ing  160'. 

1.13 F i r e  - 
There was no f i r e .  
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2.  - Analysis  and Conclusions 

2.1' Analysis  

It i s  known t h a t  t h e  r i g h t  wheel of t he  main landing gear was punctured a t  t h e  
e n d o f  the  take-off r o l l .  A s  t h e  a i r  escaped from t h e  tube,  t he  wheel r o t a t e d  i r r e g u l a r l y  
roupd i ts  a x i s  producing v i o l e n t  shocks which rendered t h e  a i r c r a f t  almost uncont ro l lab le .  
Vibrat ion was a l s o  set up i n  t h e  cockpit  c o n t r o l s  and pane l ,  making it impossible t o  read 
t h e  instruments.  

A s  t he  wheel en te red  t h e  undercarr iage w e l l ,  these  shocks and v i b r a t i o n s  were 
i n t e n s i f i e d  and t h e  p i l o t  accordingly decided t o  land a s  quickly  a s  poss ib l e ,  s i n c e  the  
length of runway s t i l l  a v a i l a b l e  t o  him was r e s t r i c t e d  t o  1 8 7 5  m owing t o  cons t ruc t ion  
work. Action was taken t o  re-extend the  landing gear ,  which was i n  process  of r e t r a c t i o n ,  
but  owing t o  t h e  suddenness of t h e  manoeuvre it d id  no t  have time t o  lock.  A s  a r e s u l t  i t  
was pushed back i n t o  the  w e l l  during t h e  landing r o l l  owing t o  the  hydrau l ic  pressure  
present  i n  t h e  system and t h e  gradual  l o s s  of aerodynamic l i f t ,  u n t i l  it was t o t a l l y  
r e t r a c t e d .  

The i n t e n s i v e  braking a c t i o n  dur ing  t h e  landing r o l l ,  coupled with  t h e  f a c t  t h a t  
t h e  brakes w e r e  of t he  shoe type,  caused overheating of the  wheel r i m ,  provoking the  explo- 
s i o n  of t he  inne r  tube  and t i re  of t h e  r i g h t  wheel. 

2 .2  Conclusions 

Cause o r  
Probable cause (sl  

Damage t o  t h e  t i re  of t h e  r i g h t  wheel of t h e  main landing gear.  

3.- Recommendations 

None. 

ICAO Ref: AR/036/66 
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No. 9  

Cessna 3378, G-ATJO and RAF Vars i ty  T . l  WF 334, c o l l i s i o n  a t  Sta l l ingborouph,  
near  Grimsby, England, on 14 June 1966. Accident Report No. EW/E/02, 

r e l e a s e d  by t h e  Board of Trade. United Kingdom, C.A.P. 278.  

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

1.1 His tory  of t he  f l i p h t  

The Cessna was r e t u r n i n g  t o  Leavesden aerodrome from Tees-side A i r p o r t ,  
Middlesborough, a f t e r  having flown from Leavesden e a r l i e r  i n  t h e  morning. The p i l o t  d i d  
not f i l e  a  f l i g h t  p lan;  h i s  expressed i n t e n t i o n  was t o  f l y  e a s t  of t he  Vale of York m i l i -  
t a r y  a v i a t i o n  a c t i v i t y  a r e a  t o  t h e  Ottringham VOR, approximately 8 m i l e s  n o r t h  of Grimsby, 
and then t o  Leavesden d i r e c t .  The a i r c r a f t  took off  a t  0935 hours ,  and s h o r t l y  a f t e r w a r d s  
repor ted  t o  Pres ton  ATCC g iv ing  an ETA a t  Ottringham of 1004 hours.  The ATCC acknowledged 
t h e  c a l l  and s a i d  t h e r e  was no known t r a f f i c .  A t  0943 hours t h e  p i l o t  r e p o r t e d  he w a s  
climbing t o  f l i g h t  l e v e l  75 and would descend t o  f l i g h t  l e v e l  60 a t  Ottringham. 

The Var s i t y  was r e t u r n i n g  t o  i t s  base a t  Lindholme, v i a  Grimsby, from a c o a s t a l  
bombing range south of Grimsby. It l e f t  t h e  bombing range a t  5  000 f t ,  climbed t o  f l i g h t  
l e v e l  65 and i n  accordance with normal procedure asked Midland Radar, a  m i l i t a r y  r a d a r  
s t a t i o n  a t  North Luffenham, f o r  recovery t o  Lindholme. The V a r s i t y  was i d e n t i f i e d  by 

11 Midland Radar 2 miles  south-eas t  of Grimsby and was informed i t  was con tac t  under sur -  
ve i l l ance" ;  s h o r t l y  a f t e r  1003 hours  t h e  a i r c r a f t  turned over Grimsby on to  a  heading of 
2 7 0 ° ~  and Midland Radar, a f t e r  a s c e r t a i n i n g  t h a t  t he  a i r c r a f t  was f l y i n g  i n  v i s u a l  meteoro- 
l o g i c a l  cond i t i ons  (VMC)*, passed the  fo l lowing  message: 

"Roger t h e r e  i s  t r a f f i c  i n  your two o ' c lock  p o s i t i o n  r i g h t  t o  l e f t  r ange  
t e n  m i l e s  i n d i c a t i n g  about a thousand o r  so  above you". 

The c a p t a i n  of t h e  Vars i ty  i n s t r u c t e d  t h e  co-p i lo t  t o  look f o r  t h e  r e p o r t e d  
t r a f f i c  and a l s o  looked himself i n  t h e  d i r e c t i o n  given,  Nei ther  of them s a w  an  a i r c r a f t  
and Midland Radar were informed: "Roger looking no con tac t  t h i s  time" fol lowed by "We 
have about s ix -e igh ths  a t  f i f t e e n  hundred above". The c o n t r o l l e r  a t  Midland Radar was 
unable t o  pass  any f u r t h e r  informat ion a s  t h e  r a d a r  response,  which i s  now known t o  have 
been t h e  Cessna, faded from t h e  sc reen  a f t e r  having "painted" f o r  approximately two miles. 

About two minutes l a t e r  when t h e  crew of t he  Var s i t y  had commenced t h e i r  
approach checks f o r  Lindholme, t he  c a p t a i n  saw a red  and whi te  a i r c r a f t  through t h e  f l i g h t  
deck windscreen a t  about  t h e  one o ' c lock  p o s i t i o n  a t  an  e s t ima ted  range of 50 yd. He 
immediately pushed t h e  c o n t r o l  column hard  forward but t h e  two a i r c r a f t  c o l l i d e d ;  t h e  
upper p a r t  of t he  f i n  and rudder of t h e  Var s i t y  was severed and t h e  rudder  jammed t o  t h e  
l e f t .  The Var s i t y  then yawed v i o l e n t l y  and e n t e r e d  a l e f t - h a n d s p i r a l d i v e .  The c a p t a i n  

* VMC means weather pe rmi t t i ng  f l i g h t  i n  accordance wi th  t h e  v i s u a l  f l i g h t  r u l e s ,  i . e .  - 
a i r c r a f t  f l y i n g  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  s h a l l  remain a t  l e a s t  one n a u t i c a l - m i l e  
h o r i z o n t a l l y  and 1 0 0 0  f t  v e r t i c a l l y  away from cloud and i n  a  f l i g h t  v i s i b i l i t y  of a t  
least f i v e  n a u t i c a l  miles. 
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ordered t h e  crew t o  abandon t h e  a i r c r a f t  and, w h i l s t  they were p repa r ing  t o  do so ,  he l e f t  
h i s  s e a t  t o  a s s i s t  t h e  s t a f f  nav iga tor  who appeared t o  be having d i f f i c u l t y  i n  opening t h e  
forward escape ha tch .  The s t a f f  nav iga tor  abandoned t h e  a i r c r a f t  but when h i s  parachute  
deployed he f e l l  from h i s  ha rnes s  and was k i l l e d .  I n  t h e  meantime t h e  c o - p i l o t ,  who had 
p rev ious ly  l e f t  h i s  seat t o  c o l l e c t  pa rachu te  packs f o r  t h e  c a p t a i n  and himself i n  accord- 
ance with t h e  e s t a b l i s h e d  d r i l l ,  moved i n t o  t h e  lef t -hand s e a t  and endeavoured t o  r e g a i n  
c o n t r o l .  During a sudden a p p l i c a t i o n  of 'g' load ing  t h e  c a p t a i n  was e j e c t e d  i n v o l u n t a r i l y  
through t h e  escape ha t ch ;  he  made a  comparat ively s a f e  landing.  One of t h e  s tuden t  navi-  
g a t o r s  then  abandoned t h e  a i r c r a f t  s u c c e s s f u l l y  but t h e  t h r e e  remaining occupants were 
unable t o  do s o  due t o  i n s u f f i c i e n t  he igh t .  

The co-pi lo t  checked t h e  s t e e p  s p i r a l  d ive  by t h e  use  of asymmetric power and 
at tempted t o  land on a  d i sused  a i r f i e l d .  However, he was unable t o  main ta in  d i r e c t i o n a l  
c o n t r o l  but  succeeded i n  touching down i n  an  ad j acen t  f i e l d  wi th  t h e  unde rca r r i age  extended;  
t h e  p o r t  main unde rca r r i age  broke o f f  when t h e  a i r c r a f t  r a n  a c r o s s  a d i t c h .  The a i r c r a f t  
then  swung i n t o  a t r e e  and w a s  s eve re ly  damaged; one of t h e  occupants  s u s t a i n e d  s e r i o u s  
i n j u r y .  F i r e  d i d  no t  b reak  out .  

The Cessna broke up i n  t h e  a i r  as a r e s u l t  of t h e  c o l l i s i o n  and t h e  p i l o t  w a s  
k i l l e d .  

Evidence of t h e  t r a c k s  of both a i r c r a f t  has  been made a v a i l a b l e  by a  R . A . F .  
master  r a d a r  s t a t i o n ,  whose r ada r  is no t  remoted t o  Midland Radar. I t  i s  f o r t u i t o u s  t h a t  
photographs of t h e i r  r a d a r  d i s p l a y ,  taken a t  15-second i n t e r v a l s ,  have provided a  record  
of the  a i r c r a f t  t r a c k s  dur ing  t h e  f i v e  minutes preceding t h e  acc iden t .  A r e c o n s t r u c t i o n  
of t h e i r  f l i g h t  pa th s ,  based on t h e  photographic evidence ,  i s  appended. The r e l a t i v e  
a l t i t u d e s  of t h e  a i r c r a f t  were not  determinable .  The photographs show t h a t  a t  1001 hours 
t h e  Cessna and V a r s i t y  were approaching one ano the r  on near  r e c i p r o c a l  t r a c k s  of 1400T. 
Two and a  h a l f  minutes l a t e r  t h e  Var s i t y  turned t o  por t  and t h e r e a f t e r  made good a  t r a c k  
of 2700T. Less than  a minute a f t e r  t h e  t u r n  of t h e  Var s i t y  t h e  Cessna turned t o  s t a rboa rd  
and made good a  t r a c k  of 201°T; t h e  a i r c r a f t  t hen  converged on a l i n e  of cons tan t  bear ing  
of 310°/1300T up t o  t h e  moment of impact. 

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  

Both des t royed .  

1 . 4  Other  damage 

Both a i r c r a f t  crashed on farm land;  t h e r e  was some damage t o  c rops .  

. 
Others  

- 

Passengers  I n j u r i e s  

F a t a l  

Non-f a ta l  

None 

C r e w  

1 (Cessna 337A) 
1 (Var s i t y )  

4 

1 
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1.5 C r e w  i n f o r m a t i o n  

Cessna 337A 

The p i l o t ,  aged 4 2 ,  w a s  employed by H. F a i r w e a t h e r  & Co. L t d . ,  and had been  a 
p i l o t  i n  t h e  Royal  A i r  F o r c e  f rom which h e  r e t i r e d  i n  1962.  H e  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  endor sed  i n  Group 1 f o r  Cessna 337 a i r c r a f t ;  h i s  l a s t  competency 
check  on t h i s  a i r c r a f t  t y p e  was comple ted  s u c c e s s f u l l y  on 22  March 1966 .  H i s  t o t a l  f l y i n g  
e x p e r i e n c e  amounted t o  2  874 hours ,o f  which 88 h o u r s  had been f lown  i n  Cessna  337 a i r c r a f t .  
He had a rest p e r i o d  of 12 :45  h o u r s  b e f o r e  commencing d u t y  on t h e  day o f  t h e  a c c i d e n t .  

V a r s i t y  

The pilot- in-command, aged 40,  w a s  a  Royal  A i r  F o r c e  p i l o t  and  had  f l o w n  
2  735 h o u r s ,  of which 812 h o u r s  were  on V a r s i t y  a i r c r a f t .  He w a s  a  q u a l i f i e d  V a r s i t y  cap- 
t a i n  and h i s  g r e e n  i n s t r u m e n t  r a t i n g  had  been  i s s u e d  on 7 March 1966; h e  h a d  c a r r i e d  o u t  
c r a s h  and p a r a c h u t e  d r i l l s  on 25 May 1966.  

The c o - p i l o t ,  aged 45,  was a  Royal  A i r  Fo rce  p i l o t  and had f lown  3 698 h o u r s ,  
of which 480 h o u r s  were on V a r s i t y  a i r c r a f t .  H e  was a  q u a l i f i e d  V a r s i t y  c a p t a i n  and h i s  
g r e e n  i n s t r u m e n t  r a t i n g  had been renewed on  1 8  A p r i l  1966. H e  c a r r i e d  o u t  c r a s h  and 
p a r a c h u t e  d r i l l s  on 25 May 1966.  

A s t a f f  n a v i g a t o r ,  aged 3 8 ,  w a s  aboa rd  and was i n s t r u c t i n g  t h e  t h r e e  s t u d e n t  
n a v i g a t o r s  i n  bombing t e c h n i q u e .  He c a r r i e d  o u t  c r a s h  and p a r a c h u t e  d r i l l s  on  25 May 1966.  

Three  p i l o t  o f f i c e r s  aboa rd  were  s t u d e n t  n a v i g a t o r s  u n d e r g o i n g  a  c o u r s e  o f  
i n s t r u c t i o n  a t  t h e  Bomber Command Bombing S c h o o l ,  Lindholme. They c a r r i e d  o u t  c r a s h  and 
p a r a c h u t e  d r i l l s  on 8  J u n e  1966.  

1 . 6  A i r c r a f t  i n f  ormat i o n  

Cessna 337A 

The Cessna  337A a i r c r a f t  i s  a s i x - s e a t e r  a l l  m e t a l ,  h i g h  wing ,  t w i n  boom mono- 
p l a n e  w i t h  two e n g i n e s  i n  tandem, one b e i n g  i n  f r o n t  of  t h e  c a b i n  and t h e  o t h e r  a f t .  It 
was c o n s t r u c t e d  i n  1965 i n  t h e  U.S.A.  and i s s u e d  w i t h  a  Un i t ed  Kingdom C e r t i f i c a t e  o f  
A i r w o r t h i n e s s  on 7 J a n u a r y  1966. It had been  m a i n t a i n e d  i n  a c c o r d a n c e  w i t h  a n  app roved  
main tenance  s c h e d u l e  and a t  t h e  t i m e  o f  t h e  a c c i d e n t  had a  c u r r e n t  c e r t i f i c a t e  o f  ma in t e -  
nance .  It had  f lown a  t o t a l  of 126  h o u r s  s i n c e  m a n u f a c t u r e ,  4:30 h o u r s  b e i n g  s u b s e q u e n t  
t o  a P e r i o d  2 i n s p e c t i o n  c a r r i e d  o u t  on 6  J u n e  1966;  no  d e f e c t s  had been  r e p o r t e d  d u r i n g  
t h i s  t i m e .  

The d e s i g n  of t h e  c o c k p i t  w indsc reen  is such  t h a t  t h e  fo rward  v i s i o n  t o  t h e  l e f t  
is o b s t r u c t e d  w i t h i n  t h e  0930/1030-o 'c lock s e c t o r  by a  metal s u p p o r t i n g  s t r u c t u r e ,  of  nor-  
m a l  p r o p o r t i o n s ,  between t h e  l e f t  and f r o n t  p a n e l s ;  a map r e a d i n g  lamp i s  a t t a c h e d  t o  t h i s  
s t r u c t u r e .  The s e c t o r  obscu red  i s ,  o f  c o u r s e ,  dependent  upon t h e  s e a t i n g  p o s i t i o n  o f  t h e  
p i l o t  b u t , n e v e r t h e l e s s ,  i t  is  a t  a l l  t i m e s  n e c e s s a r y  t o  o c c a s i o n a l l y  move t h e  h e a d  i n  
o r d e r  t o  m a i n t a i n  a n  a d e q u a t e  look-out .  The a i r c r a f t  was f i t t e d  w i t h  a n  a n t i - c o l l i s i o n  
beacon on  t h e  t o p  of t h e  r i g h t  f i n .  

The we igh t  a t  take-of f  was below t h e  maximum t o t a l  w e i g h t  a u t h o r i z e d  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 e r m i t t e d  l i m i t s .  
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The t y p e  of f u e l  used was 100/130 o c t a n e  a v i a t i o n  g a s o l i n e .  

V a r s i t y  T . l  

The V a r s i t y  was c o n s t r u c t e d  i n  1951  and w a s  m a i n t a i n e d  i n  accordance  w i t h  R.A.F. 
s t a n d a r d s ;  i t s  l as t  s e r v i c i n g  c e r t i f i c a t e  w a s  completed a t  0805 h o u r s  on t h e  day of t h e  
a c c i d e n t .  

The c o c k p i t  "g lasshouse"  d e s i g n  p r o v i d e s  a n  u n o b s t r u c t e d  forward  view f o r  bo th  
p i l o t s .  F l e x i b l e  p l a s t i c  day-glow p a n e l s  were f i t t e d  t o  t h e  f i n ,  around t h e  a f t  f u s e l a g e  
below t h e  f i n ,  on t h e  nose ,  and on both  mainplanes .  

The weight  a t  take-off  was below t h e  maximum t o t a l  weight  a u t h o r i z e d  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 e r m i t t e d  l i m i t s .  

The t y p e  of f u e l  u sed  was 100/130 o c t a n e  a v i a t i o n  g a s o l i n e .  

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 Cessna p i l o t  r e q u e s t e d  t h e  Leavesden a c t u a l  wea the r  f rom a i r  t r a f f i c  c o n t r o l  
Tees - s ide ,  b u t  t h i s  w a s  n o t  a v a i l a b l e  and he  a c c e p t e d  a n  a c t u a l  weather  r e p o r t  of Luton. 
H e  d i d  n o t  r e q u e s t  o r  o b t a i n  any o t h e r  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  and no f l i g h t  f o r e c a s t  
was i s s u e d  f o r  t h e  f l i g h t .  

An a p p r e c i a t i o n  of t h e  wea the r  i n  t h e  area of  t h e  c o l l i s i o n  a t  t h e  t i m e  of t h e  
a c c i d e n t  made by t h e  m e t e o r o l o g i c a l  o f f i c e  showed t h e  f o l l o w i n g  c o n d i t i o n s :  

Wind - 5  000 f t :  2300115 k t ,  t e m p e r a t u r e  + ~ O C  

Wind - 7 000 f t :  2300115 k t ,  t e m p e r a t u r e  + 30C 
Cloud : I n  s e v e r a l  l a y e r s  w i t h  o c c a s i o n a l  embedded cumulus 

deve lop ing .  Lowest s t r a t o c u m u l u s  l a y e r  318 t o  6 /8  b a s e ,  
2 500 t o  3 000 f  t .  Another s t r a t o c u m u l u s  l a y e r  above 
w i t h  t o p  about  8  000 f t .  Any gap between t h e s e  two 
l a y e r s  would be around t h e  4 500 f t  l e v e l  b u t  t h e r e  
would be s o l i d  p a t c h e s  where cumulus was deve lop ing .  

S u r f a c e  v i s i b i l i t y :  1 0  t o  1 6  km 
Weather:  N i l  

According t o  a statement by t h e  c a p t a i n  of t h e  V a r s i t y ,  t h e  c loud  c o v e r  on t h e  
r e t u r n  f l i g h t  t o  Lindholme, made a t  a h e i g h t  of 6 500 f t ,  was 618 cumulus, t o p s  5 000 f t ,  
and 718 s t r a t o c u m u l u s ,  base  8 000 f t ;  v i s i b i l i t y  was approx ima te ly  5  miles between t h e  
two c l o u d  l a y e r s .  

A t  t h e  t ime  of  t h e  a c c i d e n t  t h e  s u n  was a p p r o x i m a t e l y  52O above t h e  south-  
e a s t e r l y  h o r i z o n .  

1 . 8  Aids  t o  n a v i g a t i o n  

Ot t r ingham VOR s t a t i o n  w a s  used  by t h e  Cessna as a  t u r n i n g  p o i n t . E n q u i r i e s  con- 
c e r n i n g  i t s  o p e r a t i o n  have r e v e a l e d  t h a t  on t h e  day of t h e  a c c i d e n t  t h e  beacon w a s  trans- 
m i t t i n g  on t h e  s t andby  t r a n s m i t t e r  f rom 0935 h o u r s  and t h a t  a t  1000 h o u r s  t h e  main 
t r a n s m i t t e r  w a s  s e l e c t e d .  It h a s  been found t h a t  d u r i n g  t h e  change-over  a p e r i o d  of 65 t o  
85 seconds  would have e l a p s e d  d u r i n g  which no t r a n s m i s s i o n  would have  been made. 
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1 .9  Communications 

The VHF r a d i o  c o n t a c t s  between t h e  Cessna and P r e s t o n  ATCC and between t h e  
V a r s i t y  and Midland Radar were normal. 

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 .  

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

Ne i the r  of t h e  a i r c r a f t  was f i t t e d  w i th  a  f l i g h t  r e c o r d e r .  

1.12 Wreckage 

Cessna 337A 

The wreckage of t h e  Cessna w a s  s c a t t e r e d  a long  a t r a i l  of about  one m i l e  on a  
heading of 200°T, t h e  main wreckage - f r o n t  eng ine  and lower rear f u s e l a g e  - having f a l l e n  
i n  a  f i e l d  a q u a r t e r  of a m i l e  south-east  of S ta l l ingborough  v i l l a g e ,  L inco ln sh i r e .  Frag- 
ments of t h e  upper s i x  f e e t  of t h e  f i n  and rudder  of t h e  V a r s i t y ,  t o g e t h e r  w i t h  i ts  rudder  
t r i m  t a b ,  were found i n  t h e  wreckage. 

The wreckage of t h e  Cessna was c o l l e c t e d  and reassembled a t  R.A.F. Leconf ie ld .  
Examination of t h e  wreckage and of t h e  detached p a r t s  of t h e  V a r s i t y  f i n  and rudder  i n d i c a t e  
t h a t  t h e  Cessna 'a  l e f t  wing s t r u c k  t h e  r ight-hand s i d e  of t h e  V a r s i t y ' s  f i n  and r u d d e r ;  t h e  
f i n  had t hen  p rogressed  a long and i n t o  t h e  Cessna ' s  w i n g , c u t t i n g t h e  f u s e l a g e  i n  two. T h i s  
l e d  t o  t h e  s e p a r a t i o n  of t h e  l e f t  and r i g h t  wings, b o t h t a i l  boomsand t h e  t a i l  p l ane ,  t h e  
detachment of t h e  rear engine  and p r o p e l l e r  and t h e  break-up of t h e  c a b i n  s t r u c t u r e .  

The two a l t i m e t e r s  were found c o r r e c t l y  set a t  1013 mb. The No. 1 VOR r e c e i v e r  
was s e l e c t e d  t o  t h e  frequency 113.9 Mcfs ( t h e  frequency of Ottringham VOR); t h e  No. 2 VOR 
r e c e i v e r  was des t royed .  The No. 1 omnibearing s e l e c t o r  was p o s i t i o n e d  t o  197' and t h e  
No. 2 omnibearing s e l e c t o r  t o  1910. (The t r a c k  from Ottr ingham t o  Leavesden i s  192"M.) 
The No. 1 VHF communications equipment was s e l e c t e d  t o  124.4 Mcfs ( t h e  f requency of London 
ATCC) and t h e  No. 2 VHF communications equipment t o  125.5 Mc/s ( t h e  f requency of P r e s t o n  
ATCC) . 

