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PART I. - SUMMARIES O F  AIRCRAFT ACCIDENT REPORTS . . . 

1. - T r a n s  World A i r l i n e s ,  Inc. , M a r t i n  404 a i r c r a f t ,  N 40416, 
c r a s h e d  on  Sandia  Mountain, n e a r  Albuquerque ,  New ,Mexico, 
on 19 F e b r u a r y  1955. Civ i l  Ae ronau t i c s  B o a r d  (USA) 
Accident  Invest igat ion R e p o r t  No. SA-303, F i l e  No. 1-0063,  
was  r e v i s e d  on 26 August 1957. T h i s  Supplement  a m e n d s  and 
c o r r e c t s  c e r t a i n  m a t t e r s  in t h a t  r e p o r t  . . . . . . . . . . .  

2. - Swiss  A e r o  Club,  de Havi l land L e o p a r d  Moth,  HB-OKO, 
acc iden t  e a s t  of t he  t e r m i n a l  building, Kloten A l r p o r t ,  
Swi tzer land ,  on 1 3  -March 1957. R e p o r t  No. 64, da ted  
8 J a n u a r y  1960,  r e l e a s e d  by t he  F e d e r a l  A i r  Office,  
Swi tzer land  . . . . . . . . . . . . . . . . . . . . . . .  

3. - B r i s t o l  A i r c r a f t  L imi t ed ,  B r i t a n n i a  301, G-ANCA, acc iden t  
a t  Downend, B r i s t o l ,  on 6 November  1957. Civ i l  Acc iden t  
Repo r t  (UK),  No. C. 667, da ted  29 F e b r u a r y  1960 - C. A.  P. 
No. 162 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4. - Aviaci6n y C o m e r c i o  S . A . ,  D.H.  114,  H e r o n ,  EC-ANJ,  
acc iden t  n e a r  Ba rce lona  A i r p o r t ,  Spain on 4 A p r i l  1958. T h e  
r e p o r t ,  da ted  Sep t embe r  1960, was  r e l e a s e d  by the  D i r e c t o r a t e  
G e n e r a l  of Civ i l  Aviat ion,  Spain . . . . . . . . . .  . . . . .  

3. - SABENA, DC-?C,  00-SFA, acc iden t  at C a z e s  A e r o d r o m e ,  
Casab l anca ,  on  1 8  May 1958. Repo r t  r e l e a s e d  by t he  Min i s t e r  

. . . . . . . . . . . . . . . .  of F o r e i g n  Af f a i r s ,  Morocco  .< 

6. - P i p e r  PA-22,  N 2945P,  acc iden t  n e a r  D o v e r ,  De l aware  on 
2 3  Sep t embe r  1958. Civ i l  Ae ronau t i c s  B o a r d  (USA) A i r c r a f t  
Acc iden t  R e p o r t ,  F i l e  No. 2-0124, r e l e a s e d  on 10 October  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1959 
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7. - Seaboa rd  a n d  Wes t e rn ,  Cons te l la t ion ,  L-1049D, N 6503C, and  
T r a n s - C a n a d a  A i r l i n e s ,  Viscount ,  CF-TGL,  col l ided on t he  
ground  a t  New York  In te rna t iona l  A i r p o r t ,  New York,  on 
10 'November  1958. Clv i l  Ae ronau t i c s  B o a r d  (USA) A i r c r a f t  
Acc iden t  R e p o r t ,  File No. 1-01 16, r e l e a s e d  25  M a r c h  1960 . . 



( i i )  ICAO Ci rcu l a r  62-AN157 

P a g e  

8. - Johnson and  Johnson,  L e a r s t a r ,  N 37500, acc ident  n e a r  
Woonsocket, Rhode Is land ,  on 15 December  1958. Civi l  
Aeronaut ics  Boa rd  (USA) A i r c r a f t  Accident  Repor t ,  F i l e  
No. 2-0107, da ted  20 F e b r u a r y  1961 r e l e a s e d  following the  
public hear ing  of June  1960, which was  he ld  in view of new 
evidence which became evident a f t e r  t he  i s suance  of the 

. . . . . . . . .  original  acc ident  r e p o r t  of 11 September  1959 3 8 

9. - BOAC, Br i tannia ,  S e r i e s  312, G-AOVD, accident  a t  
Sopley P a r k ,  Chr is tchurch ,  Hants .  , on 24 December  1958. 
The  r e p o r t ,  da ted  Apr i l  1.960, was  r e l e a s e d  by the Minis t ry  
of Aviation a s  C. A.  P .  164 - Civil  Accident  Repor t  No. C. 693 . . 44 

10. - Air  F r a n c e ,  i o c k h e e d  Constel lat ion 749A, F-BAZX, accident  
n e a r  Vienna/Schwechat A i rpo r t ,  Aus t r i a ,  on 24 December  
1958. Repor t  r e l ea sed  by the  A i r c ra f t  Accident  Commiss ion ,  
Aus t r i a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  48 

11. - Servic io  A e r e o  d e  Honduras ,  S. A. , DC-3C, XH-SAA, acc ident  
a t  Pefia Blanca ,  Republic of Guatemala on 6 J anua ry  1959. 
Repor t  by the  B o a r d  appointed by the D i r ec to r  Gene ra l ,  Civil  

. . . . . . . . . . . . . . . . . . . . .  Aeronaut ics ,  Honduras 5 1 

12. - Southeast A i r l i ne s ,  DC-3, N 18941, s t r u c k  a mountain while 
approaching Tr i -C i ty  A i r p o r t ,  B r i s to l ,  Tennessee  on 
8 J a n u a r y  1959. Civi l  Aeronaut ics  Boa rd  (USA) Ai rc ra f t  
Accident Repor t  F i l e  No. 1-0021 r e l e a s e d  11 September  1959 . 53 

13. - Lufthansa,  L-1049, D-ALAK, accident  a t  F l e c h e i r a s  Beach ,  
Galezo,  R io  de J ane i ro ,  B r a z i l ,  on 11 Janua ry  1959. 
Summary  r e p o r t  r e l ea sed  by the Min i s t ry  of Aeronaut ics ,  
B r a z i l . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  59 

14. - E m p r e s a  Aus t r a l ,  S. A. I. y C .  , C-46,  LV-GED, acc ident  
1 200 m off t he  coas t ,  opposite Camet  P a r k ,  M a r  de l  P l a t a ,  
Argentina on 16 Janua ry  1959. Repor t  dated 28 October  1959 
r e l ea sed  by the National D i r ec to r  of Civi l  Aviation, 
Argentina . . . . . . . . . . . . . . . . . . . . . . . . . . . .  60 

15. - P i p e r  PA-24 Comanche,  D-ELAC, accident  5-112 m i l e s  
southwest of Sydney Ai rpo r t ,  Nova Scotia ,  Canada on 
16 Janua ry  1959. Repor t  S e r i a l  No. F-180, r e l e a s e d  by the  
Depar tment  of T r a n s p o r t ,  Canada . . . . . . . . . . . . . . .  65 

16. - E a s t e r n  A i r  L ines ,  Inc. , Lockheed 1049G, N 6240G, m a d e  
a n  emergency  landing a t  Miami  Internat ional  A i rpo r t ,  Miami ,  
F lo r ida ,  on 17  January 1959. Civil Aeronaut ics  Boa rd  (USA) 
A i r c r a f t  Accident  Repor t ,  F i l e  No. 1-0024 r e l e a s e d  
20 September  1959 . . . . . . . . . . . . . . . . . . . . . . .  67 
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17 - Air C h a r t e r  L iml t ed ,  A v r o  088 Supe r  T r a d e r ,  G-AGRG, r a n  
off the  edge of the  runway a n d  bu rned  du r ing  take-off r u n  
f r o m  B r i n d i s i  A i r p o r t ,  I ta ly ,  on 27 J a n u a r y  1959. Repo r t  

. . . . .  r e l e a s e d  by the  Ministry of Defence a n d  Aviat ion,  I ta ly  

18. - G e n e r a l  A l r w a y s ,  Inc .  , DC-3,  X 17314, c r a s h e d  n e a r  
K e r r v i l l e ,  T e x a s ,  on 1 F e b r u a r y  1959. C l v L  Ae ronau t i c s  
B o a r d  (USA) A l r c r a f t  Accldent  R e p o r t ,  F i l e  No. 1-0056, 
r e l e a s e d  24 Xovember  1959 . . . . . . . . . . . . . . . . . .  

19. - Beech  Bonanza ,  N 3794N, c r a s h e d  no r thwes t  of ,Mason Ci ty  
Municipal  A i r p o r t ,  Iowa,  on 3 F e b r u a r y  1959.  Civ i l  
Aeronautics B o a r d  (USA) A r r c r a f t  Acc iden t  R e p o r t .  F i l e  
No. 2-0001, r e l e a s e d  23 Sep t embe r  1939 . . . . .  . . . .  

20 - P a n  A m e r r c a n  World A i r w a y s ,  Boerng 707,  N 712PA, m a d e  
a n  uncont ro l led  descen t  ove r  the  At lan t lc  Ocean  between 
London,  England  and G a n d e r ,  Newfoundland, on 3 F e b r u a r y  1959. 
Civi l  Ae ronau t i c s  B o a r d  (USA) A i r c r a f t  Accident  Repo r t ,  

. . . . . . . . .  F i l e  No. 1-0001,  r e l e a s e d  3 November  1959 

21. - A m e r i c a n  A i r l i n e s .  Xnc. , Lockheed  E l e c t r a ,  S blOlA,  acc iden t  
i n  the  E a s t  R ~ v e r ,  n e a r  L a  Gua rd i a  A i r p o r t ,  3. Y .  on 
3 F e b r u a r y  1959. Civ i l  Ae ronau t r c s  B o a r d  (USA) A l r c r a f t  
Acc iden t  Repo r t  F i l e  No. 1-0038, r e l e a s e d  10 J a n u a r y  1960 .  . 

22. - TACA In te rna t iona l  A i r l i n e s .  Viscount  784 YS-09C, acc iden t  
on take-off f r o m  L a s  M e r c e d e s  International A l r p o r t ,  
N i ca r agua ,  on 5 lMarch 1959. Repo r t  r e l e a s e d  by the  M i n i s t r y  
of W a r ,  Navy a n d  Avlat ion N ica r agua  . . . . . . . . . . .  

23. - Indian Airlines Corpo ra t i on .  DC-3, VT-CYH. acc iden t  i n  the  
Naga H l l l s ,  10 m i l e s  e a s t  of Tuensang ,  Xndia, on 12 M a r c h  1959 
Repo r t  da ted  15  may 1959,  r e l e a s e d  by the  D i r ec to r  G e n e r a l  of 
Civl l  Ama t ion ,  India . . . . . . . . . . . . . . . . . . . . . .  

24. - Aviacr6n y C o m e r c i o ,  S. A. , B r i s t o l  170,  EC-ADH, acc iden t  
n e a r  P o r t  Mah6n A i r p o r t ,  Mino rca ,  on 1 3  M a r c h  1959. R e p o r t  
da ted  8 November  1960 r e l e a s e d  by t he  D i r ec to r a t e  G e n e r a l  of 
Civ i l  Avia t ion ,  Spain . . . . . . . . . . . . . . . . . . . . . . .  

25. - A m e r i c a n  A i r l i n e s ,  Inc.  , Conva i r  240,  N 94273, c r a s h e d  
dur ing  an in s t rumen t  a p p r o a c h  t o  Chrcago (Midway) A i r p o r t ,  
I l l ino is ,  on 15  M a r c h  1959. Civ i l  Ae ronau t i c s  B o a r d  (USA) 
A i r c r a f t  Acc iden t  Repo r t ,  F i l e  No. 1-001 1 ,  r e l e a s e d  
9 October  1959 . . . . . . . . . . . . . . . . . . . . . . . . . .  

26. - Lndian A i r l i n e s  Co rpo ra t i on ,  Douglas  DC-3. VT-CGI, c r a s h e d  
1 5  m i l e s  sou thwes t  of Hai lakandi ,  India ,  on  29 M a r c h  1959. 
Repo r t  da ted  10 Sep t embe r  1959 r e l e a s e d  by the M i n i s t r y  of 

. . . . . . . . . . . .  T r a n s p o r t  a n d  Communica t ions ,  India 
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27. - Riddle A i r l i ne s .  Inc. , C u r t i s s  C-46R. N 7840B, had  a f i r e  
i n  flight n e a r  A l m a ,  Georgia ,  on 30 M a r c h  1959, Civi l  
Aeronaut ics  Boa rd  (USA) Ai r  c r a f t  Accident  Repor t ,  F i l e  
No. 1-0014, r e l e a s e d  1 September  1959 . . . . . . . . .  112 

28. - Br i t i sh  A i r  C h a r t e r  Company,  Super  T r a d e r ,  G-AGRH, 
accident  on Suphan Mountain, Tu rkey ,  on 2 3  A p r i l  1959. Repor t  
r e l e a s e d  by the  Department  of Civi l  Aviation, Min i s t ry  of 
Communicat ions,  Republic of Turkey  . . . . . . . . . . . . .  114 

29. - Ibe r i a  A i r l i ne s ,  DC-3, EC-ABC, c r a s h e d  into the Valdemeca 
(Cuenca) mountain r ange ,  Spain, on 29 Apr i l  1959. Repor t  
r e l e a s e d  by the  D i r ec to ra t e  Gene ra l  of Civi l  Aviation, Spain . . 116 

30. - Aus t r i a  Flugdienst ,  DC-3, OE-FDA, s t r u c k  Alfabjra peak ,  
Majorca ,  on 2 May 1959. Repor t  r e l e a s e d  by the  D i r ec to ra t e  
Gene ra l  of Civi l  Aviation, Spain . . . . . . . . . . . . . . . . .  1 17 

31. - Lec  Refr igera t ion  Ltd. , Dove DH 104, G-ALEC, accident  on 
North Road n e a r  Maindy Stad ium,  Card i f f ,  on 6 May 1959. 
Repor t  dated May 1960 was r e l ea sed  by the Min i s t ry  of 
Aviation (UK) a s  C. A. P, 163 - (Civi l  Aviation Repor t  No. C.  696) . 118 

32. - Capital  A i r l i ne s ,  Inc,  , Vicke r s -Arms t rongs  Viscount ,  N 7463, 
d i s in tegra ted  in  flight n e a r  Chase ,  Maryland ,  on 12 May 1959. 
Civi l  Aeronaut ics  Boa rd  (USA) A i r c r a f t  Accident  Repor t ,  F i l e  

. . . . . . . . . . . . .  No. 1-0050, r e l ea sed  23 October  1959.  120 

33. - Capital  Ai r l ines  Lockheed Constel lat ion,  L-049, N 2735A, 
accident  a t  Kanawha County A i r p o r t ,  Char les ton ,  West  
Virginia ,  on 12 May 1959. Civi l  Aeronaut ics  Boa rd  (USA), 
A i r c r a f t  Accident  Repor t  F i l e  No. 1-0055, r e l e a s e d  
10 June 1960 . . . . . . . . . . . . . . . . . . . . . . . . . . .  124 

34. - Aeroljrneas Argent inas  DC-3, LV-AFW, accident  3 km off the  
coas t ,  n e a r  M a r  de l  Plata. Argentina on 15  May 1959, Accident  
Invest igat ion Report  No. 1219, dated 31 March  1960, r e l e a s e d  
by the  National  Di rec tor  of Civi l  Aviation, Argent ina  . . . . . .  127 

35. - P a n  Amer i can  World Airways ,  DC-6B, N 5026K, accident  a t  
Shannon A i r p o r t ,  I r e l and ,  on the night of 21 - 22 June  1359. 
Findings of the investigating of f icer ' s  r e p o r t  as r e l e a s e d  by 
the  Depar tment  of T ranspor t  and  P o w e r ,  I reland . . . . . . . .  13 1 

36. - T r a n s  World A i r l i ne s ,  Lockheed Super  Constel lat ion 1649-A, 
N 7313C, acc ident  in the vicinity of Olgiate Olona, V a r e s e  
P rov ince .  I ta ly on 26 J u e  1959. This  s u m m a r y  is based  on 
the Engl i sh  t rans la t ion  of the f ina l  r e p o r t  of the  B o a r d  of 
Inquiry, (appointed on ins t ruc t ions  f r o m  the  Min i s t ry  of 
Defence, Republic of I ta ly) ,  as r e l e a s e d  in November 1960 a s  
a Civi l  Aeronaut ics  Boa rd  (USA) A i r c r a f t  Accident  Repor t ,  
F i l e  No. 1-0045. . . . . . . . . . . . . . . . . . . . . . . . . .  132 
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37. - Continental  Can  Company. Inc. , M a r t i n  B-26C, N 1502, 
accident  n e a r  Mar ion ,  Ohio on 1 Ju ly  1959. Civi l  Aeronaut ics  
B o a r d  (USA) A i r c r a f t  Accident Repor t .  F i l e  No. 2-0545, 
r e l e a s e d  1 4  October  1960 . . . . . . . . . . . . . . . . . . .  153 

38. - Pan A m e r i c a n  World Airways ,  Boeing 707, N 707PA, m a d e  
an emergency  landing a t  the  New York Internat ional  A i rpo r t  
on 12 Ju ly  1959. Civi l  Aeronaut ics  B o a r d  (USA) A i r c r a f t  
Accident  Repor t .  F i l e  No. 1-0058, r e l e a s e d  2 May 1960 . . .  156 

39. - Kalinga Ai r l i ne s ,  DC-3, VT-DGP, acc ident  n e a r  Sagong 
Vil lage,  13  m i l e s  south of Along, Nor th  E a s t  F r o n t i e r  Agency,  
on 3 August 1959. Repor t ,  da ted  30 October  1959, w a s  

. . .  r e l e a s e d  by the Direc tor  G e n e r a l  of Civ i l  Aviation, lndia 159 

40, - Likeas  A 6 r e a s  C o s t a r r i c e n s e s  S. A.  , DC-3, TI-  1005-C, 
c r a s h e d  into a house immedia te ly  a f t e r  landing at San I s i d r o  
de E l  Gene ra l  Ai rpor t .  C o s t a  Rica,  on 15 August  1959. 
Repor t  r e l e a s e d  by the D i r ec to ra t e  Gene ra l  of Aviation, 
C o s t a R i c a .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  164 

41. - T r a n s a i r  Ltd. . DC-3, G-AMZD, accident  on  Montseny peak ,  
Spain, on 19 August 1959. Repor t  r e l e a s e d  by the  D i r ec to ra t e  
Gene ra l  of Civi l  Aviation. Spain, and  by the  Min i s t ry  of 
Aviat ion (UK) as C. A. P. 161 . . . . . . . . . . . . . . . . . .  167 

42. - Capital  A i r l i ne s ,  DC-3. N 44993, accident  at Char les ton ,  
West Virginia. on 26 August 1959. Civi l  Aeronaut ics  B o a r d  
(USA) A i r c r a f t  Accident Repor t ,  F i l e  No. 1-0051, r e l e a s e d  
11 A p r i l  1960 . . . . . . . . . . . . . . . . . . . . . . . .  168 

43. - Beechcraf t ,  C-18-S, N 57139, c r a s h e d  n e a r  McGrath ,  
Alaska ,  on 1 September  1959. Civi l  Aeronaut ics  B o a r d  (USA), 
A i r c r a f t  Accident  Repor t  F i l e  No 2-1026, r e l e a s e d  

. . . . . . . . . . . . . . . . . . . . . . . . .  22 August  1960 170 

44. - AAXICO (Amer i can  A i r  Expor t  and  Impor t  Company), C u r t i s s  
C-46, N 5140B, accident  a t  Dyess  A i r  F o r c e  B a s e ,  Abilene,  
T e x a s ,  on  2 September  1959. Civi l  Aeronaut ics  B o a r d  (USA), 
A i r c r a f t  Accident  Repor t ,  F i l e  No. 1-0054, r e l e a s e d  4 A p r i l  
1 9 6 0 . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  173 

45. - Mooney M-18, N 4174, acc ident  n e a r  Bu t l e r ,  Pennsylvania,  
on 7 September  1959. Civi l  Aeronaut ics  B o a r d  (USA), 
A i r c r a f t  Accident  Repor t ,  F i l e  No. 2-1027, r e l e a s e d  
21 June 1960.  . . . . . . . . . . . . . . . . . . . . . . . . . .  177 

46. - Danfoss Aviat ion Division, T ipsy  Nipper .  OO-DAN, acc ident  
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FOREWORD 

Accident mvestigation i s  recognized 
today a s  one of the fundamental elements 
of improved safety and accident prevention. 
Nearly every accident contains evidence 
which, if correct ly  identified andassessed,  
will allow the cause to be ascertained so  
that corrective action can be undertaken 
to prevent further accidents f rom s imilar  
causes. Thus, the ultimate object of 
accident investigztionand reporting, which 
i s  to permit  the comparison of many 
accident repor ts  and to observe what cause 
fac to rs  tendto recur ,  can be accomplished. 
These factors can thenbe clearly identified 
and brought to the attention of the respon- 
sible authorities. 

The Accldent Investigation Division 
of the Air  Navigation Committee of PICAO* 
at its f i r s t  session in 1946 recommended 
that States forward copies of repor ts  of 
a i rcraf t  accident investigations and 
inquiries, and aeronautical publications 
and documents relating to resea rch  and 
development v;ork in the field of a i rcraf t  
accident investigation, to PICAO in o rder  
that the Secretariat  might appraise the 
mfor mation gained and disseminate the 
knowledge to Contracting States.  

The world-wide collection by ICAO 
of accident repor ts  and aeronautical 
publrcabons and documents relating to 
resea rch  and development work in the field 
of a i rcraf t  accident investigation, and 
publication of the material  in condensed 
form,  a s s i s t s  States and aeronautical 
organizations in resea rch  work in this 
field. By stimulating and maintaining 
continuity of in teres t  in this problem the 
d i a  s e  mination to individuals actively 
engaged in aviation of information on the 
actual circumstances leading up to the 
accidents and of recommendations for 
accident prevention also contributes to the 
reduction of accidents. 

The f i r s t  summary of accident reports 
and safety material  received f r o m  States 
was issued in October 1946 (List  No. 1 
Doc 2177, A I G / ~ ~ )  under the title of 
"Consolidated List  of publications and 
documents relating to Aircraf t  Accident 
Investigation Reports and Procedures ,  
Pract ices ,  Research and Development Work 
in the field of Aircraf t  Accident Investigation 
received by the PICAO Secretar ia t  f r o m  
Contracting States". This was followed by 
further summaries  at regular intervals,  the 
l a s t  report  being issued on 31 July 1950 
(List No. 12,  Doc 7026, ~ 1 G / 5 1 3 ) .  These 
summary reports were found to be of con- 
siderable technical interest  to States, and 
in view oi the large  number of requests fo r  
copies, i twas  decided, ea r ly  in  1951, to 
revise the method of publication and to 
produce the material  in the future in the 
fo rm of an information c i rcular  entitled 
"Aircraft Accident Digest". 

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

The usefulness of such a publication 
a s  this i s  directly proportional to the 

* Provisional International Civil Aviation Organization. 
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thoroughness with which accidents a r e  
investigated, the frankness and impartiality 
of the findings, and the readiness withwhich 
they a r e  disclosed and authorized to be 
published. It i s  in this way only that this 
most fer t i le  field for international co- 
operation can be effectively exploited. The 
measure  of in teres t  that this publication 
has aroused,  and the vital information i t  
imparts amply demonstrate the possibilities 
of ultimate achievement when every accident 
i s  investigated with the greates t  thoroughness 
and the findings disclosed with complete 
frankness. 