It h a s  no t  been p o s s i b l e  t o  de termine  whether t h e  a n t i - c o l l i s i o n  beacon was 
o p e r a t i n g  a t  t h e  t i m e  of t h e  c o l l i s i o n .  

V a r s i t y  

The a i r c r a f t  c rashed a t  Ulceby approximate ly  s i x  miles north-west of t h e  main 
p a r t  of t h e  Cessna wreckage. I n spec t i on  showed t h a t  dur ing  an  a t tempt  t o  l and  i n  a  l a r g e  
f i e l d  w i th  t h e  unde rca r r i age  down t h e  a i r c r a f t  had passed over  a  d i t c h ,  which broke o f f  
t h e  l e f t  main unde rca r r i age ,  and then  c o l l i d e d  wi th  a tree. The c o l l i s i o n  w i t h  t h e  tree 
severed t h e  f r o n t  f u s e l a g e  and l e f t  wing. 

1.13 F i r e  - 
No f i r e  occurred ,  
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1.14 Su rv iva l  a s p e c t s  

The p i l o t  of t h e  Cessna w a s  found c l o s e  t o  t h e  main wreckage of h i s  a i r c r a f t ;  
he had f a l l e n  dur ing  t h e  break-up of t h e  a i r c r a f t  fo l lowing t h e  c o l l i s i o n .  H e  w a s  not  
provided with a parachute.  

Three '. nbers  of t h e  Var s i t y  crew abandoned t h e  a i r c r a f t  us ing  parachutes ;  two 
of them made s u c c e s s f u l  l and ings  a l though one was s l i g h t l y  i n ju red ;  t h e  t h i r d  member f e l l  
from h i s  ha rnes s  and w a s  k i l l e d .  One member of t h e  crew was s e r i o u s l y  i n j u r e d  when t h e  
a i r c r a f t  landed. The evacua t ion  and sur-r ival  a s p e c t s  have been t h e  -**hject  of s e p a r a t e  
i n v e s t i g a t i o n  by t h e  R.A.F. 

Un i t s  of t h e  l o c a l  ambulance s e r v i c e  were a t  t h e  scene of both a c c i d e n t s  w i th i :  
approximately 30 minutes of t h e  c o l l i s i o n  and conveyed t h e  i n j u r e d  t o  h o s p i t a l .  

1.15 T e s t  and r e sea rch  

The acceptance t r i a l s  r e p o r t  of t h e  Midland Radar Unit equipment showed t h a t  a  
Canberra a i r c r a f t  gave only  a 50 pe r  cen t  p r o b a b i l i t y  of "paint"  when a t  a he igh t  of 
6 500 f t  and d i s t a n c e  of 60 NH. It w a s  t h e r e f o r e  decided t o  conduct a test f l i g h t  t o  
e v a l u a t e  t h e  r a d a r  response  of a Cessna 337A i n  t h e  lower l e v e l s  of t h e  r ada r  lobe ;  a  num 
ber  of f l i g h t s  were made over t h e  Ottringham VOR s imula t ing ,  as c l o s e l y  as p o s s i b l e ,  t h e  
f l i g h t  of GATJO on t h e  day of t h e  acc iden t .  

The test showed t h a t  on t h a t  day t h e  r a d a r  had adequate  cover;  t h e r e  were a 
number of missed p a i n t s  spread throughout t h e  s o r t i e s  flown bu t ,  bear ing  i n  mind t h e  aeri  
sweep r a t e ,  t h e s e  were of l i t t l e  consequence i n  t h e  o v e r a l l  performance. It was a l s o  f o  
t h a t  s topping  t h e  f r o n t  p r o p e l l e r  d i d  no t  m a t e r i a l l y  h f f e c t  t h e  r ada r  r e f l e c t i n g  q u a l i t i e  
of t h e  a i r c r a f t .  

1.16 Other p e r t i n e n t  informat ion 

The A i r  T r a f f i c  Cont ro l  Radar Uni t ,  North Luffenham, is p a r t  of M i l i t a r y  A i r  
T r a f f i c  Operat ions  (MATO) i n  t h e  United Kingdom and provides  recovery,  climb-out, airways 
c ros s ing  and t r a n s i t  s u r v e i l l a n c e  r ada r  s e r v i c e s  f o r  m i l i t a r y  a i r c r a f t .  The r a d a r  recove 
and climb-out s e r v i c e  i s  provided f o r  a number of des ignated aerodromes of which Lindholm 
i s  one. 

Radar s u r v e i l l a n c e  i s  def ined i n  MAT0 A i r  S t a f f  I n s t r u c t i o n s  a s  a s e r v i c e  i n  
which t h e  p i l o t  i s  informed of t h e  bear ing ,  d i s t a n c e  and ( i f  a v a i l a b l e )  he igh t  of con- 
f l i c t i n g  t r a f f i c ,  and i s  advised of a  heading which would provide t h e  p rescr ibed  s e p a r a t i  
Should t h e  p i l o t  have v i s u a l  con tac t  and/or  e l e c t  no t  t o  t ake  t h e  adv ice  given,  he i s  
r e spons ib l e  f o r  i n i t i a t i n g  any avoiding a c t i o n  t h a t  may subsequently prove necessary;  t h i  
a p p l i e s  i n  VMC only and when no t  c ros s ing  airways. 

Under Sec t ion  I V  of t h e  Rules of t h e  A i r  and A i r  T r a f f i c  Control  Regula t ions ,  
1960, which c o n t a i n s  t h e  gene ra l  f l i g h t  r u l e s  f o r  c i v i l  a i r c r a f t ,  i t  i s  t h e  r e s p o n s i b i l i t  
of t he  pilot-in-command of an a i r c r a f t ,  even i f  t h e  f l i g h t  is being made wi th  a i r  t r a f f i c  
c o n t r o l  c l ea rance ,  t o  t a k e  a l l  pos s ib l e  measures t o  ensure  t h a t  h i s  a i r c r a f t  does no t  
c o l l i d e  wi th  any o t h e r  a i r c r a f t .  The Rules a l s o  provide t h a t  "when two a i r c r a f t  are con- 
verg ing  i n  t h e  a i r  a t  approximately t h e  same a l t i t u d e ,  t h e  a i r c r a f t  which has  t h e  o t h e r  o 
i t s  r i g h t  s h a l l  g ive  way". S i m i l a r  r u l e s  a r e  l a i d  down i n  Min is t ry  of Defence Flying Ord 
f o r  t h e  Royal A i r  Force. 
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2 .  - - A n a l y s i s  and C o n c l u s i o n s  

2 . 1  A n a l y s i s  

The c o l l i s i o n  o c c u r r e d  i n  t h e  P r e s t o n  F I R  i n  u n c o n t r o l l e d  a i r s p a c e .  S h o r t l y  
b e f o r e  t h e  a c c i d e n t ,  t h e  a i r c r a f t  had  been f l y i n g  a t  t h e  q u a d r a n t a l  c r u i s i n g  l e v e l s  app ro -  
p r i a t e  t o  t h e i r  r e s p e c t i v e  t r a c k s ;  t h e  V a r s i t y  a t  f l i g h t  l e v e l  65 a n d  t h e  Cessna  a t  f l i g h t  
l e v e l  75. Because of t h e  change i n  d i r e c t i o n  of i t s  i n t e n d e d  t r a c k  on p a s s i n g  t h e  O t t r i n g h a m  
V O R , i t  w a s  n e c e s s a r y  f o r  t h e  Cessna t o  change i t s  f l i g h t  l e v e l  i n  o r d e r  t o  comply w i t h  t h e  
q u a d r a n t a l  r u l e ;  i n  t h i s  c a s e  t h e  p i l o t  c h o s e  t o  descend  t o  f l i g h t  level 60 .  The c o l l i s i o n  
o c c u r r e d  d u r i n g  t h e  d e s c e n t .  While i t  is n o t  known whe the r  t h e  Cessna  w a s  f l y i n g  i n  VMC a t  
f l i g h t  l e v e l  75, i t  is known t h a t  s h o r t l y  b e f o r e  t h e  c o l l i s i o n  t h e  c a p t a i n  of t h e  V a r s i t y  
informed Midland Radar t h a t  h i s  f l i g h t  was b e i n g  c a r r i e d  o u t  i n  VMC w i t h  618 c l o u d  a t  
1 500 f t  above.  It seems c l e a r ,  t h e r e f o r e ,  t h a t  t h e  l a t t e r  p a r t  of  t h e  d e s c e n t  of  t h e  
Cessna was made i n  VMC. 

It was t h e  d u t y  of t h e  commanders of bo th  a i r c r a f t  t o  m a i n t a i n  a n  a d e q u a t e  look-  
o u t  f o r  a i r c r a f t .  It i s  t h o u g h t  l i k e l y  t h a t  t h e  f a i l u r e  of t h e  V a r s i t y ' s  p i l o t s  t o  see 
t h e  Cessna i n  t i m e  t o  i n i t i a t e  s u c c e s s f u l  a v o i d i n g  a c t i o n  may be p a r t l y  a t t r i b u t a b l e  t o  
p r e o c c u p a t i o n  w i t h  t h e  app roach  checks  which t h e y  were  c a r r y i n g  o u t .  It i s  c o n s i d e r e d  
t h a t  t h e  p i l o t  of t h e  Cessna may a l s o  have  been engaged on i n t e r n a l  c o c k p i t  a c t i v i t i e s  
d u r i n g  t h e  d e s c e n t  f rom f l i g h t  l e v e l  75 a f t e r  p a s s i n g  t h e  O t t r i ngham VOR. These  a c t i v i t i e s  
cou ld  have i n c l u d e d  a n  a d j u s t m e n t  of t h e  e n g i n e  power s e t t i n g ,  t h e  s e t t i n g  up of new r a d i a l s  
on t h e  omnibear ing  s e l e c t o r s ,  f i l l i n g  i n  t h e  f l i g h t  l o g  and p r e p a r i n g  t o  i n f o r m  P r e s t o n  ATCC 
of  h i s  p a s s a g e  of t h e  O t t r i ngham VOR. He may a l s o  have  been p r e o c c u p i e d  c h e c k i n g  h i s  VOR 
r e c e i v e r s ,  s i n c e  i t  i s  known t h a t  t h i s  f a c i l i t y  was n o t  t r a n s m i t t i n g  f o r  a p e r i o d  o f  65 t o  
80 seconds  a f t e r 1  0 0 0 h o u r s .  The b r e a k  i n  t r a n s m i s s i o n  would have  caused  t h e  OFF f l a g s  t o  
show on t h e  omnibear ing  i n d i c a t o r s ,  t h u s  a t t r a c t i n g  t h e  p i l o t ' s  a t t e n t i o n  and  c o n s e q u e n t l y  
a d d i n g  t o  h i s  workload.  Al though t h e  Cessna was n o t  p r o b a b l y  f l y i n g  i n  c o n d i t i o n s  of good 
v i s i b i l i t y  s h o r t l y  b e f o r e  t h e  c o l l i s i o n ,  a n  a d d i t i o n a l  f a c t o r  which may p o s s i b l y  a c c o u n t  f o r  
i t s  p i l o t  n o t  s e e i n g  t h e  V a r s i t y  was t h e  o b s t r u c t i o n  caused  by t h e  w i n d s c r e e n  p a n e l  s t r u c -  
t u r e .  The approach  of t h e  V a r s i t y  was on a l i n e  of c o n s t a n t  b e a r i n g  of a p p r o x i m a t e l y  
1300T, i .e .  w i t h i n  t h e  0930/1030-o 'c lock  s e c t o r  i n  which v i s i o n  was o b s t r u c t e d  by t h e  wind- 
s c r e e n  f rame and r e a d i n g  lamp. 

T h i s  a c c i d e n t  emphas izes  t h e  impor t ance  of m a i n t a i n i n g  a n  a d e q u a t e  look-out  a t  
a l l  t i m e s  and of e n s u r i n g  t h a t  v i g i l a n c e  i s  n o t  r e l a x e d  when c o c k p i t  d r i l l s  are c a r r i e d  o u t  
o r  d i s t r a c t i o n s  from r o u t i n e  f l i g h t  o c c u r .  

Al though t h e  f l i g h t  e v a l u a t i o n  of t h e  Midland Radar showed t h a t  t h e  r a d a r  
r e s p o n s e  of a  Cessna 337A p r o v i d e d  a d e q u a t e  c o v e r  on t h e  day  t h e  test was c o n d u c t e d ,  i t  i s ,  
n e v e r t h e l e s s ,  a c c e p t e d  t h a t  on t h e  day of t h e  a c c i d e n t  t h e  r e s p o n s e  f a d e d  f rom t h e  s c r e e n  

11 a f t e r  p a i n t i n g "  f o r  a b o u t  2 m i l e s .  T h i s  d i f f e r e n c e  i n  pe r fo rmance  may have  been  due  t o  
one o r  more of t h e  f o l l o w i n g  f a c t o r s :  

( i )  Anomalous p r o p a g a t i o n  o f  r a d a r  waves due  t o  a t m o s p h e r i c  c o n d i t i o n s .  

( i i )  Smal l  changes  i n  t h e  s e n s i t i v i t y  and power o u t p u t  of  t h e  r a d a r .  

( i i i )  S l i g h t  v a r i a t i o n s  i n  t h e  r e l a t i v e  p o s i t i o n s  of t h e  a i r c r a f t  and  t h e  
r a d a r  a n t e n n a e  c a u s e d  by d i f f e r e n c e s ,  due  t o  wind e f f e c t ,  be tween  t r i a l  
t r a c k s  and a c t u a l  t r a c k  f lown.  
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2 . 2  Conclusions 

Findings  

( i )  The documentation of both a i r c r a f t  was i n  o rde r .  

( i i )  There was no pre-crash f a i l u r e  o r  malfunct ion of e i t h e r  a i r c r a f t .  

( i i i )  The p i l o t s  of both a i r c r a f t  were proper ly  q u a l i f i e d  and s u f f i c i e n t l y  
exper ienced t o  c a r r y  ou t  t h e i r  r e s p e c t i v e  f l i g h t s .  

( i v )  The f l i g h t  v i s i b i l i t y  w a s  s u f f i c i e n t  t o  ensure  t h a t  each a i r c r a f t  could 
have been observed from the o t h e r  i n  t ime t o  avoid a  c o l l i s i o n .  

Cause o r  
Probable cause ( s )  

The c o l l i s i o n  r e s u l t e d  from a f a i l u r e  t o  main ta in  a n  adequate  look-out from 
e i t h e r  a i r c r a f t .  

I C A O  Ref: AR/039/66 

General a v i a t i o n  and m i l i t a r y  I 
En r o u t e  
C o l l i s i o n  - a i r c r a f t  - both a i rbo rne  
P i l o t  - f a i l e d  t o  observe a i r c r a f t  
F a i l u r e  t o  mainta in  an adequate look- 
out  from e i t h e r  a i r c r a f t  
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CESSNA/VARSITY ACCIDENT 14 JUNE 1966 

Plot of Camor, and Vanity tmcb extracted 
from the pbdogmp&ic recod d a Britirh 
defence ndPt mtation. 

(Timea r h a n  are mhoter sod seconds after 
1000 b.) 
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N o .  10 
L 

A i r  New Zealand L i m i t e d ,  Douglas DC-8-52, ZK-NZB, accident a t  Auckland 
International Airpor on 4 July 1966, Summary af accident reporq 

dated 15 Septembe 1966, produced by Accidents l n v e s t i ~ a t i o n  
Branch, Department of Civil Aviation, New Zealand, 

1. - Investigation 
1.1 History of the f l inht  

The a ircraf t  w a s  making the f i r s t  take-off of a routine crew training f l i g h t  at 
Auckland International Airport, New Zesland. Time of departure was 1559 hours New Zealand 
Standard T i m e ,  A l l  five occupants were seated on the f l i g h t  deck, Shortly after r o t a t i o n ,  
the starboard wing dropped, the a i r c r a f t  failed t o  accelerate  and gain height normally and 
s ide-s l ipped inward u n t i l  the wing t i p  struck the ground, The a ircraf t  then cartwheeled 
c l o c b i s e  about the nose radome and pragressively disintegrated,  I n i t i a l  impact took place 
3 865 feet beyond the threshold and 97 .5  f t  t o  starboard of RW 23, the active runway. 
Geographic locat ion:  Lat. 37O 00' 36" S., Long. 1740 47' 29" E .  Elevation 22 f t AMSL. 

1 . 2  Zniuries xo persons 

1,3 D m e  to a i r c r a f t  

The aircraft was destrcryed. 

1 . 4 Other damage 

None, 

1.5 Crew inforrimtion 

The crew were properly certificated. The pilot-in-command,aged 46, h e l d  an 
ALTP Licence and had 1 7  966 hours total experience, with 497 hours on DC-8 aircraft . H e  
accupied the  right front seat and was giving the co-pilot continuation training.  

The co -p i lo t ,  vhu was flying the aircraft from the l e f t  front seat,  had some 
4 200 hours t o t a l  experience and 21 hours on DC-8 aircraft, The flight engineer had 
4 250 hours air experience and held a DC-8 type rat ing.  

* Supernuaexary crew 
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The pilot-in-command and t h e  f l i g h t  eng inee r  l o s t  t h e i r  l i v e s ;  t h e  c o - p i l o t  was 
seriously i n j u r e d ,  

I. 6 Aircraft in£ ormation 

The C e r t i f i c a t e  of Airworthiness and attendant documentat ion were v a l i d  a t  t h e  
time of t h e  a c c i d e n t ,  Weight and c.g. w e r e  within prescribed l i m i t s ,  The aircraft had 
been p r o p e r l y  main ta ined ,  

1.7 Meteoro log ica l  i n fo rma t ion  

~ e a t k e r  w a s  not  a f a c t o r  i n  t h i s  a c c i d e n t ,  

1.8 Aids  to navigation 

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

1 . 9  Communications 

No d i s t r e s s  message was r e c e i v e d  from t h e  a i r c r a f t .  

2.10 Aerodrome and ground Eaci l i t  ies 

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

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

A UDC Type FA542B f l i g h t  data r e c o r d e r  i n s t a l l e d  in t h e  r ad io  r a c k  on the flight 
deck was recovered  i n t a c t  and a r eadou t  ob ta ined .  It ind ica ted  a heading d ive rgence  of 
h a l f  a degree  t o  p o r t  f o r  f o u r  seconds fo l l owing  r o t a t i o n ,  a f t e r  which progressive diver- 
gence t o  starboard occurred u n t i l  wing tip impact w i th  t h e  ground. V, was 118 k t ,  maximum 
a i r s p e e d  reached w a s  124 , s  k t  and a i r s p e e d  a t  wing t i p  impact was 118 k t .  No accurate 
de t e rmina t i on  of h e i g h t  was p o s s i b l e  owing t o  t h e  ve ry  narrow range  of a l t i t u d e  invo lved .  

1,12 Wreckage 

Ground s c a r s  i n d i c a t e d  an angle of bank of a t  l e a s t  400 t o  s t a r b o a r d  a t  wing 
t i p  fmpact. The flight deck s e p a r a t e d  from the rest of the f u s e l a g e  and came t o  rest 
i nve r t ed .  Nos. 1, 3 and 4 eng ine s  s e p a r a t e d  from their  pylons  dur ing d i s i n t e g r a t i o n ,  D i s -  
tance from i n i t i a l  impact point t o  t h e  point where t h e  wreckage t r a i l  ended was 1 070 it, 

Fire broke out in the vicinity of the s t a r b o a r d  wing r o o t  dur ing disintegration, 
Fire i n  the h o t  s e c t i o n  of No, 2 eng ine  r e s u l t e d  i n  t h e  rear h a l f  of t h e  f u s e l a g e  be ing  
gu t t ed .  Water and foam were s u c c e s s f u l l y  used  t o  e x t i n g u i s h  a l l  f i r e .  Fire d i d  not reach 
t h e  £1 i g h t  deck. 

1.14  S u rv iva l  a s p e c t s  

Death and s e r i o u s  i n j u r y  r e s u l t e d  from impact forces and g e n e r a l  d e s t r u c t i o n  i n  
the flight deck a r e a .  The pilot-in-command and co -p i l o t  were wearing shoulder and l a p  s t r a p  
ha rne s s ,  The f l i g h t  eng inee r  i s  believed t o  have been wear ing  l a p  s t r a p  harness only. 
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1.15 T e s t s  and r e s e a r c h  

Post -accident  tests c a r r i e d  ou t  by t h e  i n v e s t i g a t i v e  body and by t h e  manufacturer ,  
and invo lv ing  a t  least t h r e e  o t h e r  DC-8 a i r c r a f t ,  showed t h a t  i n  some bu t  not  a l l  c a s e s  i n  
which an  engine power l e v e r  w a s  moved ve ry  r a p i d l y  rearward t o  t h e  backstop t o  s imu la t e  
engine  f a i l u r e ,  i n e r t i a  f o r c e  genera ted  by t h e  movement could cause t h e  a s s o c i a t e d  t h r u s t  
brake l e v e r  t o  rise toward o r  e n t e r  t h e  r e v e r s e  i d l e  d e t e n t ,  the reby  arming t h e  engine f o r  
r e v e r s e  t h r u s t .  The p i l o t  of t h e  a i r c r a f t  had been seen  t o  snap t h e  l e v e r  rearward by 
ho ld ing  t h e  s p o i l e r  d isarm s p i g o t  on No. 4 power l e v e r ,  not  t h e  knob. 

1.16 Other p e r t i n e n t  informat ion 

Engine f a i l u r e  was s imula ted  a t  o r  j u s t  a f t e r  V1. Witnesses saw t h e  f a n  cascade 
doors  i n  an open c o n f i g u r a t i o n  between V 1  and V r .  The same doors  were aeen open a t  a n  
undetermined t i m e  a f t e r  l i f t - o f f .  

2. - Analys is  and Conclusions 

2.1 Ana lys i s  

A copy of t h e  f u l l  r e p o r t  ana ly se s  t h e  evidence i n  d e t a i l .  From t h e  conc lus ions  
below, c i rcumstances  which p r e c i p i t a t e d  t h e  acc iden t  w i l l  be apparent .  

2.2 Conclusions 

Find i n n s  

1. No f a i l u r e  o r  d e f e c t  w a s  p r e sen t  i n  o r  occurred i n  t h e  a i r f rame,  f l i g h t  
c o n t r o l s  and a l l i e d  systems,  o r  i n s t rumen ta t i on  be fo re  t h e  a i r c r a f t  s t r u c k  
t h e  ground. 

2. U n t i l  they  became d i s lodged  a t  impact,  a l l  f o u r  eng ines  were responding 
f a i t h f u l l y  t o  commands t r a n s m i t t e d  t o  them through t h e i r  r e s p e c t i v e  c o n t r o l s .  

3 .  Simulated f a i l u r e  of No. 4 eng ine  was i n i t i a t e d  by t h e  pilot-in-command a t  
o r  immediately a f t e r  V1; he  moved t h e  power l e v e r  ve ry  r a p i d l y  rearward by 
u s ing  t h e  s p o i l e r  d isarm extens ion.  

4 .  Inertia f o r c e  genera ted  by very  r a p i d  rearward movement of t h e  power l e v e r  
caused t h e  a s s o c i a t e d  t h r u s t  brake l e v e r  t o  e n t e r  t h e  r e v e r s e  i d l e  d e t e n t ,  
the reby  arming t h e  engine f o r  r e v e r s e  t h r u s t .  

5. Arming of t h e  engine  f o r  r e v e r s e  t h r u s t  allowed t h e  engine t o  e x e r t  powerful 
r e v e r s e  t h r u s t  du r ing  i n i t i a l  s t a g e  of spooldown, p a r t i c u l a r l y  a t  and imme- 
d i a t e l y  a f t e r  r o t a t i o n .  

6 .  The f a n  cascade doors  and o t h e r  r e v e r s a l  components became a c t i v a t e d  f o r  
r e v e r s e  t h r u s t  between V1 and Vr. 

7. The co-pi lo t  f l y i n g  t h e  a i r c r a f t  w a s  a b l e  t o  mainta in  d i r e c t i o n a l  c o n t r o l  
when t h e  a i r c r a f t  was on t h e  runway l a r g e l y  because t h e  nose wheel was s t i l l  
i n  con tac t  wi th  t h e  ground. 
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A s t a t e  of r e v e r s e  t h r u s t  was not  de t ec t ed  by any occupant of t h e  a i r c r a f t  
be fore  i t  became a i rbo rne .  

The a i r c r a f t  was r o t a t e d  a t  a predetermined Vr which, however, was much 
below t h a t  necessa ry  t o  a l low t h e  p i l o t  t o  c o n t r o l  t h e  a i r c r a f t  under t h e  
c i rcumstances  p r e v a i l i n g .  

When t h e  a i r c r a f t  r o t a t e d  and f o r  some t ime a f t e rward ,  No. 4 engine  
remained armed f o r  r e v e r s e  t h r u s t .  

Appl ica t ion  of f u l l  l e f t  rudder a f t e r  l i f t - o f f  was e f f e c t i v e  i n  p r even t ing  
a  l a r g e  amount of yaw, bu t  no t  a l l  yaw. 

Thrus t  imbalance, coupled wi th  l o s s  of l i f t  occasioned by d i s t u r b a n c e  of 
t h e  a i r  f low through No. 4 engine  being i n  r e v e r s e  t h r u s t ,  induced a  s t r o n g  
r o l l i n g  moment t o  s t a r b o a r d  which, w i th  s i d e - s l i p ,  cont inued u n t i l  t h e  wing 
t i p  s t r u c k  t h e  ground. 

A t  no t ime a f t e r  l i f t - o f f  d i d  t h e  a i r c r a f t  r each  a  Vmca a p p r o p r i a t e  t o  t h e  
t h r u s t  imbalance and ang le  of bank incu r r ed ;  t h e  p i l o t  w a s  never  a b l e  t o  
g a i n  c o n t r o l .  

F a i l u r e  t o  a c c e l e r a t e  and ga in  h e i g h t  were due t o  a n  i n c r e a s e  i n  induced 
drag  and l o s s  of l i f t  r e s u l t i n g  from t h e  e f f e c t s  of u n c o n t r o l l a b l e  r o l l .  

A t  a n  undetermined t ime a f t e r  l i f t - o f f ,  r e v e r s e  t h r u s t  was recognized and 
e l imina ted .  

No. 4 engine was d e l i v e r i n g  no t h r u s t  a t  t h e  t ime when i t  s epa ra t ed  from 
i ts  pylon. 

A f t e r  e l i m i n a t i o n  of r e v e r s e  t h r u s t ,  i n s u f f i c i e n t  t i m e  and he igh t  were 
a v a i l a b l e  t o  permit  recovery  be fo re  t h e  wing t i p  s t r u c k  t h e  ground. 

The p i l o t  d i d  not  misuse t h e  f l y i n g  c o n t r o l s  o r  t a k e  any a c t i o n  which might 
adve r se ly  have a f f e c t e d  t h e  performance of t h e  a i r c r a f t  under t h e  cir- 
cumstances which p reva i l ed .  

I f  a power l e v e r  of a  DC-8-52 a i r c r a f t  i s  moved rearward very  r a p i d l y ,  i t  
is p o s s i b l e  f o r  i n e r t i a  f o r c e  genera ted  by t h a t  movement t o  cause  t h e  
a s s o c i a t e d  t h r u s t  brake l e v e r  t o  rise and e n t e r  t h e  r e v e r s e  i d l e  d e t e n t  and 
the reby  a r m  t h e  engine f o r  r e v e r s e  t h r u s t .  

P r i o r  t o  t h e  occurrence  of t h i s  a c c i d e n t ,  n e i t h e r  A i r  New Zealand Limited 
nor t h e  Department of C i v i l  Avia t ion  i n  New Zealand was aware from i t s  own 
exper ience  o r  had lea rned  from any source  e lsewhere  t h a t  a  state of r e v e r s e  
t h r u s t  might r e s u l t  from very  r a p i d  rearward movement of a  DC-8 power l e v e r  
o r  of a power l e v e r  of s imilar  des ign  and mode of o p e r a t i o n  i n s t a l l e d  i n  
o t h e r  t ypes  of a i r c r a f t .  



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

Cause o r  
Probable  cause  ( s )  

The primary cause  of t h i s  a c c i d e n t  w a s , t h e  i ncu r r ence  of r e v e r s e  t h r u s t  du r ing  
s imula ted  f a i l u r e  of No. 4 engine  on t ake-of f .  

That c o n d i t i o n  a r o s e  when very  r a p i d  rearward movement of t h e  power l e v e r  
(customary only on crew t r a i n i n g  f l i g h t s  invo lv ing  s imula ted  eng ine  f a i l u r e )  genera ted  an 
i n e r t i a  f o r c e  which caused t h e  a s s o c i a t e d  t h r u s t  brake l e v e r  t o  rise and e n t e r  t h e  r e v e r s e  
i d l e  d e t e n t .  

A f t e r  l i f t - o f f ,  t h e  minimum c o n t r o l  speed e s s e n t i a l l y  r e q u i r e d  t o  overcome t h e  
p r e v a i l i n g  s t a t e  of t h r u s t  imbalance was never  a t t a i n e d  and an  u n c o n t r o l l a b l e  r o l l ,  accom- 
panied by some degree  of yaw and s i d e - s l i p  i n  t h e  same d i r e c t i o n ,  ensued. 

When t h e  c o n d i t i o n  of r e v e r s e  t h r u s t  was recognized and e l i m i n a t e d , i n s u f f i c i e n t  
t i m e  and he igh t  were a v a i l a b l e  t o  a l low t h e  a i r c r a f t  t o  recover  from i ts  p r e c a r i o u s  a t t i t u d e  
be fore  i t  s t r u c k  t h e  ground. 

3. - Recommendations 

To prevent  a  r ecu r r ence  of an a c c i d e n t  of t h i s  n a t u r e ,  i t  i s  recommended: 

(1) That eng ine  hand l ing  t echn iques  be r e v i s e d  t o  ensu re  t h a t  t h e  r a t e  a t  which 
any power l e v e r  i s  moved backward i s  i n s u f f i c i e n t  t o  c r e a t e  i n e r t i a  which 
may cause  i ts a s s o c i a t e d  t h r u s t  brake l e v e r  t o  r ise toward o r  e n t e r  t h e  
r e v e r s e  i d l e  d e t e n t ;  a d d i t i o n a l l y ,  t h a t  t h e  power l e v e r  always be he ld  i n  
such a manner t h a t  rearward movement of t h e  f i n g e r s  o r  hand does no t  impart 
a  r o t a r y  motion t o  t h e  knob of t h e  t h r u s t  brake  l e v e r ;  

(2)  That some form of mechanical p r o t e c t i o n  be incorpora ted  i n t o  t h e  power l e v e r /  
t h r u s t  brake l e v e r  system s o  t h a t ,  should t h e  measures recommended i n  (1) 

a b o v e  no t  be adhered t o ,  i ncu r r ence  of unwanted r e v e r s e  t h r u s t  w i l l  be ren-  
dered  imposs ib le .  

T ra in ing  
Take-of f  
Loss of c o n t r o l  
Power p l a n t  - engine  

c o n t r o l  system 
ICAO Ref: AR/018/66 
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No. 11 

ANSETT-A.N.A., Viscount 832 a i r c r a f t ,  VH-RMI, acc iden t  near  Winton, Queensland, 
A u s t r a l i a ,  on 22 September, 1966. Report r e l e a s e d  on 4 October 1967, 

by t h e  Minis te r  f o r  C i v i l  Aviat ion.  A u s t r a l i a .  

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  

On 22 September 1966, t h e  Viscount 832 a i r c r a f t  r e g i s t e r e d  VH-RMI, w a s  engaged 
on a r e g u l a r  p u b l i c  t r a n s p o r t  s e r v i c e ,  des igna ted  F l i g h t  149, from M t .  Isa t o  Longreach i n  
Queensland, A u s t r a l i a ,  with a crew of fou r  and twenty passengers  on board. The f l i g h t  
depar ted from M t .  I s a  a t  1208 hours Aus t r a l i an  Eas te rn  Standard Time c l i m b i n g t o  F l i g h t  
Level  175 with a n  expected time i n t e r v a l  of 73 minutes t o  Longreach. 

The f l i g h t  progressed,  appa ren t ly  uneven t fu l ly ,  u n t i l  1252 hour s  when t h e  
Longreach F l i g h t  Service  Unit heard t h e  crew of VH-RMI say t h a t  i t  w a s  on an  emergency 
descent  and t o  s t and  .by. Two minutes l a t e r  t h e  a i r c r a f t  advised t h a t  t h e r e  w e r e  f i r e  
warnings i n  r e spec t  of Nos. 1 and 2 engines ,  t h a t  one of t h e s e  warning c o n d i t i o n s  had 
ceased and t h a t  the  p r o p e l l e r  of t h e  o t h e r  engine could not  be f ea the red .  A t  1259 hours  
information from t h e  crew of VH-RMI, r e layed  t o  Longreach through t h e  crew of ano the r  air-  
c r a f t  i n  t h e  v i c i n i t y ,  i nd ica t ed  t h a t  t h e r e  was a v i s i b l e  f i r e  i n  No. 2 engine and t h a t  
t h e  a i r c r a f t  was d i v e r t i n g  below 5 000 f t  t o  Winton. The town of Winton i s  l o c a t e d  some 
20 miles t o  p o r t  of t h e  planned t r a c k  and is 90 m i l e s  s h o r t  of Longreach. 

No f u r t h e r  communications were received from t h e  a i r c r a f t  but a t  1303 hours  a 
number of people loca ted  i n  t h e  Winton area saw b lack  smoke i n  t h e  a ir  w e s t  of t h e  town, 
and it w a s  subsequently e s t a b l i s h e d  t h a t  t h i s  w a s  a s s o c i a t e d  wi th  VH-RMI which had crashed 
i n  l i g h t  t imber on l e v e l  ground some 131 m i l e s  s h o r t  of t h e  Winton aerodrome. 

1 . 2  I n i 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 f o r c e s  and f i r e .  

1 
I n j u r i e s  

F a t a l  
- 

Non-fatal 

None 

C r e w  

4 

- 
- 

Passengers  

20 

- 
- 

a 

Others  

- 
- . 
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I, 4 Other damage 

Apart from f ire  damage t o  some trees there  was no damage t o  other property. 

1.3 Crew information 

The pilot-in-command of the  a i r c r a f t ,  aged 4 1  years, held a va l id  First Class 
Airline Transport P i l o t  Licence endorsed for various types of a i r c r a f t  including Viscount 
832 a i r c r a f t .  H i s  t o t a l  f ly ing  experience amounted t o  14 288 hours, of which 10 003 hours 
had been flown i n  command including 1 025 hours i n  command of Viscount 832 a i r c r a f t .  His 
l a s t  proficiency checks were carr ied  out on 9 March and 2 A p r i l  1966, and the  r e s u l t s  of 
these checks were consistent with the  very high standard of proficiency which he had 
exhibited throughout h i s  f ly ing  career.  He was l a s t  medically examined during A p r i l  1966, 
at which time he met the standards for the  c l a s s  of l icence he held, There was nothing 
t o  suggest t ha t  t h e  pilot-in-command was other than i n  good health and spirits  on the day 
of the accident. 

The ca-pilot, aged 29 years ,  he ld  a va l id  Second Class Atr l ine  Transport P i l o t  
Licence endorsed f o r  various types of a i r c r a f t  including Viscount 832 a i r c r a f t .  His t o t a l  
f ly ing  experience was 2 803 hours,most of d i c h  had been gained as co-pilot on a i r l i n e  
a i r c r a f t  including 249 hours as f i r s t  o f f i c e r  on Viscount a i r c r a f t ,  me l a s t  profictlency 
check undertaken by the  f i r s t  o f f i c e r  was on 15 Ju ly  1966, when he was cleared t o  fly fn 
th i s  capacity on Viscount 832 a i r c r a f t ,  In a medical. examhation undertaken only two days 
pr io r  t o  the  accident, i t  was found tha t  the eo-pilot continued t o  meet the medical standards 
f o r  the class of l icence  he held,  

The cabin at tendants  (two hostesses) were properly trained for their duties .  

1.6 Aircraf t  in£ ormation 

The s i r c r a f  t , a Vickerrs Viscount 832, Serial Number 416, was manufactured f o r  
Ansett-A,N,A, i n  ~958-59. .  A t  the time. of the accident i t  had flown a t o t a l  of 18 634 hours 

- rince-new, of which 6 586 hours had been flown s ince  the  last complete overhaul. 

The a i r c r a f t  was operating under a current Australian Ce r t i f i ca t e  of Afrworthi- 
mess w h i c h  was l as t  renewed on 10 Apr i l  1964. It was found i n  the  fnvest igat ion t h a t  t h i s  
c e r t i f i c a t e ,  by v i r t u e  of the Australian A i r  Navigation Regulations, was deemed t o  be 
?cuaprrt&d at  the  t i m e  of the  flkghit: w?fich culminated in t h i s  accident because of some 
i r r e g u l a r i t i e s  which had occurred i n  t h e  maintenance of the  a i r c r a f t ,  None of these irreg- 
u l a r i t i e s  i n  any way contributed t o  t h i s  accident. 

The a i r c r a f t  was powered by four Rolls Royce Dart 525 gas turbine engines and 
the  a i r  for cabin pressur iza t ion ,  ven t i l a t i on  and temperature control  was supplied by three  
Godfrey Type 15 blowers mounted on the  engine-driven accessory gear boxes for Nos. 2 ,  3 and 
4 engines and located a f t  of the airframe f i rewal l .  The No. 2 blower i n s t a l l ed  i n  VH-RMI 
a t  the  t i m e  of the  accident w a s  f i t t e d  t o  the  a i r c r a f t  on 30 Aprfl 1966, and had completed 
915 hours s ince  the  last  overhaul, The un i t  was manufactured by Godfrey Precision Products 
L t d , ,  of England i n  1959 and had completed 1 4  427 operating hours s ince  new, The o i l  
metering un i t  f i l t e r  associated wf th  th f  s +-- blower - -  was - - +  r eeved -  - - and cleaned daring the  course 
of a* b;-M&hwr a i r c r a f t  inapketik- carried out in late June of 1966, and the last general 
inspection of the No. 2 e ic ine  box a r e a  was  carr ied  out i n  sydney t w o  days pr io r  t o  - 
t h e  accident. 
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Although the  operator introduced a number of unauthorized modif icat ions  t o  these  
blowers during h i s  overhaul of the  u n i t s ,  i t  was found t h a t  none of these  modif icat ions  
contr ibuted i n  any way t o  the  acc ident ,  It was a l s o  found t h a t  the  No. 2 blower had been 
assembled with t h e  r e a r  vent plug i n c o r r e c t l y  pos i t ioned  i n  the  uppermost p o s i t i o n  and it 
was deduced t h a t  t h i s  could lead t o  an accumulation af some 20-25 c , c .  of o i l  i n  the  rear 
vent chamber of the  blower. There w a s  no conclusive evidence t h a t  t h i s  accumulation of o i l  
i n  any way adversely a f fec ted  t h e  operat ion of the  blower or  cont r ibuted  t o  t h i s  acc iden t ,  

The a i r c r a f t  was flown from Brisbane t o  M t .  I s a  on t h e  day p r i o r  t o  the  acc ident  
by the  same crew as w a s  involved i n  the  accident .  No r e p o r t  o r  record of any mechanical 
defec t  was made following t h i s  f l i g h t  and t h e r e  is no evidence of any contamination of t h e  
av ia t ion  kerosene added t o  the a i r c r a f t  t o  f i l l  i ts  tanks p r i o r  t o  t h e  depar ture  from 
M t .  Isa. 

The gross  weight of t h e  a i r c r a f t  at t h e  t i m e  of take-off a t  M t .  Isa w a s  
64 068 lb,which was 8 432 l b  less than t h e  maximurn permissible  gross  weight f o r  take-off.  
The weight of f u e l  consumed up u n t i l  t he  t i m e  of the accident  is est imated as being 
2 850 lb,  and thus  the  gross  weight of the  a i r c r a f t  a t  the  t i m e  of t h e  accident  w a s  
2 782 l b  less than t h e  maximum permissible  gross weight f o r  landing. The p o s i t i o n  of 
the  a i r c r a f t ' s  cen t re  of gravi ty  a t  the  t i m e  of the  accident  is est imated t o  have been 
24.2% of standard mean chord which is within t h e  permissible  l i m i t s  of t r a v e l .  

Meteqrological inf  ormat ion 

En route  between Mt, fsa and Winton the  a i r c r a f t  was probably above most of t h e  
4 /8 ths  alto-cumulus cloud cover. The wind a t  F l igh t  Level 175 was wester ly  a t  approxi- 
mately 15 k t  and the temperature a t  t h i s  height would have been minus ~ O C .   he weather 
condi t ions  i n  the  a r e a  of the  accident  were f i n e  with broken alto-cumulus cloud having a 
base of 1 2  000 ft, The v i s i b i l i t y  was unlimited and t h e  sur face  wind l i g h t  and var iable ,  
swinging from the south-west through south t o  the  south-east .  

1.8 Aids t o  nav iga t ion  

A t  t h e  t i m e  of the  accident  the re  were no rad io  navigat ion a i d s  i n s t a l l e d  at  
Winton and, i n  the  c r i t i c a l  period of t h i s  f l i g h t ,  the crew were able t o  navigate by visual  
reference t o  t h e  t e r r a i n .  

1.9 Comunicat ions 

Comunications between Longreach and VH-RMI were conducted d i r e c t  on a VHF 
frequency u n t i l  t h e  a i r c r a f t ' s  descent ca r r i ed  it t o  below 10 000 i t  where t e r r a i n  sh ie ld-  
ing  prevented f u r t h e r  d i r e c t  VHF communication. Subsequent communications from t h e  a i r -  
c r a f t  were relayed through o ther  a i r c r a f t  in the  area and, although no record w a s  a v a i l -  
ab le  of the  d e t a i l s  of transmissions,  a r e l i a b l e  recons t ruc t ion  of t h e  import of t h e  
cormmtnications from the  a i r c r a f t  &as obtained from the  r e c o l l e c t i o n s  of the  s e v e r a l  
people who overheard these  communications, 

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

There w e r e  no aerodrome or  o the r  ground f a c i l i t i e s  r e l evan t  t o  t h i s  acc ident ,  
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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  was equ ipped  w i t h  a UDC t y p e  F-542B f l i g h t  d a t a  r e c o r d e r  manufac- 
t u r e d  by U n i t e d  C o n t r o l  C o r p o r a t i o n ,  USA. T h i s  r e c o r d e r  was i n s t a l l e d  i n  t h e  fo rward  
b e l l y  l o c k e r  of t h e  a i r c r a f t  and i t  r e c o r d e d  v e r t i c a l  a c c e l e r a t i o n ,  a l t i t u d e ,  h e a d i n g  and 
a i r s p e e d , i n  a d d i t i o n  t o  t i m e .  The r e c o r d e r  was r e c o v e r e d  i n  t h e  main wreckage a r e a  on t h e  
s i x t h  day of t h e  i n v e s t i g a t i o n .  I t  had been b u r i e d  b e n e a t h  o t h e r  wreckage i n c l u d i n g  com- 
p o n e n t s  of No. 3 e n g i n e  and had been s u b j e c t e d  t o  v e r y  s e v e r e  impac t  damage and a n  i n t e n s e  
ground f i r e .  The r e c o r d e r ,  a l o n g  w i t h  o t h e r  components ,  was embedded i n  a  mass of m e t a l  
which had me l t ed  and s o l i d i f i e d  a round  i t .  

When t h e  r e c o r d i n g  medium was e x p o s e d , i t  was found t h a t  i t  had been t o r n  from 
edge  t o  edge  i n  t h e  v i c i n i t y  of t h e  s c r i b e  b a r ,  t h e  take-up s p o o l  c o v e r  had been d i s h e d  
i n d u c i n g  some mechan ica l  damage t o  t h e  medium, t h e r e  had been c o n s i d e r a b l e  p e n e t r a t i o n  of 
t h e  take-up  s p o o l  chamber by h e a t ,  mo l t en  metal and a s h  and most of  t h e  s t y l u s  a c t u a t i n g  
u n i t s  and s t y l i i  h a d  been d i s l o d g e d .  It was a l s o  found t h a t  t h e  r e c o r d i n g  medium had been 
h e a v i l y  d i s c o l o u r e d  by o x i d e s  and o t h e r  c o n t a m i n a n t s  and no u s e f u l  amount of e n g r a v i n g  was 
v i s i b l e  unde r  t h e  microscope .  A c l e a n i n g  p r o c e s s  u s i n g  h o t ,  d i l u t e d  n i t r i c  a c i d  f o l l o w e d  
by l i g h t  p o l i s h i n g  i n  some a r e a s  was a d o p t e d  and ,  a f t e r  s e v e r a l  months of p a i n s t a k i n g  
e f f o r t ,  t h e  head ing ,  a l t i t u d e  and a i r s p e e d  r e c o r d s  f o r  t h e  whole of t h e  f l i g h t  u n t i l  w i t h i n  
two minu te s  of t h e  ground impact  were d e t e r m i n e d .  The v e r t i c a l  a c c e l e r a t i o n  and t i m e  
t r a c e s  remained s u b s t a n t i a l l y  u n r e a d a b l e  b u t  t h e  former  was of l i t t l e  s i g n i f i c a n c e  i n  t h e  
i n v e s t i g a t i o n  and t h e  l a t te r  w a s  d e t e r m i n e d  by c a l c u l a t i o n  from t h e  known f o i l  t r a n s p o r t  
speed .  

The f l i g h t  d a t a  r e c o r d  i n d i c a t e d  t h a t  t h e  a i r c r a f t  r e a c h e d  F l i g h t  L e v e l  175 a t  
1240 h o u r s , a n d  c r u i s e d  a t  t h i s  l e v e l  f o r  t h e  subsequen t  seven  m i n u t e s  w i t h  t h e  a u t o m a t i c  
p i l o t  engaged and t h e  h e i g h t  l o c k  f a c i l i t y  i n  u s e .  A t  1247 h o u r s ,  o r  18 m i n u t e s  p r i o r  t o  
t h e  p o i n t  a t  which d e s c e n t  would no rma l ly  have  been commenced i n t o  Longreach ,  t h e  a u t o m a t i c  
p i l o t  was d i sengaged  and t h e  a i r c r a f t  commenced a  d e s c e n t  which was d e s c r i b e d  by t h e  f l i g h t  
crew f i v e  m i n u t e s  l a t e r  a s  a n  emergency d e s c e n t .  T h i s  d e s c e n t  was c o n t i n u e d  a t  a n  a v e r a g e  
r a t e  of  a p p r o x i m a t e l y  1 000 f t  p e r  m i n u t e  and  a t  an  a v e r a g e  a i r s p e e d  of 180  k n o t s  u n t i l  
s h o r t l y  b e f o r e  t h e  a c c i d e n t  o c c u r r e d .  A g r e a t  d e a l  of u s e f u l  i n f o r m a t i o n  was d e r i v e d  from 
a  c l o s e  e x a m i n a t i o n  of t h e  d e s c e n t  p r o f i l e  of 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  o t h e r  
e v i d e n c e  such  a s  t h e  communicat ions  f rom t h e  a i r c r a f t  and t h e  r e s u l t s  of  wreckage examina- 
t i o n ,  i t  w a s  p o s s i b l e  t o  d e f i n e  t h e  s equence  and times of t h e  p r i n c i p a l  e v e n t s  which t h e  
a i r c r a f t  e x p e r i e n c e d  d u r i n g  t h i s  d e s c e n t .  By 1301  h o u r s ,  o r  two m i n u t e s  p r i o r  t o  impact  
w i t h  t h e  g round ,  t h e  a i r c r a f t  had  r e a c h e d  a n  a l t i t u d e  of 5 000 f t  and was f l y i n g  towards  
Winton a t  a n  i n d i c a t e d  a i r s p e e d  o f  1 7 0  k n o t s .  The mechan ica l  damage t o  t h e  r e c o r d i n g  medium 
p r e c l u d e d  t h e  d e t e r m i n a t i o n  of any c e r t a i n  i n f o r m a t i o n  r e l a t i n g  t o  t h e  l a s t  two m i n u t e s  of 
f l i g h t ,  b u t  i t  was p o s s i b l e  t o  d e t e r m i n e  t h e  h e i g h t  and h e a d i n g  of t h e  a i r c r a f t  a t  t h e  t i m e  
of s t r u c t u r a l  f a i l u r e  by a n a l y s i s  of t h e  wreckage t r a i l .  