Restriction upon reproduction in  the 
Digest seriously impairs ,  of course ,  the 
usefulness of any repor ts ,  a s  i t  i s  only by 
comparison between the circumstances that 
occasioned the accident and the circum- 
stances of other ope rations that potentially 
hazardous circumstances can be foreseen 
and avoided. Names of per sons involved 
may, however, be omitted without detracting 
f r - m the value of the report .  

Follow-up action and other supple- 
mentary information o r  comments on an  
accident report  by the State of Registry or 
State of Occurrence provide useful material 
for inclusion in the Digest. An example of 
such action is Summary No. 1 (TWA 
accident of February 1955 on Mount Sandia, 
New Mexico). The repor t  was f i r s t  released 
in Digest No. 7, then a s  a result  offurther 
studies i t  was revisedinDigest  No. 8. There 
have been st i l l  further developments since 
that revision, and a supplement was released 

in 1960 which appears a t  Summary No. 1 of 
this edition of the Digest. 

Whenever possible, photos and diagrams 
have been obtained for i l lustrat ion purposes 
inorder  to give a c learer  overall picture of 
the c rash  a r e a ,  an idea of the probable 
flight paths of a i rc ra f t ,  the location of 
witnesses to the c rash ,  and in general  to 
make the repor ts  more interesting to the 
reader .  This edition contains approximately 
seventeen pages of such illustrations. 

P a r t  I1 of this issue dealing with Air-  
craft  Accident Statistics has been based on 
material  derived f rom the Air Transport  
Reporting Forms  G submitted by States and 
other sources.  (For  further review of 
material  included refer  to the Introduction, 
page 237) .  

P a r t  I11 re fe r s  to the general  subject 
"Hazards of the Wake". It lncludes recent 
excerpts f r o m  Flight Safety Foundation 
Bulletins a s  well a s  a brief reference list 
of other known sources of information 
regarding this subject. 

P a r t  IV i s  the most recent l ist  of laws 
and regulations available relating to a i rcraf t  
accident investigation, incorporating all  
amendments received by ICAO up to 
31 December 1960. 

The mate r ia l  for this Digest has been 
obtained f r o m  various sources ,  i s  printed 
for information only and does not necessar i ly  
reflect  the views of the International Civil 
Aviation Organization. 
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COIMMENTS ON ACCIDENT S U ' M L X ~ I E S  AND CLASSIFICATION TABLES - 1959 

Three  hundred and nlnety-nine"; r e -  
por ts  on a l r c r a f t  accidents  occurr ing  durlng 
1959 have been recelved by ICAO from 
twenty-five Contracting States and one non- 
Contracting State. The form of the orlglnal  
r epo r t s  has  ranged f rom a brlef s tatement  
of the facts  to a comprehensive account of 
the 1n1rest:gat:on. Se:ect:on of f : f t Y - t ~ o  
accident  r epor t s  for  ~ n c l u s l o n ,  in summary  
f o r m ,  In this Digest has  been made on the 
following bas ls :  

1 )  World-wlde ln t e re s t  In the acc l -  
dent ,  due to e i ther  

a )  hfajor d i sa s t e r  a spec t  whlch 
had resul ted in wlde publicity, 
o r  

b) Speclal nature o i  accldent  and 
possibility of remedla l  actlon; 

2 )  Suitability of the origlnal  r epo r t  
for  prepara t ion  of a s u m m a r y ;  

3) In t e re s t  a s  an  example of good 
accident  investigation prac t ice .  

Six r epor t s  have been c a r r i e d  over  f r o m  
1958 and have been ln se r t ed  a t  the begrnning 
of P a r t  I. These  do not appear  :n Tables A 
and B: they have,  h o u e v e r ,  been classified 
in accordance  with pages 16 - 20 of the 
Thi rd  Edltlon of the Manual of Aircraf t  
Accident Investigation, and the c lass i f ica-  
tlon appears  a t  the end of each  of the s u m -  
m a r i e s  concerned. 

F o r  var ious  reasons  the supplemen- 
t a ry  l i s t s  of acciden's hewn to have oc-  
,-urred in 1959 but not rece ived  to date have 
seen om:ttec f rom this Dlgest. The general  
11st;ng of s m a l l e r  accident  r epor t s  bv 
country h a s  a l so  been omitted. 

The classif icat ions in Tables  A and B 
follow closely the suggestions contained in 
the Thi rd  Edition of the ICAO Manual of 

A i rc ra f t  Accident Investigation. They have ,  
hobtever, been based on accident  r epor t s  
%.\i;:ch have been founded on a var le ty  of 
r epor t ingandana lys ing  techniques. L e s s  
than half of the total number  of accidents  
investigated by States a r e  r e l eased  for 
general  publication o r  sent  to ICAO, and of 
these a select ion,  a s  descr ibed  above,  h a s  
been made. No effort  has  been made in 
this publication to classlfy according to the 
type of operation being conducted, ior  In- 
s tance ,  whether public t r anspor t  (schedule2 
o r  non-scheduled), commerc ia l ,  busme s s ,  
o r  training; and no dlfferentiation i s  made  
between accidents occurring on d o m e s t ~ c  
and on ~n te rna t iona l  flights. However, a 
notation on the type of operat ion being 
conducted, where known, i s  included m 
Table A. Wlile  the tables may  s e r v e  a u se -  
ful purpose in indicating the cause t r ends ,  
the f igures  a r e  not s~gn i f i can t  for  s ta t i s t lca l  
purposes and r e a d e r s  a r e  warned not to 
place too much re l iance  on the t r ends  lndl-  
cated wthou t  comparison with o ther  f igures ,  
such a s  those published by natlonal admin-  
i s t ra t ions .  

Xlthouqh considerable c a r e  h a s  been 
taken in d r a v . ~ n g  up Tables  A and B to en-  
s u r e  that the classif icat ion conforms with 
the findings of the r epor t s  f rom Sta tes ,  the 
v e r y  brevlty of the tables might give a wrong 
impress ion  in some  instances. The r e a d e r  
IS ,  t he re fo re ,  always ~ n v i t e d  to r e f e r  to the 
s u m m a r y  ln the Digest  and if n e c e s s a r y  the 
r epor t  f r o m  which l t  i s  derlved.  

The ICAO Manual of Accident Inves-  
tigation (Doc 6920-h?J/855), which was firs: 
published in 1 9 4 9 ,  was completely r ev i sed  
In 1959, and the Th i rd  Edition i s  now avai l -  
able in English, F rench  and Spanish. The 
Manual i s  designed to facilitate the p rope r  
t raining of inves t iga tors ,  without which 
many of the l e s sons  that  can be l ea rned  
f rom the misfortune of acc idents  m a y  be 
lost.  In addition to the promotion of a 
higher technical s tandard  of accident  

* Of this total ,  t h ree  hundred and twenty-e-zht were  Canadian r epor t s  many of which 
concerned private a i r c ra f t .  
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investigation, the Manual provides for a accident data and the international appli- 
standard form of classification and report- cation of remedial measures arising from 
ing which will facilitate comparison of accident investigation. 



T A B U  Ar-  ACCIDENT (ZASSIFIGATION - 1959 (based on phase of  operat ion) 

Phase of 
Operation 

T&e-off 
(25%) * 

En route  
(48. Lf) * 

$ 

No. 

U 

I 

# S = Scheduled, NS = Non-scheduled, TR = Training,  T = Test ,  C = Conunercitil, 1.1 = Mil i ta ry ,  P = Pr iva te  
B = h s i n e a s ,  D = Demonstration 

- - - - - - -- - - - - - 

Type o f  Accident 

- 
Emergency condit ion - engine f a i l e d ,  

take-off 

Emergency condi t ion  - precautionary 
landing 

Emergency condi t ion  - forced l a d i n g  

Ground Loop 

Col l i s ion  - water 

Col l i s ion  - ground 

C o l l i s i o n  - r i s i n g  t e r r a l n  

Engine tearaway - ground 

Wheels-up landing - 

, 

No. 

5 

25 

e r r n i n  i n  r e s t r i c t e d  visibility. 

ttempted t o  c l e a r  high t e r r a i n  under poor 
i s i b i l l t y  condit ions.  

he a i r c r a f t  d r i f t e d  nor th  of  i ts n o r ~ n a l  
rack and h i t  a mountain. 

1959 acc idents  suuutl~.ized i n  t h i s  Digest, i.e. 52 

r -  

C o l l l a i o n  - r i s i n g  t e r r a i n  

Descript ion 

? F a i l u r e  of a connecting rod. Burning brea ther  
- 
dlsc tkrge  and abnormal exhaust flame caused 
an uncont ro l lab le  f i r e ,  

Undetermined. 

Incor rec t  f u e l  syatern management. 

Percentages a r e  baaed on t h e  t o t a l  number of 

A~/615 

AR/624 

ICAO 
Ref. 

AR/600 

AR/589 

W U 9  

1 

1 

1 

1 

1 

1 

1 

1 

u/@ 

AR/Q6 

~ ~ / 6 2 0  

AR/617 

AR/626 

A~/619 

REP/GEN/~ 

AR/6ll 

AR/601, 

m i 6 0 5  

~ ~ / 5 6 0  

C 

NS 

Deformed r i n g  cowl of l e f t  engine caused 
buf fe t ing  and a drag c o ~ d i t i o n .  

The r i g h t  engine f a i l e d  following take-off. 

Y d l u r e  of t h e  forward t ruck  beam of t h e  
l e f t  landing genr. 

Port  p rope l le r  oversped srd ctnrbonrd engine 
f a i l u r e  followed. - 

j t rong  cross-wind with gusts. 

The a i r c r n f t  crashed i n t o  t h e  s e a  a t  n i g h t  
during a t u r n  following tuke-off. 

Undetermined. 

Navigation e r r o r  ard poss ib le  engine f i r e .  

Fatigue f a i l u r e  of p r o p e l l e r  blnde. 

Gust lock had not  been placed i n  the f u l l y  
secured p o s i t i o n  t o  ui lock the  cont ro ls  p r i o r  
t o  take-off. 

101 

114 

Type PO 
of 

Opera- 
t i c n  

S 

S 

s 

ttumpted VFR f l i g h t  over mountainous 

Page 

67 

99 

187 

s 

S 

S 

T 

NS 

S 

S 

S 

S 

NS 

NS 

195 

233 

15 6 

217 

74 

127 

181 

213 

131 

IR', 

5 1 



TABU At-  ACCIDENT CUSSIPICATION - 1959 (based on p h ~ a  of o p e r a t i d  (oontirmed) I * 

4 Percentages are baed on the t o t a l  number of 1959 afcidents sumnarized in th i s  Digest, 1.a. 52 
ft S = Scheduled, NS = Non-scheduled, TR = Training, T = Test, C = Comnercial, I4 = Military, P = Private 

B = Business, D 6 D e ~ ~ n ~ t ~ ~ t . . t i a n  



MlE AI- ACCIDENT CWIFICATION - 1959 (Wed on phase of operation) (continued) 

tL S = Scheduled, NS = Non-ocheduled, TR = Training, T = Tent, C = Commercial, M = M i l l t s ~ y ,  P = Private  
B = Business, D Demonstration A 

Phasa of 
Dperation 

En rat* 
(cont td)  

in 
E 9 $ f  t 

1 

b Percentages are  based on the t o t a l  number of 1959 accidents surmulrized i n  thin Digart, 1.s. 52 

No. 

2 

1 

1 

1 

2 

1 

2 

1 

1 

1 

2 

3 

1 

AR/591 

rnf'/CU/l 

Ay/657 

Av655 

~R/635 

AR/597 

w 6 5 4  

.REP/CW/? 

WP/CEN,% 

Av628 

~R/601 

AR/610 

AR/656 

AR/6o7 

AR/622 

w 6 3 6  

AR/623 

REP/CW/12 

Av621 

Description 

- 
Cargo ignited due t o  contact with an 
unguided l i gh t  bulb. 

Plm of undetermined or ig in  i n  No.2 s w i n e  
nacelle. 

Explosion i n  fue l  vapours i n  tank No.7, 
igni ted  by s t a t i c  r l e c t r i c i t y  discharges. 

Navigation error. 

S t ruc tu ra l  f a i l u r e s  during improper recovery 
from a "Dutch Roll*. - 
Failed t o  ident i fy  Gray in tersect ion properly 
and continued ILS approach contrary t o  
company nnd r e y l a t u r y  procedures. 

Failed to  execute a ' i m v l j  abandoned approaah. 

Attemptad f l i c h t  beyrlrd a b i l l t y  rrd experience 

Flew below minimum a l t i t ude  on f i n a l  approach. 

Attempted t o  continue v i sua l  f l i g h t  by night 
in unfavovat le  weather conditions. - 
Descended below allowable minimum a l t i t ude ,  
i na t t en t i on  t o  f l i e h t  indtruments. 

Premature descent below landing minim, 
neglected f l l g h t  instruments. 

A ~ t r o n g  guat of vind t i l t e d  the a i r c r a f t  t o  
the  r i gh t  during f i n a l  approach. 

Conthued i n t o  known and dangerous ic ing 
coldi t ions .  

Improperly secured bo l t  worked loose and lose 
of e levator  control  resulted. - - 
Landed too f a s t  on wet runway d e r  oorditiona 
conduciva t o  aquaplaning. 

Ineffdctive brakes on wet runvqy. 

Fuel Contamination dnmaged fue l  pump. 

Losr of d i r ec t i ona l  control  following a 
poorly executed lamling. 

No. 

' 

of  Aocldent 

Fi re  in f l i g h t  

m l o a i o n  in f w h t  

Stall 

Engbe tearaway 

Collieion - r i s i n g  ter r lLn 

Colll#ion - g r a d  

Collision - water 

Collleion - object  - tower 

Undefrrhoot 

Loss of control  

Emergency condition - forced landing 

Overshoot 

Ground b o p  

S 

NS 

S 

HS 

D 

S 

S 

C 

S 

S 

NS 

S 

:, 

NS 

S 

S 

S 

S 

S 

112 

,OL 

132 

159 

190 

53 

=l9  

65 

59 

00 

lut, 

a7 

104 

' 9  

l i )  

1 2 4  

1 d  

c 5- 

l c 2 '  
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* the percentages are based on the  to;ai nmber of 1959 accidents c l a s s i f i e d  (52) 

WiE 3:- 

Causal Factor 

P i l o t  
(s@) * 

Other personnel 
(5.8%) 

1 

Airframe 
(3.9%) 

Landing gear 
(1.9%) 

Meather 
(70%) 

Airport t e r r a i n  
(10%) 

MisceUaneous 
(1.9%) 

Undetermined 
(9.6%) 

No 

5 
7 
1 
3 
2 
1 
1 
1 
1 
2 
1 
1 

1 
1 
1 

3 
2 
2 
2 

1 
1 

1 

1 
1 
1 
1 

1 

1 

5 

ACCIDEIJT CLASSIFICATION - 1959 (based on accident causes) 

No. Description 

- continued IFR below mini mu^ - exceeded a b i l i t y  - experience - continued in to  known unfavourable conditions 

- misuse, brakes - improper use of h e 1  valves - exceeded s t r e s s  limits, a i r c r a  
- fa i led  t o  observe a i r c r a f t  - other  

f l i g h t  control  system 

1 - main gear 

wid conditions - t a k e o f f  
wind conditions - landing - w i n d s  a l o f t  

1 

1 

5 

- wet runway 

- unguarded l i g h t  bulb 

- 
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PART I 

No. 1 

Trans  World Airl ines,  Inc. , Martin 404 a i rc ra f t ,  N 4041 6, 
crashed on Sandia Mountain, near  Albuquerque, New Mexico, 

on 19 k'ebruary 1955. Civil Aeronautics Board {USA) Accident 
Investigation Repor t  No. SA-303, k'lle No. 1-0063. 

The final r epor t  on this accident was re leased on 
12 October 1955 and appeared in summary  f o r m  in 
Accident Digest No. 7. Because of controversy over  
cer ta in  elements in the repor t ,  fur ther  study followed 
and a n  amended repor t ,  dated 26 August 1957, was 
issued by the CAB. These  revisions were  published 
in Digest No. 8. Owing to fur ther  developments, the 
CAB, on 15 June 1960, re leased this supplement to 
i t s  revised repor t  of August 1957. 

Circumstances 

( a s  they appeared in Digest No. 8) 

Havlng recerved the following ins t ru-  
ment flight ru les  clearance by radio f r o m  
the tower a t  0703 hours mountain standard 
t ime - "ATC c lea r s  TWA260 fo r  approach 
a t  the Santa F e  Airpor t  via Victor 19 
cruise  9 000 f t ,  r epor t  leaving 9 000, 
cl imb northbound on the back course  of 
the ILS localizer",  the flight departed 
Albuquerque, New Mexico, a t  0705 hours ,  
i t s  destination, Balt imore,  Maryland, 
carrying a crew of 3 and 13 passengers .  
The tower requested the flight to r epor t  
over-the Weiler Intersection* ( formerly  
the Alameda Intersection),  however, af ter  
taking off a t  0705 hours  there  were  no 
fur ther  radio contacts with the flight. The 
a i rc ra f t  was l a s t  seen a t  a n  est imated a l t i -  
tude of 3 000 ft  (8 300 f t  mean sea  level) 
in a high speed shallow climb continuing 
i t s  heading towards Sandia Ridge, the 
upper portion of which was obscured by 

clouds. The wreckage was sighted the 
following morning at 9 243 f t  mean sea  
level ,  just below the c r e s t  of Sandia 
Mountain, approximately 13 miles  nor th-  
eas t  of the Albuquerque Airpor t  anda lmos t  
directly on a straight  line course  of 30 de -  
g rees  magnetic f r o m  that  a i rpor t  ( e l e v a t ~ o n  
5 340 f t  mean sea  level) to the Santa F e  
Airpor t  (elevation 6 344 f t  mean s e a  level). 
There  were  no survivors.  

Supplemental Analysis 

Co -pilot Experience 

The Board's  amended repor t  of 
August 1957 gave the co-pilot 's experience 
over the Albuquerque-Santa F e  route only 
fo r  the month of the accident and f o r  the 
previous r n ~ n t h .  It did not mention h i s  
flying that route during previous years.  He 
had flown the Albuquerque -Kansas City 
route a total of 32 t r i p s  and the Albuquerque- 
Santa F e  route a total of 24 t r ips .  Obviously, 

* The Weiler . tersection i s  the intersection of the 026 radial  f r o m  the Albuquerque 
Omni Range and the back course  of the Albuquerque ILS localizer.  I t  is 13 mi les  
north of the centre  of the Albuquerque Airport ,  
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he was familiar  with the route and the 
adjacent t e r ra in ,  a s  was the captain. 

Airplane Headinn 

During the third visi t  to the c r a s h  
s i t e ,  on 24 November 1958, the heading a t  
the t ime of impact W a E  determined to be 
2490 magnetic. This direction was de te r -  
mined by a sun compass not subject to 
magnetic fo rces  o r  thei r  local variations. 
Previously the direction was believed to 
be 320° a s  determined by a magnetic com- 
pass. 

F r o m  this i t  was evident that the a i r -  
craf t  must  have been turned to the left 
f r o m  about 350 magnetic, the direction in 
which i t  approached the mountain, through 
some 145O, when it struck.  This i s  nearly 
a reversal  of course and mas t  have been 
brought about by the pilot 's sudden rea l i -  
zation of proximity to the high land. Thls 
realization could have come f r o m  a glimpse 
of the ground, f r o m  warning by the t e r ra in  
warning indicator, o r  f r o m  sudden 
awareness of course e r r o r  by reference 
to the flight instruments and the indications 
of radio navigational aide. 

Weather 

A detailed review of the official 
weather observations a s  taken a t  
Kirtland Field,  Albuquerque, and the obser  - 
vations of ground witnesses indicated that 
weather conditions directly over  Kirtland 
Field and throughout the western s e m i -  
c i rc le  ( f rom Kirtland) were  good. The 
0708 weather observation showed sca t -  
t e red  clouds at 4 000 f t  with thin broken 
clouds above based a t  7 000 f t  and a 
prevailing visibility of 40 miles.  The 
Sandia Mountains were obscured by clouds 
during virtually the entire duration of the 
flight. Various ground witnesses described 
the cloud conditions over and near  the 
mountains a s  covering a l l  but the bases sr 
foothills of the mountains with slightly 
more  of the mountain bases  visible along 
the extreme northern end of the Sandias. 

The cloud bases  adjacent to the mountains 
were  fur ther  characterized a s  ragged, and 
there  were snow showers present  near  the 
mountains, fur ther  restr ict ing visibility in 
th is  quadrant. In summary,  the only weather 
of any consequence near  Albuquerque was 
the clouds and snow showers,  which had 
developed owing to orographic effect over 
and in the immediate vicinity of the Sandia 
Mountains. 

Fluxgate Compass System 

The Air  Line Pilots '  Assoc ia t~on  sug- 
gested several  theories which it believed 
could account for  the flight path of the a i r -  
craft ,  all of which were based fundamen- 
tally on a malfunction of the fluxgate c o m -  
pass  system. 

Upon take -off f r o m  Albuquerque, a 
right turn was made whlch ca r r l ed  the a i r -  
craft  around the a i rpor t  until i t  reached a 
position in the vicinity of the northwest 
corner  of the a i rpor t  a t  which t ime the 
a i rc ra f t  took up a heading towards the 
mountains. The a i rc ra f t  was observed 
flying on this heading until los t  f r o m  view 
upon entering the clouds that concealed the 
mountains. 

Since deviation f r o m  the prescr ibed 
route occurred a t  the beginning of the flight, 
while the a i rc ra f t  was in the immediate 
vicinity of the a i rpor t  of depar ture ,  attention 
must  be focused on this segment of flight 
to determine the mclst probable condition 
o r  s e t  of conditions present a t  the t ime that 
could cause the crew to continue the turn 
a f t e r  take -off beyond the proper point and 
assume and maintain a heading that resulted 
in a course  leading to the mountains. 

Clearly,  the crux of the mat ter  l ies  in 
the reason fo r  the initial departure heading, 
Since the crew received heading information 
through two f l u g a t e  compass sys tems,  
consideratio2 mcs t  be given to the poss i -  
L. JLity . , GL the crew's having responded to 
errozeous information f r o m  these systems. 
Also, in .new of the c lea r  weather in the 
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~ m r n e d i a t e  vicinity of the a i r p o r t ,  consid-  
e ra t ion  m u s t  a l so  be given to the poss l -  
bility of the c r e w ' s  having taken up the 
rnitial headlng visual ly by rolling out  of 
the tu rn  a f t e r  take  -off on a c o u r s e  approx-  
~ m a t e l y  para l le l  to what was mistakenly 
thought to be the north-south runway, but 
was the northeast-southwest  runway. Thls  
proposition presupposes  a cons iderable  
period of v isua l  r e f e rence  with the a l r p o r t  
during the t u r n  a f t e r  take  -off. Whether 
thrs be continuous o r  mtermi t ten t  o b s e r -  
vation, i t  would provide a n  opportunityfor  
the c r e w  to de tec t  its e r r o r  through r e f e r  - 
ence to f ami l i a r  l andmarks  on the a l r p o r t  
and sect ions of the city adjacent  to it. 
F u r t h e r ,  if valid heading information was 
being furn ished  by the compass  sys t ems ,  
the substant ial  d i spa r i ty  between d e s i r e d  
heading and mdicated heading would s e r v e  
to a l e r t  the c r e w  to the e r r o r  when they 
subsequently checked the a i r c r a f t  heading 
by r e fe rence  to the radio magnetic  md i -  
ca to r  (RMI),  o r  the m a s t e r  d i rec t ion  mdi -  
ca tor  (MDI). 

Cons idermg the f i r s t  possibi l i ty,  that 
of e r roneous  heading d o r m a t i o n  f r o m  the 
a i r c r a f t ' s  com?ass  s y s t e m s ,  a m o r e  plau-  
s ib le  explanation was found f o r  the 
assurn?tion of a n  e r roneous  heading as 
wel l  as the fa i lure  to detect  the e r r o r  
quickly. F u r t h e r ,  a s  will be detai led,  
e r roneous  information f r o m  but one of the 
two compass  s y s t e m s  need be a s sumed .  

The  mis informat ion  envisioned i s  of 
the type produced as the r e su l t  of a til ted 
fluxgate t r a n s m i t t e r  gyro. P r o p e r  heading 
l d o r m a t i o n  1s dependent upon the sensing 
e lement  being held a t  all t im2s  in a ho r i -  
zontal  plane. Stability of the e lement  is 
obtained through the use  of a sma l l  gyro 
within the f l w g a t e  t r ansmi t t e r .  The gyro 
1s of the  se l f -e rec t ing  type and a n  add i -  
tional quick erec t ion  f ea tu re  i s  provided 
m the f o r m  of a caging mechan i sm elec - 
t r i ca l ly  ope ra t ed  and control led by a 
switch in the  cockpit. This  l a t t e r  mecha -  
n i s m ,  em2loyed p r i o r  to take  -off, e r e c t s  
the gyro  to the n e a r l y  ve r t i ca l  position, 
leaving i t s  f inal  position to  the self -erect ion 
f ea tu re .  

Although malfunctioning of a fluxgate 
t r ansmi t t e r  can  produce a gyro t l l t  condi-  
tion, the operat ing conditions of the t r a n s -  
mi t t e r  a s sembl i e s  on  t h e  s u b j e c t  a i r c r a f t  
r ema in  unknown s ince  only p a r t s  of one 
a s sembly  were  recovered .  

I t  h a s  been dem3nst ra ted  that  i t  is 
possible that  when f ~ r s t  energ ized  the  gyro 
can a s s u m e  a t i l t  angle tha t  will produce 
c o r r e c t  headlng Information when the a i r  - 
c ra f t  i s  on the take-off runway, but w ~ l l  
indicate e r roneous ly  a s  the a l r c r a f t  a s s u m e s  
o the r  headings. Thus,failure to e r e c t  t he  
gyro by means  of i t s  caging s y s t e m  before  
take -off can  r e s u l t  in  varying deg rees  of 
indicated heading e r r o r  dependent upon 
ac tua l  a i r c r a f t  heading, re la t ive  s t rengths  
of horizontal  and ve r t i ca l  components of 
the e a r t h ' s  loca l  magnetic  f ield,  and upon 
the degree  and d i rec t ion  of gyro  tilt .  Even- 
tually, t hese  e r r o r s  diminish in magnitude 
until they become non-existent  a s  the gyro  
responds  to i t s  self -erect ion mechanism.  
However,  a t  the  re la t ive ly  low self -e rec t ion  
r a t e  of the gyro.  (averaging approximately 
two degrees  p e r  minute) ,  ~t is possible that  
a n  a i r c r a f t  could become a i rbo rne  before 
the gyro  was fully e rec ted .  

Also to be cons idered  is the  possibi l i ty 
of gyro t i l t  as the r e s u l t  of a caging cycle 
takmg place while the a i r c r a f t  was  banked. 
Had such  a n  act ion o c c u r r e d  during the 
per iod  that  the a i r c r a f t  was in  i t s  t u r n  
a f t e r  take-off,  e i ther  as the r e s u l t  of c r e w  
act ion o r  s y s t e m  malfunction, e r roneous  
heading information would be displayed 
until the gyro  had again  been e rec t ed  by i t s  
self -erect ion fea ture .  F u r t h e r ,  the e r r o r  
produced under t hese  c i r cums tances  i s  one 
that would necess i ta te  the a i r c r a f t  being 
flown on a no r theas t e r ly  heading in o r d e r  
f o r  the compass  s y s t e m  t o  indicate a 
nor ther ly  heading. 

Heading information f r o m  the  fluxgate 
compass  s y s t e m s  is supplied by four  i n s t r u -  
ments ;  a n  MDI and a n  RMI on each  pi lot 's  
ins t rument  panel.  The MDI1s r ece ive  
heading intelligence f r o m  sepa ra t e  fluxgate 
transmitters located in  the  le f t  wing tip. 
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The RML is a s lave  in s t rumen t  which 
r ece ives  i t s  heading intelligence f r o m  a n  
IMDI. In the subject  a i r c r a f t  both RMI1s 
were  normal ly  s laved to the co-p i lo t ' s  
MDI which in  tu rn  rece ived  headlng in te l -  
l igence f r o m  the inboard (No. 2) f l w g a t e  
t r ansmi t t e r ,  A se l ec to r  switch was p r o -  
vided f o r  emergency t r a n s f e r  of the R M I f s  
to the captain 's  MDI, which r ece ives  i t s  
intelligence f r o m  the  outboard (No. 1) 
fluxgate t r a n s m i t t e r .  

I t  is apparent  tha t  the aforementioned 
t r ansmi t t e r  - indicator  relat ionship would, 
m the event of a t i l ted gy ro  in No. 2 f lux-  
gate t r a n s m i t t e r ,  p e r m i t  the  d isp lay  of 
e r roneous  but identical  heading indications 
on th ree  of the fou r  heading indica tors ,  the 
co-pi lot 's  MDI and RMI, and  the cap ta in ' s  
RMI. The capta in ' s  MDI would, however ,  
show a heading which was  different  f r o m  
these  t h r e e  ins t ruments .  

The  f ron t  end housing of one RMI was  
r ecove red  a t  the accident  s i te .  Although 
i t s  g lasa  and poin ters  w e r e  miss ing ,  the 
bezel ,  mask ,  and dial  were  s t i l l  in place.  
Careful  s tudy of t hese  damaged p a r t s  indi-  
ca ted  that  the dial  reading was approxi -  
mate ly  272O a t  the t ime of impact .  This  
reading i s  230 f r o m  the r eco rded  impact  
heading of the a i r c r a f t  which, as p r e  - 
viously mentioned,  was  m e a s u r e d  as 
approximately 2490 magnetic .  Considering 
such  unknown f a c t o r s  as the  amount of 
a i r c r a f t  heading change a f t e r  des t ruc t ion  
of the  RMI, and the a c c u r a c y  of the a i r -  
c r a f t  cent re l ine  as es tabl i shed  within the 
wreckage a r e a ,  i t  m a y  be concluded that  
the RMI heading indication was  subs tan-  
t ial ly c o r r e c t  a t  the t i m e  of impact .  

This  finding does not prec lude  the 
possibility that  e r roneous  compass  infor - 
mation due  to gyro tilt caused  the c r e w  to 
take  up a c o u r s e  toward the c r a s h  si te .  
Such initial e r r o r  could have been  con-  
s iderably  reduced in magnitude by act ion 
of the self -e rec t ion  f ea tu re  of the gyro  a s  
the a i r c r a f t  proceeded toward the moun-  
tain~, o r  i t  could have been completely 
removed through opera t ion  of the  caging 
mechanism.  This  l a t t e r  might  well have 
occu r red  if the captain noted a d i spa r i ty  

between heading indications displayed on 
h i s  MDI and RMI. It would be ent i re ly  
reasonable  to expect  tha t  he  would, under 
these  c i r cums tances ,  ac tua te  the caging 
mechanisms of both compass  sys t ems  to 
d e t e r m m e  whlch s y s t e m  was m e r r o r .  

Use of Available Navieational Alds 

The  Board  believed that  the c r e w  
mtended to follow the route p re sc r ibed  m 
the  ATC c learance .  This  i s  confirmed by 
the i r  c a r e  in verifying the locat lon of the 
Weiler in tersec t ion ,  a report ing polnt m 
the i r  c l ea rance ,  by the a l r p l a n e l s  radio 
r ece ive r s  being found s e t  proper ly  f o r  this 
route  of flight and because  the c r a s h  o c -  
c u r r e d  a t  about  9 000 f t ,  the planned 
cru is ing  al t i tude,  F u r t h e r ,  ~t 1s mcon-  
celvable that  a c r e w  fami l i a r  wlth the 
t e r r a i n  f ea tu re s  m the Albuquerque a r e a ,  
a s  was this  c r ew,  would have taken a d l r e c t  
route  to Santa F e  a t  a n  al t i tude of 9 000 ft .  

Each RMI i s  f i t ted with two rotatable 
poin ters  that  may be used  to dlsplay e l ther  
ADF o r  VOR bearings.  

Two ADF and two VHF navigation 
r e c e i v e r s  were  ~ n s t a l l e d  in the a i r c r a f t a n d  
were  designated No. 1 (captam1 s)  and 
No. 2 (co-pi lot 's) .  Each RMI was provided 
with a se l ec to r  consistmg of two toggle 
switches,  one f o r  each  pointer .  The single 
pointer  indicated e i ther  No. 1 ADF o r  
No. 1 VOR bear ings  depending upon the 
position of its toggle switch. S imi lar ly ,  
the  double pointer  could be used  f o r  e i ther  
No. 2 ADF o r  No. 2 VOR. 

Mounted d i rec t ly  below each RMI was 
a flight path deviation indicator  (FPDI) the 
ver t ica l  needle of which responded to c o u r s e  
displacement information der ived  f r o m  
e i ther  the No. 1 o r  No. 2 VHF nav iga t~on  
r ece ive r  as se lec ted  by a toggle switch 
mounted adjacent  to the mst rument .  

One omni  bearlng se l ec to r  (OBS) was 
mounted on each  pilot's panel; the one on 
the cap tam ' s  s ide  was used in conjunction 
with No. 1 VHF navigation receiver, and 
that on the co-pi lot 's  s ide was used m 
conjunction with the No. 2 VHF navigation 
r ece ive r .  
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Although the settings of the RMI and 
the FPDI selector switches a r e  not known, 
some understanding of the technique used 
by the crew in this departure and of the 
navigation aids available to them may be 
deduced f r o m  a study of the factual infor - 
mation obtained during the investigation. 

The No. 2 navigation receiver  was 
tuned to the frequency of the Albuquerque 
ILS localizer and the No. 1 VHF receiver  
was tuned to the frequency of the 
Albuquerque VOR. Since the FPDI selec - 
tor  switches a r e  typically positioned so 
a s  to connect the instruments to their  
respective receivers  (captain's to the 
No. 1 and co -pilot1 s to No. 2) i t  may be 
assumed that the co-pilot was flying the 
a i rc ra f t  with the en-route information dis - 
played on his panel while the captain's 
panel was s e t  to display the crossing of 
the 026-degree radial  of the ABQ VOR 
(Weiler intersection). This la t ter  assump- 
tion is fur ther  strengthened by finding the 
captain's OBS se t  to ei ther 026 degrees o r  
i t s  reciprocal  206 degrees.  

In addition to course  deviation infor - 
mation, each crew member  could display 
on the single pointer of h is  RMI the mag- 
netic bearing to the Albuquerque omni 
station. 

The No. 1 ADF receiver  was found 
tuned to the frequency of the compass 
locator a t  the outer m a r k e r  of the 
Albuquerque ILS. I ts  function switch was 
in ADF position. No. 2 ADF receiver  
was tuned to the frequency of the 
Albuquerque low frequency range station; 
however, i ts  function switch and sensitivity 
selector were  both found in the  "off" posi- 
tion. 

This indicates that  the crew was 
using No. 1 ADF during the flight and 
therefore that a t  l eas t  one of the crew 
members  had selected his RMI single 
pointer to display the bearing to the outer 
marker .  It is probable that  the co -pilot 
would want such information displayed on 
his RMI to a s s i s t  in his en-route naviga- 
tion while the captainwould probably select  

No. 1 VHF navigation receiver  f o r  his 
single pointer to provide continuous r e l a -  
tive bearing indication to the Albuquerque 
omni to a s s i s t  in his  identification of the 
Weiler intersection. 

Any e r r o r  in magntic heading informa- 
tion received f r o m  the fluxgate compass 
sys tem due to gyro tilt  would a lso  be 
introduced into the RMI pointer when s e -  
lected to VOR. This would resul t  in the 
pointer following the compass ca rd  so a s  
to indicate the magnetic bearing to the sta -  
tion. Under such circumstances i t  would 
not point to the station. As a resul t ,  the 
crew would not initially s e e  a n  incongruous 
presentation on the RMI despite the mag- 
netic heading e r r o r .  However, if the 
pointer were  selected to ADF positlon, i t  
would point to the station regardless  of 
compass sys tem e r r o r  and should se rve  
to a l e r t  the crew of any substantial heading 
e r r o r  

In summary,  the a i rc ra f t ' s  radio navi-  
gational r ece ivers  were  determined to have 
been se t  a s  follows: 

a)  The co-pilot's VHF receiver  was 
se t  to the Albuquerque ILSfrequency, 
This would enable the pilot to uti-  
l ize the back course  of the ILS 
localizer. 

b) The captain's VHF receiver  was 
se t  to the Albuquerque ornni station 
and his  OBS was se t  a t  ei ther 026, 
o r  206 degrees ,  the reciprocal. 
This would enable a check to be 
made of the Weiler intersection a s  
specified in the IFR clearance.  

c) The No. 1 ADF receiver  was tuned 
to the outer m a r k e r  of the ILS. This 
would permit  use of a tai l  bearing 
to determine when the a i rc ra f t  was 
on the proper departure course.  

The Board recognized that the theory 
of the fluxgate compass e r r o r  advanced by 
ALPA could not be disproven. Such e r r o r  
may account fo r  the initial directional 
e r r o r  of the flight, heading the a i rcraf t  
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toward the Sandia M o u n t a b .  However, 
it could not account for the continued flight 
long past  the t ime the crew should have 
noticed the e r r o r .  

Several other factors  must  be con- 
s idered along with this e r r o r  to  account 
for  the continuance of this flight on  the 
erroneous heading: 

F i r s t :  The magnetic compass could 
have been used a s  a cross-check f o r  
heading information. 

Second: Ter ra in  features  such a s  the 
appearance of the city a r e a ,  the r ive r  bed 
more  o r  l e s s  paralleling the cor rec t  
course ,  and the ra i l road t rack  to the right 
of the cor rec t  course ,  could have been 
noted. The weather was quite c lea r  fo r  
a n  ample period of t ime to a l e r t  the crew 
they were off course  had they re fe r red  to 
ground features.  Ln addition, i t  m a y  be 
pointed out that this type of initial check 
immediately af ter  departure might well be 
most  pertinent inasmuch a s  the precipitous 
Sandia Mountains, then hidden by clouds, 
l i e  adjacent to the cor rec t  course  and a r e ,  
a s  a mat ter  of fact ,  the highest t e r ra in  
between Albuquerque and Santa Fe .  

Third: The MDI on the captain's in-  
strument panel would indicate a different 
heading f rom that of the RMI and could 
have been noted and should have a ler ted 
the crew that a n  e r r o r  was present in one 
of the sys tems.  

Fourth: The FPDI on the co -pilot's 
panel would have moved f r o m  the full fly - 
right position to the full  fly-left poeition 
as the a i rc ra f t  crossed through the local-  
i z e r  course  north of the a i rpor t .  This 
should have a ler ted the crew that they 
were  proceeding away f r o m  the heading of 

the localizer and that i t  would be neces-  
s a r y  to turn back to the left in o rder  to 
a r r i v e  a t  the Werler intersection in accord-  
ance with therr clearance.  

Again, in o r d e r  to accept the theory 
offered, the Board had to conclude that 
both crew members  were  completely 
oblivious to all these indications, that their  
attention was focused entirely on the RMT, 
and that they did not c r o s s  -check any other 
flight instruments. 

One other possibility, advanced by 
ALPA, remains which the Board also con- 
sidered in this study. It 1s the possibility 
that the pilot became confused with respect  
to the proper  sensing of the F P D I  during a 
back course  departure on the ILS. On a 
back course approach the FPDI would mdl-  
cate a reverse  reading f rom the normal 
approach. However, in departing on the 
back course  the indications received m the 
FPDI would be exactly the same a s  an  
approach made normally on the front 
course.  Even if this  confusion did exist ,  
the normal cross-checks outlined above 
were st i l l  available and should have a ler ted 
the crew,  providing they were conducting 
the flight according to prescr ibed proce- 
dures  and accepted good operating practices.  

In view of the foregoing discussion 
the Board believed that the fo rmer  repor t  
did not accurately reflect  a l l  the c i rcwn-  
stances of this accident. It is believedthat 
insufficient evidence exists  to substantiate 
the reason for  the deviation f r o m  the p r e  - 
scribed flight path. The probable cause, 
therefore,  has  been changed accordingly. 

Probable Cause 

The Board determined that the probable 
cause of this accident was a deviation f rom 
the prescribed flight path for  reasons  
unknown. 

ICAO Ref: AR/392 

Take -off 
Collision - r ising t e r ra in  
Undetermined 
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No. 2 

Swiss Aero Club, de Havilland Leopard Moth, HB-OKO, accident eas t  of the terminal 
building, Kloten Airpor t ,  Switzerland, on 13 March 1957. Report No. 64,  

dated 8 January 1960. re leased by the Federal  Air Office, Switzerland. 

A summary  of this 1957 accident has  been included in the 
Digest in  o rder  that special  attention may be drawn to i t s  - 
cause - t ip  vortex. Fur ther  information is available in 

P a r t  III of this Digest and in Summary No. 6. 

Circumstances The Flight 

When coming in to land in a south- 
north direction on runway 28 a t  Kloten 
a f t e r  a sightseeing tour of Zurich,  
HE-OKOfs landing was delayed a s  a Super 
Constellation a i rc ra f t  had priori ty to  land 
on the same runway. On emerging f r o m  
a left  bank the a i rc ra f t  suddenly entered a 
r ight bank. The right wing dropped rapid- 
ly  and the nose of the a i rc ra f t  sank. The 
pilot was unable to pull out, and the a i r -  
c ra f t  crashed f rom a low altitude. It 
turned once again slightly to the right 
during the c r a s h  and hit  the ground with 
the right wing tip. Then the a i rc ra f t  
made a 3/4 turn  and came to r e s t  following 
a skid over a distance of about 20 metres .  
The pilot and one passenger were killed; 
a second passenger was seriously injured. 

Investigation and Evidence 

The Wreckage 

The wings were torn  off f rom their  
at tachments a t  the upper pa r t  of the fuse- 
lage. The r e a r  pa r t  of the fuselage and 
the control  surfaces remained intact. The 

When coming in to land on runway 28. 
the pilot of HB-OK0 received the "landing 
prohibited" signal because of the landing 
priori ty which had been given to a Super 
Constellation coming in f rom the west on 
the same runway. HB-OK0 then proceeded 
to  the holding pattern a t  a n  altitude of 
200 met res .  In the meantime the Constel- 
lation was flying the downwind leg in the 
direction of Kloten. It completed the 
landing turn  over Kloten and touched down 
a shor t  distance f rom the approach end of 
the runway. While the Super Constellation 
was approximately in the middle of the 
landing turn  over Kloten village, the runway 
attendant removed the "landing prohibited1' 
signal, which consisted of a red  circle.  
At that moment HB-OK0 had already 
completed its holding pattern and a l so  
entered the downwind leg. The air traffic 
controller  at Kloten Airport  observed 
HB-OK0 for the f i r s t  t ime coming f rom 
the  holding pattern a t  an  altitude of about 
200 m e t r e s  on the downwind leg while i t  
was  flying towards Kloten village. He 
followed the a i rc ra f t  until shortly before 
i t  entered the landing turn  and noticed 

engine and propellers were  torn  f ree  f rom nothing unusual. Other witnesses con- 
the  attachments to  the engine mounting. f irmed that the approach, the holding 
The engine mounting itself was consider- pattern and the downwind leg manoeuvres 
ably deformed and fractured in places. were  performed correct ly  with respect  to 

altitude, speed and flight procedure. It 
A detailed investigation of the wreck- may  be assumed that the pilot noticed the 

age was made a t  the site of the accident. Super Constellation's preparations to land 
I t s  resul ts  revealed that  neither had the while in  the holding pattern o r  on the 
engine malfunctioned nor had any p a r t  of downwind leg a t  the latest .  Thereupon he 
the a i r f rame  failed. initiated the landing turn  over Kloten a t  
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the procedural  and normal  altitude for  this  
type of a i rcraf t .  Eyewitnesses '  s tate-  
ments led to the conclusion that the landing 
tu rn  was ca r r i ed  out normally a s  r egards  
flight safety and a i r  traffic regulations. 

lost control of the a i rc ra f t ,  which, because 
of the low altitude, crashed before he  could 
regain control. 

Effect of  ti^ vortex on other a i r c ra f t  
The mean a i rspeed during the flight 

period between the completion of the hold- 
ing pattern and the c r a s h  can be est imated 
with considerable accura ry  on the bas is  of 
the time indications regis tered on the 
control tower tape recordei.. According 
to these indications, 80 seconds elapsed 
f r o m  the t ime the "landing prohibited" 
signal was  removed until the c rash .  The 
distance corresponding to the phase of the 
flight between the completion of the hold- 
ing pattern and the c r a s h  amounts to about 
2 700 m e t r e s ,  requiring a n  average speed 
somewhat in excess  of 120 km/hr to cover 

Although, in  the development of 
aerodynamics,  the tip vortex phenomenon 
has  been known fo r  a long t ime ,  i t  is only 
in  recent yea r s  that attention has  been 
drawn to the danger i t  involves for follow- 
ing a i rcraf t .  The reason for this i s  that 
during the war and the post-war yea r s ,  
a i r c r a f t  of increasing wing loadings have 
been developed. Moreover,  for some t ime ,  
t ip vortex incidents were  attributed to 
other causes  such a s  propeller  o r  jet 
turbulence o r  gusts of wind. 

i t .  No exact conclusions could be reached 
with respect  to the actual  speed in the 
final phase of the landing turn - however. 
i t  remains  unlikely that the a i rc ra f t  flew 
below the authorized speed short ly before 
the crash.  An inspection repor t  of the 
Federa l  Air Office of 5 and 12 May 1956 
gives the minimum authorized speed with 
a load of two persons and 3/4  fuel capacity 
a s  78 km/hr.  This load approximately 
corresponds  to the a i rc ra f t ' s  weight a t  
the t ime of the accident. Since one of the 
witnesses stated that HB-OK0 flew ra ther  
fas t  at  the beginning of the landing turn ,  
i t  i s  hardly likely that the pilot reduced 
speed to  below the cr i t ica l  value during 
the landing tu rn ,  a l l  the more  s o  because 
fo r  safety reasons the red  m a r k  (minimum 
mark)  on the speed indicator for that 
par t icular  type of flight has  been placed 
a t  1 10 km/hr. In view of the pilot 's 
excellent record i t  would appear hardly 
likely that he would have committed such 
a major e r r o r .  In addition, reconstruction 
flights proved that the radius of the turn 
was  normal and in no way led to a danger- 
ous attitude. 

Probable Cause 

In approaching to land the a i rc ra f t  
entered an a r e a  of great  turbulence, 
caused by the landing 1-1/2 minutes ea r -  
l i e r  of a Super Constellation. The pilot 

As a r e su l t  of various accrdents or  
nea r -misses ,  and by means of laboratory 
and flight exper iments ,  i t  has  been estab- 
l ished that an  a i rc ra f t  flying into this kind 
of tip vortex can be forced into a position 
i n  which it i s  unable to counteract the 
movement. According to  whether i t  f l ies 
parallel  or  perpendicular to the path of 
the a i rc ra f t  producing the vortex,  i t  is 
subjected to a movement around the 
longitudinal axis (rolling) o r  around the 
t r ansversa l  axis (pitching). If this occurs  
near  the ground, the low altitude may be 
insufficient for normal flying position to 
be res to red  before contact with the ground. 
The violence of the vortex gusts may also  
impose s t ructura l  overloading on the 
a i rc ra f t .  