A c o c k p i t  v o i c e  r e c o r d e r  was n o t  i n s t a l l e d  i n  t h e  a i r c r a f t .  

1 .12  Wreckage 

The p r i n c i p a l  impac t  of t h e  a i r c r a f t  o c c u r r e d  on f l a t  t e r r a i n  640 f t  above mean 
sea l e v e l  and components of t h e  a i r c r a f t  were found s c a t t e r e d  th rough  l i g h t  t imber  o v e r  
a  d i s t a n c e  of 6 170  f t  l e a d i n g  t o  t h e  main impact  a r e a .  A wind d r i f t  a n a l y s i s  was c a r r i e d  
o u t  i n  r e l a t i o n  t o  s e l e c t e d  i t e m s  of wreckage,and t h i s  l e d  t o  a d e t e r m i n a t i o n  i n  c o n j u n c t i o n  
w i t h  o t h e r  e v i d e n c e  t h a t  t h e r e  w a s  a s t r u c t u r a l  f a i l u r e  of t h e  a i r c r a f t  w h i l s t  i t  was on a  
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heading of 070 degrees  i n  a  s t eady  descending f l i g h t  pa th  a t  an i n d i c a t e d  a i r s p e e d  c l o s e  
t o  170 knots  and when t h e  a i r c r a f t  was between 3  500 and 4 000 i t  above ground l e v e l .  A t  
t h i s  p o i n t  i n  t h e  f l i g h t  p a t h ,  t h e  p o r t  wing f a i l e d  upwards between Nos. 1 and 2  eng ine  
n a c e l l e s ,  s t r u c k  t h e  top  of t h e  f u s e l a g e ,  which a t  t h e  same t ime w a s  c u t  open by t h e  b l ades  
of No. 1 p r o p e l l e r ,  and f e l l  away from t h e  remainder of t h e  a i r c r a f t .  The cab in  s h e l l  
above f l o o r  l e v e l  was qu ick ly  broken away by a i r  l oads  u n t i l  e v e n t u a l l y  t h e  r e a r  f u s e l a g e  
and empennage a l s o  separa ted  from t h e  a i r c r a f t .  The remaining forward f u s e l a g e ,  w i th  t h e  
lower mid f u s e l a g e ,  s t a r b o a r d  wing and eng ines  and p o r t  wing s t u b  w i th  No. 2 eng ine  s t i l l  
a t t a c h e d ,  s t r u c k  t h e  ground a t  t h e e d g e  of a c l a y  pan and was immediately engul fed  i n  flame. 
The p o r t  wing s e c t i o n  wi th  No. 1 engine  a t t a c h e d  a l s o  burned a f t e r  s t r i k i n g  t h e  ground. 

The wreckage examination i n d i c a t e d  t h a t  t h e  p o r t  wing s p a r  upper boom had been 
heated  t o  a  temperature  of approximately 320°C a t  wing s t a t i o n  188, and t h a t  i t  had f a i l e d  
i n  compression when i t s  r e s i d u a l  s t r e n g t h  was approximately 12 pe r  cen t  of t h e  r e q u i r e d  
m a t e r i a l  s p e c i f i c a t i o n .  The p o i n t  of f a i l u r e  i n  t h i s  boom was immediately ad j acen t  t o  t h e  
overwing louvred a i r  e x i t  whence is  d i scharged  t h e  a i r  normally c i r c u l a t i n g  i n s i d e  t h e  wing 
dur ing  f l i g h t .  There were clear s i g n s  t h a t  a n  i n t e n s e  f i r e  had been burning above t h e  he1 
l e v e l  i n  c e l l  2  of f u e l  t ank  No. 2  which i s  l o c a t e d  between Nos. 1 and 2 eng ines  forward of 
t h e  wing main spa r .  There were a l s o  unmistakable s i g n s  t h a t  a n  i n - f l i g h t  f i r e  had e x i s t e d  
i n  t h e  ad j acen t  p o r t  main landing gear  bay and t h e r e  were s i g n s  i n  some components of t h e  
r e a r  n a c e l l e  immediately forward of t h i s  bay t h a t  they  had been a f f e c t e d  a l s o  by h e a t  i n  
f l i g h t .  The No. 2 cab in  blower which i s  i n s t a l l e d  i n  t h i s  a r e a  was recovered and i t  was 
found t h a t  i t  had experienced a major mechanical f a i l u r e .  

The rate of f low of o i l  t o  t h e  f o u r  main bea r ings  of t h e  cab in  blower i s  con- 
t r o l l e d  by an  o i l  meter ing u n i t  a t t a c h e d  t o  t h e  r e a r  end cover  of t h e  blower. The o i l  
meter ing u n i t  w a s  miss ing from t h e  No. 2  cab in  blower when i t  was recovered and it w a s  
found s e p a r a t e l y  i n  t h e  wreckage. From an examination of t h e  f i v e  s t u d s  and n u t s  which 
normally secure  t h e  o i l  meter ing u n i t  t o  t h e  cab in  blower, i t  was e s t a b l i s h e d  t h a t  t h e  
n u t s  and s t u d s  had loosened du r ing  ope ra t i on  a l lowing t h e  o i l  meter ing u n i t  t o  move r e a r -  
ward from t h e  blower end cover , thus  r e l e a s i n g  t h e  o u t e r  r a c e  of t h e  d r iven  r o t o r  r e a r  
r o l l e r  bear ing.  With t h e  loss of r a d i a l  r e s t r a i n t ,  t h e r e  was an  immediate f a i l u r e  of t h i s  
bear ing and g r o s s  con t ac t  between t h e  r o t a t i n g  and S t a t i o n a r y  e lements  of t h e  blower 
occurred.  S ince  t h e  o i l  meter ing u n i t  continued t o  supply o i l  t o  t h e  r o l l e r  bea r ing  area 
a f t e r  t h e  bear ing  f a i l u r e  but  be fore  i t  sepa ra t ed  from t h e  blower,an o i l  f i r e  w a s  i g n i t e d  
by t h e  h igh  f r i c t i o n  temperatures  genera ted .  Th i s  f i r e  escaped from t h e  blower and i g n i t e d  
t h e  r e s i n  i n  a  f i b r e  g l a s s  a i r  duct  which normally c a r r i e s  a i r  from t h e  blower o u t l e t  t o  
t h e  wing duc t ing  system commencing i n  t h e  p o r t  main l and ing  gear  bay. 

It w a s  a l s o  e s t a b l i s h e d  i n  t h e  wreckage examination t h a t ,  a t  t h e  t i m e  of t h e i r  
r e s p e c t i v e  c o n t a c t s  wi th  t h e  g rounds the  No. 1 p r o p e l l e r  W a s  windmil l ing  w i t h  t h e  b l a d e s  
r e s t i n g  on t h e  h igh  p i t c h  lock ,  No. 2  p r o p e l l e r  was f e a t h e r e d ,  w h i l s t  Nos. 3 and 4 pro- 
p e l l e r s  were a t  b lade  ang le s  c o n s i s t e n t  w i th  s u b s t a n t i a l  power being d e l i v e r e d .  Fur ther -  
more, it was d i scovered  t h a t  t h e  low p r e s s u r e  f u e l  v a l v e s  s e r v i n g  Nos. 1 and 2 eng ines  . 
were shu t  at t h e  t ime of impact and those  s e rv ing  Nos. 3 and 4 eng ines  were open'. Both 
t h e  unde rca r r i age  and t h e  wing f l a p s w e r e  i n  t h e i r  r e t r a c t e d  p o s i t i o n s  a t  impact and a 
thorough examination of t h e  remainder of t h e  a i r c r a f t  d i d  n o t  r e v e a l  any o t h e r  ev idence  of 
d e f e c t  which might have con t r i bu t ed  t o  t h e  acc iden t .  
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1.13 F i r e  - 
The evidence i n d i c a t e s  t h a t ,  i n  f l i g h t ,  but  a t  d i f f e r e n t  times, f i r e  warnings 

were rece ived  by t h e  crew i n  r e s p e c t  of Nos. 1 and 2 engines .  It w a s  determined t h a t  both 
f i r e  ex t ingu i sh ing  s h o t s  a v a i l a b l e  on t h e  p o r t  s i d e  of t h e  a i r c r a f t  had been discharged 
i n t o  No. 1 engine. The wreckage examination d i d  no t  reveal any evidence of f i r e  occur r ing  
in. f l i g h t  i n  e i t h e r  of t h e s e  engines,and i t  was concluded t h a t  t h e  f i r e  warnings w e r e  
induced by the  e f f e c t s  of hea t  on t h e  conductor  i n s u l a t i o n  f o r  t h e  f i r e  warning systems 
contained i n  t h e  e l e c t r i c a l  looms i n s t a l l e d  ad j acen t  t o  t h e  No. 2 n a c e l l e  and t h e  p o r t  
main landing gear  bay. The evidence d i d  indicate ,however ,  t h a t  a s eve re  f i r e  occurred i n  
f l i g h t  a f t  of t h e  No. 2 a i r f r ame  f i r e w a l l ,  i n  t h e  p o r t  main landing gear  bay and i n  t h e  
c e l l  2 of f u e l  t a n k  No. 2. There a r e  no f i r e  d e t e c t i o n  o r  p r o t e c t i o n  systems provided i n  
t h e s e  a r eas .  

Severe ground f i r e s  broke ou t  immediately upon impact i n  t h e  main wreckage area 
and i n  t h e  p o r t  wing t o  which w a s  a t t ached  No. 1 engine.  There were no f i r e - f i g h t i n g  
f a c i l i t i e s  immediately a v a i l a b l e  and t h e  f i r s t  f i r e - f i g h t i n g  u n i t s  a r r i v e d  a t  t h e  scene 
of t h e  acc iden t  approximately one hour a f t e r  it had occurred.  The i r  a c t i v i t i e s  were con- 
f i n e d  t o  damping down t h e  f i r e  i n  t h e  main wreckage area. 

1.14 Surv iva l  aspects 

The acc iden t  occurred c l o s e  t o  a s t a t i o n  homestead and i t  w a s  r epo r t ed  by t e l e -  
phone t o  t he  Winton P o l i c e  S t a t i o n  wi th in  a few minutes of i t s  occurrence.  During the  
i n - f l i g h t  s t r u c t u r a l  break-up,sixteen of t h e  occupants  of t he  a i r c r a f t  were discharged 
from i t ,  e leven  of them s t i l l  s t rapped i n  t h e i r  s e a t s  and t h e  remaining e i g h t  occupants  
were c a r r i e d  i n t o  t h e  main wreckage area. There were no s u r v i v o r s  of t h e  acc iden t  s i n c e  
i t  was non-survivable.  

1.15 T e s t s  and r e sea rch  

A g r e a t  number of l abo ra to ry  tests and experiments were c a r r i e d  ou t  dur ing t h e  
s i x  months of i n t e n s i v e  i n v e s t i g a t i o n  which followed c h i s  acc iden t .  A number of t h e s e  

, t e s t s  con t r ibu t ed  m a t e r i a l l y  t o  r e s u l t s  of t h e  i n v e s t i g a t i o n  w h i l s t  some produced no use- 
f u l  information.  The r e s u l t s  of t h e  u s e f u l  tests and experiments are r e f l e c t e d  i n  t h e  
wreckage examination r e s u l t s  and i n  t h e  conc lus ions  der ived.  

1.16 ' o the r  p e r t i n e n t  i n£  ormat i o n  

During t h e  course  of t h e  i n v e s t i g a t i o n  of t h i s  a c c i d e n t  informat ion r e l a t i n g  t o  
a i r c r a f t  f i r e s ,  provided by t h e  Manufacturer from h i s  records ,  r e f e r r e d  t o  two earlier 
occurrences  which proved t o  be of some s ign i f i cance .  On 12 May 1964, a t  Toronto, Canada, 
a Viscount 724 a i r c r a f t  opera ted by A i r  Canada experienced a seve re  f i r e  i n  t h e  No. 2 
n a c e l l e  and p o r t  wheel bay area when a f i r e  commenced i n  a cab in  blower dur ing  a ground 
run. Deta i led  r e p o r t s  of t h e  i n v e s t i g a t i o n  of t h i s  occurrence c a r r i e d  out  by the  Operator  
were ob ta ined  through t h e  Canadian Department of Transpor t .  

Although i t  was apparent  t h a t  t h e  o i l  metering u n i t  had been forced  f rom. the  
blower a s  a secondary e f f e c t  i n  t h i s  occurrence and t h e r e  were o t h e r  circumstances which 
were d i s s i m i l a r  t o  t h e  f e a t u r e s  e s t a b l i s h e d  i n  t h e  VH-RMI i n v e s t i g a t i o n ,  t h e r e  were, on 
t h e  o the r  hand, a number of similar o r  s i g n i f i c a n t  c i rcumstances  revea led .  There had been 
a f i r e  i n s i d e  t h e  blower and i t  i g n i t e d  t h e  f i b r e  g l a s s  duct  a t t a c h e d  t o  t h e  blower o u t l e t .  
The f i r e  burned r ea rva rds  i n  a very  s h o r t  t ime and en t e red  t h e  wheel bay where i t s  i n t e n s i t y  
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was s u f f i c i e n t  t o  cause  t h e  eng ine  f i r e  e x t i n g u i s h i n g  b o t t l e  t o  explode  v i o l e n t l y .  The 
f i r e  i n  No. 2 n a c e l l e  severed t h e  aluminium a l l o y  h igh  p r e s s u r e  f u e l  cock c o n t r o l  r od  and 
burned a l a r g e  h o l e  i n  t h e  the rmal  a n t i - i c i n g  c rossover  duc t .  I n  i ts  i n i t i a l  s t a g e s , t h e  
f i r e  w a s  i g n i t e d  and s u s t a i n e d  by t h e  normal o i l  supply  t o  t h e  b e a r i n g s  and t h e  t o t a l  o i l  
l o s s  a r i s i n g  from t h e  f i r e  w a s  on ly  some 24 p i n t s .  

On 20 September 1964, a Viscount  772 a i r c r a f t  en  r o u t e  between P i a r c o ,  T r i n i d a d  
and Seawel l ,  Barbados and ope ra t ed  by B r i t i s h  West I n d i e s  Airways exper ienced  a f i r e  i n  
t h e  No. 4 nacelle a r e a  ; r f t  of t h e  a i r f r a m e  f i r e w a l l .  Not a gtp.at d e a l  i s  known of t h i s  
occurrence ,but  the Manufac tu re r ' s  r e c o r d s  and f u r t h e r  i n q u i r i e s  show t h a t  t h e  f i r e  occur red  
i n  t h e  c a b i n  blower as a r e s u l t  o f  a l oosen ing  of t h e  n u t s  and s t u d s  a t t a c h i n g  t h e  o i l  
meter ing  u n i t  t o  t h e  blower. Although t h e  a i r c r a f t  landed w i t h i n  approximate ly  15  minutes,  
t h e r e  was cons ide rab l e  f i r e  damage i n  t h e  a r e a .  S ince ,  on t h i s  occas ion ,  t h e  f i r e  occur red  
i n  an  outboard  eng ine  n a c e l l e a t h e r e  were some d i s s i m i l a r i t i e s  of environment b u t ,  never-  
t h e l e s s ,  t h i s  w a s  ano the r  c a s e  of a n  o i l  me te r ing  u n i t  s e p a r a t i n g  i n  f l i g h t  from t h e  c a b i n  
blower and inducing an  i n t e r n a l  f i r e  which e rup t ed  and w a s  s u s t a i n e d  o u t s i d e  t h e  c a b i n  a i r  
supply  system f o r  a s u f f i c i e n t l y  long t i m e  t o  endanger t h e  a i r c r a f t .  

2. - Analvsis  and Conclusions 

2 .1  Ana lys i s  

The wreckage d i s t r i b u t i o n  p a t t e r n  w i th  suppor t  from o t h e r  ev idence  c l e a r l y  
i n d i c a t e s  t h a t  t h i s  a cc iden t  involved a s t r u c t u r a l  break-up of t h e  a i r c r a f t ,  connnencing a t  
a he igh t  between 3 500 and 4 000 f t  above ground l e v e l .  The examinat ion  of t h e  s t r u c t u r e  
r evea l ed  t h a t  t h e  i n i t i a l  f a i l u r e  occur red  i n  t h e  p o r t  wing main s p a r  between Nos. 1 and 2 
eng ines  and m e t a l l u r g i c a l  tests showed t h a t , a t  t h e  t i m e  of f a i l u r s t h e  upper  boom of t h i s  
s p a r  had been reduced i n  s t r e n g t h  by h e a t  t o  a level of some 12 p e r  c en t  o f  material 
s p e c i f i c a t i o n .  Obviously,  t h i s  c o n d i t i o n  assumed g r e a t  s i g n i f i c a n c e  i n  t h e  l i g h t  of t h e  
adv i ce  from t h e  f l i g h t  crew t h a t  t h e r e  w a s  a v i s i b l e  f i r e  i n  t h e  a r e a  of No. 2 eng ine  
du r ing  t h e  emergency descen t  which t hey  were conduct ing .  

The examinat ion of t h e  No. 2 c a b i n  blower showed t h a t  t h e  mechanica l  f a i l u r e  
had been fol lowed by a f i r e  w i t h i n  t h e  blower. It w a s  apparen t  t h a t  t h e  f i b r e  g lass  duc t  
downstream from t h e  blower o u t l e t  had a l s o  burned i n  f l i g h t ,  a n d . t h u s  i t  was d i f f i c u l t  t o  
avoid  t h e  conc lus ion  t h a t  t h e  f i r e  w i t h i n  t h e  blower propagated  e i ther  i n t e r n a l l y  o r  
e x t e r n a l l y  t o  i g n i t e  t h e  f i b r e  g l a s s  duc t .  S ince  t h i s  duc t  e n t e r s  t h e  wheel bay , t he r e  w a s  
a ready exp l ana t i on  f o r  i n - f l i g h t  f i r e  which t h e  wreckage examinat ion  i n d i c a t e d  had occur red  
i n  t h i s  area. 

The main l and ing  gear  bay i s  normally s epa ra t ed  from t h e  a d j a c e n t  ou tboard  f u e l  
c e l l  bay by a c l o s i n g  r i b  b u t  t h e r e  is no t  a complete s e a l  between t h e s e  a r e a s  s i n c e ,  i n te r  
a l i a ,  a long  t h e  r e a r  f a c e  of t h e  wing l e a d i n g  edge member, cu t -ou t s  a r e  p rov ided  i n  t h e  r i b  
web t o  a l low t h e  passage  of engine c o n t r o l  r ods  and e l e c t r i c a l  c a b l e s  t o  t h e  No. 1 eng ine  
n a c e l l e .  I n  t h i s  area immediately a f t  of t h e  eng ine  a c c e s s o r i e s ,  i t  i s  no t  uncommon f o r  
t h e  electrical looms t o  become o i l  soaked i n  service and t h u s  a means of c a r r y i n g  t h e  f i r e  
from t h e  wheel bay t o  t h e  f u e l  t a n k  bay inmedia te ly  outboard  was r e a d i l y  a v a i l a b l e .  This 
s i t u a t i o n  p rov ides  a f e a s i b l e  e x p l a n a t i o n  a s  t o  t h e  source  of t h e  f i r e  which q u i t e  obv ious ly  
raged i n  f u e l  c e l l  2 of t ank  No. 2 du r ing  t h e  f l i g h t  of t h e  a i r c r a f t .  



80 ICAO Ci rcu la r  82-AN169 

The norrnal i n t e r n a l  a i r  c i r c u l a t i o n  p a t t e r n  i n  f l i g h t  was a t  a l l  p o i n t s  con- 
ducive t o  t h e  movement of t he  f i r e  from t h e  blower t o  t h e  wing spar  along t h i s  path.  I t  
w a s  a l s o  apparent ,  however, t h a t  t he  crew had the  wing thermal a n t i - i c i n g  system i n  opera- 
t i o n  dur ing  the  f l i g h t  and t h i s  would provide a n  augmentation of t h e  a i r  f low wi th in  t h e  
f u e l  t ank  bay. Once t h e  f i r e  w a s  introduced t o  t h i s  bay, i t  would have been fanned by a 
forced draught of a i r  e x i t i n g  through the  overwing louvre  which i s  placed forward of but 
immediately ad jacent  t o  t h e  upper boom of t h e  main spar .  I n  thesec i r cu rns t ances , the  pr in-  
c i p a l  e f f e c t s  of t h e  f i r e  i n  t h e  f u e l  t ank  would have been d i r e c t e d  a g a i n s t  t h e  upper 
boom of t h e  spar  i n  t h e  area where i t  f i n a l l y  f a i l e d .  I n  t h i s  way,a very f e a s i b l e  expla-  
n a t i o n  became a v a i l a b l e  as t o  how t h e  mechanical f a i l u r e  i n  t h e  No. 2 cabin  blower produced 
a v i s i b l e  f i r e  which t h e  f l i g h t  crew as soc ia t ed  with  No. 2 engine and induced t h e  f u e l  c e l l  
f i r e  which u l t i m a t e l y  l e d  t o  t h e  s t r u c t u r a l  f a i l u r e  of t h e  p o r t  wing i n  f l i g h t .  

This  explana t ion  of t h e  sequence of even t s  a l s o  provided tenable  explana t ions  
f o r  s e v e r a l  o therwise  puzzl ing items of evidence. For in s t ance ,  t h e  a c t i v i t a t i o n  of t h e  
f i r e  warning systems f o r  Nos. 1 and 2 engines  apparen t ly  a rose  from a cab le  i n s u l a t i o n  
break-down occurr ing when f i r e  burned i n  t h e  o i l  soaked looms which p a s s  through the  No. 2 
n a c e l l e  and landing gear  bay areas. S imi l a r ly ,  t h e  i n a b i l i t y  of t he  f l i g h t  crew t o  f e a t h e r  
t h e  No. 1 p r o p e l l e r  can be a t t r i b u t e d  t o  t h e  e f f e c t s  of f i r e  on t h e  e l e c t r i c a l  f ea the r ing  
c o n t r o l  cab le s  and t o  t h e  f a c t  t h a t  t h e  aluminium a l l o y  c o n t r o l  rods  c ross ing  the  No. 2 
n a c e l l e  a r e a  towards No. 1 engine had been burned through,as occurred i n  t h e  earlier 
Bir Canada ground f i r e .  An examination of t h e  remainder of t he  wreckage f a i l e d  t o  r e v e a l  
any o ther  s i g n i f i c a n t  d e f e c t  i n  t h e  a i r c r a f t  o r  t o  produce any o t h e r  tenable  explana t ion  
of t h e  accident .  

It seems most l i k e l y  t h a t ,  al though t h e  f l i g h t  crew were no doubt puzzled by 
the  occurrence of f i r e  warnings f o r  Nos. 1 and 2 engines  i n  quick success ion and by t h e i r  
i n a b i l i t y  t o  f e a t h e r  No. 1 prope l l e r  by t h e  two means a v a i l a b l e ,  it seems improbable t h a t  
they could have had any real apprec ia t ion  of t h e  se r iousness  of t h e  i n t e r n a l  f i r e  i n  t h e  
wing of t he  a i r c r a f t .  The management problems with  two engines  and t h e  subsequent v i s i b l e  
s i g n s  of f i r e  obviously prompted t h e i r  dec i s ion  t o  d i v e r t  t o  Winton which w a s  t h e  nea res t  
s u i t a b l e  aerodrome. A t  t h e  time of t h e  s t r u c t u r a l  f a i l u r e  the  f l i g h t  crew would have had 
Winton aerodrome w e l l  i n  s i g h t  and would have been expect ing t o  land wi th in  t h e  next  f i v e  
minutes. The p repa ra t ion  of t h e  passengers f o r  an emergency evacuat ion a f t e r  landing 
i n d i c a t e s  t h a t  t h e  e x i s t e n c e  of a n  emergency s i t u a t i o n  w a s  w e l l  apprecia ted,but  i t  seems 
t h a t  t h e  s t r u c t u r a l  f a i l u r e  i n  f l i g h t  was not  an event  which they  expected t o  occur. 
Having regard  t o  t h e  informat ion a v a i l a b l e  t o  the  f l i g h t  crew, it does not seem reasonable  
t h a t  they should have expected such a c a t a s t r o p h i c  event  a t  t h i s  t i m e  and i t  seems t h a t  
t he  command d e c i s i o n s  were proper ly  taken on t h e  information a v a i l a b l e  t o  t h e  captain .  