Experience has shown that this 
influence i s  greates t  a t  a cer ta in  distance 
f r o m  the a i rc ra f t  producing the vortex. 
Immediately behind i t  the effect i s  s t i l l  
smal l .  s ince the vortex is in p rocess  of 
formation: a t  a g rea te r  distance i t  de- 
c r e a s e s  again a s  the vortex fades owing to 
fr ict ion with the a i r .  This fading depends, 
apa r t  f rom the s ize  of the vortex,  on the 
condition of the surrounding a i r .  While, 
normally,  the vortex f r o m  a large  a i rc ra f t  
fades 30 - 60 seconds af ter  the passage 
of the a i rc ra f t  ( i .e .  1 - 5 k m  behind i t ) .  
i n  ca lm a i r  i t  can remain much longer. 
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Incidents caused bv  ti^ vortex in  on 10 March 1956, pointing out the danger 
Switzerland and abroad 

Since, before the HB-OK0 accident,  
v e r y  little was known about incidents due 
t o  tip vortex i n  Switzerland, the investi- 
gator decided to inquire about such acci-  

of t ip vortex formation and containing 
recommendations to pilots based on avail- 
able knowledge a t  that time. This Notice 
was issued to  flying ins t ructors ,  flying 
schools,  a i rpor t  managements, Radio 
Switzerland etc. In the course of the 

dents a t  the Zurich and Geneva a i rpor ts .  
It was revealed that in  the y e a r s  1951 - 57 
a t  leas t  one accident and six near-misses  
were presumably due t o  t ip  vortex effects 
on these a i rpor ts .  Some of these occur- 
rences  were or igimlly  attributed to 
propeller  turbulence. Subsequent findings 
gave the ve ry  probable conclusion that 
they were caused by tip vortex effects. 

Some accidents in  the Swiss a i r  
fo rce  a lso  seem to  have been caused in 
th is  way. The competent mili tary author- 
i t i e s ,  therefore,  performed extensive 
t es t s  in 1958, confirming the information 
given in the section above on the effect of 
t ip vortex. In view of the definitely estab- 
lished danger involved in tip vor t ices ,  
detailed investigations of the problem have 
been made in other countries. (The origi- 
nal report  r e fe r s  to a study undertaken 
by the Beech Aircraft  Corporation, a 
publication of the Douglas Aircraft  
Company in  December 1954, and a n  official 
American investigation on a t ip vortex 
accident which occurred on 23 August 1957 
t o  a P-38L, N 69902, of Hycon Aeria l  
Surveys. This accident repor t  appears  a s  
Summary No. 36 in ICAO Aircraf t  Acci- 
dent Digest No. 9 .) 

Recommendations issued by the Federal  
Air Office. Switzerland. with regard to 
t ip vortex effects 

On the basis of the investigations 
conducted in  other countries,  the Federal  
Ai r  Office issued Technical Notice No. 344 

investigation, however, it became apparent 
that  this  Technical Notice had not in a l l  
c a s e s  reached the pilots. It could not be 
ascertained whether the pilot of HB-OK0 
was informed of the occurrence of t ip 
vortex and in part icular of Technical 
Notice 344. 

After this accident the Federal  Air 
Office issued a supplement to this Technical 
Notice with a more  exact description of the 
extent of the tip vortex and the a r e a s  of 
danger. In the September issue of the 
Aero-Revue 1957 there was a lso  an art icle 
on the tip vortex problem, based mainly 
on the Technical Notice of the Federal  Air 
Office. 

Fur ther  tip vortex incidents in Switzerland 
since the subiect accident 

Since the accident of 13 March 1957, 
i . e .  during a period of more  than two y e a r s ,  
no further cases  of this kind have been 
reported.  This is no doubt due to the 
information issued by the Federal  Air 
Office and published in the Aero Revue and 
passed on to pilots through the Swiss Aero 
Club. At the t ime of the accident the pilots 
had little information on the t ip vortex 
problem but now the majori ty of them a r e  
well informed and know that in certain 
circumstances - i. e.  s t i l l  a i r  or  a wide 
angle of incidence of the a i rcraf t  producing 
the vortex,  a following a i rc ra f t  may be 
endangered. They have a lso  been advised 
of the measures  to be taken in the event of 
entering a t ip vortex. 

ICAO Ref: NG/ACC/REP/GEN/NO. 15 - Switzerland 

Pr ivate  
Landing 
Loss of control 
Miscellaneous - a i rc ra f t  

turbulence 
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No. 3 

Bristol Aircraft Llmlted, Britannia 301, G-ANCA, accident at Downend, Bristol, 
on 6 November 1957. Civll Accldent Report (U.  K. ) No. C, 667, 

dated 29 February 1960. C.A.P. No. 162. 

Circumstances 

The aircraft  was making a develop- 
ment flight from Filton Aerodrome, 
Bristol, carrying 4 crew and I 1  techni- 
cians. After a flight of approximately 
1 how 40 minutes the aircraft  approached 
Filton from the west then made a complete 
left-hand circuit of the aerodrome followed 
by the downwind leg of a second circuit. 
When it was at  about 1 500 feet and after 
having commenced a left turn on to base 
leg, the aircraft  banked steeply to the right 
and turned some 270° losing height in the 
turn until i t  struck the ground. All the 
occupants of the aircraft  were killed. 

Investigation and Evidence 

The Aircraft 

G-ANCA, owned by the Ministry of 
Supply and operated by Bristol Air craft 
Limited, was built by the latter for the 
development of the 300 Serles Britannia. 
On 19 November 1956 it had been granted 
a Certificate of Airworthiness in the 
"Special" category for research or  experi- 
mental and demonstration purposes. It was 
equipped with the Smiths Integrated Flight 
System. The airframe was maintained in  
accordance with a Bristol Aircraft Ltd. 
maintenance schedule and was subject to 
constant modification and development. 
One such modification included the instal- 
lation of a solid forged duralumin bladed 
propeIler on No. 2 engine in place of the 
normal hollow steel bladed propeller. 

The purpose of this flight was toca r ry  
out a test programme, which included 
strain-gauge measurements on the non- 
standard propeller of No. 2 engine, high 
speed upset manoeuvre recovery tests in 
connection with the American certification, 
and the making of both a cinC film and still 
photographic record of flight compartment 
instruments for use in the building of a 
Britannia flight simulator. 

The Crew 

The captain was the Assistant Chief 
Test Pilot of Bristol Aircraft Limited and 
held a Commercial Pilot's Licence endorsed 
for Britannia aircraft  in Group I. His total 
flying experience amounted to 6 647 hours 
of which 697 were acquired in Britannia 
aircraft. He had been engaged in Britanula 
development and production flying since 
January 1954. 

The co-pilot was a qualified Royal Air 
Force pilot with a total flying experience of 
over 3 400 hours. He had flown 16 hours 
as  co-pilot in Britannia aircraft  and had 
completed a course on the airframe and 
engines. He held no valid civil pilot's 
licence. 

The flight engineer held no licence to 
fly in that capacity but was adequately trained 
to car ry  out a flight engineer's duties. This 
flight was his f i rs t  acting a s  flight engineer- 
in-charge in this type of aircraft .  

The Final Flight 

At 0730 hours on the day of the accident Returning to Filton, the aircraft  entered 
a Flight Clearance Certificate was issued, the aerodrome circuit and partial extensions 
which stated that the aircraft  was airworthy. of the undercarriage occurred for unknown 
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reasons. Attempts may have been made 
to complete undercarriage free fall tests 
as  these had failed the previous day, how- 
ever,  such tests were noton the programme 
for this flight. At an altitude of approxi- 
mately 1 500 feet, a turn to the left on to 
base leg was commenced, but before the 
aircraft  had made any substantial change 
of direction, the right wing dipped, and 
the aircraft went into a right-hand turn in 
a very steeply banked attitude, There was 
a substantial recovery from the steepbank, 
and at about this time the call "hAaydayt1 
was sent out. The aircraft  then banked 
steeply and lost height. Two hundred feet 
above the ground the angle of bank decreased 
momentarily, but when the aircraft  struck 
the ground it was again steeply banked to 
the right. 

Wreckage Examination 

Inspection at the scene of the accident 
showed that the aircraft  had struck the 
ground in a wood near a residential area.  
The main force of impact was taken by a 
rising bank within the wood, and complete 
disintegration of the aircraft resulted. 

An extensive technical inspection was 
then carried out by the Accidents Investiga- 
tion Branch. This failed to reveal any pre- 
crash failure o r  defect in the structure or 
the flying control circuits. The flaps were 
retracted on impact, and no asymmetric 
operation had taken place prior to their 
last  retraction. The undercarriage was 
locked in the "up" position. Indications 
were that a l l  the engines were running under 
some degree of power when the aircraft  
struck the ground. Strip examinations of 
the engines revealed nothing of an unsatis- 
factory nature with regard to either their 
mechanical or operational state. 

Examination of the propellers by the 
manufacturers failed to reveal any evidence 
to indicate that each assembly was other 
than at a positive pitch within the constant 
speed range. 

After consultation it was decided to 
move the wreckage to the Structures Depart- 
ment of the Royal Aircraft Establishment, 

Farnborough, where a partial reconstruct10 
and a detailed examination could best take 
place. The examination was concerned In 
the f i rs t  instance with the aircraft  structurt 
and primary control systems. The fact tha 
the aircraft  had exceeded its speed limita- 
tions on the subject flight was particularly 
borne in mind. 

The extensive disintegration of the air-  
craft necessitated partial reconstructionof 
the wings, their respective allerons and 
flaps, and the tailplanes, No attempt was 
made to reconstruct the fuselage. The 
conclusions drawn from the examination 
were that the starboard wing had been 
disrupted progressively from tip to root by 
forces upward and backward. The port wlng 
had been crushed by spanwise forces from 
tip to root, and the port and starboard tail- 
planes had been damaged in a manner simila 
to their respective wings. 

The main control surfaces, their tabs 
and trimming circuits, were near to the 
neutral position at the time of impact, and 
there was no evidence that any hydraulic 
control lock had inadvertently operated in 
flight. 

The examination was then extended to 
include the electrical and autopilot systems. 
It was established that the autopilot power 
switch was in the ttofftt position a t  the moment 
of impact but closer examination of individual 
components indicated that the gyro rotors 
and another associated motor were rotatine " 
though not under electrical power at that 
moment. This suggests that they were 
'running down' after having been switched 
off a short t ime before the accidentoccurred. 
No direct evidence was found to indicate 
that the aileron servomotor clutch had 
remained engaged after the autopilot had 
been switched off. 

The conclusions of the Structures Depart- 
ment on their examination of the wreckage 
were a s  follows : 

I t .  . . . evidence shows that the autopilot 
aileron channel had been damaged 
before the crash in a manner consistent 
with failure of the channel clutch to 
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disengage although the appropriate 
switches had been operated. 

"It 1s considered that the lack of dls- 
engagement of the aileron channel 
could have seriously hampered the 
pilot's actions and led ultimately to 
a loss of control of the aircraft. 

"There was no direct evidence as  to 
the cause of the clutch failing to 
disengage, but it was most likely due 
to some undiscovered fault acting in 
conjunction with a known design fault 
in the electrical circuits of the auto- 
pilot/flight system. " 

Incident to another Britannia - G-AOVC 

This aircraft  was equipped with the 
Smlths Integrated Flight System sirmlar 
to that of the subject aircraft. 

Dlir~ng its f i rs t  flight which took place 
on 10 January 1958 and whilst descending 
from 6 000 feet in instrument meteor- 
ological conditions with heavy rain and 
turbulence, dangerous aileron control 
difficulties were encountered shortly after 
disengagement of the autopilot by means 
of the cut-out button on the pilot's control 
column. The emergency lasted several 
minutes, and a t  times the combined efforts 
of the pilot and the engineer were required 
to maintain lateral control. 

Although the autopilot cut-out buttons 
on both control columns had been operated, 
it was not until the power supply to the 
autopilot was cut off by switching off the 
appropriate inverter that the emergency 
was resolved. 

Investigations into this incident revealed 
that a design fault was incorporated in the 
electrical circuitry of the autopilot/flight 
system. This resulted in single pole instead 
of the intended double pole operation of the 
aileron servomotor clutch. The fault was 
such that in conjunction with a straypositive 
feed, malfunctioning of the autopilot could 
occur to a degree consistent with the con- 
ditions experienced during the emergency. 

A stray positive feed due to defective 
soldering, was, in fact, ultimately 
located. Component mspectlon showed that 
the shaft of the force l~mlt ing link in the 
aileron clrcuit was not marked by ball 
Indentations neither was the alleron servo- 
motor shaft shear neck fractured despite 
the combined force of two men havlng been 
applied to the aileron controls. 

The design fault m the electrical 
circuitry of the autopilot/flight system 
which was detected in G-AOVG was also 
present in the subject aircraft  G-ANCA. 

The Britamia - Speed Limitations 

The following a r e  the limitations for 
this aircraft  with regard to speeds: 

Normal Operating Limit Speed 
250 kt indicated airspeed and 0 .60  Mach 

Demonstrated Flight Diving Speed 
304 kt equivalent airspeed and 0.70 Mach 

Following the accident to G-ANCA, a 
piece of paper identified a s  part of the 
Flight Test Observer Is handwritten log 
and concerning the subject flight was 
recovered from the accident site.  The 
second line of writing ' I . .  . . SE a t  300 kt", 
probably refers to a single exposure of the 
automatic observer panel camera. The 
third line indicates that very severe buffeting 
was experienced and a Mach number greater 
than .75 was registered. This line may be 
a continuation of the second line, and the 
buffeting and Mach reading may have been 
registered a t  the same time a s  the speed of 
300 kt. If, however. it is  a separate item 
there is the possibility that a speed higher 
than 300 kt registered when the Mach readlng 
was greater than 0.75. 

Observations 

Numerous hypotheses a s  to the cause 
of the accident were considered before 
finally being rejected. Two of them a r e  
worth noting : 

1. a photographic flash bulb mighthave 
burst  in the cockpit andincapacitated 
the crew. 
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Glass particles extracted from the flying 
helmets of the crew and from the cockpit 
area were the subject of careful analysis. 
The report concluded that none of the glass 
extracted could have originated from the 
type of flash bulb used. 

2. the possibility that the manoeuvre- 
ability of the aircraft  may have 
been influenced by radio coupling 
to the Greenham Common VOR. 

Radio flight tests were conducted in the 
area flown by G-ANCA, and it was found 
that at an altitude of 2 200 feet the VOR 
signals commenced to fade, and theywere 
lost completely a t  2 000 feet and below. 

The final manoeuvres of the aircraft  
indicate that the pilot was unable to prevent 
it f rom making a steeply banked descending 
turn to the right. 

It was the view of the Structures 
Department, R.A. E. Farnborough, that the 
evidence of the pattern of ball indentations 
on the aileron force 1i.miting link and the 
time a t  which the torsion failure of the 
shaft of the aileron servomotor occurred 
suggest that the aileron channel clutch 
remained engaged after the appropriate 
disengagement switches had been operated 
in flight. In support of this, i t  was held 
that only slight movement of the shaft of 
the force limiting link should be necessary 
to cause the ball to enter the bousing and 
break the electrical circuit to the clutch. 
During this process the ball was not intended 
to leave the confines of the shaft ramp and 
bouncing, which i s  necessary to make the 
indentations, could not occur. 

The manufacturers of the autopilot 
argued that the servomotor shaft can be 
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sheared and ball indentations 2n the force 
limiting link shaft can result from crash 
impact damage with the clutch disengaged. 
To support this they carried out tests whick 
sheared the servomotor shaft in a manner 
similar to that of the accident aircraft  and 
which produced representative ball indenta- 
tions. 

Their report on the tests carried out 
concludes a s  follows: 

"The tests a s  carried out, have shown 
that the Servomotor Mounting Output 
Shaft can be sheared and ball indenta- 
tions can be produced on the Force 
Limiting Link shaft, due to impact 
damage in either compression o r  
extension with the Servomotor ele ctrica 
clutch disengaged. 

Flight Recording Equipment 

On the flight of 6 November, G-ANCA 
carried some flight recording equipment, 
but this was destroyed by the force of 
impact, and no useful information could be 
obtained from any of the recordings made. 

The equipment i s  not intended to with- 
stand the type of shock loading to which 
it was subjected, but a suitablv designed 
crash recorder might well have remained 
intact. The aircraft was not fitted with one. 

Probable Cause 

The accident was the result of the air-  
craft developing a very steep descending 
turn to the right which the pilot was unable 
to control. The reason for this could not 
be determined, but the possibility that it 
occurred a s  the result of malfunctioning of 
the autopilot cannot be dismissed. 

Development 
Landing 
LOSS of control 
Untermined - autopilot 

may have 
malfunctioned 

i 
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No. 4 

Aviac16n y Comerc io  S.A., D.H. 114, Heron. EC-ANJ, accident  n e a r  Barce lona  
Airpor t ,  Spain on 4 Apr i l  1958. The r epor t ,  dated September  1960, was 

r e l eased  bv the Di rec to ra t e  Gene ra l  of Civil Aviation. S ~ a i n .  

C i r cums tances  

The a i r c r a f t  depar ted  Zaragoza ,  
Spain  a t  1919 hour s  GMT on a scheduled 
flight to Barce lona ,  car ry ing  2 c r e w  and 
14  pas senge r s .  A t  1956 i t  r epo r t ed  over  
Reus and was descending a t  that  t ime  to 
flight leve l  30 a s  instructed.  At 2005 i t  
commenced i t s  descent  to land. One 
minute l a t e r  i t  r epo r t ed  that i t  was on  a 
wide base  leg and asked for  visibility data. 
A t  this  t ime  another  a i r c r a f t ,  EC-AEJ,  
reques ted  pe rmis s ion  to take-off but was 
refused.  However, when EC-ANJ advised 
that  i t  was f ive minutes  away take-off 
authorizat ion was  then granted.  Short ly 
thereaf te r ,  when the two a i r c r a f t  were  
flying intersect ing t r a c k s  a t  a n  altitude 
of 150 m ,  EC-ANJ, with i t s  f laps and 
landing g e a r  extended and i t s  engine 
running a t  reduced speed was compelled 
to make  a sudden avoidance manoeuvre.  
L o s s  of control  resu l ted  and the a i r c r a f t  
fe l l  into the s e a ,  a t  2007:30 hour s ,  killing 
a l l  those  aboard .  

Investigation and Evidence 

The A i r c r a f t  

I t  had a Cer t i f ica te  of Airwor th iness  
valid until 7 October  1958. 

The C r e w  

The pilot had a total of 2 361 flying 
h o u r s  to his credit ;  1 600 with the A i r  
F o r c e ,  253 as second pilot with Aviaci6n 
y Comerc io  and 508 a s  pilot-in-command 
o n  H e r o n  a i rcraf t .  

The  radio  ope ra to r  had  flown a total  
of 1 585 hours .  

Both c r e w  m e m b e r s  held the requi red  
l icences.  

Weather  Conditions 

A t  the t ime  of the accident  the condi- 
tlons were  a s  follows: visib:lity 6 km; wind 
30°/2 kt; cloud 4/8 s t ra tocumulus  at 450 rn 
and 8/8 a l to s t r a tus  a t  2 100 m ;  QNH 1003 mb. 

D e s c r i ~ t i o n  of the Fl ieht  

Contact  was maintained with EC-ANJ 
a f t e r  i t  had repor ted  ove r  Reus. A t  2005 
i t  s t a r t e d  i t s  descent  and the visibility data 
was confirmed.  This  would s e e m  to indicate 
that  i t  was  then flying ove r  the s e a  s ince  
according to s ta tements  of the pilot of 
another  a i r c ra f t .  EC-ABL, which was  flying 
f r o m  P a l m a  to Barce lona  and coming i n  o n  
a lower  level ,  contact  was not made  until 
flight level  20 was reached,  f r o m  which i t  
was deduced that  EC-ANJ was a t  that t i m e  
descending f r o m  flight leve l  30 to flight 
leve l  20. Once EC-ANJ had r epor t ed  tha t  
i t  was "five minutes awayn control  c l ea red  
EC-AEJ to take off f r o m  runway 17, indi- 
cating a cour se  of 219'. A few minutes 
l a t e r  EC-AEJ r epor t ed  cross ing  the path 
of a n  a i r c r a f t  a t  about 150m, just  as it 
initiated a r ight  t u r n  to ge t  onto the given 
cour se ,  making i t  force  the turn. The o the r  
a i r c r a f t  m u s t  have been  EC-ANJ, which was  
on a base  leg. It a l so  was  probably fo rced  
to make  a sudden manoeuvre to avoid colli- 
s ion  and as i t  had i t s  unde rca r r i age  and 
f laps  extended, was  at a low power set t ing,  
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and i ts  load margin was very small  (about 
180 kg), i t  lost  altitude, The pilot could 
not recover control of the a i rcraf t ,  and i t  
crashed into the sea.  

Examination of the Wreckage 

It  was found a t  a depth of approxi- 
mately 60 m. 

Persons  who saw the wreckage before 
i t  was towed away, stated that i t  was 
located parallel  to the coast, the nose 
towards Castelldefels and the tail towards 
Barcelona. 

Although information supplied concern- 
ing the wreckage was uncertain and even 
contradictory, this was only natural 
because of the depth a t  which it was 
located and the darkness was accentu- 
ated by the mud which had been s t i r red  up 
by the movements near  the bottom of the 
sea .  I t  appeared, however, that the left 
wing of the a i rc ra f t  was torn f ree  close 
to the fuselage and inner por t  engine, and 
a l l  o r  a large  pa r t  of it was located 
about 5 m f rom the fuselage. This wing 
retained the two engines and thei r  propel- 
l e r s .  The right wing was not found, and i t  
was,  therefore, concluded that it was torn  
off more  violently than the left  one, since 
the re  was a hole in  the fuselage a t  the 
juncture with the right wing, opening r e a r -  
wards into the l a rger  hole made by the 
destruction of the crew's cabin and giving 
access  to the passenger cabin. 

A11 that could be deduced f r o m  the 
wreckage was that the landing gear  was 
definitely extended a t  the t ime the a i rc ra f t  
s t ruck the water. Judging f r o m  statements 
of those who saw and described the initial 
shape and condition of the wreckage and 
assuming their  description to be correct ,  

it was presumed that the a i rc ra f t  entered 
the water a t  a steep angle, inclined towar1 
the right. 

Discussion 

EC-AEJ was given permission to 
take-off on the strength of EC-ANJfs 
message "five minutes awayu. This was 
confirmed by the pilot and radio operator 
of another a i rc ra f t  (EC-ABL) In the a rea .  
I t  should, however, be noted that this phra 
can give r i s e  to e r r o r s  since i t  might be 
taken to mean that the a i rc ra f t  was five 
minutes f r o m  the a i rpor t  on i t s  route, o r  
that i t  was five minutes f rom touchdown, 
fully engaged in the landing operation. 