2.2 Conclusions 

Find inns  

The crew, comprising two p i l o t s  and two hos t e s ses ,  were adequately and proper ly  
t r a i n e d  t o  opera te  t h e  a i r c r a f t .  The p i l o t s  were proper ly  c e r t i f i c a t e d  and apparent ly  
medically f i t  t o  undertake t h e  d u t i e s  of t h e  f l i g h t .  

Weather was not  a f a c t o r  i n  t h i s  acc ident .  
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There was a cu r r en t  c e r t i f i c a t e  of a i rwor th ines s  f o r  t h e  a i r c r a f t  and , a t  t h e  
commencement of the  f l i g h t , t h e r e  was no evidence of any d e f e c t  i n  t h e  a i r c r a f t .  

The a i r c r a f t  was loaded wi th in  s a f e  l i m i t s .  

The c rash  of t h e  a i r c r a f t  followed t h e  f a i l u r e  i n  an  upward d i r e c t i o n  of t h e  
por t  wing between No. 1 and No. 2 e n g i n e s a t  approximately 1302:30 hours Eas te rn  Standard 
Time when t h e  a i r c r a f t  was a t  a h e i g h t  of 3 500 f t  t o  4 000 f t  above ground l e v e l .  

The p o r t  wing f a i l e d  a s  a r e s u l t  of a weakening of t h e  main spa r  due t o  a f i r e  
i n  No. 2 c e l l  of No. 2 f u e l  tank.  

The f i r e  o r i g i n a t e d  i n  t h e  No. 2 cabin  blower and t r a v e l l e d  through t h e  r e a r  
of No. 2 engine n a c e l l e  and po r t  wheel bay t o  t h e  f u e l  tank.  

The f i r e  i n  No. 2 cabin  blower was i n i t i a t e d  a s  a r e s u l t  of a r o t o r  break-up, 
t h e  blower subsequently being dr iven  i n  an out-of-balance cond i t i on  by t h e  q u i l l  s h a f t  
long enough f o r  t h e  metering u n i t  t o  become separa ted  from t h e  r e a r  end cover by t h e  
r e s u l t i n g  v i b r a t i o n .  

The metering u n i t  continued t o  be dr iven  a f t e r  s e p a r a t i o n  and l u b r i c a t i n g  o i l  
continued t o  be suppl ied.  The dr iven  r o t o r  l o s t ' i t s  rear s t u b  s h a f t  r a d i a l  l o c a t i o n  and 
caused metal-to-metal con tac t  which generated a temperature s u f f i c i e n t l y  h igh  t o  i g n i t e  
t h e  o i l  i n  t h a t  a r ea .  

It i s  not  poss ib l e  on t h e  evidence t o  determine what was t h e  cause  of t h e  r o t o r  
break-up . 

Cause o r  
Probable cause(s)  

The probable cause of t h e  acc iden t  was t h a t  t h e  means of secur ing  t h e  o i l  
metering u n i t  t o  t h e  No. 2 cabin  blower became i n e f f e c t i v e  and t h i s  l e d  t o  t h e  i n i t i a t i o n  
of a f i r e  w i t h i n  t h e  blower,which propagated t o  t h e  w$ng f u e l  t a n k  and s u b s t a n t i a l l y  
reduced t h e  s t r e n g t h  of t h e  main spar  upper boom. It i s  probable t h a t  t h e  s e p a r a t i o n  of 
the  o i l  metering u n i t  a rose  from an out-of-balance condi t ion  induced by r o t o r  break-up but  
t h e  source  of t h e  r o t o r  break-up could not  be  determined. 

3. - Reconnnendat i ons  

Ar i s ing  from ma t t e r s  revea led  i n  t h e  course  ok t h e  i n v e s t i g a t i o n  of t h i s  acc i -  
den t , t he  Department of C i v i l  Aviat ion i n  A u s t r a l i a  has  taken t h e  fol lowing p recau t iona ry  
a c t i o n  i n  r e spec t  of a l l  t ypes  of Viscount a i r c r a f t :  

( a )  Required t h e  engine-dr iven  cabin  a i r  blowers t o  be inspec ted  f o r  looseness  . 
and poss ib l e  l e a k s  i n  t h e  o i l  p ipe  banjo assemblies  and r equ i r ed  t h e  a r e a  
surrounding t h e  blowers, t h e  a u x i l i a r y  gear  box compartment and t h e  wheel 
w e l l s  t o  be inspected f o r  o i l  l e a k s  and accumulations of inflammable f l u i d s .  

(b)  Required t h e  cabin  a i r  blower q u i l l  s h a f t  t o  be modified o r  replaced, i n  
accordance wi th  Dowty Rot01 Service  B u l l e t i n  Number 83-210 which provides  
f o r  a lower torque va lue  a t  t h e  sheer neck. 
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(c )  Required t h a t  t h e  n u t s  and s t u d s  s e c u r i n g  t h e  o i l  meter ing u n i t  and t h e  
bear ing  cover p l a t e  t o  t h e  r e a r  end of t h e  cab in  blowers be p o s i t i v e l y  
locked i n  a manner such as lock  w i r ing  through d r i l l e d  s t u d s  and c a s t e l -  
l a t e d  nu t s .  

(d) Required t h e  replacement of t h e  banjo  t y p e  connect ion between t h e  o i l  
meter ing u n i t  f i l t e r  assembly and t h e  o i l  supply l i n e  s e r v i n g  t h e  cab in  
a i r  blower by a more p o s i t i v e  t y p e  connection.  

( e l  Required replacement of t h e  aluminium a l l o y  h igh  p r e s s u r e  cock l f ea the r  
c o n t r o l  r ods  and throt t le/RPM c o n t r o l  r o d s  i n  c r i t i c a l  unpro tec ted  a r e a s  
t o  be r ep l aced  by r o d s  made of f i r e - p r o o f  m a t e r i a l s .  

(£1 Required t h a t  adequate  d ra inage  be provided from accessory  gear  box d r i p  
t r a y s  and t h a t  blower c a s e  v e n t s  be connected t o  t h e  e x i s t i n g  n a c e l l e  
d r a i n  systems. 

(g)  Required t h a t  t h e  f i b r e  g l a s s  o u t l e t  d u c t s  from t h e  cab in  a i r  blowers be 
rep laced  by d u c t s  having a f i r e  r e s i s t a n c e  a t  l e a s t  equa l  t o  t h a t  provided 
by aluminium a l l o y .  

(h) Required t h a t  engine  f i r e  e x t i n g u i s h e r  b o t t l e s  i nco rpo ra t e  a p r e s su re  
r e l i e f  device .  

( i )  Required t h a t ,  i f  a f i r e  warning p e r s i s t s  a f t e r  t h e  ex t ingu i sh ing  and 
f e a t h e r i n g  d r i l l  h a s  been completed and a v i s u a l  i n spec t ion  r e v e a l s  ev i -  
dence of f i r e  o r  smoke, where t h e  f i r e  warning i s  a s s o c i a t e d  wi th  t h e  
corresponding cab in  p re s su re  overheat  o r  a i r f l o w  f a i l u r e  warning o r  a i r -  
frame de-icer  overheat  warning, both a i r f r ame  de-icing systems must be 
switched 'OFF'. Some d i s c r e t i o n a r y  judgement i s  allowed when t h e  a i r c r a f t  
i s  f l y i n g  i n  i c i n g  condi t ions .  

( j )  Required t h a t  t h e  p r o p e l l e r  of t h e  a p p l i c a b l e  eng ine  be f e a t h e r e d  i f  a n  
a i r f r ame  de-icing system overhea t  warning l i g h t  i l l u m i n a t e s  when both de- 
i c i n g  systems are s e l e c t e d  'OFF'. I f  t h i s  warning l i g h t  i l l u m i n a t e s  when 
both  systems are s e l e c t e d  'ON1,the same a c t i o n  i s  r equ i r ed  i f  t h e  s y s t e d  
is s e l e c t e d  'OFF' and t h e  warning l i g h t  remains 'ON' a f t e r  one minute h a s  
e l apsed  . 

(k) Required t h a t ,  i f  a cab in  blower air  f low f a i l u r e  warning l i g h t  i l l u m i n a t e s  
o r ,  i n  t h e  c a s e  of Viscount 700 a i r c r a f b t h e  l i g h t  i l l u m i n a t e s  w i th  t h e  
s p i l l  v a l v e  c lo sed ,  t h e  f l i g h t  crew is t o  s e l e c t  one of t h e  o t h e r  s p i l l  
v a l v e s  t o  t h e  'OPEN' p o s i t i o n .  I f  t h e  a i r  f low f a i l u r e  l i g h t  remains 
'ON1,the s p i l l  v a l v e  f o r  t h e  a f f e c t e d  blower must be opened and r e g u l a r  
v i s u a l  i n s p e c t i o n s  made f o r  evidence  of f i r e .  I f  t h e r e  is evidence  of 
f i r e ,  both a i r f r ame  de-icing systems a r e  t o  be switched 'OFF' and t h e  
a p p l i c a b l e  p r o p e l l e r  f ea the red .  
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In  a d d i t i o n  t o  t h e  foregoing requirements , the  Aus t r a l i an  Department of C i v i l  
Aviat ion,  i n  conjunction with Viscount Operators,  i s  a l s o  conducting a programme of evalua- 
t i o n  f o r  t he  incorpora t ion  of a temperature sensor  i n  t h e  cab in  blower case  l i nked  t o  a n  
i n d i c a t i n g  o r  warning device  i n  t h e  cockpi t .  A number of a i r c r a f t  have been exper imenta l ly  
f i t t e d  and appropr i a t e  cockpi t  d r f l l s  have been devised t o  be c a r r i e d  out  when a cab in  
blower overheat  warning cond i t ion  exists.  

I n  a d d i t i o n  t o  t h e  a c t i o n  undertaken by t h e  Department of C i v i l  A v i a t i o q t h e  
Chairman of t he  Board of Inqui ry  made a number of observa t ions  and recommendations i n  h i s  
r epor t  t o  t h e  Minis ter  f o r  C i v i l  Aviat ion.  The fol lowing ma t t e r s  were ~ e f e r r e d  t o :  

(a )  The Chairman s a i d  t h a t  t he  evidence ind ica t ed  the  need f o r  t he  continuous 
maintenance of t he  utmost accuracy i n  manuals i s sued  by manufacturers of 
a i r c r a f t  components and i n  ske tches  and drawings included t h e r e i n .  The 
Chairman a l s o  s a i d  t h a t  when, changes are made,whether i n  t h e  t e x t  o r  t h e  
ske tches  and drawings of t hese  manuals, a t t e n t i o n  should be drawn e x p l i c i t l y  
t o  t h e i r  purpose and they should be  c i r c u l a t e d  amongst i n t e r e s t e d  p a r t i e s  
with appropr i a t e  despatch having regard t o  t h e i r  na'ture. 

(b) The Chairman pointed out  t h a t  it w a s  e s s e n t i a l  t h a t  t h e  o r g a n i s a t i o n  us ing  
manufacturers '  manuals should ensure  t h a t  t h e  manuals and r e v i s i o n s  are 
made a v a i l a b l e  t o  and c l o s e l y  s tud ied  by those  who are requ i red  t o  work i n  
accordance with them. H e  went on t o  commend t h e  ATA-100 s p e c i f i c a t i o n  f o r  
manufacturers '  manuals as being a s tandard worthy of adopt ion i n  A u s t r a l i a .  

(c)  The Chairman s a i d  t h a t ,  where doubt i s  e n t e r t a i n e d  by r e spons ib l e  repre-  
s e n t a t i v e s  of an opera tor  as t o  t h e  accuracy of any drawing,whether i t  be 
an assembly o r  i n s t a l l a t i o n  drawing o r  as t o  any method o r  procedure of 
overhaul  o r  r e p a i r ,  it should be r e f e r r e d  t o  t h e  manufacturer f o r  de t e r -  
minat ion. 

(d) The Chairman r e f e r r e d  t o  t h e  need f o r  opera t ing  companies t o  main ta in  a 
very high s tandard of accuracy i n  t h e i r  a i r c r a f t  maintenance r eco rds  
systems. 

(e)  The Chairman emphasized the  d e s i t a b i l i t y  of t h e  utmost c o n s u l t a t i o n  
between the  s u b s i d i a r i e s  o r  a g e n t s  of manufacturers and t h e i r  p r i n c i p a l s  
i n  r e l a t i o n  t o  any unique o r  unusual i nc iden t  which may be revealed.  

( f )  The Chairman s a i d  t h a t  p a r t i c u l a r s  of modi f ica t ions  which vary  a manu- 
f a c t u r e r ' s  des ign of an a i r c r a f t  component, a l though made i n  accordance 
with  a i rwor th iness  requirements,  should be n o t i f i e d  t o  t h e  manufacturers 
of t h a t  component. 

(g) The Chairman pointed out  t h a t  t h e  unusual,  unexpected o r  unique acc iden t  
o r  i nc iden t  w i l l  a t  a l l  times repay c a r e f u l  s c r u t i n y  and p a r t i c u l a r l y  where 
f i r e  is involved. He s a i d  t h a t  any such accident  o r  i nc iden t  should be 
repor ted  t o  t h e  manufacturer of t h e  a i r c r a f t ,  who i n  t u r n  ghould seek  such 
f u r t h e r  information as may be necessary t o  determine i ts  cause. The Chair- 
man a l s o  s a i d  t h a t ,  i n  t h e  case  of a vendor component, t h e  manufacturer of 
such component should be not  i f  i ed .  '. 
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(h) The Chairman s a i d  t h a t  i t  i s  d e s i r a b l e  t h a t  t h e  r o t o r s  of t h e  Godfrey 
blower should be balanced a t  each blower overhaul.  

( i )  The Chairman s a i d  t h a t ,  a l though no d i r e c t  evidence pointed  t o  any s p e c i f i c  
f a u l t  which could be accepted a s  t h e  primary cause of r o t o r  break-up, he 
w a s  s a t i s f i e d  t h a t  the  modi f ica t ions  a l ready  undertaken would ensure  t h a t  
t h e  r i s k  of f i r e  i n  f u t u r e ,  a r i s i n g  from a blower f a i l u r e ,  would be neg l i -  
g ib l e .  H e  suggested t h a t  t h e  examination of f a i l e d  r o t o r s  should continue 
wi th  a  view t o  determining t h e  presence or  otherwise of f a t i g u e  cracking.  

(j) The Chairman s a i d  t h a t  i t  is  a mat te r  of the  g r e a t e s t  concern t h a t  n e i t h e r  
t h e  Canadiannor the  B r i t i s h  West Indian occurrence of f i r e  i n  a  cabin 
blower was known i n  A u s t r a l i a  u n t i l  a f t e r  t h e  i n v e s t i g a t i o n  of t h e  l o s s  of 
VH-RMI had commenced. Both f i r e s  caused considerable  damage i n  t h e  a r e a  
a f t  of the  a i r f rame f i r e w a l l  and knowledge of t h e  circumstances may have 
l e d  t o  t h e  in t roduc t ion  of modif ica t ions  which would have precluded t h e  
VH-RMI accident .  The Chairman went on t o  say t h a t  f i r e  i n  an a i r c r a f t ,  
whether i n  t h e  air o r  on t h e  ground, is  an occurrence of t h e  g r e a t e s t  
p o t e n t i a l  danger,and he  suggested t h a t  occurrences involving f i r e  should 
a t  a l l  times be t h e  sub j ec t  of i n v e s t i g a t i o n  by appropr ia te  a i rwor th iness  
a u t h o r i t i e s  and t h a t  t h e i r  conc lus iohs . in  r e l a t i o n  t h e r e t o  should be widely 
c i r cu l a t ed .  H e  a l s o  s a i d  t h a t  t h e  mat ter  appeared t o  be of such s ign i -  
f i c ance  a s  t o  c a l l  f o r  a c t i o n  on t h e  i n t e r n a t i o n a l  l e v e l .  

ICAO Ref: AR/019/66 
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No. 12 

KLM, DC8. PH-DCD. i n c i d e n t  a t  Tokyo A i r p o r t ,  Japan,  on 5 August 
1966. Summary r e p o r t  da t ed  6 October 1966, r e l e a s e d  by t h e  

Japanese  a u t h o r i t i 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  

The a i r c r a f t  PH-DCD (Douglas DC-8), o p e r a t i n g  a s  F l i g h t  863 of KLM, w i t h  t h e  
pilot-in-command and t e n  o t h e r  crew members, c a r r y i n g  53 passengers  on board ,  depa r t ed  
Manila A i rpo r t  a t  1707 hours  GMT on 5 August f o r  Tokyo I n t e r n a t i o n a l  A i r p o r t  i n  accordance  
w i th  IFR. 

Th i s  a i r c r a f t  g e t t i n g  c o n t a c t  w i th  Tokyo approach c o n t r o l  o f f i c e  a t  2044 hou r s  
GMT, t hen  pa s s ing  over  Spencer V ic to r  and Rice V i c t o r ,  r e ce ived  . t h e  .. -. instruction from 
Tokyo approach c o n t r o l  o f f i c e  a t  2052 hou r s  GMT t h a t  i t  sh'buld l and  a t  t h e  3 3 ~  runway of 
Tokyo I n t e r n a t i o n a l  A i rpo r t  by ins t rument  approach procedures .  

A f t e r  pa s s ing  t h e  Kisarazu Outer  Marker a t  2056 hours  GMT, t h e  a i r c r a f t  e n t e r e d  
t h e  f i n a l  approach course ,  and immediately having t h e  runway i n  s i g h t ,  a t  t h e  h e i g h t  of 
150 f t  a t  t h e  d i s t a n c e  of one m i l e  from t h e  touchdown of t h e  runway, a t  2100 hours  GMT, 
t h e  pilot-in-command, who had occupied t h e  l e f t  s i d e  s e a t ,  suddenly c o l l a p s e d .  

The co-p i lo t  took immediately t h e  command of c o n t r o l  i n  p l a c e  of t h e  p i l o t - i n -  
command and c a r r i e d  ou t  missed approach procedure  and informed t h e  c o n t r o l  tower.  

The f l i g h t  mechanic, t h e  second co-p i lo t  and a cab in  crew c a r r i e d  t h e  p i l o t - i n -  
command i n t o  t h e  lounge,  l a i d  him on t h e  f l o o r ,  and gave a  t r e a tmen t  of a r t i f i c i a l  r e s p i r a -  
t i o n  and oxygen i n h a l a t i o n ,  bu t  i n  va in .  

The a i r c r a f t ,  commanded by t h e  co-p i lo t  - +- i n  t h e  l e f t  seat and t h e  second o f f i c e r :  
i n  t h e  r i g h t  seat went around aga in  over  Kisarazu Outer  Marker, and t r i e d  t h e  second 
ins t rument  approach and landed a t  2117 hours  GMT. 

A f t e r  l and ing ,  t h e  d e a t h  of t h e  pilot-in-command w a s  confirmed by t h e  A i r p o r t  
A u t h o r i t i e s .  

* Although t h e  fo l lowing  does no t  come w i t h i n  t h e  ICAO d e f i n i t i o n  of an  a i r c r a f t  a c c i d e n t  
and t h e r e f o r e  does no t  appear  i n  t h e  c l a s s i f i c a t i o n  t a b l e s ,  t h e  summary i s  inc luded  
f o r  g e n e r a l  i n t e r e s t .  
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1 .2  I n j u r i e s  t o  pe rsons  

- - - -  

1 .3  Damage t o  a i r c r a f t  

None. 

1.4 Other damage 

None. 

1.5 C r e w  in fo rmat ion  

The pilot-in-conmand 

I n j u r i e s  

F a t a l  

Non-f atal  

None 

Age : 48 y e a r s  (Born on 10 May, 1918) 

Licences:  (1)  P i l o t ' s  l i c e n c e  B1 i s sued  i n  August of 1949 

Crew 

1 

1 0  

(1) P i l o t ' s  l i c e n c e  B 1  i s sued  i n  August of 1949 
v a l i d  u n t i l  14  January  1967 

(2) Naviga to r ' s  Licence i s sued  i n  A p r i l  of 1959 
v a l i d  u n t i l  1 4  January  1967 

Passengers  

53 
d 

(3) R/T Licence i s s u e d  i n  August of 1952 
v a l i d  u n t i l  14 January  1967 

Others  

(4) The last p ro f i c i eng '  check was c a r r i e d  ou t  i n  J u l y  1966, and 
t h e  last  medical  check on 27 June 1966 

I 

Fly ing  career: 

(1)  Entered KLM Royal Dutch Airlines on 1 June 1949 

(2) T o t a l  f l y i n g  hou r s  were 15  399 hours ,  i nc lud ing  3 945 hours  i n  
t h e  Dutch Navy be fo re  h i s  e n t e r i n g  i n  KLM. 

(3) H i s  t o t a l  f l y i n g  hours  on Douglas DC-8 w e r e  1 425 hou r s ,  of which 
1 215 hou r s  were as a pilot-in-command and 210 hours  as a co-p i lo t .  
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L a t e s t  f l y i n g  exper ience :  

(1)  H i s  f l y i n g  hou r s  du r ing  t h e  month of J u l y  1966 were 62:15 hou r s .  

(2)  H i s  f l y i n g  hours  on F l i g h t  863, from h i s  d e p a r t u r e  from Amsterdam 
on 3 1  J u l y  t o  t h e  t i m e  of t h e  a c c i d e n t ,  i .e .  2100 hou r s  GMT on 
t h e  6 August, amounted t o  21:04 hours.  

A c t i v i t y  dur ing  2 4  hours  be fo re  t h e  acc iden t :  

The pilot-in-command and h i s  crew members a r r i v e d  a t  Manila a i r p o r t  a t  
1555 hours  GMT on 4 August. 

On 5 August,  he  r e f r e s h e d  himself  by swimming and reading.  A f t e r  he  
had luncK a t  1430 hours  (Manila Time), he s l e p t  u n t i l  h i s  f l y i n g  a t  
1700 hours  GMT. 

A s  above, no c a u s a l  f a c t o r  t h a t  could be recognized t o  be d i r e c t l y  
a s s o c i a t e d  wi th  t h e  dea th  of t he  pilot-in-command has  been found i n  
t h i s  i n v e s t i g a t i o n .  

1 .6  A i r c r a f t  i n £  ormat i o n  

Af t e r  l and ing  a t  Tokyo I n t e r n a t i o n a l  A i rpo r t  a t  2117 hou r s  GMT on 5 August,  t h e  
a i r c r a f t  PH-DCD was inspec ted  and mainta ined a s  u s u a l ,  and l e f t  as scheduled f o r  Manila ,  
which was t h e  nex t  d e s t i n a t i o n ,  a t  0305 hours  GMT, 6 August. 

Nothing abnormal could be observed a s  t o  t h e  a i r f r a m e  and t h e  powerplant .  

1.7 Meteorologica l  in fo rmat ion  

The meteoro log ica l  c o n d i t i o n s  i n  Tokyo I n t e r n a t i o n a l  A i r p o r t  b e f o r e  and a f t e r  
t h e  t i m e  of t h e  acc iden t  were a s  fo l lows :  

2049 GMT -X 1 8  OVC 1 118 FK 27012 2966 RVR45 

2058 GMT -X 1 8  OVC 1 118 FK 29014 2966 RVR50 

2108 GMT -X E20 OVC 1 114 FK 290/3 2965 RVR55 

2130 GMT -X E20 OVC 1 118 FK 29013 2965 

According t o  t h e  r e p o r t  of t h e  crew, t h e  me teo ro log i ca l  c o n d i t i o n s  en  r o u t e  
between Manila and Tokyo were a l s o  good. 

There fore ,  i t  i s  recognized t h a t  t h e  me teo ro log i ca l  c o n d i t i o n s  had no r e l a t i o n  
t o  t h e  c a u s a l  f a c t o r  f o r  t h e  acc iden t .  