Control followed the f i r s t  of these 
interpretations and authorized EC-AEJ to 
take-off. On the bas i s  of "Article 2005 1 
AN ICAO1'*,when an arriving a i rcraf t  i s  
making a straight-in approach, a departing 
a i r c r a f t  may take off in any direction until 
f ive minutes before the arriving a i rcraf t  
i s  over  the airport .  In spite of this, contrc 
should never have permitted EC-AEJ to 
depart  without knowing the exact position 
of EC-ANJ, since the la t ter  a i rcraf t  had 
sent two contradictory messages  within a 
shor t  space of t ime - Irwide base  leg" and 
"five minutes awayw. The situation should 
have been clarified by questioning the 
a i rc ra f t  o r  f rom the V H F  direction finder 
f r o m  which the position of EC-ANJ could 
have been ascertained. Then permission 
for EC-AEJ to take off on runway 17 should 
have been refused, to avoid sending it in a 
direction which lay only 1800 from the track 
of EC-ANJ, which was coming in to land 
on runway 35, and to avoid the r i s k  of the 
two a i rcraf t  meeting a s  they actually did. 

9 It corresponds to  para. 12,2(a j ,  part IV of the ICAO PANS-RAG 
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Probable Cause action taken by EC-ANJ. loss of control 
occurred, and the aircraf t  fell into the sea. 

The probable cause of the accident 
was the fact that EC-AEJ was permitted The accident was recorded in accord- 
to take-off without the exact position of ance with section d) of the Decree of 
EC-ANJ being known. During avoidance 1 2  March 1948 under "Deficiencies in A i r  

Navigational Aids. ' I  

ICAO Ref: AR/647 

S cheduled 
Landing 
Loss  of control 
Other personnel - improp- 

erly cleared second air- 
craft for take-off 
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No. 5 - 
SABENA, DC-7C, 00-SFA, accident at Cazes Aerodrome, Casablanca on 18 May 1958 

Report re leased by the Minister of Foreign Affai rs ,  Morocco. 

Circumstances The Accident Site 

During a flight f r o m  Lisbon, Portugal 
to Leopoldville, Belgian Congo, the pilot 
advised Casablanca a r e a  control centre  
that he intended to rnake an  emergency 
landing having cut off engine No. 1 which 
was vibrating considerably. H e  was c lear-  
ed to jettison fuel  and subsequentlyarrived 
over Cazes. At  0419 a n  approach proce- 
dure  to land on Runway 21 was initiated. 
Five minutes later  while in level flight 
600 m past the runway thresholdataheight 
of 5 m ,  full throttles were  re-applied. 
The a i rc ra f t  began to deviate f r o m  the run- 
way centreline, rose  a few m e t r e s  and 
s tar ted an  increasingly sharp left turn. 
On reaching 25 m i t  stal led,  crashed into 
buildings, and burned. Nine c rew and 
fifty-two passengers were  killed, and the 

The a i rc ra f t  crashed 250 m eas t  of 
Runway 21. Ll hit  buildings in a steep 
nose-dive and sharp left bank on a heading 
of 090° which represented a 120' change 
of direction in relation to the flight over 
the runway. The wreckage was spread 
over  80 m. 

Results  of the Technical Investigation 

The following conclusions were 
reached af ter  examination of the wreckage 

1, the landing gear  was re t racted 
at the t ime of the accident; 

2, the f lap actuating cylinders were 
extended (100% - SO0); 

a i rc ra f t  was destroyed. 
3. No. 1 propeller  was feathered; 

Lnvestigatlon and Evidence 

The Aircraft  4. propellers No. 2, 3 and 4 were  
a t  an angle of 34O at t ime  of 

00-SFA was airworthy a t  the t ime of impact; 
the accident and had been serviced at the 
required intervals. 5. the four propeller  governors 

(CSU) were salvaged and the 
The Captain position of the rack-bar cor res -  

ponded to  the "fine pitch1' posi- 
He had flown a total of 12 820 hours. tion. 

On DC-7C a i rc ra f t  he had flown approxi- 
mately 374 hours of which 240 had been a t  The following points were  a l so  
night. He had not been on duty during the brought out - 
48 hours preceding the final flight. 

Weather 1. the pilot's a l t imeter  was se t  
on 1010 m b  (QFE a t  Cazes is 

The 0405 weather a t  Cazes was re -  1010 mb); 
ported as:"clear skies ,  surface wind calm,  
visibility 4 k m  to the south of the airfield 2. the co-pilot's al t imeter was se t  
and 6 km to the north". on 1012 mb; 
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3 .  the automatic  pilot was  in the 
"off" position; 

4. the Spe r ry  hor izon and z e r o  
r e a d e r  w e r e  jammed a t  a left 
bank between 300 and 450. 

Examination of the Engines 

No. 1 

The  damage,  which had led to the 
p rope l l e r  being fea thered ,  was located 
in cyl inder  No. 2. It had probably been  
caused  by  a loosening of the exhaust valve 
r e g u l a t ~ n g  sc rew which resul ted  in undue 
over-heating around that valve and i ts  
sea t .  The m e t a l  mel ted  and p ierced  the 
cyl inder  head between the s e a t  of the valve 
and s p a r k  plug socket.  

No. 2 and 3 

Nothing unusual was observed.  

No. 4 

Al l  the blades of one of the turb ines  
were  broken off a t  the i r  base  and the m e t a l  
had s t a r t ed  to mel t .  This  defect  could 
not have occu r red  in flight,  s ince  normal ly  
four  blades would b r e a k  off a t  t he i r  a t tach-  
ment  in c a s e  of overspeeding.  The defect  
appeared  to  have been caused  by the 
crushing  of the c a p  on impact .  

Discuss ion  

The  defec ts  of No. 1 engine, which 
made the pilot decide t o  t u r n  back,  w e r e  
not cons idered  the p r i m a r y  c a u s e  of the 
accident.  

The  pilot chose  t o  land on Runway 2 1, 
i. e .  heading south, despi te  be t t e r  vis ibi-  
l i t y  to  the north.  Landing in the opposite 
d i rec t ion  would have  necess i ta ted  a v e r y  
s h o r t  landing immediately beyond 350 m 
of unserviceable runway, and i t  i s  poss i -  
ble that  the pilot f ea red  a touchdown before  
reaching the se rv i ceab le  port ion of the 
runway ( 1 450 m i n  length). 

Under the c i r cums tances ,  i t  i s  proba-  
ble that  the pilot wished to save  the u n s e r -  
vlceable 350 m a s  a stopway in c a s e  of a 
long landing. Alternat ively,  the fog fo rma-  
tions visible to the south m a y  have influenced 
the pi lot 's  choice of Runway 2 1. 

At  041 1 hour s ,  13 m ~ n u t e s  p r ro r  to 
the accident, the white l ~ g h t s  along the l a s t  
300 m of the runway were  out of o r d e r .  
At 0419 the tower cont ro l le r  mformed the 
c r e w  that  the landing would take place w ~ t h  
sodium lights and repeated  that the l a s t  
350 m w e r e  out of commission. While on  
the downwind leg, before the l a s t  t u rn ,  the 
c r e w  reques ted  c o n f i r m a t ~ o n  of the length 
of the usable runway and repeated:  1 450 m. 

At 0423 the a i r c r a f t ,  we~gh ing  
109 000 lb ,  en tered  a sho r t  final leg a t  a 
speed of 115 kt.  The pilot lowered the 
f laps to 50° { loo%) implying a dec is ion  to 
land. After  10 to 12 seconds of leve l  flight 
ove r  the runway, however ,  the thro t t les  
were  re-opened.  

Reasons  f o r  such act ion were  exam-  
ined and, f inal ly,  i t  would s e e m  that  it was  
the l a s t  minute d e c r e a s e  in visibi l i ty towards  
the south of the runway that  led the pilot to 
proceed  in  that manner .  

The a i r c r a f t  had in fac t  reached the 
c r i t i c a l  phase  in a landing a t  which the 
thro t t les  c a n  safely be  re-opened only b y  
observing a s t r i c t  p rocedure ;  ful l  th ro t t le  
gradual ly  applied; attaining V2 speed;  
re t rac t ing  the landing g e a r ;  and ,  a t  115 kt ,  
re t rac t ing  the f laps  f r o m  50° to  20°. 

Taking into account  the d e c r e a s e  in  
speed of the a i r c r a f t  during the 10 to 
12 seconds of leve l  flight in the landing 
configuration, i t  was  cer ta in ly  a t  l e s s  
than Vmc (one p rope l l e r  feathered:  102 k t )  
that  the thro t t les  of the th ree  remaining 
engines were  opened. That  assumpt ion  was  
confirmed by the fac t  that  the f laps w e r e  not 
brought  back  to the take-off position. 
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The a i rc ra f t ,  therefore ,  under these Probable Cause 
circumstances immediately turned on the 
side of the stopped engine, headed toward The accident was caused by a n  e r r o r  
obstacles and was unable to manoeuvre of judgement in re-application of power 
normally and efficiently. when the a i rc ra f t  was neither in the appro- 

priate configuration nor  a t  a sufficient 
speed to c a r r y  out the attempted safety 
manoeuvre. 

ICAO Ref: A R / 6 3 7  

Landing 
Loss of control  
Pilot  - other - attempted 

over shoot after  committal 
to land 
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No. 6 

P i p e r  PA-22,  N 2945P, acc ident  n e a r  Dover ,  Delaware  on 23 September  1958. 
Civi l  Aeronaut ics  B o a r d  ( U .  S.A).  A i r c r a f t  Accident  R e ~ o r t .  F i l e  No. 2-0124. 

r e l e a s e d  on 10 October  1959. 

(another  "tip vortex" acc ident )  

Background Informat ion  on th i s  Invest igat ion 

The  B o a r d ' s  invest igat ion of t h i s  
acc ident  was not s t a r t e d  until  s e v e r a l  
months a f t e r  i t s  o c c u r r e n c e  on 
23 September  1958. At tha t  t i m e  the  
invest igat ion of acc idents  t o  U .  S. c ivi l  
a i r c r a f t  weighing l e s s  than 12 500 lb  had 
been delegated t o  t he  Admin i s t r a to r  of 
Civi l  Aeronaut ics  by the Civi l  Aeronaut ics  
Board .  Accordingly,  the CAA pe r fo rmed  
a n  i n v e s t i g a t ~ o n ;  however ,  no f o r m a l  
r e p o r t  o r  finding of probable  cause  was  
i s sued .  On 22 December  1958, the  e s t a t e  
of the deceased  pilot petit ioned the Civi l  
Aeronaut ics  Boa rd  to  invest igate  t h i s  
acc ident  and  t o  make  public i t s  findings of 
f ac t s  a n d  probable  cause .  The  B o a r d  
gran ted  th i s  petit ion and  began  i t s  inves-  
t igation of the  acc ident  t o  N 2945P on 
30 March  1959. 

C i r cums tances  

The pilot (and owner)  of N 2945P 
took off f r o m  Zahn l s  A i rpo r t ,  Amityvi l le ,  
Long Is land ,  New York a t  1240 hou r s  
e a s t e r n  s t anda rd  t i m e  on a t r i p  t o  
Char lo t tesv i l le ,  Vi rg in ia .  The  a i r c r a f t  
had  enough fuel  t o  fly non-stop a d i s tance  
of about  350 m i l e s ,  and  weather  ove r  the  
en t i r e  rou t e  was  idea l  f o r  v i sua l  flight.  
While a t  a n  al t i tude be l ieved  t o  be  about  
2 000 f t ,  during exce l len t  wea the r ,  the 
a i r c r a f t  w a s  subjec ted  t o  ae rodynamic  
over loads  which caused  f a i l u r e  of i t s  
p r i m a r y  s t r u c t u r e ,  and  i t  c r a s h e d  n e a r  
Dover  a t  about  1400 hou r s ,  kill ing the  
pilot.  

Evidence s t rongly  indicated tha t  the 
over load  was  caused  by the destructively- 
ene rge t i c  v o r t e x  in  the wake of a l a r g e  
a i r c r a f t .  

Invest igat ion a n d  Evidence 

N o  r e c o r d  ex i s t s  of t he  filing of any  
flight plan,  although the flight planning of 
the  rou t e  was  witnessed.  I t  was  t o  be 
south f r o m  New York ,  e a s t  of McGuire 
A i r  F o r c e  B a s e ,  and  then by Vic tor  
A i r u a y  s t o  Char lo t tesv i l le ,  Virginia .  
Victor  16 a i rway  i s  nea r ly  s t r a igh t  i r o m  
the  Coyle VOR, about 50 m i l e s  southeas t  
of New York t o  t he  Gordonsvi l le  VOR, 
15 m i l e s  e a s t  of the  Univers i ty  of Vi rg in ia  
A i r p o r t ,  the dest inat ion.  The  acc ident  
s i t e  was  on th i s  c o u r s e .  

The  pilot had a reputa t ion  fo r  plan-  
ning h is  f l ights  carefu l ly  and  m o s t  probably 
chose  a n  al t i tude in cons idera t ion  of the  
winds. These  w e r e  l ight  and  va r i ab l e  
offer ing t he  m o s t  a s s i s t a n c e  a t  a n  a l t i tude  
of 2 000 ft  ove r  m o s t  of t he  rou t e ,  i n c l u d -  
ing the acc ident  a r e a .  Th i s  is based  upon 
the  winds alof t  in format ion  f o r  t he  
Phi ladelphia  a r e a  which the pilot m o s t  
probably r ece ived .  Above 3 000 ft  he 
would have had  t o  fly i n  acco rdance  with 
the  hemisphe r i ca l  p rovis ions  of the  air 
t ra f f ic  r u l e s  which would have  made  i t  
n e c e s s a r y  t o  fly a t  4 500 o r  6 500 f t  o r  
h igher .  It i s  c u s t o m a r y  fo r  pi lots  of such  
a i r c r a f t  t o  fly under 3 000 ft  i n  good 
weather  over  such  f la t  a n d  re la t ive ly  open 
country.  Thus ,  i t  i s  like17 tha t  t he  pi lot  
was  flying a t  approximate ly  2 000 ft. 

The  proposed  t ime  e n  rou t e  w a s  
3 hou r s  a n d  15 minu te s ,  making a ground- 
speed  of about  115 mph fo r  the  350 m i l e s .  
F r o m  Zahn ' s  A i r p o r t  t o  the Kenton VOR, 
about one mi l e  no r th  of the  c r a s h  s i t e ,  i s  
approximate ly  160 mi l e s .  X s  the  acc ident  
o c c u r r e d  about  1 hour and  20 minutes  
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a f t e r  take-off,  the groundspeed was calcu-  
lated to be about 120 mph. He mus t  have 
been navigating by the Kenton VOR a s  h is  
omni r ece ive r  was found tuned to that 
frequency. Major p a r t s  of the a i r c r a f t  
were  found within 100 yd of the wreckage.  
This  a l s o  indicates that  the a i r c r a f t  was 
relat ively low a t  the t ime  of  disintegrat ion.  

A carefu l  s e a r c h  of the accident  
a r e a  yielded only five lay wi tnesses .  
One had immediately cal led police, es tab-  
lishing the t i m e  of the acc ident  as 1400. 
All  had seen  the a i r c r a f t  falling and 
shedding p a r t s  a f te r  some  had hea rd  a 
loud noise. None had seen  the a i r c r a f t  
p r io r  t o  that  t ime and none witnessed 
the ac tua l  fai lure.  A11 thought that  the 
fal l  was "s t ra ight  down". One witness 
s ta ted  that  only one wing appea red  t o  be 
s t i l l  a t tached,  and i t  s eemed  t o  be folded 
back. Three  wi tnesses  s aw no other 
a i r c r a f t  i n  flight a t  the  t i m e  and place.  
However, the two remaining wi tnesses  
did s e e  another  a i r c r a f t  which they 
descr ibed  a s  "large".  One of t hese  two 
sa id ,  ". . . I then s a w  a l a r g e  a i rp l ane  s o  
c lose  I thought the l a r g e r  a i rp l ane  was 
towing a t a rge t  and that was what was 
falling . . . I 1  No smoke o r  f i r e  was seen  
with the falling wreckage.  Visibility was 
excel lent  with a light ground wind. 

Most of the wreckage was  some  
300 ft west  of Delaware State  Route 9 in 
Muddy Branch  Swamp. This  s i t e  i s  
s i x  m i l e s  nor theas t  of Dover A i r  F o r c e  
B a s e ,  on the edge of the Dover control  
zone, a s  s tated and about one mi le  south 
of the Kenton VOR. The badly broken 
fuselage was embedded in mud in  such a 
way that initial ground contact must  have 
been near ly  ver t ica l .  

The r ight  wing and r ight  lift  s t r u t s  
were  found with the fuselage.  The lef t  
wing s t ruc tu re  with the left f ront  lift  s t ru t  
and  a sect ion of the fuselage s t i l l  a t tached,  
the lef t  a i le ron ,  r ight  a i le ron ,  r ight  gaso- 
l ine tank, p ieces  of wing fabr ic ,  and the 
lef t  r e a r  lift  s t ru t  w e r e  found in a mark -  
edly local ized a r e a  close to the main 
wreckage.  

The propel le r  and engine were  
at tached and deeply buried.  All four lift 
s t ru t  c lev is  fo rk  ends  were  s t i l l  a t tached 
to the fuselage and broken f r o m  their  lift 
s t ru t s .  Some fuel remained in the left 
wing tank. The r ight  landing gea r  was 
bur ied  about  one foot in the swampy ground,  
and  the lef t  landing gear  was just a t  the 
sur face .  The re  was no evidence of f i r e  
o r  explosion e i ther  before o r  a f te r  impact  
with the ground. 

Examination of the wreckage revealed:  

T h e r e  was no evidence of a i r  
collision with a i r c r a f t ,  b i rd ,  
o r  any object.  (A thorough 
check d isc losed  that no civil 
o r  mi l i ta ry  a i r c r a f t  had 
r epor t ed  a collision o r  a nea r  
collision that  could be re la ted  
to this  accident .  ) 

2. The power plant exhibited 
nothing to suggest  that  it was 
not operat ing normally.  

3 .  The a i r c r a f t ' s  control  sys t em,  
although extensively damaged 
by bending, breaking and 
s t re tch ing ,  a t  t ime of impact  
and during salvage,  anpeared  
to have been normal ly  operable 
a t  the t i m e  of s t ruc tu ra l  fa i lure ,  

4. Fa i lu re  of the a i r c r a f t ' s  
p r i m a r y  s t ruc tu re  was f r o m  
downward acting a i r loads .  

5 .  Damage to both wing panels ,  
to  the i r  lift  s t r u t s  and to other 
assoc ia ted  components ,  was 
markedly b i la te ra l .  

6. T h e r e  was  no evidence of 
fatigue o r  of faulty o r  ques-  
tionable construct ion.  

Dover A i r  P a r k  i s  a civil  a i rpo r t  
two mi l e s  southwest of the accident  s i te .  
P e r  sons  t h e r e  saw numerous  mi l i ta ry  
a i r c r a f t  in  the Kenton VOR a r e a  the a f t e r -  
noon of the acc ident ,  but none saw the 
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Piper .  They s t a t ed  that  cons iderable  and  
frequent turbulence nea r  the  Kenton VOR 
caused loca l  pi lots  genera l ly  t o  avoid that  
a r e a .  

Dover A i r  F o r c e  B a s e ,  s i x  m i l e s  
southwest of the  c r a s h  s i t e ,  i s  head- 
qua r t e r s  for  a n  Ai r  T r a n s p o r t  Group using 
C-130's  and  C-124's.  Only C-124's were  
in use the day of this  accident .  Proficiency 
flights on loca l  flight plans f r o m  the Dover 
Base  often use the  Kenton VOR a s  a naviga- 
tional and  letdown aid.  By ag reemen t  with 
the  New York A i r  Route Traf f ic  Control  
Cent re ,  flights in  th is  a r e a  depart ing o r  
returning to  Dover A F B ,  c r o s s  a i r w a y s  
G r e e n  5 and Victor  16, f r o m  the Hart ley 
in tersec t ion  to  a point 20 m i l e s  nor theas t  
of the in tersec t ion ,  a t  2 000 f t  o r  below 
unless o therwise  c leared .  The Kenton 
VOR is on Victor 16, 11 mi l e s  i r o m  the 
Hart ley in tersec t ion ,  and 7 m i l e s  f r o m  
Dover AFB on a bear ing  of 346O. 

During September 1958, t he re  were  
7 000 operat ions and  1 777 p rac t i ce  in s t ru -  
ment  approaches ,  including those using 
the Kentold VOR. The  number  of total  
flights a t  Dover A F B  for  23 September ,  
was  not l ea rned  although t h e r e  w e r e  
45 loca l  flights. Fl ight  p lans  filed with 
the  New York Alr  Route Traf f ic  Control  
Cen t r e  did not indicate o ther  a i r c r a f t  in 
the vicinity of Dover,  on the heading as 
repor ted  by a witness,  a t  the t i m e  of the 
accident .  A t  1400 runway 0 1  (010 deg rees )  
was  in u se ,  but i t  was not possible to 
r e l a t e  any par t icu lar  a i r c r a f t ,  a s  r epor t ed  
by two wi tnesses ,  to the t ime  and place 
of this  accident.  

The  C-124 t r a n s p o r t  has  four r ec ip -  
rocat ing engines and  a wing span  of 174 f t .  
I t s  empty g r o s s  weight i s  approximately 
107 000 lb; the maximum g r o s s  weight i s  
185 000 lb.  The r a t e  of c l imb when light 
i s  approximately 1 100 f t  pe r  minute;  a t  
fuil  g r o s s  i t  is approximately half that.  
Normal  c l imb speed  is 115 kt,  n o r m a l  
c ru i se  speed i s  175 k t ,  and  letdown speed  
is 145 kt with 10 deg ree  flap. 

h C-124 depart ing Dover A F B  on  
runway 01  will  cover the 7.6 m i l e s  t o  the  
Kenton VOR in about  2 minutes  and 
30 seconds. Loaded C-124's r e a c h  the 
Kenton VOR at al t i tudes ranging f r o m  
1 300 f t  to  2 000 f t  depending on the i r  g r o s s  
weights. Thei r  c o u r s e  will be approxi  - 
mately 90° to  Victor  16 and a n  a i r c r a i t  on  
that a i rway  could encounter  their  w a ~ e  at 
approximately a r ight  angle.  

P r a c t i c e  and ac tua l  app roaches  to 
Dover AFB a r e  made  using the Kenton V O R .  
An approach may b e  ini t iated a t  1 500 i t ,  
the min imum en  route  al t i tude fo r  Victor  1 6 ,  
o r  a t  the c ru is ing  al t i tude of the aircraft, 
whichever 1s higher.  This  is an  es tab-  
l i shed  procedure  fo r  rmlrtary pl lots  and 
would be genera l ly  unknown to pilots of the 
type r ep resen ted  by the pllot of S Z943P. 
P rac t l ce  approaches  can be inl trated a t  
2 000 it o r  l e s s  by mi l i ta ry  a i r c r a i t  o p e r -  
atlng f r o m  Dover XFB by mere ly  con- 
tacting the Dover Tower.  The  outbound 
heading is 20° and the procedure  turn  is 
a t  1 500 f t  withln 10 m l e s  of the station. 
The inbound heading 1s 200' with a 
descent  to not l e s s  than 1 O O C  f t ,  w ~ t h  a 
t u r n  over  the s tat ion to a heading of 166O. 
Vortex turbulence would be  inc reased  by 
any tu rn  because  of the i n c r e a s e  in 'g'  
loads  in the turn .  The m i s s e d  approach 
procedure  ca l l s  fo r  a climbing t u r n  to  the 
eas t ,  and  a r e t u r n  to  the Kenton omni  a t  
1 500 ft. 

A s  the P i p e r  did not en ter  the  Dover 
control  zone, r ad io  contact between the 
pilot and  the Dover tower was neither  
r equ i r ed  nor made.  

Official weather  r e p o r t s  bracket icg  
both the t ime and the place of the acc ident  
show that  t h e r e  should not have been  any 
apprec iable  na tura l  turbulence nea r  Dover 
during the af ternoon of 23 September 1953. 