The c o n d i t i o n s  of n a t u r a l  l i g h t  a t  t h e  t i m e  of t h e  acc iden t :  s u n l i g h t .  
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1 .8  Aids t o  nav iga t i on  

ILS and GCA w e r e  p e r f e c t l y  i n  o rder  a t  t h e  t i m e  of t h e  a c c i d e n t .  

1.9 Communications 

The o p e r a t i o n  of t h e  communication s t a t i o n s  both on t h e  ground and t h e  a i r c r a f t  
were i n  order .  

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

Nothing p a r t i c u l a r  t o  be descr ibed .  

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

Nothing p a r t i c u l a r  t o  be descr ibed .  

1.12 Wreckage 

None. 

1.13 Fire 

None. 

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

None. 

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

None. 

2. - Analys is  and Conclusions 

2 .1  Ana lys i s  

The autopsy on t h e  remains of t h e  pilot-in-command was performed by t h e  author-  
ized medical  i n s p e c t o r  of Tokyo Metropol i tan  P o l i c e .  It was diagnosed t h a t  t h e  d i r e c t  
cause l ead ing  t o  dea th  was coronary a r t e r i o s c l e r o s i s .  Chemical tests of t h e  gas t ro -  
i n t e s t i n a l  c o n t e n t s ,  blood,  and u r i n e ,  were a l l  nega t ive .  Furthermore,  no v i s i b l e  i n j u r i e s  
were observed which could be recognized a s  t h e  cause of death .  

2.2 Conclusions 

Cause or 
Probable cause ( s )  

The unexpected dea th  of t h e  pilot-in-command w a s  caused by coronary a r t e r i o -  
s c l e r o s i s  which a t t acked  him i n  t h e  course  of f i n a l  approach. 

Scheduled i n t e r n a t i o n a l  
Landing 
Other - i nc iden t  - 

p i l o t  co l lapsed  
P i l o t  - o t h e r  - coronary 

a r t e r i o s c l e r o s i s  ICAO Ref: ~ ~ 1 0 3 2 1 6 6  
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No. 1 3  

Bulgar ian  A i r l i n e ,  TABSO, I l y u s h i n  IL-18, LZ-BEN, a c c i d e n t  n e a r  
B r a t i s l a v a ,  Czechoslovakia,  on 24 November 1966. Summary of 

r e p o r t  r e l e a s e d  by t h e  S t a t e  Av ia t i on  I n s p e c t i o n  of t h e  
Czechoslovak S o c i a l i s t  Republic  on 23 October 1967. 

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  12' LZ 101  scheduled i n t e r n a t i o n a l  a i r  s e r v i c e  S o f i a  - Budapest - 
Prague - Berlin. Las t  po in t  of d e p a r t u r e :  Budapest a t  1046 hours ,  24 November 1966. 
Po in t  of in tended l and ing :  Prague. T i m e s  quoted a r e  GMT throughout .  

Desc r ip t i on  of t h e  f l i g h t :  

Meteoro log ica l  c o n d i t i o n s  a t  Prague A i r p o r t  d e t e r i o r a t e d .  Due t o  t h i s  f a c t , t h e  
f l i g h t  landed a t  B r a t i s l a v a  I n t e r n a t i o n a l  A i r p o r t  a t  1158 hours .  About 1450 hou r s  t h e  
pilot-in-command of t h e  a i r c r a f t  decided t o  resume h i s  f l i g h t  t o  Prague. H e  took  o f f  from 
B r a t i s l a v a  A i r p o r t  a t  1528:30; a f t e r  take-off  he made a t u r n  t o  s t a r b o a r d  accord ing  t o  t h e  
f l i g h t  c l ea r ance  w i th  t h e  i n s t r u c t i o n  t o  perform a r i g h t  t u r n  on t o  t h e  OKR Beacon, t o  
climb only  t o  300 m and then t o  c l imb on t o  t h e  N I  beacon up t o  t h e  f l i g h t  l e v e l  of 
5 100 m. A t  1530:20 hours  t h e  f l i g h t  was r eques t ed  t o  change t o  t h e  ATC approach s e r v i c e  
frequency,  1 2 0 . 9 ~ c / s .  The crew confirmed r e c e p t i o n  of t h i s  message ,bu t  t hey  d i d  no t  c a r r y -  
out  t h e  r e tun ing .  S h o r t l y  a f t e rwa rds  t h e  a i r c r a f t  c rashed  in towooded ground i n  t h e  
mountains. The a c c i d e n t  occurred  8 km away from t h e  3 1  runway t h r e s h o l d  of B r a t i s l a v a  
A i rpo r t  (17O 09' 47" E. Loneand  48O 1 4 '  34" N. Lat.), a t  t h e  a l t i t u d e  of 420 m above MSL, 
i .e.  288 m above t h e  a i r p o t t  l e v e l .  

The a c c i d e n t  happened a t  dusk. 

1.2 I n j u r i e s  t o  pe rsons  

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 .  

I n j u r i e s  

F a t a l  

Non-f a t a l  

None 
L 

C r e w  

8 

Passengers  

74 

O the r s  

- 
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1.4 Other dama~e  

The a i r c r a f t  cu t  a  swath 340 m long and 10  - 30 m wide i n  a  mountainous wood. 

1.5 C r e w  informat ion 

The crew comprised pilot-in-command, co-pi lot ,  navigator ,  r ad io  opera tor ,  
f l i g h t  engineer and t h r e e  stewardesses.  The pilot-in-command, aged 41, he ld  t h e  fol lowing 
v a l i d  l i cences ;  a i r l i n e  t r a n s p o r t  p i l o t  v a l i d  till 1 May 1967 with meteorological  minima 
r a t i n g :  QBA 1 000 m and QBB 100 m day and n igh t .  He had h i s  f l y i n g  technique checked on 
2 2  November 1966 with e x c e l l e n t  r e s u l t s .  H e  logged a t o t a l  of 11 959 f l y i n g  hours ,of  which 
2 002 hours were on IL-18, inc lud ing  339 hours of n igh t  f ly ing .  During the  l a s t  t h r e e  
months p r i o r  t o  the  acc ident  he had f l o m  197 hours. 

The co-p i lo t ,  aged 36, he ld  a second-class commercial t r a n s p o r t  p i l o t ' s  l i cence  
and was q u a l i f i e d  f o r  day and n ight  f l i g h t s  ontheIL-18.  H e  had h i s  f l y i n g  technique 
checked on 23 November 1966 wi th  very good r e s u l t s .  H e  had flown a t o t a l  of 5 979 hours ,  
of which 768 hours were on IL-18. During the  l a s t  t h r e e  months he had flown a  t o t a l  of 
179 hours. 

The naviga tor ,  r ad io  opera tor  and f l i g h t  engineer had a l s o  considerable  f l y i n g  
experience and v a l i d  l i cences .  The t h r e e  stewardesses were a l s o  i n  possess ion of v a l i d  
l i cences .  

1.6 A i r c r a f t  information 

The IL-18 a i r c r a f t  w a s  operated s i n c e  January 1966, wi th  7 8  per  cent  of i t s  
T.B.O. expi red ,  t h e  engines T.B.0, being 98 per  cent  expired and the  p r o p e l l e r s  being from 

, 4 t o  48 per  cent  t i m e  expired.  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 Airworthiness. 
Having exnmined t h e  documrntat ionj i t  may be concluded t h a t  t h e  a i r c r a f t  maintenance w a s  
perforued i n  compliance with  approved maintenance schedules and procedures,  with the  fo l -  
lowing exception: t h e r e  w a s  no evidence of t h e  labora tory  checks of t h e  gyro hor izons  
having been performed a f t e r  1 000 hours as required.  

&. 

The take-off weight of t h e  a i r c r a f t  w a s  approximately 49 960 kp t h i s  being much 
less than  t h e  s p e c i f i e d  maximum take-off weight. The 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  
w a s  not  shovn i n  t h e  loadsheet  and could not be r e l i a b l y  ascer ta ined .  

The a i r c r a f t  cargo comprised a consignment of radio-act ive  iodine.  The con- 
t a i n e r s  were dest royed and t h e  radio-active substance contaminated the  a r e a  of accident .  

The f u e l  used w a s  t h e  PL-4 a v i a t i o n  kerosene. 

1 . 7  Meteorological information 

A t  t he  t i m e  of take-off ,Brat is lava Ai rpor t  w a s  behind an undulated cold f r o n t  
which was moving eastward. Due t o  a  depress ion  over Hungary,a north-west and west wind 
was s t rengthening and a l s o  t h e  flow of cold a i r  w a s  increas ing .  

A t  1500 hours a t  t he  Bra t i s l ava  Airpor t  t he  wind w a s  3100, 7 m / s ,  maximum gus t s  
13 m / s ,  v i s i b i l i t y  7 km, overcas t ,  continuous d r i z z l i n g  r a i n ,  5/8 St  a t  360 m ,  8 /8  Ns a t  
900 m. At 1530 hours:  wind 320°, 6  m / s ,  v i s i b i l i t y  7 km, overcas t ,  moderate continuous 
r a i n ,  6 /8  St i n  360 m, 8 / 8  Ns i n  900 m. 



ICAO Circular 82-AN169 91  

From 1530 hours u n t i l  1540 hours  t h e  B r a t i s l a v a  A i rpo r t  r e g i s t e r e d  two g u s t s  of 
15 m / s .  A t  a  d i s t a n c e  of 5 km i n  t h e  take-off  d i r e c t i o n  of t h e  a i r c r a f t , m o d e r a t e  turbu-  
l ence  of c h a o t i c  c h a r a c t e r  up t o  t h e  a l t i t u d e  of 500 m was observed. 

The meteoro log is t  on du ty  drew t h e  crew's  a t t e n t i o n  t o  t h e  p o s s i b i l i t y  of 
encounter ing moderate o r  severe  t u rbu l ence  i n  t h e  L i t t l e  Ca rpa th i an ' s  a r e a .  The crew 
rece ived  a w r i t t e n  f l i g h t  f o r e c a s t  i n  Slovak language, a l though nobody d i d  e x p r e s s  t h i s  
demand. 

Sunset a t  B r a t i s l a v a  on 24 November 1966 was a t  1459 hours .  A t  t h e  t i m e  of t h e  
acc iden t  t h e r e  w a s  t w i l i g h t .  

1 . 8  Aids t o  nav iga t i on  

The a i r c r a f t  w a s  equipped f o r  take-off and depa r tu re  w i th  two ARK-11 a i r b o r n e  
automat ic  d i r e c t i o n - f i n d e r s ,  an  a i r b o r n e  weather and o b s t r u c t i o n s  avoidance r a d a r  and a 
marker r e c e i v e r .  Nothing has  been a s c e r t a i n e d  t o  i n d i c a t e  any f a i l u r e  of t h e s e  i n s t r u -  
ments. I t  has  been e s t a b l i s h e d  t h a t  a t  t h e  t i m e  of impact t h e  a i r b o r n e  weather  and obs t ruc-  
t i o n s  avoidance r ada r  was not  switched on. 

Ground based r a d i o n a v i g a t i o n  f a c i l i t i e s  a v a i l a b l e  t o  t h e  crew were a  75 Mc/s 
depa r tu re  marker beacon of t h e  runway 31, 725 m d i s t a n t  from i t s  s t o p  end,  and t h e  OKR 
non-d i rec t iona l  r a d i o  beacon. By subsequent i n v e s t i g a t i o n  i t  has  been e s t a b l i s h e d  t h a t  
t he se  a i d s  were func t ion ing  p rope r ly .  

The a i r p o r t  s u r v e i l l a n c e  r a d a r ,  wi th  r e spec t  t o  i t s  t e c h n i c a l  parameters ,cannot  
be used f o r  a i r c r a f t  guidance and t r a c k i n g  i n  RW 31  s e c t o r .  

1 .9 Communications 

There were t h r e e  VHF radiocommunication s e t s  on board.  There were no f a i l u r e s  
a s c e r t a i n e d  i n  t h e  func t ion ing  of t h e  a i r b o r n e  VHF communication s e t  used f o r  ma in t a in ing  
communication wi th  t h e  ATC s e r v i c e s .  

1 .10 Aerodrome and ground f a c i l i t i e s  

The runway 31  on which t h e  a i r c r a f t  took of f  ha s  a  geograph ica l  course  of 314O, 
a  l eng th  of 2 150 m ,  width of 60 m ,  and a ze ro  s lope .  The a i r p o r t  r e f e r e n c e  p o i n t  a l t i t u d e  
AMSL is 132 m. A t  t h e  t i m e  of take-off t h e  runway w a s  w e t .  A t  a d i s t a n c e  of 5 km from 
t h e  t h r e sho ld  of t h e  runway 3l , the  f l a t  country  r i s e s  t o  reach  a t  8 km from t h e  runway 
th r e sho ld  a mean a l t i t u d e  of 430 - 440 m AMSL. ( i . e .  an  e l e v a t i o n  of about  300 m above 
t h e  a i r p o r t  l e v e l ) .  For the  3 1  RW a type  A ICAO c h a r t  ( o p e r a t i o n a l  l i m i t s )  h a s  been i s sued  
i n  t h e  Czechoslovak AIP. 

1.11 F i r e  - 
Af te r  t h e  impact of t h e  a i r c r a f t , t h e  wreckage burnt  out  and t h e  f i r e  was pro-  

bably i n i t i a t e d  by an  e l e c t r i c  a r c  o r  by eng ine  h o t  s e c t i o n s .  
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2 ,  - Analysis and Conclusions 

2 . 1  Evaluation of Technical fnvest  i g a t  ions 

From the  eva lua t ion  of the  wreckage and from t h e  t echn ica l  inves t iga t ions  i t  
follows t h a t :  

- no a i r c r a f t  p a r t  separated before  t h e  a i r c r a f t  contacted the  obs t ruc t ions ;  

- t he  a i r c r a f t  w a s  i n  f l i g h t  configurat ion,  the f l a p s  and the  undercarriage 
were r e t r a c t e d ,  t h e  locking mechanisms of a i r c r a f t  con t ro l s  were i n  unlocked 
p o s i t  ion; 

- a l l  engines were running i n  the las t  phase of f l i g h t  a t  near ly  nominal power 
r a t i ng  ; 

- the communication and navigation equipment was i n  order;  

- t h e  f u e l  was f a u l t l e s s ,  

The radio-active substances c a r r i e d  on board had no inf luence on t h e  funct ioning 
of instruments and the h e a l t h  condi t ion of c r e w  members, 

A f a i l u r e  of one of the rate  gyro switches and f a i l u r e s  of e l e c t r o l y t i c  v e r t i c a l  
reference gyro switches have been ascer ta ined ,  

For the purpose of e s t a b l i s h i n g  t h e  accident causes,  t h e  following has  been 
evaluated : 

- health condit ion of crew members; 

- the f l i g h t  pa th ;  

- inf luence of f a i l u r e  of the r a t e  gyro switch on proper funct ioning of the  
gyro horizon; 

- p o s s i b i l i t y  of errors i n  t h e  gyro horizon indica t ions ;  

- p o s s i b i l i t y  of turbulence and i ts  e f f e c t  on the  a i r c r a f t ;  

- evalua t ion  of weather condi t ions  by o f f i c i a l s  of the  meteorological  se rv ice ;  

- decis ions  of t h e  a i r  t r a f f i c  c o n t r o l l e r s ;  

- evalua t ion  of geographical and meteorological condi t ions  i n  t h e  Bra t i s lava  
Airport  con t ro l  a r e a  by the a i r c r a f t  crew; 

- a c t i v i t i e s  of the  crew i n  f l i g h t ,  
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2 .1 .1  Heal th  Condit ion of C r e w  Members 

By f o r e n s i c  medical  i n v e s t i g a t i o n  no s i g n s  of any of t h e  f i v e  f l i g h t  crew mem- 
b e r s  having taken  a l c o h o l  o r  medicaments have been a s c e r t a i n e d .  Nor h a s  i t  been e s t a b -  
l i s h e d  t h a t  any of t h e  crew members i nha l ed  combustion p roduc ts  p r i o r  t o  dea th .  

By biochemical i n v e s t i g a t i o n  a n  e x t r a o r d i n a r y  mental  load of t h e  crew p r i o r  t o  
dea th  has  been e s t a b l i s h e d ,  which was p a r t i c u l a r l y  heavy i n  t h e  c a s e  of t h e  f l i g h t  r a d i o  
ope ra to r  and s l i g h t e s t  i n  t h e  ca se  of t h e  second p i l o t .  The e s t a b l i s h e d  menta l  load  (wi th  
t h e  excep t ion  of t h e  f l i g h t  r a d i o  o p e r a t o r )  corresponds  t o  d a t a  e s t a b l i s h e d  i n  c a s e s  of 
o the r  a i r c r a f t  a c c i d e n t s  of s i m i l a r  c h a r a c t e r .  Causes of ex t r ao rd ina ry  menta l  load of t h e  
f l i g h t  r a d i o  ope ra to r  could ,  however, n o t  be  exp la ined .  

On t h e  co-pi lo t  no i n j u r i e s  t y p i c a l  f o r  t h e  hand p o s i t i o n  on t h e  c o n t r o l s  have 
been e s t a b l i s h e d .  Th is  f a c t ,  t oge the r  wi th  t h e  inc reased  muscular e f f o r t  a s c e r t a i n e d  on 
t h e  pilot-in-command and wi th  t h e  knowledge of t h e  p r a c t i c e  in t roduced  by t h e  a i r l i n e ,  
l e a d s  t o  t h e  conclus ion t h a t  immediately b e f o r e  t h e  c r a sh  t h e  a i r c r a f t  w a s  c o n t r o l l e d  by 
t h e  pilot-in-command. Ne i ther  on t h e  t e r r i t o r y  of Bulgar ia ,  nor  a t  Budapest o r  B r a t i s l a v a  
A i r p o r t s h a v e d a t a  been e s t a b l i s h e d  on v i o l a t i o n s  of t h e  rest, a l i m e n t a t i o n  and work load  
r e g u l a t i o n s ,  from which i t  could be i n f e r r e d  t h a t  t h e  e f f i c i e n c y  of any member of t h e  crew 
was reduced o r  d e f e c t i v e .  

2.1.2 F l i g h t  Pa th  

I n  r e s p e c t  of t h e  f l i g h t  pa th  t h e  Commission endeavoured, f i r s t  of a l l ,  t o  
a s c e r t a i n  t h e  t r u e  f l i g h t  pa th .  I n  t h i s  respect ,  t h e  Commission's work w a s  made r a t h e r  d i f -  
f i c u l t  by t h e  f a c t  t h a t  t h e  a i r c r a f t  w a s  not  equipped wi th  a  f l i g h t  d a t a  r eco rde r  which 
could f u r n i s h  o b j e c t i v e  informat ion on t h e  f l i g h t  course ,  from i n i t i a t i o n  of t h e  take-off  
procedure t o  t h e  c o l l i s i o n  wi th  o b s t r u c t i o n s .  The t r u e  f l i g h t  pa th  could  not  t h e r e f o r e  
be d e f i n i t e l y  e s t a b l i s h e d .  The probable  f l i g h t  pa th  w a s  p l o t t e d  on t h e  b a s i s  of e s t ab -  
l i s h e d  f a c t s ,  eyewi tnesses f  evidence and assumptions based on a i r c r a f t  o p e r a t i o n  documents. 
I n  t h i s  r e s p e c t  t h e  eyewitnesses"  t e s t i m o n i e s  con ta in  no d i s c r epanc i e s .  The probable  
f l i g h t  pa th  p l o t t i n g  can be seen  i n  t h e  diagram.* A s  r ega rds  t h e  f l i g h t  a l t i t u d e ,  i t  can 
be concluded t h a t  t h e  300 m he igh t  was maintained.  The f i r s t  impact wi th  wooded ground 
occurred a t  a  he igh t  of 281 m above t h e  a i r p o r t  l e v e l .  The 19-metre d e v i a t i o n  below t h e  300 
l e v e l  is  w e l l  w i t h i n  t e c h n i c a l  t o l e r a n c e s  of t h e  a l t i m e t e r s  used and of admis s ib l e  e r r o r s  
due t o  f l y i n g  technique.  

The p o s s i b i l i t y  ha s  a l s o  been examined whether under p r e v a i l i n g  c o n d i t i o n s  t h e  
IL-18 a i r c r a f t  could  have t aken  o f f  from t h e  runway 31  and flown on to  t h e  OKR beacon by 
performing a t u r n  t o  s t a rboa rd  a t  a n  a l t i t u d e  of 300 m i n  such a manner t h a t  o b s t r u c t i o n s  
would not  be con tac ted  by t h e  a i r c r a f t ,  whi le  main ta in ing  e x a c t l y  t h e  D i r e c t i v e s  on A i r -  
c r a f t  Operation(("Rukovodstvo") and wi th  exc lus ion  of any de lay  i n  i n i t i a t i n g  t h e  t u r n .  
A t  t h e  same t i m e ,  t h e  performance of a t u r n  wi th  155 bank was t aken  i n t o  c o n s i d e r a t i o n ,  
which would correspond t o  p i l o t i n g  c o n d i t i o n s  i n  tu rbu lence .  

*Note of t h e  S e c r e t a r i a t :  The diagram was not  appended t o  t h e  summary of t h e  r e p o r t .  
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The f l i g h t  pa th  has  been e s t a b l i s h e d  tak ing  i n t o  account t h e  fol lowing bas i c  
condi t ions  : 

- take-off from runway 31  i n i t i a t e d  a t  a d i s t ance  of 50 m from i t s  threshold 
a f t e r  t h e  engines have reached f u l l  performance and with  f l a p s  set a t  15O; 

- u n s t i c k  performed a t  a speed of 215 km/h, r e t r a c t i n g  t h e  undercarr iage a t  a  
speed of 250 km/h a t  an a l t i t u d e  of 5  m, r e t r a c t i n g  t h e  f l a p s  a t  a speed of 
300 km/h a t  an a l t i t u d e  of 50 m, t h e  engine power being set a t  "nominal" a t  
t h e  a l t i t u d e  of 100 m;. 

- performing of a  s t r a i g h t - l i n e  climb up t o  t h e  a l t i t u d e  of 200 m ,  a t  a  v e l o c i t y  
of 380 - 390 km/h; 

- i n i t i a t i n g  of a t u r n  a t  an a l t i t u d e  of 200 m and a continuous t r a n s i t i o n  t o  
150'bank i n  a t u r n  and mainta ining t h i s  bank value;  

/ 

- climbing up t o  300 m, pass ing t o  l e v e l  f l i g h t  a t  100 m and cont inuing i n  l e v e l  
t u r n  wi th  150, bank and v e l o c i t y  of 400 km/h; 

- mean va lues  of wind vec tor :  d i r e c t i o n  - 310°, v e l o c i t y  8 m / s .  

The computation end t h e  graphic  eva lua t ion  of the  ground conf igura t ion  show t h a t  
with t h i s  f l i g h t  path  a v e r t i c a l  c learance  of 97 m above t h e  h ighes t  obs t ruc t ions  could be 
maintained and c o l l i s i o n  with  obs t ruc t ions  could have been avoided. However, a comparison 
of t h e  h o r i z o n t a l  p r o j e c t i o n  of t h e  probable f l i g h t  path  wi th  t h e  p r o j e c t i o n  of t he  p l o t t e d  
f l i g h t  pa th  ( h e r e a f t e r  c a l l e d  proper f l i g h t  pa th)  shows t h a t  t h e  a i r c r a f t  deviated t o  t h e  
l e f t  by 1 450 m (measured along t h e  normal t o  t h e  proper f l i g h t  pa th  from t h e  point  of 
impact of t he  a i r c r a f t )  i n  t h e  d i r e c t i o n  of t h e  obstructions,which i n  t h i s  d i r e c t i o n  and 
d i s t a n c e  were h igher  than the  a l t i t u d e  at  which the  a i r c r a f t  w a s  f l y i n g  and consequently d 

t h e  impact of t he  a i r c r a f t  wi th  obs t ruc t ions  occurred. 