An autopsy d isc losed  nothing that  
might have impa i r ed  the pi lot 's  flying 
ability. 
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Analysis 

On the basis  of a l l  available evidence 
the Board believed that the a i rc ra f t  was 
airworthy and was being flown normally 
and competently in c lear  weather and 
smooth a i r  when it was suddenly subjected 
to air loads greater  than those it was 
designed to withstand. The specific g ross  
weight of the a i rc ra f t  could not be deter-  
mined; however, evidence showed it was 
l e s s  than the  maximum permissible and 
that the centre of gravity of the a i rc ra f t  
was within l imi ts .  The overloads which 
caused s t ructura l  fai lure were  downward 
and not consistent with loads normally 
imposed by any acrobatic manoeuvre, 
including unduly abrupt recovery f r o m  a 
spin. Moreover,  this  a i r c ra f t  was  plac- 
arded against acrobatics.  The pilot, who 
was known to fly conservatively, was 
transporting fragile and expensive phono- 
graph equipment. These factors allow 
ruling out the possibility of intentional 
acrobatics.  The possibility of collision 
may safely be dismissed a s  there  i s  no 
evidence of i t .  

Thus, violent art if icial  turbulence 
produced by a i rc ra f t  having high span 
loading i s  the only plausible explanation. 
F i r s t ,  the accident a r e a  was being t rav-  
e r s e d  repeatedly by large  mili tary a i r -  
craft  a t  the P ipe r ' s  altitude. The wind 
was light, allowing longer life to the wakes 
of those a i rc ra f t .  Second, the nature of 
the fai lure - i t s  remarkable  similari ty on 
right and left s ides - can only be explained 
by violent downloads to both wings applied 
simultaneously, causing simultaneous 
fai lures.  

Turbulence l i e s  in the wake of a l l  
a i r c ra f t  and i t s  severi ty and i t s  pe r s i s t -  
ence depend upon severa l  factors.  The 

dangers of wake or vortex turbulence a r e  
s t i l l  unknown to many pilots. Engineering 
studies clearly indicate that vor tex  turbu- 
lence can be great  enough to cause s t ruc-  
tu ra l  fai lure of light a i r c ra f t ;  however, 
vort ices of such destructive magnitude a r e  
generally associated with a i rc ra f t  of the 
l a rge r  civil o r  mili tary types. 

Reports  by Douglas Aircraft  Compan! 
and a National Advisory Committee for 
Aeronautics Technical Note (No. 3377)** 
discount the effect of the "prop washH or 
the wake due to jet exhaust, a t  a distance 
of 1 000 ft. Both a s s e r t  that severe  
turbulence i s  created predominantly by 
wing tip vort ices.  The NACA study states:  
"The velocity distributions show no indi- 
cation of a disturbance other than that 
produced by trailing vor t ices ."  It can be 
seen,  therefore,  that the energy produced 
does not depend on the type of power plant. 

A paper on this  subject issued by the 
Beech Aircraft  Corporation ("A Pre l imi -  
nary Study of Effects of Je t  Blast  or Wake 
on Other Aircraft")  points out that a light 
a i r c ra f t  a t  100 mph penetrating the vort ices 
of a large  jet a i r c ra f t  a t  900 and one mile 
behind recorded a n  accelerat ion of plus 
2 .  5 g f s  and minus 3 .  5 g f s .  Other a i rcraf t  
a t  g rea te r  speeds have measured structural  
loads a s  high a s  9 g l s  in the wake of a 
large  jet a i rcraf t .  The Beech paper states:  

I f  1. If a smal l  plane, flying at 
cruising speed, observes a jet 
a i r c ra f t  and executes an  evasive 
manoeuvre which increases  the 
load factor to approximately i t s  
design l imi t ,  then penetration 
of the wake a r e a  could produce 
load fac tors  in excess  of the 
design values,  with s t ructura l  
fai lure resulting. " 

* ReportNo.  SM-1864/, "TheoreticalAnalysis  of L igh tp lane  LandingandTake-off  
Accidents Due to Encountering Wake of Large Aircraft ."  

** "Flight Measurements of the Velocity Distribution and Pers is tence  of the Trailing 
Vortices of an  Airplane. 'I 
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"2. If two o r  more  a i rc ra f t  a r e  
flying in formation,  or  close 
proximity, the combined effect 
of the wake could produce 
s t ructura l  fa i lures  in the small 
a i r c ra f t .  " 

The NACA experimented with a i r  - 
craft with smoke generators  a t  the wing 
tips. Using an F-5  1 a s  the vortex gen- 
era tor  and an F-80 a s  the rece ive r ,  it was 
determined that the energy of the vortex 
does not lessen appreciably for 35 seconds. 
The highest velocity within the vort ices 
occurred 33 seconds af ter  their  origin. 
Velocities then gradually decreased for 
60 seconds,  the longest interval measured,  
but the vortex still  retained a relatively 
large  amount of circulation. F r o m  this 
it can be seen that peak velocity can be 
approximately 1- 1 /2  miles behind a n  a i r -  
craft cruising at  180 mph. Also, that a 
relatively large  amount of velocity will 
pers is t  for 3 mi les  a s te rn .  

When a l a rge  jet a i r c ra f t  cl imbs a t  
approximately 420 mph, the peak turbulence 
is  3-1/ 2 miles in back and a relat ively 
high degree of turbulence will exist  for 
7 miles.  In relatively st i l l  a i r  the turbu- 
lence can pe r s i s t  for severa l  minutes o r  
long after  the a i rc ra f t  i s  out of sight. The 
study indicates that vor t ices  can pe r s i s t ,  
theoretically, for a s  long a s  30 minutes. 
The energy of the vort ices depends on the 
rat io of a i r c ra f t  weight to the wing span 
and the speed, being directly proportional 
to the fo rmer  and inversely proportional 
to the la t ter .  

A paper on this  subject published on 
1 January 1957 by the Beech Ai rc ra f t  
Corporation i s  "Evaluation Report  - Effect 
of Wing Tip Vortices and Sonic Shock on 
Army Aircraf t  in Flight. " Beech par t ic-  
lpated in t e s t s  a t  Eglin Air  Force  Base ,  
Florida. The repor t  i s  based on obser-  
vations, comments of mili tary personnel, 
and oscillograph t e s t  data. I t s  conclusion 
c a r r i e s  the following: 

"Negative load fac tors  higher than 
the minimum ultimate design 
requirements for Normal Category 
personal  a i r c ra f t  can reasonably 
be expected. . . . " 

Ln summary,  al l  t e s t s  and theory to  date 
i ~ d i c a t e  that s t ructura l  fai lure can be 
anticipated in light a i r c ra f t  upon penetration 
of the vort ices behind l a rge r  civil t r ans -  
ports  and mili tary a i rc ra f t .  

The variat ions and r e v e r s a l s  of 
forces  encountered when t ravers ing a pair  
of vort ices i s  of great  scientific in teres t .  
The forces  a r e  both large  and sudden. 

When an airplane runs  squarely 
through a pair  of vor t ices  a t  their  d iamete r s  
the loads imposed a r e  up, down, down and 
up ,  in that o rde r .  The total distance f r o m  
entering one vortex to leaving i t s  mate  i s  
shor t  and would be t r aversed  by a 120 mph 
a i rplane  in l e s s  than two seconds. The 
initial abrupt and powerful up-current 
might normally be met by down elevator.  
Then, within a fraction of a second a sharp  
reversa l  of load occurs ,  then again in the 
same brief interval ,  another r eversa l .  

Pilot reaction during this  short  
period can only be surmised.  But i f  the 
elevator control were  moved forward upon 
hitting the f i r s t  up-draught, a s  i t  might 
be,  the following forces  vm uld be greatly 
intensified. This secondary shock, under 
these  conditions, can be enough to destroy 
civil a i r c ra f t  which a r e  designed to 
accepted standards for normal category 
a i rcraf t .  

The P ipe r  PA-22 is certificated 
under P a r t  3 of the Civil Air  Regulations. 
It i s  designed to a n  ultimate manoeuvring 
load factor of 5 . 7  g t s  and in conformance 
with P a r t  3 has a negative ultimate 
manoeuvring load factor of 2.28 g l s .  This  
model a i r c ra f t  has  not been tes ted  to 
destruction and the actual  negative load 
l imi ts  of a l l  components have not been 
determined. 
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Authoritative computations show 
that the loads that could be encountered in 
the wake of a large  a i rc ra f t  such a s  the 
C-124 a r e  of a magnitude just approaching 
the l imit  manoeuvring load factors ,  -posi- 
tive and negative, and under certain 
conditions, may reach or  exceed the nega- 
tive ultimate manoeuvring load factors of 
normal category a i rcraf t .  These cer ta in  
conditions include any appreciable at tempt 
by a pilot to hold constant altitude upon 
encountering the vortex. 

probably a C-124, was leaving or  approach- 
ing Dover Air F o r c e  Base utilizing the 
Kenton VOR; that the pilot may or  may not 
have seen the a i rcraf t ;  that if he did, being 
unfamiliar with the potentially destructive 
forces  of vortex turbulence, he may well 
have considered his crossing point to be 
safely behind i t ;  that the pilots of the other 
a i rc ra f t  did not see  the Piper o r  saw it a t  
an apparently safe distance; that the Piper 
penetrated a wing tip vortex of the large  
a i rc ra f t  and was destroyed. 

Conclusion Probable Cause 

The Board concluded that the pilot The probable cause of this accident 
of N 2945P was cruising on course  a t  an  was s t ructura l  failure of N 2945P resulting 
a':itude of 2 000 ft o r  l e s s  in the vicinity f rom excessive a i r loads  created by wing 
of the Kenton VOR; that a large  a i rc ra f t ,  tip vortices behind a large  a i rcraf t .  

ICAO Ref: AR/599 

"A SAFETY MESSAGE FOR PILOTS" 

Pr ivate  
En route 
Airf rame - Air 
Miscellaneous - a i rc ra f t  

turbulence 

"It i s  unfortunate that vortices a r e  invisible. Ii they could be seen they would 
look like a pair  of horizontal tornadoes stretching back f rom each wing tip. F o r  miles 
as te rn  these compact and fast-spinning a i r  masses  stay close together and parallel ,  
sometimes undulating slightly, a s  a pai r .  They gradually weaken and die but can 
remain dangerous until their birthplace i s  far  out of sight. Because the r e a l  hazard can 
be many miles as te rn  and since i t  i s  not thick nor wide, the probability or  running into 
this insidious danger by chance i s  extremely sl im. However, the resul t  is s u r e  to be 
startling and may be lethal. 

"The intensity of the vortex i s  directly related to span loading and inversely 
related to airspeed; however, it is a safe and practical  generalization that the bigger 
the ship the more  violent and long-lived will be the vortex disturbance. Technically, 
the fas ter  the plane i s  moving the l e s s  energy it cas ts  off. The more  i t  weighs in 
relation to i t s  span, the greater  will be i t s  trailing danger. Also, the blows (the a i r -  
loads) felt on piercing a vortex depend on the speed of entry. At half the speed the shock 
would be only one-fourth a s  great ."  
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"Donit pass  close behind any other a i rcraf t :  the bigger i t  i s  the more  t ime  i t  
should be given. Two minutes should suffice a s  a working rule.  Avoid, when possible. 
places and altitudes frequented by large  a i rcraf t .  A r e a s  near  high-density a i rpor t s ,  
whether civil or  mili tary,  should always be suspect. If you a r e  to pass  behind a cross ing 
aircraft,  change altitude so that  you will be a t  leas t  100 feet higher or  lower,  preferably 
higher, and slow down. If you do get into a bad vortex, your best  procedure i s  to ignore 
altitude changes and use no elevator control. I '  

See a l so  Summary No. 2 and P a r t  LII for additional information on this  subject. 
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No. 7 

Seaboard and Western, Constellation, L-1049D, N-6503C, and Trans-Canada 
~ i r l i n e s ,  Viscount, CF-TGL, collided on the ground a t  New York International ~ i r p o r t ,  

New York, on 10 November 1958. Civil Aeronautics Board (U.S.A.) 
Aircraft  Accident Report, File No, 1-01 16, released 25 March 1960 

Circumstances 

The Constellation began i t s  take-off 
run, prior to a training flight, on Run- 
way 31R at 1100 hours eastern standard 
time. When an airspeed of 117 kt (V2) was 
reached, the aircraft  became airborne and 
climbed to approximately 25 ft, A muffled 
explosion was heard and control difficulty 
occurred which caused the aircraft  to veer 
suddenly to the left and the left wing low- 
ered 20 to 30 degrees. This wing then 
struck the runway and directional control 
was lost, The aircraft  skidded in a wester- 
ly direction into a temporary terminal a r e a  
and came to res t  after striking the Viscount, 
which was preparing to board passengers, 
Both aircraft  were destroyed by fire after 
impact. One member of the Constellation's 
crew and a TCA atewardess received minor 
injuries . 

Investigation and Evidence 

Various pieces of the aircraf t  struc- 
ture and i t s  components were found along 
the 2 700 f t  groundpath from the point of 
impact, 

There was no indication that either a 
structural failure o r  f i re  occurred prior to 
impact with the ground. All flight controls 
and their actuating systems when checked 
showed no signs of having failed o r  mal- 
functioned during flight. 

The four engines were carefully exam- 
ined and although they had been consider- 
ably damaged, there was no evidence to 
indicate that either an in-flight failure o r  
f i r e  had occurred. There were also no 
indications of overspeeding, combustion 
chamber distress, or  foreign material  in 
the lubricating systems. 

The four electric propellers were 
examined in detail, Because of crew state- 
ments describing the yaw condition that 
occurred just after take-off, the possibility 
of one or  more of the propellers having 
experienced an unwanted reversal was high 
ly suspect. Propellers No, 2, 3 and 4 
showed no evidence that this had happened. 

However, examination of No. 1 propel- 
le r  clearly confirmed the reversal suspicic 
The positions of the blades in relation to 
the hub index indicated a full reverse pitch 
position of minus 11.7 degrees. The hub 
interior was adequately packed with grease 
and the hub retaining nut and all safeties 
were in  place and secure. The front and 
rear  cones bore no evidence of abnormal 
wear or galling. There was no evidence 
either of arcing or burning at the hub 
switch connector pins. 

Lubrication of the spline assemblies 
of this propeller consists of packing the 
sleeve assembly with lubriplate and molyb- 
denum disulfide which i s  retained by a 
seal, When examined, the seal assembly 
on the reducer sleeve was very brittle 
because of its subjection to intense heat, 
and, therefore, positive determination of 
i t s  condition pr ior  to the accident could 
not be determined. In this case, however, 
no charred deposits of lubricant were found 
and this i s  contrary to what would be ex- 
pected if the seal had been in normal con- 
dition before the accident. 

Statements were taken from a number 
of persons from whom i t  was thought perti- 
nent information could be obtained - among 
them were representatives of the manufac- 
turer  of the propellers involved - Curtiss- 
Wright Corporation, which also overhauls 
them fo r  Seaboard and Western. 
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They testified that based on tests 
made, the pltch-change rate with a disen- 
gaged power unit could be in excess of 
40 degrees per second. This i s  subject to 
functional torque of the blades and the 
inertia effect of the speed reducer which 
has a reduction rate of 6 000 to 1. They 
further testified that in  this instance when 
the aircraft  reached 120 kt and 3 250 bhp 
during the climbout, the blade angle would 
have been 27 degrees, and that because of 
the worn armature spline condition the 
pitch-change motor could then become dis- 
engaged from the propeller and speed re-  
ducer. Once disengaged the blades could 
move to the full reverse position in ap- 
proximately one second. 

Several facts  were apparent when the 
No. 1 propeller and assembly were exam- 
ined. The wear of the rotor spline and 
mating speed reducer sleeve was of suffi- 
cient magnitude to cause complete disen- 
gagement between the power unit motor 
assembly and the speed reducer, thus pre- 
venting electrical control of the propeller. 
These conditions would permit the centrif- 
ugal forces on the blades to move them to 
the flat pitch position and beyond. 

It was evident that the condition of the 
rear  motor bearings was not caused by 
impact forces or  heat, and that i t  contrib- 
uted materially to the wear and cupping of 
the associated parts. In addition, this was 
not an isolated case; in fact, there had 
been six other cases of excessive spline 
wear and/or lubricating seal  failures. 
Although portions of the reverse electrical 
circuits could not be examined because of 
fire, it i s  believed that an electrical mal- 
function did not cause the reversal. 

With respect to the controllability of 
the aircrzft  in flight with an outboard 
propeller in full reverse pitch, full power 
applied and full forward power on the other 
three engines, i t  was determined that if a 
sudden application of negative thrust on 
the left side occurred, there would be a 
drag on that side which would cause a yaw 
and bank to the left. If would be extremely 

critical for  this to occur at an airspeed a s  
low as  112 kt a t  low altitude since a sacr i-  
fice of altitude i s  necessary to regain suf- 
ficient speed for  restoring control. 

The pilots could do little more than 
they did to prevent this accident. During 
the time the aircraft  travelled from the 
initial ground contact point to the collision 
with the parked aircraft ,  the pilots had 
only partial control. The events which 
occurred in rapid succession, such a s  the 
initial impact of the left wing with the 
ground, the resultant bounces on f i r s t  one 
gear and then the other, the loss of the left 
wing and the two engines on that side, and 
the additional unwanted thrust gained when 
the throttles again jumped forward, bear 
evidence to this fact. Intermittent ground 
marks which were found throughout a large 
portion of this travel indica'e that brakes 
were being applied, 

Probable Cause 

The probable cause of this accident 
was an unwanted propeller reversal at  a 
low altitude occurring immediately after 
take-off, A contributing factor was the 
inadequate overhaul procedure employed 
by the propeller manufacturer. 

Recommendations 

As a result of this accident the Board 
recommended to the Administrator of the 
Federal Aviation Agency that the inspection 
and overhaul procedures of the propeller 
division of the Curtiss-Wright Corporation 
be reviewed to ensure that high standards 
of airworthiness be maintained; also, that 
the recently developed and then available 
power unit, incorporating low -pitch stops 
designed to prevent propeller blade travel 
into the reverse pitch range if certain type 
failures occur, be required a s  soon a s  pos- 
sible on certain model Curtiss electric pro- 
pellers. As an interim safeguard, it was 
recommended that immediate inspections 
and shorter periods of time between the 
lubrication of these propellers be effected. 
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No. 8 

Johnson and Johnson, L e a r s t a r ,  N 37500, accident near  Woonsocket, 
Rhode Island, on 15 December 1958. Civil Aeronautics Board (USAr 

~ i r c r a f t  Accident Report, h'ile No. 2-0107, released 20 b'ebruary 1961. 

Background Mormat ion  

The Civil Aeronautics Board was noti- 
fied of this accident on 15 December 1958, 
and an  investigation was immediately 
initiated, Depositions were  taken on this 
mat te r  commencing 5 February 1959, and 
the Board issued an accident repor t  on 
I1 September 1959. * 'F view of new and 
pertinent evidence which came to  light 
after  the issuance of the orlginal repor t ,  
the Board determined that i t  would be in 
the interest  of the public to  hold a public 
hearing on this accident which commenced 
29 June 1960 in Providence,  Rhode Island. 

Circumstances 

The flight was a nonstop business t r ip  
f r o m  Linden Airport ,  New Je rsey  to 
Logan Airport ,  Boston, Massachusetts. 
It departed Linden Airport  a t  0834 hours 
eas tern  standard t ime and proceeded in 
accordance with i t s  instrument clearance.  
It passed over Poughkeepsie VOR a t  
0901 hours at 5 000 f t ,  and i t s  next posi-  
tion repor t  indicated it was over  Hartford 
VOR a t  0913 estimating Sterling Intersec  - 
tion** at 0922. At approximately 0919 
the captain advised that the r ight engine 
was inoperative, the propeller  was feath- 
e red  and he declared an  emergency. He 
a lso  indicated that he  would continue in 
accordance with his  instrument flight plan 

to Logan Airport. The flight was c leared 
to Boston to maintain 5 000 f t  until another 
altitude was available. At approximately 
0926 the captain advised the Boston Centre 
that he was experiencing a loss  of power 
on the left engine. The a i rc ra f t  was 
instructed to contact Boston Approach 
Control immediately on 126. 5 Mc/s .  How - 
ever ,  no word was received by Boston f rom 
the aircaft ,  and other at tempts to contact 
i t  were unsuccessful. N 37500 crashed 
during a snowstorm a t  approximately 
0930 hours  in a wooded a r e a  about 5 miles 
southwest of Woonsocket, i. e. about 
35 miles (approximately 12 minutes) south - 
west of Logan Airport. The two crew and 
five passengers aboard were all fatally 
injured. 

Investieation and Evidence 

The Aircraft  

N 37500 had been manufactured a s  a 
Lodestar Model 18 in 1942 and had been 
converted to a L e a r s t a r  in 1955. It had 
flown a total of 5 258 hours,  1 706 of which 
had been flown since i t s  conversion. Since 
overhaul the left engine had flown 606 hours 
and the right engine 364 hours. 

The a i rc ra f t  was l a s t  refuelled on 
12 December a t  F o r t  Lauderdale, Florida 
and following the flight to Linden, NewJersey, 
four hours  of fuel (440 gallons) remained 

* It was not summarized in Digest No. 10 (1958 accidents) because of limited space 
available. 

** This reporting point is located at the junction of Victor 167 and Victor 16 Airways 
a n d  i s  approximately 53 nautical miles southwest of the flight's destination - 
Boston, Massachusetts. 
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in the tanks. The subject flight which 
followed on 15 December was expected to 
last about one hour ' s  flying time. 

At t ime of take-off f r o m  Linden the 
a i rc ra f t ' s  computed g r o s s  weight (20 732 1b) 
was well below the maximum allowable 
(24 000 lb),  and the a i rc ra f t  was loaded 
within the centre of gravity l imits.  

Crew Information 

The pilot held a currently effective 
a i rman ' s  certificate with a i r l ine  t ranspor t  
and flight instructor ratings. He also held 
a ground ins t ructor ' s  (power plants) c e r -  
tificate and a mechanic's cert if icate with 
a i r f r a m e  and power plant ratings. He had 
flown a total of 5 877 hours ,  503 of which 
were in N 37500. 

He was aware  of the company proce - 
duree fo r  the use of carburet tor  air preheat  
and carburettor alcohol, which were sub- 
stantially in accord with the recommenda- 
t ions of both the engine and a i rc ra f t  manu- 
facturers .  

The co -pilot held a n  a i rman ' s  ce r t i  - 
f icate with commercial  privileges, single 
and multi-engine land, and instrument 
ratings. His total piloting t ime was 
1 798 hours,  of which 145 hours were  in 
Lockheed L-18 type a i rcraf t .  

The Wreckage 

The a i rc ra f t  s t ruck the ground in a 
marshy sectior, in a ve ry  steep att1:-de 
while inverted, and the direction of t ravel  
a t  impact was approximately 80 degrees 
magnetic. Most of the wreckage was con- 
fined to a n  a r e a  not much longer than the 
a i rcraf t .  The nose section and cockpit 
were demolished and the af t  section of the 
fuselage and the empennage came to r e s t  
on i ts  left side. 

The main l a n d k g  gear ,  f laps,  and the 
tai l  wheel were  all in the up position at 
impact, There  was no evidence of any 
inflight o r  ground f i re .  

Because of the severe  disintegration 
of the cockpit a r e a ,  readings f r o m  ins t ru-  
ments a& the position of controls could not 
be accurately established. 