2.1.3 Ef fec t  of Rate Gyro Switch F a i l u r e  on Functioning of Gyro Horizon 

I n  examining t h e  rate gyro switches,  i t  h a s  been e s t a b l i s h e d  i n  the  case  of one 
instrument t h a t  t h e  t i m e  delay system w a s  a t tached  t o  t h e  instrument cas ing by a s i n g l e  
screw, whi le  t h e  o the r  t h r e e  screws and t h e i r  washers were f r e e l y  moving i n  t h e  case of the  
ins t rument .  These f r e e l y  moving p a r t s  could t h e r e f o r e  be locking t h e  t ransmiss ion mechanism 
of t h e  instrument and thus  i n t e r f e r i n g  with i ts  c o r r e c t  functioning;switching o f f  t he  cor- 
r e c t i o n  of gyroscopic instruments o r  breaking c i r c u i t s  of o the r  ins t ruments  when t u r n s  o r  
manoeuvres were being performed. 

Because the  VK-53 RB r a t e  gyro switch c o n t r o l s  a l s o  t h e  switching off  of t h e  
r ' 

AGB-2 horizontrmsreree:correction, t h e  e f f e c t  of non-switching the  co r rec t ion  on indica- 
t i o n s  of t hese  h o r i z m  was examined, e s p e c i a l l y  on bank ind ica t ions .  By p l o t t i n g  by 
g raph ica l  means, us ing r e a l i s t i c  s i m p l i f i c a t i o n ,  maximum e r r o r s  f o r  t he  given case  have 
been e s t ab l i shed  f o r  bank and p i t c h ,  and i t  has  been ascer ta ined  t h a t  they do not exceed 
2,S0, t h e  sense of e r r o r  being such t h a t  t he  gyro hor izon shows a  smaller bank o r  p i t c h  
than the  t r u e  one. I f ,  t h e r e f o r e ,  t he  a i r c r a f t  w a s  performing a  f l i g h t  according t o  gyro 
horizon ind ica t ion  having t h i s  defect , ' the p i l o t  would perform a  tu rn  with a  g r e a t e r  bank 
than the  ind ica ted  one. 
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The Commission i s  t h e r e f o r e  s a t i s f i e d  t h a t ,  a l though  i t  was no t  p o s s i b l e  t o  
a s c e r t a i n  whether t h e  f a u l t y  r a t e  gyro sw i t ch  w a s  f u n c t i o n i n g  c o r r e c t l y ,  i t s  f a i l u r e  cou ld  
no t  have l e d  t o  performing t h e  t u r n  wi th  a  sma l l e r  bank 'than in tended  by t h e  p i l o t .  

2.1.4 P o s s i b i l i t y  of E r r o r s  i n  Gyro Horizon I n d i c a t i o n s  

I n  examining documents a p p l i c a b l e  t o  l i f e - t imed  components i t  h a s  been asce r -  
t a i n e d  t h a t  t h e  1 000-hour p e r i o d i c  check on AGB-2 gyro  h o r i z o n s  was no t  c e r t i f i e d ,  al- 
though similar checks of o t h e r  i n s t rumen t s  were du ly  c e r t i f i e d .  From t h i s  f a c t ,  i t  can be 
i n f e r r e d  t h a t  t h e  p e r i o d i c  check a p p l i c a b l e  t o  gyro  ho r i zons  w a s  no t  performed. 

Th i s  p o s s i b i l i t y ,  t o g e t h e r  wi th  t h e  e s t a b l i s h e d  f a c t  t h a t  t h e  a i r c r a f t ,  a l though  
performing a  t u r n  t o  s t a r b o a r d ,  s t r u c k  t h e  ground wi th  a s l i g h t  bank t o  t h e  l e f t ,  wi thout  
evidence  of any o t h e r  c i rcumstances  account ing  f o r  i t ,  has  l e d  t o  t h e  assumption t h a t  t h e  
i n d i c a t i o n  of gyro ho r i zons  was no t  c o r r e c t .  

I n v e s t i g a t i o n s  have shown t h a t  t h e  gyros  of gyroscop ic  i n s t rumen t s  were runn ing  
and, i n  view of o t h e r  evidence on normal f u n c t i o n i n g  of t h e  a i r c r a f t  e l e c t r i c a l  sys tem 
(radiocommunications; ampere meter p o i n t e r  impr in t  a g a i n s t  va lue  cor responding  t o  normal 
c o n d i t i o n s  i n  f l igh t ) ,  an  e v e n t u a l  drop of t h e  gyro  speed cannot be assumed. 

I n  i n v e s t i g a t i n g  d e f e c t s  which are encountered  i n  AGB-2 gyro  h o r i z o n  s e r v i c e  
i t  h a s  been a s c e r t a i n e d  t h a t ,  due t o  i r r e v e r s i b l e  e l e c t r o l y s i s  in t h e  electr ical  l e v e l  
which t h i s  gyro hor izon  t y p e  p rov ides  f o r  main ta in ing  v e r t i c a l  s p i n  axis of t h e  gyro,  
s epa ra t ed  copper forms d e p o s i t s  on a n  annulus  i n s u l a t i n g  f u n c t i o n a l  c o n t a c t s  of t h e  level.  
Following g radua l  d e t e r i o r a t i o n  of t h e  i n s u l a t i o n  r e s i s t a n c e  may r e s u l t  i n  b r i d g i n g  t h e  
f u n c t i o n a l  con t ac t s .  

By t h e  e f f e c t  of t h i s  p roces s  t h e  gyrosp in  a x i s  w i l l  no t  be  main ta ined  i n  i t s  
proper  p o s i t i o n  and an  i n d i c a t i o n  of e r r o r  fo l lows.  

From t h e  AGB-2 ho r i zons  of t h e  IL-18 (LZ-BEN) a i r c r a f t  on ly  one cons ide rab ly  
damaged ca se  and one gyroscope w i th  i ts  i n n e r  gimbal wi thout  l e v e l  have  been recovered .  
I n  s p i t e  of i n t e n s i v e  searching,  t h e  ho r i zon  l e v e l s  have no t  been recovered  and t h e i r  ser- 
v i c e  c o n d i t i o n  cannot ,  t h e r e f o r e ,  be a s c e r t a i n e d .  I n  o rde r  t h a t  a t  least t h e i r  p o s s i b l e  
s t a t e  could be t aken  i n t o  c o n s i d e r a t i o n ,  v e r t i c a l  r e f e r e n c e  gyro l e v e l s  have been examined, 
which a r e  of i d e n t i c a l  p r i n c i p l e  and analogous cons t ruc t i on .  By t h i s  e x p e r t  examinat ion ,  
on one v e r t i c a l  r e f e r e n c e  gyro a l e v e l  has  been a s c e r t a i n e d  on which c r o s s  c o n t a c t s  one 
con t ac t  w a s  f u l l y  s h o r t - c i r c u i t e d ;  on ano ther  v e r t i c a l  r e f e r e n c e  gyro  a l e v e l  w i t h  reduced 
v a l u e s  of i n s u l a t i o n  r e s i s t a n c e  a t  c o n t a c t s  h a s  been e s t a b l i s h e d .  These f i n d i n g s  suppor t  
t h e  assumption t h a t  t h e  ho r i zon  could have i n c o r r e c t  i n d i c a t i o n s .  

I n  view of t h i s  e v i d e n c s t h e  Commission i s  of t h e  op in ion  t h a t  a  wrong i nd i ca -  
t i o n  of t h e  AGB-2 hor izons  cannot be d i smissed  as a  c o n t r i b u t o r y  cause  of t h e  a c c i d e n t .  

2.1.5 P o s s i b l e  occurrence  of t u rbu l ence  and i t s  e f f e c t  on t h e  a i r c r a f t  

I n  e s t a b l i s h i n g  t h e  causes  of t h e  f l i g h t  pa th  d e v i a t i o n  towards t h e  o b s t r u c t i o n s  
and i n  e v a l u a t i n g  t h e  last  phase of f l i g h t ,  e s p e c i a l l y  t h e  f a c t  t h a t  wh i l e  performing t h e  
t u r n  t o  s t a r b o a r d  t h e  a i r c r a f t  c o l l i d e d  w i th  o b s t r u c t i o n s  i n  a  bank t o  t h e  l e f t ,  t h e  Com- 
miss ion concen t ra ted  i t s  a t t e n t i o n  mainly on c l a r i f y i n g  t h e  q u e s t i o n s  of a p o s s i b l e  
occurrence  of t u rbu l ence  and i t s  e f f e c t  on t h e  a i r c r a f t .  I n  t h i s  r e s p e c t  t h e  work of t h e  
Commission was made p a r t i c u l a r l y  d i f f i c u l t  because of t he  f a c t  t h a t  t h e  e x p e r t s '  a d v i c e  
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which was reques ted  f o r  t h i s  purpose from competent o r g a n i z a t i o n s  and meteoro log ica l  s e r -  
v i c e s  h a s  g iven no d e f i n i t e  exp l ana t ion  of t h i s  meteoro log ica l  phenomenon i n  r e l a t i o n  t o  
t h e  acc iden t .  

R e l a t i v e l y  concurr ing op in ions  have been expressed i n  e v a l u a t i n g  t h e  c o n d i t i o n s  
of tu rbu lence  o r i g i n  and i t s  e f f e c t  on a i r c r a f t .  The e x p e r t s '  advice  is d e f i n i t e  i n  
p o i n t i n g  out  t h a t  c o n d i t i o n s  o r i g i n a t i n g  tu rbu lence  were p re sen t  and t h a t  tu rbu lence  could 
cause  cons iderab le  bumping of t h e  a i r c r a f t .  Th i s  i s  cor robora ted  a l s o  by p r a c t i c a l  know- 
ledge of e x p e r i e n c e d p i l o t s  who say t h a t  i n  north-west winds a i r c r a f t  c o n t r o l  i n  c l o s e  
v i c i n i t y  of t h e  Carpathian  Mountains is made d i f f i c u l t  and e f f e c t s  on a i r c r a f t  a r e  s t rong .  

I n  r e s p e c t  of a  p r e c i s e  c l a s s i f i c a t i o n  of t u rbu l ence  corresponding t o  t h e  
p r e v a i l i n g  c i rcumstances  i n  t h e  a r e a  of L i t t l e  C a r p a t h i a q t h e  e x p e r t s '  conclus ions  a r e  
no t  d e f i n i t e .  Th i s  is  no doubt p a r t l y  due t o  t h e  f a c t  t h a t  t h e  problem of o b j e c t i v e  
measurement of tu rbu lence  and i t s  f o r e c a s t  h a s  no t  y e t  been solved by world meteorology. 

The Commission could not, t h e r e f o r e ,  dec ide  whether t h e  in format ion  on t u rbu l ence ,  
as fu rn i shed  by e x p e r t s  of t h e  Hydrometeorological Se rv i ce ,  corresponded wi th  t h e  a c t u a l  
tu rbu lence  a t  t h e  t i m e  and p l a c e  of acc iden t .  Besides,  i t  was not  p o s s i b l e  t o  e v a l u a t e  
o b j e c t i v e l y  t h e  e f f e c t s  of t h e  p r e v a i l i n g  tu rbu lence  on t h e  s p e c i f i c  type  of a i r c r a f t .  

The Commission cons ide r s ,  however, t h a t  i n  t h e  v i c i n i t y  of t h e  L i t t l e  Carpathians  
t h e  a i r c r a f t  moved i n  a n  environment where t h e  a i r c r a f t  c o n t r o l ,  e s p e c i a l l y  e q u a l  main- 
t a i n i n g  of bank i n  performing a t u r n ,  w a s  made d i f f i c u l t  and where t h e  environmental  e f f e c t s  
could c o n t r i b u t e  t o  make t h e  a i r c r a f t  dev i a t e towardsmore  e l eva t ed  ground and t o  cause  i t s  
c o l l i s i o n  wi th  o b s t r u c t i o n s  i n  a  l e f t -bank  p o s i t i o n .  

2.1.6 Eva lua t ion  of Weather Condi t ions  by O f f i c i a l s  of Meteorological  Serv ice  

The Commission h a s  a l s o  examined t h e  ques t i on  of whether t h e  meteoro log ica l  
s i t u a t i o n ,  e s p e c i a l l y  fqom t h e  s tandpoin t  of tu rbu lence ,  was c o r r e c t l y  eva lua ted .  

The f l i g h t  f o r e c a s t  prepared on 24 November 1966 a t  1410 hours ,  which was 
rece ived  by t h e  crew, envisaged a s l i g h t  t o  moderate t u rbu l ence  wi thout  any more s p e c i f i c a -  
t i o n  i n  r e s p e c t  of space. 

The meteoro log is t  on du ty ,  who w a s  b r i e f i n g  t h e  crew, admi t ted  t h e  p o s s i b i l i t y  
of moderate t o  s eve re  tu rbu lence  i n  t h e  area of L i t t l e  Carpathians ,  drawing t h e  crew's 
a t t e n t i o n  t o  t h i s  circumstance. 

The concept  of " s l i g h t ,  moderate and severe  tu rbu lence"  h a s  no t  y e t  been e x a c t l y  
de f ined  and t h e r e  a r e  no exac t  c r i t e r i a  f o r  i ts c o n s i s t e n t  de te rmina t ion  and f o r e c a s t .  

A s  r ega rds  severe  tu rbu lence ,  only  i n  1967 t h e  World Meteorological  Organizat ion 
i n  a l e t t e r  da ted  1 7  March 1967 (C i r cu l a r  let ter  CAeM No. IV-20,"First r e p o r t  of t h e  CAeM 
Working Group on D e f i n i t i o n  and C l a s s i f i c a t i o n  of Aeronau t ica l  Meteorological  Terms") 

+ a q m e d  d e f i n i t i o n  of s eve re  t u rbu l ence ,  but  t h i s  ha s  no t  y e t  been g e n e r a l l y  adopted.  

For t h e  B r a t i s l a v a  A i rpo r t  c o n t r o l  zone, where t h e  meteoro log ica l  s i t u a t i o n  as 
it occurred on t h e  day of acc iden t  is  t h e  most f r equen t  (47 pe r  cen t  of a l l  measurements 
i n  Bratislava i n d i c a t e  t h e  wind d i r e c t i o n  i n  t h e  west t o  n o r t h  quadran t ) ,  no d e t a i l e d  
methods have been s o  f a r  developed which would a l low t h e  o f f i c i a l s  of t h e  Meteorological  
Serv ice  t o  g ive  more r e l i a b l e  f o r e c a s t s  of s eve re  tu rbu lence  and t o  determine i t  o b j e c t i v e l y .  
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The e v a l u a t i o n  of p o s s i b i l i t i e s  of occurrence of severe  t u rbu l ence ,  which i s  a  
dangerous phenomenon, depends t h e r e f o r e  on persona l  c o n s i d e r a t i o n  and exper ience  of i nd i -  
vidi lal  o f f i c i a l s  of t h e  Meteorological  Serv ice .  

I n  b r i e f i n g  t h e  crew,the meteoro log is t  proceeded i n  accordance wi th  r e g u l a t i o n s  
of t h e  Hydrometeorological I n s t i t u t e  which supposes t h a t  t h e  purpose of b r i e f i n g  i s  t o  
e x p l a i n  t h e  meteoro log ica l  s i t u a t i o n ,  t h e  expected developments on which t h e  f l i g h t  fo re -  
c a s t  i s  based,  o r  any o t h e r  phenomena wi th  a  s m a l l  p r o b a b i l i t y  of occurrence .  

The Commission cons ide r s  t h a t  t h e  informat ion rece ived  by t h e  crew cannot be 
c l a s s i f i e d  a s  a n t i c i p a t i o n  of severe  tu rbu lence  which would account  f o r  i s s u i n g  a  warning 
of dangerous meteoro log ica l  phenomenon. 

2 . 1 . 7  Decis ions  of A i r  T r a f f i c  c o n t r o l l e r s  

The ATC f l i g h t  c l ea r ance  conta ined a l s o  t h e  i n s t r u c t i o n  t o  perform a  t u r n  t o  
t h e  r i g h t  and t o  climb only up t o  300 m. 

The ATC r u l e s  of B r a t i s l a v a  A i rpo r t  c o n t r o l  zone permit  i n  t a k i n g  of f  from run- 
way 31, t o  make a  t u r n  t o  s t a rboa rd  o r  t o  p o r t .  Both t h e s e  t u r n s  ensure  a  cont inuous  
depa r tu re  on t o  t h e  N I  (N i t r a )  r a d i o  beacon. 

I n  t h e  p r e v a i l i n g  s i t u a t i o n  a  t u r n  t o  p o r t  a f t e r  taking-off  of t h e  IL-18 a i r -  
c r a f t  would not  r e q u i r e  an a l t i t u d e  l i m i t a t i o n .  

It was not  wrong t o  dec ide  on a  t u r n  t o  s t a r b o a r d  b u t ,  i n  view of t h e  f a c t  t h a t  
5 min p r i o r  t o  t h e  take-off  of t h e  IL-18 (LZ-BEN) a i r c r a f t  a  s lower  I L 1 4  a i r c r a f t  took 
o f f ,  which, a f t e r  pass ing  t h e  OKR beacon a t  1526:30 hours  was performing a  t u r n  t o  p o r t  i n  
o rder  t o  proceed toward ~ Y e c l a v ,  i t  was necessary  t o  ensure  an a l t i t u d e  s e p a r a t i o n  between 
t h e  two a i r c r a f t .  A t  t h e  t ime when t h e  s e n i o r  c o n t r o l l e r  of t h e  approach c o n t r o l  s e r v i c e  
was i s s u i n g  t h e  f l i g h t  c learance ,a  temporary a l t i t u d e  l i m i t a t i o n  f o r  t h e  LZ-BEN a i r c r a f t  
t ak ing  off  was mandat6ry. 

I n  o rder  t o  g ive  a  c o r r e c t  e v a l u a t i o n  of t h e  second p a r t  of t h e  f l i g h t  c l e a r -  
ance,  i . e .  t h e  a l t i t u d e  l i m i t a t i o n  t o  300 m ,  i t  is necessa ry  t o  e x p l a i n  how f a r . ' t h e  a i r  
t r a f f i c  c o n t r o l l e r  must o r  can,  i n  t ak ing  h i s  d e c i s i o n ,  expressed i n  ATC f l i g h t  c l e a r a n c e ,  
e v a l u a t e  t h e  e f f e c t  of t h e  con f igu ra t i on  of ground on t h e  s a f e t y  of f l i g h t .  

The A i r  T r a f f i c  Control  Rules provide  t h a t  the '  A i r  T r a f f i c  Cont ro l  Se rv i ce s  
must, among o t h e r  t h i n g s ,  " con t ro l  t h e  a i r  t r a f f i c '  i n  such a  manner t h a t  c o l l i s i o n s  between 
a i r c r a f t  i n  f l i g h t  wi th  o b s t r u c t i o n s  on t h e  ground a r e  prevented on a l l  IFR f l i g h t s " .  
F u r t h e r ,  A r t i c l e  2.8.2.5 p rov ides  t h a t  "on IFR f l i g h t s  t h e  A i r  T r a f f i c  Cont ro l  S e r v i c e s  
a r e  r e s p o n s i b l e  f o r  t h e  ensur ing  of adequate a l t i t u d e  s e p a r a t i o n  between a i r c r a f t  and t h e  
a l l o c a t i o n  of s a f e  f l i g h t  level" .  

It has  been e s t a b l i s h e d  t h a t  t h e  s e n i o r  c o n t r o l l e r  of t h e  ATC approach s e r v i c e ,  
i n  i s s u i n g  t h e  , l i g h t  c l ea r ance  f o r  take-OL, wi th  temporary a l t i t u d e  l i m i t a t i o n  t o  300 m 
f o r  t h e  IL-18 (LZ-BEN) a i r c r a f t ,  based h i s  c o n s i d e r a t i o n s  on t h e  p r e v a i l i n g  t r a f f i c  condi- 
t i o n s  and t h e  n e c e s s i t y  of ensur ing  a  s a f e  a l t i t u d e  s e p a r a t i o n  between t h e  LZ-BEN a i r c r a f t  
and t h e  slower IL-14 a i r c r a f t ,  a s  w e l l  a s  on t h e  assumptions t h a t  accord ing  t o  t h e  a c t u a l  
t r a f f i c  s i t u a t i o n  he  would permit  t h e  a i r c r a f t  t o  proceed i n  cl imbing and t h a t  t h e  a i r c r a f t  
would i n i t i a t e  t h e  t u r n  immediately a f t e r  pass ing  above t h e  marker. The a i r  t r a f f i c  con- 
t r o l l e r s  cannot wi th  f u l l  r e s p o n s i b i l i t y  judge t h e  f l i g h t  c h a r a c t e r i s t i c s  of a l l  a i r c r a f t  
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types  and know a l l  ope ra t ion  l i m i t s  p r e sc r ibed  by f l i g h t  manuals. Therefore ,  i n  excep t ions  
t o  A i r  T r a f f i c  Cont ro l  Rules,  Doc 4444-RAC/501-8, P a r t  11, Sec t ion  1, Note 2 provides:  
"The A i r  T r a f f i c  Cont ro l  Service  has  a l s o  t h e  t a s k  of p reven t ing  a i r c r a f t  c o l l i s i o n s  wi th  
t h e  ground on IFR f l i g h t s " .  This  p rov is ion  does n o t ,  however, r e l i e v e  p i l o t s  of t h e i r  
duty  t o  make s u r e  t h a t  t h e  f l i g h t  c lea rance  i s sued  by A i r  T r a f f i c  Cont ro l  Serv ice  i s  s a f e  
i n  t h i s  r e s p e c t  ( see  AIP CSSR, P a r t  RAC-1). Besides,  t h e  p rov i s ions  of A r t i c l e s  3.3.4.1,  
3.3.4.2 and 3.3.5 of t he  Rules of t h e  A i r  make t h e  opera tor  r e spons ib l e  f o r  determining 
t h e  s a f e  minimum he igh t  and f o r  determining t h e  take-off procedures and meteorological  
minima. The Commission cons ide r s  t h a t , a t  t he  t i m e  when t h e  a i r p o r t  c o n t r o l l e r  was i s s u i n g  
t o  t h e  LZ-BEN a i r c r a f t  t h e  f l i g h t  ope ra t ion  c lea rance  f o r  t h e  f l i g h t  i n  t h e  a i r p o r t  c o n t r o l  
zone and t h e  take-off c l e a r a n c e , i t  was a l ready  p o s s i b l e  t o  f i x  a h igher  l i m i t  of temporary 
a l t i t u d e  r e s t r i c t i o n  before  t h e  a i r c r a f t  pass ing over t h e  OKR beacon. 

2.1.8 Evaluat ion of Geographical and Meteorological  Condit ions by t h e  A i r c r a f t  C r e w  

I n  accordance wi th  Czechoslovak r e g u l a t i o n s  t h e  f l i g h t  p repa ra t ion  must com- 
p r i s e  s tudy and a n a l y s i s  of planned f l i g h t  cond i t i ons ,  i nc lud ing  e v a l u a t i o n  of t r a f f i c  
s i t u a t i o n .  There i s  no doubt t h a t  f l i g h t  condi t ions  inc lude  a l s o  t h e  a c t u a l  geographical  
s i t u a t i o n .  

The a i r c r a f t  crew had a t  B r a t i s l a v a  Ai rpor t  a l l  necessary  documents a t  t h e i r  
d i sposa l  i n  o rder  t o  e v a l u a t e  t h e  geographical  s i t u a t i o n .  