Examination of the s t ructures  and 
power plant of N 37500 revealed no evidence 
of inflight fai lure,  o r  malfunction of the 
a i rc ra f t ,  o r  of i t s  system6 o r  components. 
I t  was evident that the No. 2 engine was not 
turning at impact and i t s  propeller  was f e a t h  
ered.  The No. 1 engine was rotating a t  
impact and its propeller  was not feathered. 
Both left and right engine carburet tor  heat 
doors were  in the "full hot" position. The 
cowl flaps on the left and right engines were  
both found in the closed position. 

Both propellers were  examined and no 
evidence was found of ahy malfunction o r  
fai lure p r i o r  to ground impact. 

Weather Briefine 

Between 0700 and 0730 hours on the 
day of the accident the captain was briefed 
by telephone on en-route and terminal 
weather conditions, by the  chief meteor - 
ologist of the National Weather Forecasting 
Corporation, Newark, ( a  private forecasting 
f i rm) .  The conditions were  a s  follows: 
'IBoston a t  a r r iva l  - ceiling 2 000 f t  over - 
cast ,  visibility 3 miles  in snow showers,  
cloud tops at Boston 9 000 ft; Newark - 
broken clouds based at 2 500 f t  with tops 
z t  4 000 ft; probable light icing in clouds 
en route; winds a t  5 000 f t  - 250°, 20 kt, 
7 000 f t  - 250°, 30 kt, 9 000 f t  - 250q 40kt. 
During the briefing the meteorologist gave 
the captain the 0700 sequence weather f o r  
Boston. He stated fu r the r  that  he may have 
glven him the 0700 weather f o r  Providence 
and others,  as well as Newark. 

Flying a t  5 000 f t  the a i rc ra f t  would 
have been on instruments commencing ir 
western Connecticut and would have remained 
on instruments during the remainder of the 
flight. During that portion of the flight 
f r o m  central  o r  eas tern  Connecticut to the 
c r a s h  si te,  moderate to  heavy snow would 
have been encountered. Available meteor-  
ological data indicated that the temperature  
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a t  the flignt altitude would have been in the 
minus 10 to minus 8 degrees  centigrade 
range through Connecticut, and in the 
minus 5 to minus 3 degrees  centigrade 
range through Rhode Island. The la t ter  
range of temperature  i s  considered par  - 
titularly favourable fo r  ice  formation. The 
data also revealed that temperatures  were  
a t  o r  below freezing a t  all levels over  
most of southern New England and that the 
a i r  was near  saturation a t  the flight a l t i -  
tude. With such a combination of t em-  
perature  and moisture the a i rc ra f t  would 
have encountered heavy icing conditions 
f r o m  eas te rn  Connecticut to Rhode Island. 

Icing of this magnitude was not antici-  
pated in the pertinent U. S. Weather Bureau 
forecasts ,  nor  was i t  anticipated by the 
National Weather Forecasting Corporation. 
The fa i lure  to adequately predict  the inten- 
sity of icing conditions was a deficiency 
on the pa r t  of the fo recas te r s  concerned 
a t  both the U. S. Weather Bureau Airport  
Station (Boston) and the National Weather 
Forecasting Corporation (Newark). 

The pattern of three  hourly p r e s s u r e  
fa l ls  along the coast ,  warming aloft indi - 
cated by snow grains  and snow pellets 
reported a t  various southern New England 
stations, a s  well a s  rapidly deteriorating 
ceilings and visibilities should have a ler ted 
both the Weather Bureau and the National 
Weather Forecasting Corporation to the 
likelihood that the low p r e s s u r e  centre 
was intensifying and moving northward 
more  rapidly than was anticipated and that 
the centre was n e a r e r  to the coast  than 
indicated on the ea r ly  morning charts .  

Weather Bureau forecasts ,  part icu- 
lar ly  the flash advisories,  including those 
issued before the captain's departure,  did 
warn of ceilings below 1 000 f t  and vis i -  
bilities below 3 miles in snow over 
New England. Nevertheless, these  advi- 
sor ies  were  not brought to the captain's 
attention by the National Weather F o r e -  
casting Corporation and the fai lure to do 
so also represents  a deficiency in the 
briefing service  provided. 

While these flash advisories did call 
attention to low ceilings and visibilities, 
there  was no mention of moderate o r  heavy 
icing conditions even though these condl- 
tions were reported by pilots pr ior  to 0900 
and did meet  the c r i t e r i a  for  issuance of, 
o r  inclusion in, a flash advisory. 

At 0720 the Weather Bureau Offlce 
(Boston) issued an  amended forecast  for  
Boston, Providence, and other terminals  
reflecting a more  rapid deterioration of 
conditions than originally anticipated and 
at 0940 again amended a considerable num- 
ber  of forecasts  fo r  terminals  in i t s  a r e a  
of responsibility. 

The National Weather Forecasting 
Corporation made no effort to contact the 
captain p r io r  to take -off with weather 
information additional to that glven In his 
briefing despite the fact  that before 0800 
and within just a few minutes after  0800 
the re  were available by teletype numerous 
indications of deteriorating conditions which 
were  especially significant owing to the 
known presence of the northward moving 
low pressure  sys tem off the coast. 

Icing - General 

New evidence which came to light after  
the issuance of the Board's  repor t  on 
11 September 1959 indicated that consider - 
able stratification existed in the Lears ta r  
carburettor a i r  induction system. Subse - 
quent official t e s t s  conducted by the Federal  
Aviation Agency showed that the degree of 
stratification in the Lears ta r  carburettor 
air induction system was unacceptable. 

The controllability of carburettor a i r  
temperature (CAT) in o r d e r  to prevent 
carburettor icing in the Lears ta r  is accom- 
plished by maintaining a temperature of 
up to 38OC on the cockpit carburettor a i r  
temperature instrument. A maximum 
l imit  of 38OC for  continuous operation i s  
specified by the engine manufacturer. 
"Continuous operation" i s  defined by one 
major a i rc ra f t  manufacturer a s  being not 
over 30 seconds. If this  temperature  i s  
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exceeded, detonation may occur which 
can lead to rapid failure of the engine. 
There is no indication in the cockpitof the 
carburettor a i r  heat door position on the 
Learstar.  The indicated CAT is the only 
information available to the pilot. This 
results in a partially open/closed door 
position, which under the official and 
unofficial tests conducted on the h a r m t a r  
indicated that carburettor icing could 
occur with indicated carburettor air tem- 
peratures of 3 8 0 ~ .  

Ice accumulation in the impact tubes 
and automatic mixture control needle will 
cause leanness of the fuel mixture. This 
generally will occur a t  near o r  below 
freezing temperatures over quite a wide 
range of temperatures with atmospheric 
ice o r  snow. Snow can collect around the 
automatic mixture control needle and 
screen under conditions where icing is not 
normally suspected. Its location requires 
a fairly high heat r i se  for  a prolonged 
period of time in order  to bring casting 
temperatures above freezing. Alcohol i s  
relatively ineffective in removing this type 
of accumulation. When power loss i s  
experienced, the heat Irccesnry i s  not 
available. 

The problem w i l l  be further aggra- 
vated if ice which has accumulated in dead 
areas  in the duct o r  behind the heater 
d m  re is releaa ed by m o r e m e t  of the 
heater doors, o r  by a temperature r i r e  in 
the a i r  inlet duct. The blockof snow o r  
ice thus released may break loose and 
move to a position where it can seriouely 
restr ic t  a i r  flow to the engine. The r e -  
sulting l o s s  of power reduces still further 
the heat available fo r  curative purposes, 
and can lead to complete power loss. 

It should be noted that the aircraf t  log 
showed an outside a i r  temperature r i s e  
from -lO°C in the vicinity of Poughkeepsie 
to -Z°C a t  Sterling. When this outside a i r  
temperature r i s e  is coupled with the f ree  
temperature r i se  of 24.6OF in the carbu- 
rettor a i r  inlet duct ( a s  determined during 
type certification tests),  the release of 

duct ice becomes a distinct possibility in 
contributing to the failure of the engine on 
N 37500. 

Icing - En Route 

Considering the pilot's experience, i t  
is reasonable to assume that the crew was 
utilizing carburettor a i r  preheat to prevent 
induction icing from the vicinity of 
Poughkeepeie, since it was in this a rea  
that the overcast and associated precipita- 
tion would be entered. It is not possible 
to state whether the pilot had any appre - 
ciable advance warning of severe induction 
icing difficulties since power loss  from 
induction icing can occur virtually instan - 
taneously, o r  may be progressive over a 
period of time depending on the atmospheric 
conditions encountered and the type of 
carburettor icing being experienced. In 
this connection i t  should be noted that 
induction system icing, while utilizing 
partial carburettor a i r  preheat, was not 
uncomman in the Learstar.  The chief pilot 
of Johnu~n  and Johnson stated that this was 
a situation that had been previously encoun- 
tered, and was the reason for  detailed 
proceduree for  the use of carburettor alcohol 
if carburettor icing was experienced while 
utilizing preventive preheat. He further 
stated that while they considered the heat 
r i se  inadequate, and had made several 
modifications to the carburettor air inlet 
system to overrcome this suppoaed defi- 
ciency, they had never considered the lack 
of heat rise to be critical since the aircraf t  
was aim equipped wi th  carburettor alcohol. 
Carburettor alcohol was not a required 
item under the certification of this aircraf t ,  
but when incorporated in the system provided 
an additional means of eliminating carbu- 
rettor and u r b u r e m r  acreen ice. 

The procedures used by the crew of 
N 37500 had been adequate in previous 
encountere with carburettor icing condi- 
tions, and up to the point of failure the crew 
would have little reason to believe that they 
would not be effective in this instance. The 
use o r  nonuse of the alcohol system, o r  
whether it did o r  did not function could not 
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be determined, since the solenoid valves 
return to the "closed" position when de - 
energized. 

Upon failure of the right engine to 
produce power, the pilot was faced with 
the decision of continuing to Boston in 
accordance with his flight plan, o r  select- 
ing a suitable alternate airport.  He chose 
to continue to Boston. In making the deci- 
sion hc would consider, among other fac- 
tors,  the icing conditions he had just 
passed through, the icing condition he was 
in, and the probable icing conditions ahead. 
The severity of the carburettor icing con- 
ditions ahead were unknown to the pilot. 
However, to reverse course, in order  to 
proceed to an a rea  to the west would r e -  
quire that the flight return through o r  
remain in, known icing conditions which 
had produced failure of one engine. At 
reduced speed on single engine and faced 
with an apparent 25 kt headwind, the air - 
craf t  would remain in this a rea  of icing 
conditions for  a period of time approxi- 
mately twice a s  long a s  had been sufficient 
to produce failure of the right engine. A 
rapid estimate by the pilot of the time to 
continue to Boston, a s  compared to pro- 
ceeding to another suitable airport,  would 
indicate *that there was little choice. 
(Logan Airport is served by an ILS, has 
radar service, and the approach could be 
made straight into a 10 000-foot runway.) 
The flight log showed that the flight was in 
receipt of the 0900 Boston weather which 
was 1 000 overcast, 112 mile visibility in 
light snow and smoke. This information 
had been secured within a matter of min- 
utes before the pilot declared his  emer-  
gency. Upon declaring the emergency 
and stating hi8 desires,  he was cleared 
by Boston ARTCC direct to the Boston ILS 
outer marker and advised, "We'll have a 
further altitude for  you shortly. In view 
of the short time the pilot had in which to 
asBess the various factors,  the Board 
believed that there was little basis upon 
which to criticize the pilot for  his decialan 
to continue to Boston. 

Assuming that the ground speed was 
considerably i e s s  after the power loss of 
the. right engine, i t  is logical to conclude 
that the flight was proceeding in a north- 
easterly direction on course from Sterling 
Intersection, and was approximately 10 nau - 
tical miles northeast of Sterling a t  0926 
when the crew reported intermittent power 
loss  on the left engine. The flight continued 
on course for approximately another 8 miles 
where it crashed. 

There i s  no doubt that the right engine 
ceased to  develop power and the propeller 
was feathered. Subsequent to the shut down 
of the right engine, the crew advised of 
power less  on the left engine, and inter- 
mittent operation of this engine is confirmed 
by several ground witnesses. There was 
no physical failure of the engines, propel- 
l e r s ,  or accessories. Both carburettor a i r  
heat doors were found in the "full hot" posi- 
tion. The facts indicate induction system 
icing, and it i s  concluded that this was the 
cause of the failure of both engines to pro- 
duce power. 

Probable Cause 

The Board determined that the probable 
cause of this accident was the failure of the 
anti-icing and deicing systems to prevent 
and remove carburettor ice under the atmos - 
pheric conditions encountered. 

Preventive Measures 

Since the accident the Weather Bureau 
has taken the following action: 

A Weather Bureau-FAA cooperative 
PIREP (pilot report) programme was started 
in January 1960. Three new positions were 
established a t  each aviation forecast centre 
to ass i s t  in flash advisory and related 
aviation forecasting work. 

Attempts a r e  being made to develop 
effective procedures f o r  assuring positive 
notzication to IFR flights of pertinent flash 
acivisory information. 
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The Board,  on 7 January 1959, r ecom-  
mended to the Federal  Aviation Agency that 
the adequacy of the carburet ,or induction 
heat system 3f this a i rc ra f t  be re-evaluated 
and rimre specific instructions regarding 
l ts  use be provided. The FAA subsequently 
advlsed that portions of the flight manual 
pertaining to deicing procedures were to be 
clardied.  They also advised that an  a l ter  - 
nate fuel  source arrangement  had been 
cer tdicated which would enable engines to 
operate even though the csrburet tor  boost 
venturi and impact tubes were iced over.  

The FAA, however, dld not propose to 
make t h ~ s  a mandatory modification since 
the Ldormation available to them indicated 
that the L e a r s t a r  had sufficient carburettor 
anti-icing and deicing provisions if proper 
operating techniques were  employed. 

On 16 January 1960 the Board f o r -  
warded to the Adm~nis t ra to r  new informa- 
tion indicating the presence of severe  

ICAO Ref: AR/596 

carburet tor  a i r  induction system s t ra t i -  
fication in the L e a r s t a r  a i rc ra f t  and 
recommended that the Administrator con- 
duct fur ther  evaluation of the L e a r s t a r  
induction heat system. 

A s  a resul t  of additional testmg, 
the Federa l  Aviation Agency issued an  
airworthiness d r e c t i v e  applicable to all 
Lockheed Model 18 a i rc ra f t  which have 
been converted to the L e a r s t a r  configura - 
tion. The airworthiness directive res t r i c t s  
such a i rc ra f t  against flying into known icing 
conditions until the carburettor a i r  preheat  
sys tem has  been msdified and appropriate 
revisions to the L e a r s t a r  Flight Manual 
have been accom2lished. Thls modifica- 
tion resul ts  in a m a r e  accurate  carburettor 
a i r  temperature  indication fo r  the preven- 
tion of ice formation on the carburet tor  
screen and engine induction system a t  a l l  
preheat  positions. Such modification will 
a lso  permit  operation with preheat  under 
varying power and  ambient temperature  
conditions without resulting in excessive 
carburet tor  a i r  temperature.  

Business 
En route 
Emergency condition - englnes failed 

- normal  cruise  
Weather - icing conditions 
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No. 9 - 
B. O.A. C. ,  Britannia, Ser ies  312, G-AOVD, accident a t  

Sopley P a r k ,  Christchurch, Hants. ,  on 24 December 1958. 
The reoort. dated April 1960. was released bv the Ministrv of Aviation . , 

a s  C. A. P. 164 - Civil Accident Report No. C. 693. 

Circumstances B.O.A.C. He had a valid Airline Trans-  
por t  Pilot 's Licence, endorsed in Group I 

The a i rc ra f t  took off f rom London for Britannia 100 and 300 a i rc ra f t ,  which 
Airport  a t  1010 hours GMT on a t e s t  flight included current  instrument and instructor 
in connection with the renewal of i t s  Cer-  
tificate of Airworthiness. During the 
climbs which followed i t  reached a n  alti- 
tude of approximately 18 000 ft ,  Fur ther  
tes ts  were  ca r r i ed  out and at 11 53 the 
captain requested permission to descend 
f rom 12 000 to 3 000 ft .  Three  minutes 
af ter  commencement of the descent,  the 
a i rc ra f t  struck the ground, which was 
obscured by fog. The accident occurred 
a t  11 58 hours within the a r e a  of controlled 
a i rspace near  Hurn. Two of the five crew 
and the seven passengers,  a l l  B. O.A. C. 
personnel, were  killed. 

ratings. He was considered to be a rel i-  
able and competent captain with excep- 
tional ability, and had flown 9 000 hours of 
which 909 had been in Britannia a i rcraf t .  

The f i r s t  officer a l so  held a valid 
Airline Transport  Pilot 's  Licence en- 
dorsed in Group I for Britannia 100 and 
300 a i rc ra f t  and a current  instrlunent rat-  
ing. He had flown a total of 4 127 hours,  
550 of which had been in Britannia 312's 
a s  f i r s t  officer. 

Three engineer officers made up the 
remainder of the crew. One of them, who 

Investigation and Evidence was acting a s  Flight Engineer on the sub- 
ject flight, held the appointment of Chief 

The Aircraf t  Engineer Officer Instructor in the 
Britannia 312 fleet. The cther two, a lso  

It received i t s  f i r s t  Certificate of qualified flight engineers and experienced 
Airworthiness in December 1957, and i t  in Britannia 312 a i rc ra f t ,  were to record 
was renewed for another year  on the details of the flight. 
3 December 1958. A Check 4 inspection 
in conjunction with Group D of the pro- Weather - General  
gress ive  overhaul programme was ca r r i ed  
out on the a i rc ra f t  between 14 and The weather forecast  for  the a r e a  of 
23 December 1958. P a r t  of this work the flight for the period 0800 hours to 
involved the calibration of the pilots' al t i-  1800 hours drew attention to extensive 
m e t e r s ,  airspeed indicators and ra te  of a r e a s  of fog especially in  the west and 
climb indicators. The a i rc ra f t  was se rv-  north. 618 to 818 stratocumulus clouds 
iceable for the t e s t  flight. were  forecast  for the eas t  of the a r e a  and 

spreading very slowly west. The height 
The Crew of the base of the cloud was estimated to 

be 1 500 ft to 2 500 ft  with tops a t  3 000 f t .  
The captain was a Senior Captain Variable amounts of altocumulus and 

F i r s t  Class and the Officer-in-Charge of cumulus were  forecast  for heights of l e s s  
Training for Britannia 31 2 a i rc ra f t  in than 10 000 ft. 
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In the London-Bristol-Hurn vicinity 
between 1000 and 1200 hours the conditions 
were as  follows: 

extensive fog o r  mist; cloud - 
extensive areas of low stratus, 
base surface 400 f t ,  tops approxi- 
mately 1 500 f t  amsl, patches of 
stratocumulw base 2 000 - 
3 000 f t ,  tops about 4 000 ft in 
the east of the area; visibility - 
generally 100 - 300 yd, but 500 - 
1 500 yd inlrnA in tha east at 
first and 1 3 NM in coastal 
areas east of tke Isle of Wight; 
freezing level - 4 000 to 4 500 ft. 

IP the Hurn vicinity there would be 
complete coverage of fog and low stratus 
with tops about 1 500 ft. 

The Flight 

Following take-off, the aircraft 
climbed towards Woodley, levelling off at 
3 000 ft where the altimeters were cross- 
checked by the first officer. Passing 
Woodley a t  10 1 5, i t  left the Airways and 
climbed southwest to 5 000 f t . .  . . the 
pilots1 altimeters were again cross - 
checked. For test purposes the propeller 
of No. 4 engine was feathered, a d  a 
three-en&d climb at  take-off power was 
made to just over 9 000 ft. The aircraft 
was then climbed to 18 000 ft. Records 
of altitude, speed and temperature were 
recorded every 30 seconds. During the 
later stages of the climb, differences 
were-noticed among the airspeed indica- 
tors. All engines a t  completion of the 
climb were running normally. The first 
officer stated that he coueidered it super- 
fluous to carry out the prescribed spoken 
cross-check of pilots1 altimeters .during 
the climb as  so many readings were being 
taken. Handling tests, including a high 
speed dive and stalls in variou3 configu- 
rations, were then commenced. During 
the stall tests the first officer's airspeed 
indicator read 80 kt and the captain's read 
100. Rate of roll checks followed. On 
their completion it was noticed that the 
first officer's altimeter read what was 

believed to be 13 000 ft. When the flap and * 

undercarriage functioning tests had been 
made, the captain asked the first officer 
to get clearance to descend from 13 000 to 
3 000 f t  and also wanted to lcnow the heights 
of the tops of the lowest cloud layer a t  
Hurn. To the information requested, 
Hurn replied. . . . . "haven't got an estimate 
here, understand in the Southampton area 
they a r e  VMC (via ual meteorological 
c d t i o n e )  at 2 000 f t .  " At 11 35 the air- 
craft requested permission to descend to 
3 000 f t  - i twas  VMC ontopa t  13 000 f t  
just above a cloud layer - and stated that 
they would come over the top of Hurn and 
would like clearance from there. For 
18 minutes a course \nag steered towards 
Hurn during which period the first officer 
thought they were approximately 3 000 f t  
above a c l o d  layer. At 11 53 he reported 
they were werhead Hurn a t  12 000, VMC 
on top and requesting descent clearance to 
3 000 ft. He also stated that descent could 
not be made VMC a s  there was a cloud 
layer at  10 000 ft. Hurn advised the air- 
craft to contact London Airway s if over- 
head or if to the west to contact Flight 
Information Region. The flight contacted 
FIR and requested an IBAC (instrument 
meteorological conditions) descent to 
3 000 ft. It wae asked to advise when a t  
3 000 f t .  The message ended at 1155 hours. 
The aircraft descended a t  an airspeed of 
180 kt and entered haze. 0 x 1  passing 
through it the ground suddenly appeared. 
and the aircraft struck it with its star- 
board wing vhile flying approximately 
longitdinally level. 

Discussion 

Between 1135 and 1153 hours the 
aircraft descended from 13 000 to 12 000 
and new towards Hurn approximately 
3 000 ft above a c l o d  layer. In view of 
the meteorological coditions, however, 
it wonM seem that the only cloud layer 
which existed in the Hrvn vicinity w a s  on 
or near the surface. 

The final descent was commenced 
some time after 1155 hours with the in- 
board engines a t  "flight idle" power and 
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a t  an airspeed of 180 kt. The fuel dump 
chutes were in the extended position. Un- 
der  these conditions the associated rate 
of descent would be about 750 ft per min- 
ute. It was established that the aircraft  
struck the ground a t  1 1  58 hours. It would 
seem, therefore, that a t  1153 hours the 
aircraft  was a t  approximately 2 000 ft and 
not 12 000 ft a s  reported and that, conse- 
quently, some 10 000 f t  were lost prior to 
1 1 35 hours , without either pilot appreciat- 
ing it. It may be significant that when the 
climb to 18 000 f t  was concluded the sub- 
sequent a i r  tests were not of a kind which 
required the crew to focus attention on 
the altimeters. 

The Wreckage 

Examination of the wreckage reveal- 
ed that a t  the time of impact the flaps and 
undercarriage were retracted and the en- 
gines were running under power. No pre- 
crash defect in the airframe or  engines 
was found. 

The manufacturers examined and 
tested the flying instrumente znd found: 

a) the captain' s altimeter func- 
tioned normally within i ts  spec- 
ified accuracy tolerance and his 
airspeed indicator had a consist- 
ent e r r o r  of -6 kt.. . . , but this 
was due to impact damage; 

b) the altimeter and airspeed indi- 
cator of the f i r s t  officer were 
damaged by impact, and no posi- 
tive assessment of their pre- 
accident condition could be made. 