On t h e  "Bratislava-IvAnka Ai rpo r t  Control  Zone Chart RAC 4-3", a s  w e l l  a s  on 
a l l  RW 31  (LKIB 6/65, 7/65, 7/65, 8/65 and 9/65) approach c h a r t s ,  t h e  t e r r a i n  r e l i e f  and 
a r t i f i c i a l  o b s t r u c t i o n s  i n  take-off d i r e c t i o n  a r e  q u i t e  c l e a r l y  marked. On t h e  LKIB  6 /65 ,  
8/65 and 9/65 c h a r t s , a  c ross -sec t ion  of t h e  t e r r a i n  r e l i e f  iny the  RW 3 1  d i r e c t i o n  is a l s o  
g raph ica l ly  i nd i ca t ed .  Besides,  f o r  RW 31  of B r a t i s l a v a  Ai rpor t  t h e  "Aerodrome Environment 
Chart - ICAO" (LKIB 2/63) has  been published.  A l l  t h e s e  c h a r t s  form p a r t  of t h e  Aero- 
n a u t i c a l  Informat ion P u b l i c a t i o n  of ~ S S R ,  which t h e  crew had a t  t h e i r  d i s p o s a l  f o r  f l i g h t  
p repara t ion .  The crew had t h u s  t h e  p o s s i b i l i t y  of thoroughly eva lua t ing  t h e  ground r e l i e f  
and had a l s o  t i m e  enough f o r  i t .  Since t h e  crew had no t  used t h e i r  r i g h t  of ask ing  f o r  
f l i g h t  c lea rance  modi f ica t ion ,  i t  i s  j u s t i f i e d  t o  assume t h a t  they considered t h e  rece ived  
f l i g h t  c lea rance  as appropr ia te .  From t h i s  i t  can be i n f e r r e d  t h a t  t h e  crew e i t h e r  d id  
no t  s u f f i c i e n t l y  e v a l u a t e  t h e  ground r e l i e f  o r  was unable t o  apply t h e  acquired knowledge 
t o  t h e  r equ i r ed  manoeuvre a f t e r  t ak ing  o f f .  Causa l i ty  between t h e s e  circumstances and t h e  
dangerous approach t o  t h e  ground can be assumed. 

F l i g h t  p repa ra t ion  must a l s o  inc lude  t h e  a c q u i s i t i o n  of d a t a  on meteorological  
s i t u a t i o n  and of f o r e c a s t s  f o r  t h e  a i r p o r t  of depar tu re .  

There can be no doubt t h a t  t h e  crew rece ived  a l l  a v a i l a b l e  b a s i c  informat ion 
on t h e  weather s i t u a t i o n  and i ts  development a t  Prague, Be r l i n ,  Budapest and B r a t i s l a v a  
Ai rpor t s .  However, i t  can be assumed t h a t  t h e  crew's  a t t e n t i o n  was concentra ted  more on 
weather cond i t i ons  a t  Prague, Be r l i n  and Budapest A i r p o r t s  t han  a t  t h e  a i r p o r t  of 
depar tu re .  

The Commission assumes t h a t  informat ion on p o s s i b l e  occurrence of moderate t o  
severe  tu rbu lence  above t h e  L i t t l e  Carpathians  was no t  taken by t h e  crew s u f f i c i e n t l y  
i n t o  account ,  because otherwise  t h e  crew would have chosen RW 04 o r  performed t h e  r equ i r ed  
manoeuvre a f t e r  take-off i n  such a manner t h a t  they  would no t  have flown over t h e  L i t t l e  
Carpathians ,  i f  no o the r  c i rcumstances  occurred t o  prevent  t h e  crew from r e a l i z i n g  t h i s  
second p o s s i b i l i t y .  
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It has  not  been a s c e r t a i n e d  t h a t  t h e  ope ra to r  had i s sued  s p e c i a l  i n s t r u c t i o n s  
f o r  t a k i n g o f f  from v a r i o u s  runways. 

The Commission cons ide r s  t h a t  by i s s u i n g  such i n s t r u c t i o n s  f o r  t a k i n g  o f f  t h e  
f r e e  d e c i s i o n  of crews would be r e s t r i c t e d  i n  t h e  i n t e r e s t  of i nc rea sed  s a f e t y .  

The Commission b e l i e v e s  t h a t  a n  i n s u f f i c i e n t  e v a l u a t i o n  of t h e  t e r r a i n  r e l i e f  
and of t h e  weather c o n d i t i o n s  o r  a n  inadequate  a p p l i c a t i o n  of necessa ry  conc lus ions  drawn 
from t h i s  e v a l u a t i o n  i n  performing t h e  f l i g h t  had a  c a u s a l  connexion wi th  t h e  a c c i d e n t .  

2.1.9 C r e w ' s  A c t i v i t i e s  i n  F l i g h t  

I n  t h e  course of i n v e s t i g a t i o n , t h e  Commission has  no t  e s t a b l i s h e d  any c i r -  
cumstances which from t h e  viewpoint  of a i r c r a f t  c o n t r o l  and nav iga t i on  would d e f i n i t e l y  
and e v i d e n t l y  e x p l a i n  t h e  causes  of a i r c r a f t  d e v i a t i o n  from t h e  proper f l i g h t  p a t h  and, by 
i n f e r e n c e , t h e  c o l l i s i o n  of t h e  a i r c r a f t  wi th  ground o b s t r u c t i o n s .  

From t h e  magnetic t a p e  r eco rd  of air-ground correspondence of t h e  a i r c r a f t , i t  
cannot be i n f e r r e d  t h a t  a t e c h n i c a l  f a i l u r e  o r  ano ther  c i rcumstance  occur red  on  board ,  by 
which t h e  a i r c r a f t  c o n t r o l  would become d i f f i c u l t  f o r  t h e  crew. 

The a i r c r a f t  d e v i a t i o n  could  have been caused by non-observation of p rope r  
speed and proper  bank and by delayed i n i t i a t i o n  of t h e  t u r n .  

A s  r ega rds  v e l o c i t i e s ,  t h e s e  have no t  been d e f i n i t e l y  a s c e r t a i n e d .  It can,  
however, be assumed t h a t  i n  cl imbing t h e  speed of 380-390 km/h and i n  l e v e l  f l i g h t  t h e  
speed of approximately 400 km/h w e r e  maintained,  though a  h ighe r  v e l o c i t y  t h a n  400 km/h 
i n  l e v e l  f l i g h t  cannot be excluded. I n  t h i s  r e s p e c t  t h e  "Rukovodstvo", v a l i d  from 14 March 
1964, i n  Chapter I V ,  A r t i c l e  4.1.3, pa ra .  2 admits  t h e  speed of 360 km/h as minimum 
v e l o c i t y  under tu rbu lence  condi t ions .  

The Commission has  not  succeeded i n  determining a t  what a l t i t u d e  t h e  t u r n  was 
i n i t i a t e d .  From wi tnes se s '  t e s t imon ie s  it can, however, be i n f e r r e d  t h a t  t h e  p i l o t  d i d  
not  i n i t i a t e  t h e  t u r n  before  reach ing  t h e  he igh t  of 200 m and t h a t  a l s o , i n  i n i t i a t i n g  it, 
no s u b s t a n t i a l  de lay  occurred.  On t h e  b a s i s  of ' f a c t s  a s c e r t a i n e d  a t  t h e  c r a sh  s i te  and 
from wi tnes se s '  t e s t imon ie s  i t  can,  however, be concluded t h a t  t h e  t u r n  was being per- 
formed wi th  a mean bank of l e s s  t han  150. 

It h a s  not  been a s c e r t a i n e d  t h a t  i n  making t h e i r  p r e p a r a t i o n  on t h e  ground a t  
B r a t i s l a v a  A i rpo r t  t h e  crew would have pa id  s p e c i a l  a t t e n t i o n  t o  t h e  s tudy  of o b s t r u c t i o n s  
i n  t h e  a i r p o r t  a r ea .  Th i s  c i rcumstance  could have, accord ing  t o  t h e  Commission's op in ion ,  
played a  nega t ive  r o l e  i n  c o n t r o l l i n g  and n a v i g a t i n g  t h e  a i r c r a f t  i n  t h e  cou r se  of t ake-of f .  

The f l i g h t  r a d i o  ope ra to r  who conducted t he . a i r -g round  correspondence was n o t  
f u l l y  p r o f i c i e n t  i n  Engl ish  phraseology,  as has appeared from t h e  a n a l y s i s  of magnetic  t a p e  
records .  The Commission cons ide r s  t h a t  t h i s  c i rcumstance  complicated t h e  p r o c e s s  of making 
d e c i s i o n s  by t h e  pilot-in-command. Bes ides ,  some of t h e  immediate r e p l i e s  t o  messages from 
t h e  ground r a i s e  c e r t a i n  doubts  whether s u f f i c i e n t  and concen t ra ted  a t t e n t i o n  was g iven  on 
board by t h e  whole crew t o  t h e i r  e v a l u a t i o n  i n  t a k i n g  d e c i s i o n s .  

These f i n d i n g s  a r e  not  i r r e l e v a n t  i n  view of t h e  c o n d i t i o n s  which a r o s e  by 
accep t ing  t h e  f l i g h t  c l ea r ance  and under which a s a f e  performance of f l i g h t  a long  t h e  
proper f l i g h t  pa th  a t  an  a l t i t u d e  of 300 m r equ i r ed  p r e c i s e  a c t i o n s  of t h e  whole crew and 
put  h igher  demands on t h e  a i r c r a f t  c o n t r o l  an3 nav iga t ion .  
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The Commission considers therefore  t h a t  the  a i r c r a f t ' s  deviat ion from the proper 
f l i g h t  path could be p a r t l y  due t o  the  a i r c r a f t  cont ro l  and navigation i n  performing the 
tu rn ,  e spec ia l ly  i n  maintaining a bank smaller than 150 and a speed higher than t h a t  which 
i s  allowed by the  "Rukovods tvol'. 

The Commission considers a l so  t h a t  the  crew's a c t i v i t i e s  were not adapted t o  
f l i g h t  conditions,  t o  begirqwith recept ion  of information and ins t ruc t ions ,  t h e i r  evalua- 
t i on ,  taking decis ions by the  pilot-in-command and,at las t ,wi th  a i r c r a f t  cont ro l  and 
navigation. In  view of the  es tabl i shed f a c t s , t h e i r  causa l  connexion with the a i r c r a f t  
accident must be assumed. 

2.2 Conclusions 

Findings 

-. No def ic ienc ies  i n  t he  crew's qua l i f i c a t i on  and medical f i tness,which would 
r a i s e  doubts about t he  crew's capab i l i ty  of performing the  f l i g h t  sa fe ly ,  have been 
ascertained. 

- The execution of take-off of the  IL-18 (LZ-BEN) a i r c r a f t  from RW 31 of 
  rat is lava Airport  on 24 November 1966 i n  accordance with ATC f l i g h t  clearance ( tu rn  t o  
starboard on t o  the  OKR beacon and climbing only t o  300 m) w a s  possible  without impact 
with obstruct ions occurring. This manoeuvre w a s  possible  without doing anything by the 
crew i n  cont radic t ion  with "Rukovodstvo". 

Whereas the  required height of 300 m w a s  maintained, the  a i r c r a f t  deviated from - 
t he  proper f l i g h t  path i n  such a d i rec t ion  and t o  such an extent  t h a t  an impact with 
obstruct ions occurred. The devia t ion  could have been caused by a smaller than l S O  mean 
bank or  by a higher speed, but most probably by a combined e f f e c t  of both. 

In  view of the  f a c t  t h a t  mandatory laboratory checks of gyro horizons had 
evident ly not been ca r r i ed  out and t h a t  f a i l u r e s  of e l e c t r o l y t i c  l eve l s  of v e r t i c a l  re fer -  
ence gyros have been ascer ta ined ,  ser ious  doubts about correc t  indica t ions  of bank a s  
furnished by the  gyro horizon have ar i sen .  Their causa l  connexion with the  a i r c r a f t  :% 

deviat ion from the  proper f l i g h t  path cannot be excluded. 

Xn view of the  ac tua l  f l i g h t  conditions, the negative influence of turbulence 
created in t h e  L i t t l e  Carpathian Mountains area ,  causing d i f f i c u l t i e s  i n  maintaining 
constant a i r c r a f t  bank, could probably multiply t he  e f f e c t s  of a possible  incorrec t  
indica t ion  of bank by the gyro horizon, and cannot be excluded. 

O f f i c i a l s  of the  Meteorological Service gave t he  crew s u f f i c i e n t  information 
necessary fo r  evaluat ing the  weather s i t u a t i o n  and f o r  t he  pilot-in-command t o  take cor rec t  
decisions.  

The f l i g h t  clearance given t o  the  crew by Bra t i s lava  Airport  a i r  t r a f f i c  con- 
t r o l l e r s  may not have been the  only poss ib le  so lu t ion  of the  ac tua l  t r a f f i c  s i t u a t i o n ,  
but it ensured s a f e ty  of f l i g h t  of the IL-18 a i r c r a f t  agains t  other a i r c r a f t  i n  the  a i r -  
port  cont ro l  zone and did not by i t s e l f  c rea te  f o r  t he  IL-18 a i r c r a f t  an emergency s i tua -  
t ion .  The s i t u a t i o n  became dangerous only when t he  crew did not comply with the  accepted 
f l i g h t  clearance i n  performing t he  take-off manoeuvre,or when i n  t he  course of the manoeuvre 
unexpected circumstances occurred which t he  crew did not know of or could not cope with. 
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There  a r e  s e r i o u s  r e a s o n s  t o  doubt  whether  t h e  crew tho rough ly  e v a l u a t e d  t h e  
g e o g r a p h i c a l  and m e t e o r o l o g i c a l  s i t u a t i o n  and drew from t h i s  e v a l u a t i o n  t h e  n e c e s s a r y  con- 
c l u s i o n s  i n  choos ing  t h e  t ake -o f f  runway, i n  a c c e p t i n g  t h e  f l i g h t  c l e a r a n c e  and i n  per -  
forming  t h e  take-off  and t h e  d e p a r t u r e  by making a t u r n  t o  t h e  s t a r b o a r d  on t o  t h e  OKR 
beacon. 

The p o s s i b i l i t y  must be a d m i t t e d  t h a t  t h e  non-maintenance of t h e  15O bank and 
t h e  400 km/h speed  ( o r  t h e  lowes t  p o s s i b l e  l i m i t  of  360 kmlh),  which non-maintenance had 
a c a u s a l  connexion w i t h  t h e  a c c i d e n t ,  c o u l d  b e  p a r t l y  due a l s o  t o  e r r o r s  i n  c o n t r o l l i n g  
and n a v i g a t i n g  t h e  a i r c r a f t .  

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

The Commission c o u l d  n o t  d e f i n i t e l y  e s t a b l i s h  t h e  c a u s e  of a c c i d e n t  of t h e  
IL-18 (LZ-BEN) a i r c r a f t .  

The Commission assumed t h a t  t h e  most p r o b a b l e  c a u s e  of t h e  a c c i d e n t  was i n s u f -  
f i c i e n t  e v a l u a t i o n  of t e r r a i n  r e l i e f  and wea the r  c o n d i t i o n s  i n  t h e  Bratislava A i r p o r t  
c o n t r o l  zone by t h e  a i r c r a f t  crew and l a c k  of a d a p t a t i o n  of  t h e  f l i g h t  t o  t h e s e  c o n d i t i o n s .  

I C A O  Ref:  AR/025/66 
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No. 14  : 

I b e r i a ,  Spanish Airlines. DC-3, EC-ACX. acc iden t  nea r  P u e r t i t o  de  Sausa l ,  
T e n e r i f e ,  I s las  Canarias.on 16 September 1966. Report da ted  9 March 1967, 

r e l e a s e d  by t h e  Department of C i v i l  Avia t ion .  Spain.  

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 T e n e r i f e  a i r p o r t  a t  0821. A f t e r  two minutes  of 
f l i g h t  t h e  p r o p e l l e r  of t h e  l e f t  eng ine  began overspeeding.  The pilot-in-command a p p l i e d  
t h e  normal overspeed procedures ,  but  ob ta ined  no response  t o  t h e  manoeuvre. H e  t hen  
a c t u a t e d  t h e  f e a t h e r i n g  mechanism but  t h i s  a l s o  w a s  i n e f f e c t i v e  and a s  t h e  a i r c r a f t  w a s  
l o s i n g  he igh t  he  was ob l iged  t o  d i t c h  i t  approximately one m i l e  from t h e  c o a s t ,  s i n c e  t h e  
orography of t h e  l o c a l i t y  made a land ing  impossible .  The d i t c h i n g  took p l ace  normally.  
The a i r c r a f t  remained a f l o a t  approximately f i v e  minutes  and t hen  sank c a r r y i n g  wi th  it one 
of t h e  passengers  who r e fu sed  t o  abandon i t  and who had impeded t h e  evacua t i on  of t h e  o t h e r  
passengers  and r e s i s t e d  t h e  e f f o r t s  of t h e  pilot-in-command and h o s t e s s  t o  g e t  him t o  
s a f e t y .  

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

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 
7 

The a i r c r a f t  i s  no t  a e r o n a u t i c a l l y  r ecove rab l e  and is t h e r e f o r e  considered  t o  
be a t o t a l  l o s s .  

1.4 Other d a m a ~ e  

C r e w  

3 

Inapp l i cab l e .  

1.5 C r e w  in format ion  

Passengers  

1 

2 

2 1 
- 

The pilot-in-command had logged a t o t a l  of 5 000 f l y i n g  hours ,  i nc lud ing  
approximately 3 500 on t h e  s u b j e c t  type. H e  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 ence .  

Others  
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The co-pilot had logged a total of 1 400 flying hours, including approximately 
350 on the subject type. He held a senior commercial pilot's licence. 

1.6 Aircraft in£ ormation 

The certificate of airworthiness was valid up to 16 February 1967. 

The aircraft had a total of 25 134:38 flying hours, including 75:34 since its 
last check. 

Engine history was as fol1,ows: 

Engine No. 1 .- total hours: 6 812:06; since last overhaut 392:21; since last 
periodic check 75:34. 

Engine No. 2. - total hours: 17 484:50; since last overhaul 769:20; since last 
periodic check 75:34. 

At the time of the accident, the we$ght of the aircraft and the centre of 
gravity were within prescribed limits. 

1.7 Meteorological. in£ ormation 

Atmospheric conditions at the airport at 0825 hours were as follows: 

Visibility: 10 km 

Cloud cover: 318 Sc. at 150 m and 418 Sc at 180 m 

QNH: 1021:7 mb equivalent to 30 - 17 inches. 
QFE: 947.4 mb 

Temperature: 16O Dew point: 150. 

1.8 Aids to navigation 

Inapplicable. 

1.9 Communications 

Normal. 

1.10 Aerodrome and  round facilities 

Inapplicable. 

1.11 Flight recorders 

None. 
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1.12 Wreckage 

The a i r c r a f t  sank i n  t h e  sea and is not  considered a e r o n a u t i c a l l y  recoverab le .  

1.13 F i r e  

N i l .  

2. - Analysis  and Conclusions 

2.1 Analys is  

Since  t h e  a i r c r a f t  was no t  recovered,  t h e  only source of informat ion is t h e  
s ta tements  of t h e  crew and passengers.  

According t o  t h e  p i l o t ' s  test imony,  t h e  acc iden t  w a s  caused by overspeeding of 
t h e  l e f t  engine and i n a b i l i t y  t o  f e a t h e r  t h e  corresponding p r o p e l l e r .  

Once t h e  p r o p e l l e r  i s  overspeeding,  t h e  only  procedure t o  counte rac t  t h i s  is  t o  
a c t u a t e  t h e  f e a t h e r i n g  system, which w a s  done b y  t h e  p i I o e  without  r e s u l t .  

It i s  f e l t  t h a t  t h e  f a i l u r e  t o  f e a t h e r  t h e  p r o p e l l e r  might have been due t o  t h e  
f a c t  t h a t ,  i f  t h e  overspeed i s  l a r g e ,  t h e  load t o  be overcome is too  g r e a t  f o r  t h e  f e a t h e r i n g  
mechanism. Th i s  seems t o  have been t h e  case  i n  t h i s  i n s t ance ,  s i n c e  t h e  p i l o t  dec la red  t h a t  
t h e  system func t ioned  c o r r e c t l y  when he  t e s t e d  i t  on t h e  ground and t h a t  whenever he pressed 
t h e  f e a t h e r i n g  bu t ton  i n  t h e  a i r  i t  had remained depressed ( c o r r e c t )  and t h e  gene ra to r s  had 
i n d i c a t e d  consumption ( a l s o  c o r r e c t ) .  

When t h e  p r o p e l l e r  i s  windmill ing,  even i f  t h e  weights  a r e  below t h e  normal g ros s  
l and ing  weights ,  t h e  a i r c r a f t  w i l l  no t  mainta in  a l t i t u d e ,  according t o  Technica l  I n s t r u c t i o n  
0.T.-1C-47-1, s e c t i o n  111, page 9 ,  and f o r  t h i s  reason t h e  pilot-in-command has  t o  adopt one 
of t h e  fo l lowing a l t e r n a t i v e s :  

(a)  land a t  t h e  n e a r e s t  aerodrome; 

(b) evacuate  t h e  a i r c r a f t ;  . , 

(c) . c a r r y  out  a  fo rced  land ing  o r  d i t ch ing ;  

(d) a t tempt  a  combination of t h e  foregoing.  

I n  view of t h e  f a c t  t h a t  t h e  emergency occurred only  2 minutes a f t e r  t ake-of f ,  
i n  t h e  climb-out phase, wi th  an  i n d i c a t e d  (QNH) a l t i t u d e  of 2 800 f t ,  t h a t  l o s s  of a l t i t u d e  
occurred as soon a s  t h e  p r o p e l l e r  began windmill ing and t h a t  t h e  a i r c r a f t  was i n  cloud and 
below t h e  e l e v a t i o n  of T e n e r i f e  a i r p o r t  (2  073 f t ) ,  t h e  pilot-in-command w a s  fo rced  t o  
adopt a l t e r n a t i v e  (c) above. 
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2 . 2  Conclusions 

Cause or 
Probable cause ( s )  

The accident resulted a s  a consequence of propeller overspeed on the l e f t  s ide,  
the cause of which could not be determined owing t o  the fact  that the aircraft  was not 
recovered. 

3.-  Reconnuendations 

Inapplicable. 

- END - 

ICAO Ref: ~ ~ / 0 3 8 / 6 6  



ICAO TECHNICAL PUBLICATIONS 

The following wmmary  gives the sfatus, and also 
describes in generol terms the contenis o f  the wurious 
series of technical publications issued b y  the Inter- 
national Civil Aviation Organization. I f  does not include 
specia fized pub1 icatiolar that do not f o fl specifically 
.ra!itCzin one of the series, such as tlte rcAo Aeronautical 
Chart Catalogue or the Meteorological Tables for 
International Air Navigation. 

INTERNATIONAL STANDARDS AND RECOM- 
'MENDED PRACTICES are adopted by the Council 
in accordance with Articles 54, 37 and 90 of the Con- 
vention on International Civil Aviation and are desig- 
nated, for convenience, as Annexes to the Convention, 
Tlte uniform application by Contracting States of the 
spccifications conlprised in the International Standards 
is recognized as necessary for the safety or regularity 
of international air navigation while the uniform appli- 
cation of the specifications in the Recommended Prac- 
tices is regarded as desirable in the interest of safety, 
regularity or efficiency of international air navigation. 
Knowledge of any differences between the national regu- 
lations or practices of a State and those established by 
an International Standard is essential to the safety or 
regularity of international air navigation. In the event 
of non-cornpf iance with an International Standard, a 
State has, in fact, an obligation, under Article 38 of 
the Convention, to notify the Council of any differences, 
Knowledge of differences from Recommended Practices 
may also be important for the safety of air navigation 
and, although the Convention does not impose any obli- 
gation with regard thereto, the Council has invited Con- 
tracting States to notify such differences in addition to 
those relating to International Standards. 

PROCEDURES FOR AIR NAVIGATION SERY- 
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 States to notify any diff crences 
between their national practices and the PANS when the 
knowledge of such differences is important for the 
safety of air navigation. 

REGIONAL SUPPLEMENTARY PROCEDURES 
(SUPPS) have a status similar to that of PANS in that 
they are approved by the Council, but only for applica- 
tion in the respective regions, They are prepared in 
consolidated form, since certain of the procedures apply 
to overlapping regions or are common to two or more 
regions. 

The following publicafions are prepared by  aufhorify 
of the Secretory Geaeral in accordance with fhe 
principles and policies approved by  the Council, 

ICAO FIELD MANUALS derive their status from 
the International Standards, Recommended Practices 
and PANS from which they are compiled. They are 
prepared primarily for the use of personnel engaged in 
operations in the field, a s  a service to those Contracting 
States who do not find it practicable, for various 
reasons, to prepare them for their own use. 

TECHNICAL NANUALS provide guidance and in- 
formation in amplification of the International Standards, 
Recommended Practices and PANS, the implernenta tion 
of which they are designed to facilitate. 

AIR N A  YICATION 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 Genera! on 
the basis of recommendations of regional air navigation 
meetings and of the Council action thereon. The plans 
are amended periodically to reflect changes in 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. 
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