The Static System 

Two separate systems provide air 
a t  atmospheric pressure to a number of 
instruments including the airspeed indi- 
cators and altimeters. The f i r s t  officer's 
and the navigator's instruments a r e  sup- 
plied from a common source not connected 

with that which provides pressure to the 
captain's instruments. 

Discrepancies were noted during the 
flight between the airspeed indications of 
the captain's and f i r s t  officer's instru- 
ments. They were consistent with a pres- 
sure leak found subsequently in the static 
system of the f i rs t  officer's instruments.. . 
this would, however, have no effect on the 
captain's altimeter. Also, the effect on 
the f i rs t  officer's altimeter would be small. 
Calculations ohowed that the effect would 
be appraximately 300 ft too low a t  LO 000 ft 
and decreasing with descent. They also 
showed that if an  altimeter indication of 
10 000 ft too high did result from a defec- 
tive static pressure eystem when flying a t  
an altitude of 3 000 ft then an aseociated 
airspeed indicator would register a speed 
of 465 kt when flying a t  200 kt U S  (equiv- 
alent a i r  speed). 

Altimeters 

As a result of Comet I experience of 
operating over a wide range of altitudes, 
B. O.A. C. introduced, in  1952, a modified 
type of altimeter. At the time of the sub- 
ject accident all Britannia aircraf t  were 
equipped with this type. It had a 10 000 ft 
pointer which extended to the outside scale 
and could not become totally obscured by 
the other pointers. 

Following an incident involving the 
misreading of an  altimeter during flight 
an order was issued in May 1958, part  of 
which read:- 

". . . . . during climbs and descents 
the captain and the co-pilot a r e  to 
cross-check their altimeters a t  
20 000 ft and 10 000 f t . .  . . . to  amid  
the possibility of misreading the 
altimeters by 10 000 f t . .  . . . I I  

In 1958 the f i r s t  accident due to an  
e r r o r  of this type, a s  far as i s  known, 
occurred. 
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This resulted i n  action being taken to 
ascertain the practicability of - 

a) modifying the three-pointer alti- 
meter  so as to eliminate a s  fa r  a s  
possible the chance of a 10 000 ft 
reading er ror ,  and 

b ) developing an instrument more 
suited to c u r r e d  operational 
needs. 

Various m o ~ i c a t i o n s  were assessed 
and then in  February 1949 the Air Regis- 
tration Board issued a nvtica wt Britannia, 
Comet and Viscount ~irrrdt  must be 
equipped with approved altimetcss having 
a presentatian where the probability od a 
10 000 ft reading e r r o r  was rctnwed, 

Subsequently, also in February 1959, 
a Civil Aviation Inf ormatian Circular was 
issued on the subject, "Flight Safety Warn- 
ing - Reading the 3-Pointer Smsitive Alti- 
metern. P a r t  of the C i r d a r  r e d s  a s  
follow s : 

"Pilots of aircraft  which -rate in 
the range of altihrdcs where refer-  
ence to the 10 000 ft pointer on the 
instrument i s  necessary a r e  remind- 
ed of the need for  care  in reading 
this type of altimeter, particuhrly: - 

ICAO Ref: ~ ~ / 6 3 2  

1) pr ior  to starting any stage of 
descent, 

2) at  times when monitoring of the 
flight instruments has been, o r  i s  
being, interrupted. " 

O n  2 6  F e b r u a r y  1 9 5 9  t h e  
United Kingdom Altimeter Committee was 
set  up to investigate, inter alia, the de- 
sign of altimeter faces a d  mechsmisms. 

Probable Cause 

The accident resulted when the a i r -  
craft flew into the ground which was ob- 
scured by fog. Both the captain and f i r s t  
d f i c e r  failed to establish the altitude of 
the aircraft  before and during the final 
descent. 

Representations made on behalf of 
the captain and f i r s t  officer were carefully 
considered and as a result the following 
was added to the opinion on the accident: 

The height presentation afforded by 
the type of three-pointer altimeter 
fitted to the subject aircraft  was such 
that a higher degree of attention w a s  
required to interpret i t  accurately 
than is desirable in so vital an in- 
strument. This, when taken in 
conjunction with the nature of the 
flight on which the aircraft  was 
engaged, was a contributing factor, 

En route 
Collision - ground 
Pilot - improper E R  operation 
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No. 10 

Air France, Lockheed Constellation 149A, F-BAZX, accident 
near Vienna/Schwechat Airport, Austria, on 24  December 1958. 
Report released by the Aircraft Accident Commission, Austria. 

Circumstances The Flight 

The flight was scheduled from Paris  
to Vienna via Munich. The aircraft  departed 
Munich at 1958 hours GMT estimating i ts  
arr ival  a t  Vienna at 2053. Following an 
ILS let-down at Vienna the pilot elected 
(at 2056) to make a visual circuit of the 
airfield. Three minutes later,  the air-  
craft crashed in the base leg turn and 
burned 2 200 m from the threshold of run- 
way 30. The pilot-in-command and the 
flight mechanic were seriously injured; the 
passengers and other crew members 
escaped with only minor injuries. 

Inve s tigation and Evidence 

The pilot-in-command held a valid 
French Airline Transport Pilot's Licence 
with an L 749 rating. He had completed a 
total of 10 027 flying hours, of which 552 
were in L 749 aircraft. He had made 11 
landings at ~ i enna /~chwecha t  Airport. 

Weather 

A weak cold front reached Vienna 
shortly after 2 000 hours with a slight north- 
west wind which increased to 9 kt by 
2 100 hours. Visibility increased from 
1 800 m to 6 km, and the ceiling increased 
from 400 to 600 feet, although rainfall 
from the rising clouds continued. 

The following actual weather was 
reported a t  Vienna: 

2018 340105 kt. 1800 m, nin 8 st 400 ft 
5 a 200 ft 

2035 330105 kt. 2 000 m ,  rain 8 a 300 f t ,  7' QNH 1004. 9 m b  
3 st 200 ft 

2045 320107 kt. 4.0 k m ,  nin 8 st 400 ft 
4 n 300 h 

2100 310/09 kt, 6 km. rain 8 st 600 ft. 6" 1005. 2 m b  
2 st 400 ft 

2135 310/06 kt, 6 km. rain 8 st 900 ft. 5' 1005. 0 mb 
1 st 500 ft 

Departure from Paris  was delayed 
f rom 1430 to 1630 hours. The flight was 
normal as far a s  Munich. There was a 
slight saowfall during the approach to 
Munich, which slightly reduced the braking 
effect. During the approach, icing occurred 
but was overcorm by the de-icing system. 
The departure f rom Munich was somewhat 
later than planned, since another Air France 
aircraft on the ground had to be de-iced. 
From Munich to Vienna the flight proceeded 
a t  a cruising levelof 7 000 feet and only 
slight icing occurred, causing no difficulties. 
The flight to Vienna was normal and after 
reporting over the OEC beacon the aircraft  
was transferred to Vienna approach control. 
Time of arr ival  over Steinhof was reported 
by the aircraft  as 2049, and probable altitude 
was then 4 000 feet. At 2048 it was instructed 
by Vienna Approach to maintain 4 000 feet and 
to report over radio beacon OEB. The follow- 
ing weather report was also given: 4/8 
stratus at  300 feet and 8/8 stratus at 400 
feet wind 310°, 10 kt, QNH 1005 mb, QFE 
984 mb. The pilot then requested clearance 
for an ILS approach. Clearance was given 
for direct approach to runway 12 with 
instructions to report over the radio beacon 
Steinhof and the outer marker. The aircraft 
reported over Steinhof at  2052 and over the 
outer marker 4 minutes later,  whereupon 
Control passed the following message: 
"Cleared to land, wind 310° 10 kt. Report 
when landing lights a r e  in sight for further 
wind information. " The pilot acknowledged 
this and at 2056 reported, "Runway insight." 
He stated that he would report over the 
runway and thus indicated his intention of 
landing on runway 30. At this point the 
pilot reported that the ceiling was 8 000feet 
but this was later corrected to 800 feet. 
The controller in the tower saw the air-  
craf t ' s  landing lights at the moment when 
the pilot reported "runway in sight". The 
pilot then received clearance for a vlsual 
approach and was instructed to report m the 
base leg turn. At 2057 hours the aircraft 
crossed the aerodrome in a southeasterly 
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direction a t  an estimated height of 600 
to 700 feet above the ground descending 
slightly. The approach appeared to be 
normal. At 2058 the aircraft was observed 
from the tower entering the base leg turn. 
According to the crew there was visual 
contact with the ground at 800 feet, After 
discontinuation of the ILS approach the 
co-pilot carried out checks and switched 
on the landing lights. A few small clouds 
could then be seen at the same height a s  
the aircraft .  There was a normal setting 
of 2 300 rpm during the approach. The 
ianding ilaps were 66% out and tile base 
leg turn was initiated with a 30° bank at 
an altitude between 700 and 450 feet. The 
speed was 145 kt. 

The aircraft  crashed from this base 
leg turn and burned out about 2 200 m from 
the southeastern end of the runway. 

Examination of the Wreckage 

The wreckage was scattered over 
250 m. The final crash i s  assumed to 
have taken place about 130 m beyond the 
place of f i r s t  contact with the ground. At 
this place propellers and engine parts were 
found. All the engines were torn free as  
the aircraf t  skidded forwards. The under- 
carriage wheels were found 200 m from the 
first  ground traces.  The left main gear 
was forced backwards through the left 
wing, which remained joined to the fuselage. 
The right wing was torn free,  but the 
landing gear remained attached to the wing 
and withstood the heavy strain. The pro- 
peller blades were at a normal angle; none 
of the propellers was in feathered pitch. 
The landing flaps were about 20° out at the 
time of the accident. The cockpit was 
totally burnt out, only an a i r  speed indicator 
from the right instrument panel was found 
with a mark burnt in it at 50 mph, and the 
left altimeter which was set a s  follows: 
QFE 985 mb: the small pointer showed 
500 feet. the large one 900 feet. The main 
wreckage was completely burnt out. Exam- 
ination of the airframe was, therefore, not 
possible. The f i re  was clearly due to the 
impact. 

Medical Aspects 

Five hours after the accident, af ter  
treatment for injuries and while sti l l  under 
anaesthesia, the pilot-in-command was 
subjected to a blood test; this revealed no 
alcoholic content. 

One week after the accident the pilot- 
in-command was questioned by a medical 
expert. The pilot's memory was clear,  and 
he did not appear to have suffered from 
amnesia which can usually be observed 
following brain concussion. He reported 
that he had been well rested before- the 
subject flight. During the flight he felt 
physically and mentally aler t  and experience 
no headache or  signs of fatigue. The pilot- 
in-command was at the controls throughout 
the flight from Munich' to Vienna. 

Both the pilot and the flight engineer 
rejected the possibility of their being 
affected by exhaust gas or fuel vapours in 
the cabin. The reported cabin pressure 
equivalent of 1 350 m (4 500 feet) altitude 
is certainly too low to cause direct lack of 
oxygen. 

The medical expert concluded that it 
was improbable that the pilot's faculties 
were affected by insufficient rest  before the 
flight, excessive meals, particularly tiring 
weather conditions, or  by lack of oxygen. 

Findings and Conclusions 

The Investigation Commission concluded 
that the flight was normal up to theinitiation 
of the base leg turn and that technical mal- 
function a s  a causal factor could be excluded 

As regards the visual approach-to-land 
at Vienna, the pilot stated that the runway 
lighting apd the control tower were clearly 
visible, both in flight along the southern 
end of the runway and while turning towards 
the north. The radio commmicat ion~ at 
the time were carr ied out by the co-pilot. 
The turn towards the north was performed 
without any particular centrifugal accelera- 
tion. Then the pilot reports having entered 
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a cloud, not previously noticed, followed 
by a total loss of visibility of the ground. 
The instruments, however, were clearly 
readable and the pilot claims that he imme- 
diately changed to instrument flight. He 
also remembers having feared the possibil- 
ity of airframe icing on entering the cloud, 
and at that moment the aircraft  apparently 
pitched forward along its axis - when 
questioned, the pilot repeated: pitched 
and not rolled - and he contends he pulled 
the control column but felt great resist-  
ance andordered the co-pilot also to pull. 
The pilot claims that, in the circum- 
stances, in view of the strong pulling, the 
aircraft  should have pulled out. The pos- 
sibility exists that the control column was 
deflected to i ts limit and, therefore, could 
not move any further. It was not stated 
whether the engine revolutions were 
simultaneously increased. The pilot then 
felt a first  impact, and as  he was not 
st rapped to his seat his head hit a hard 
object; he cannot remember what happened 
immediately following the crash. 

The Commission concluded that the 
pilots lost sight of the ground during the 
base leg turn. Subsequently, a variety of 

circumstances, such as  wrong altimeter 
readings, failure to watch the instruments, 
loss of airspeed o r  a slide in the turn could 
have resulted in the crash. It could only 
be assumed that the crash was attributable 
to an abnormal flight attitude during the 
base leg turn. 

Probable Cause 

It i s  possible to establish that there was 
no question of a technical malfunction, and 
that the flight crew lost sight of the ground 
in the base leg turn, at  which time the air-  
craft adopted an abnormal attitude for this 
manoeuvre which led to the crash. 

Presumably the accident could have 
been avoided through immediate discontinua- 
tion of the approach procedure (immediate 
changeover to climb - heading for radio 
beacon OEW) following loss of visibility. 

Recommendations 

Both training andair  transport agencies 
should be instructed to prepare pilots who 
engage in instrument flight for the hazards 
which may occur in the changeover from 
visual to instrument flight and vice versa,  
and train them accordingly. 

ICAO Ref: ~ ~ / 6 3 8  

Scheduled 
Landing 
Collision - ground 
Weather - low cloud 

patches 
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No. 11 

Serviclo Akreo de  Honduras,  S. A. , P C  -3C, XH - S M ,  acc ident  at P e h ,  Blanca,  
Republic of Guatemala o n  6 Janua ry  1959. Repor t  by the Board  appornted - 

by the Direc tor  Genera l ,  Civll Aeronautics ,  Honduras.  - 

Circums tances  

The a i r c r a f t  was on a spec ia l  flight 
f r o m  San P e d r o  Sula to Copan Ruinas and 
r e t u r n  on  a VFR fl ight  plan. I t  landed at 
Cop& Rulnas a t  1033 hour s  following a 
flrght of 1 h r  38 min ,  which was  somewhat  
longer  than expected. Nothing unusual,  
however,  was  repor ted  by the  c rew.  The 
a i r c r a f t  was then c l ea red  to proceed  to 
Nueva Ocotepeque (an  18 -minute flight) in  
o r d e r  to take  on additional fuel,  and d e -  
par ted  f r o m  Copan Rumas  a t  11 13 hour s ,  
ca r ry lng  3 c r e w  and 2 passengers .  As  the 
a i r c r a f t  had not reached i t s  dest inat ion by 
1145 hour s ,  the f i r s t  s e a r c h  a i r c r a f t  was 
sen t  out a t  1155 hour s .  The wreckage of 
XH-SAA was  located shor t ly  a f t e r  1900 
hour s  on PeiIa Blanca mountain. All 
aboa rd  the a i r c r a f t  were  dead,  and i t  was 
demolished by m p a c t  and the ensumg f i r e .  
The acc ident  o c c u r r e d  a t  approximately 
1120 hours .  

Investigation and Evidence 

The Ai rc ra f t  

The  a i r c r a f t ' s  Cer t i f ica te  of A i r -  
worthiness was  val id until 30 Apr i l  19 59. 
I t  had completed 15 840 hour s  of flying, 
1 2b6 of which had been  s ince the  a i r c r a f t ' s  
l a s t  1 500-hour overhaul .  I t  had undergone 
r egu la r  150 and 300-hour overhauls  as 
requlred.  

C r e w  Information 

take-off f r o m  Copan Kumas  he  was occu-  
pying the co-pilot's seat.  

The co-prlot had completed a to ta l  
of 2 027 flying hour s ,  1 089 of which w e r e  
on DC-3 equipment. The f a c t  that  he  was  
occupying the control  s e a t  during the flrght 
was not considered to be a contributing 
fac to r  to the accident .  

Weather  

The  weather  a t  Copan Ruinas and 
Nueva Ocotepeque was within the l imi t s  
r equ i r ed  under VFR. 

Cop& Rumas  - 0845 - 10 /10 .  
wind ca lm.  ceiling: f r o m  2 000 t o  
2 500 f t ,  visibility: 3 t o  4 m i l e s ,  
dr izz le  over  hi l ls  to the wes t ,  height 
o: the cloud l aye r  above the ceiling: 
unlimited,  be t te r  approach t o  the 
wes t ,  b reaks  in the  clouds . . . 
Nueva Ocotepeque - 1100 - 6 /10 ,  
NNW wind a t  20 to  25 mph ,  visibility- 
e a s t  5 m i l e s ,  west  and south unlimited,  
ceiling 5 000 f t ,  bet ter  approach f r o m  
south. no  rain . . . 

The weather  a t  the accident  s i t e ,  
however,  was  below VFR minima s ince  
the  l a t t e r  r equ i r e  at l e a s t  3 m i l e s  v is ib i -  
l i t y  and that  it should be possible to keep 
the a i r c r a f t  at a ve r t i ca l  d is tance  of 
500 f t  and a horizontal  d is tance  of 2 000 f t  
f r o m  the clouds. 

The  pi lot- in-command was one of A i rc ra f t  ove r  the  s e a r c h  a r e a  r e  - 
the m 3 s t  experienced pi lots  in Honduras por ted  the weather  as follows: - 
as well as check pilot f o r  the Direc tora te  
Genera l  of Civi l  Aeronautics .  He had "overcas t  with occasional  b r e a k s ,  
flown a total  of 13 000 hour s ,  8 000 of d r i zz l e ,  low cei l ings ove r  h i l l s  
which w e r e  on  DC -3  equipment. At  and mountains . . . 
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Pefh  Blanca mountain, where the accident 
occurred,  was covered with low cloud 

Residents of San Isidro (a village 
located a t  the foot of Peiia Blanca moun- 
tain) stated that the weather on the day of 
the accident was cloudy with dr izzle  and 
poor visibility. Those living in houses on 
a straight line f r o m  the wreckage a r e a  
saw the a i rc ra f t  fly over  them a t  a low 
altitude a few seconds before the accident 
and stated the a i rc ra f t  was slightly within 
fog. However, o ther  witnesses (of houses 
approximately 1 mile f r o m  the f i r s t  group), 
who did not actually see  the a i rc ra f t  but 
heard i t ,  stated i t  was fa i r ly  close. This 
village is a t  an  elevation of 4 200 f t  and 
f r o m  data available it was gathered that 
the a i rc ra f t  was approximately 150 to 
250 ft  above the ground. It was inferred 
f r o m  the above that the pilots could see  
below but that thei r  forward o r  la tera l  
visibility was nil - they did not notice the 
mountain when flying over  the houses 
f rom which the a i rc ra f t  was seen although 
the houses a r e  not fur ther  than 114 of a 
mile f r o m  the mountain in a straight 
flight line. 

Examination of the Wreckage 

The s i te  of the accident was inacces- 
sible except by helicopter, and the inves - 
tigation committee was not able to visi t  i t  

until 24 hours  af ter  the accident - in the 
meantime vil lagers had ca r r i ed  off the 
unburned par t s  of the a i rcraf t .  

The central  section was inverted, 
the wings were pushed back into the 
fuselage af ter  hltting t r e e s  (100 ft  hlgh), 
and the cockpit was torn  f r o m  the fuselage. 

T r e e  tops had been cut off by the 
a i rc ra f t  approximately 150 f t  below the 
spot where the wreckage was found - f r o m  
this ~t was concluded that upon slghting 
the mountain the pilot had immediately 
attempted an emergency climb. However, 
he was unable to c lear  the mountain and 
the a i rcraf t  had crashed a t  a n  elevation 
of 4 750 f t  a t  an  angle of approximately 
30 degrees.  The a i rc ra f t  had r l sen  350 to 
400 ft  f rom the helght a t  which it had been 
seen f rom the houses. 

Probable Cause 

The accident was caused by the 
pilot 's attempt to fly over mountainous 
te r ra in  by visual reference to the ground 
under weather conditions severely res t r i c t  - 
ing visibility ahead of the a i rc ra f t ,  which 
forced him to descend to a dangerous 
altitude. 

ICAO Ref: AR/560 
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No. 12 

Southeast  Air l ines.  DC -3. N 18941, s t ruck  a mountain while approaching Tr i -Ci ty  

C i rcums tances  

N-18941 depar ted  Memphis at 1630 
hour s  on a r e g u l a r  flight to Tr i -Ci ty  A i r -  
port ,  Br is to l ,  Tennessee  with s tops  a t  
Xashvil le  and Knoxville. Following depa r  - 
t u r e  f r o m  Knoxville a t  1946 i t  was  c l ea red  
to the G r a y  intersect ion* v ia  G r e e n  Airway 
5 to maintain 5 000 f t  and reques ted  to 
contact  T r i -C i ty  approach cont ro l  when 
over  the Bulls  Gap m a r k e r  beacon. It  did 
s o  a t  2010 and was  c l ea red  to make  a n  ap -  
proach  to  the a i r p o r t  on runway 27. The  
flight then switched to company frequency 
a t  Tri-City and e s t ima ted  i t s  a r r i v a l  t i m e  
a t  2026. A t  2024 i t  r epo r t ed  to approach 
cont ro l  that i t  w a s  ove r  G r a y  in tersec t ion ,  
( f r o m  which a n  ILS approach w a s  to  be 
continued), leaving 5 000 f t  making a n  
outer  m a r k e r  approach and w a s  advised to  
r epor t  leaving the outer  m a r k e r  inbound. 
At 2032 the flight w a s  asked  i t s  position - 
the captain then inqui red  as to whether  o r  
not the glide s lope  was  operating. He w a s  
advised that  i t  was .  T h e  captain s ta ted  h i s  
ADF w a s  acting up, that  h e  did not pick up 
the  ou te r  m a r k e r  au ra l ly  o r  visual ly and 
that .they w e r e  making a p rocedure  turn.  
The  cont ro l le r  aknowledged and asked f o r  
the flightf s altitude, No f u r t h e r  word  w a s  
received.  The  a i r c r a f t  c r a s h e d  (a t  approx- 
imate ly  2032 hours) ,  immedia te ly  a f t e r  i t s  
f inal  t ransmiss ion ,  fa ta l ly  injuring the  
7 pas senge r s  and 3 c r e w  aboard. 

Investigation and Evidence 

The wreckage  was  found the next day 
on the nor thwest  s ide  of the Holston moun- 
tain range,  18.75 NlLI e a s t  of Tr i -Ci ty  
Ai rpo r t  and 1.25 NM nor th  of the LLS 
loca l izer  path, 

The  a i r c ra f t ,  while on a 235O c o u r s e  
f i r s t  s t r u c k  s e v e r a l  t r e e s  which seve red  
the left wing 21 f t  f r o m  the tip and de- 
s t royed a port ion of the horizontal  s tabi-  
l izer .  It could b e  seen  f r o m  the in i t ia l  
impac t  m a r k s  that  the a i r c r a f t  was  i n  l eve l  
flight longitudinally with an  angle of bank 
to the r ight  of less than 10 d e g r e e s  when 
i t  s t r u c k  the t r e e s  growing on the 35O slope, 
a t  a n  elevation of 3 140 f t  n e a r  the c r e s t  of 
the mountain, A s  i t  continued into the 
t r e e s ,  p a r t s  s epa ra t ed  and finally the 
outer  r ight  wing panel  was  seve red  by an- 
o ther  t ree .  The  r ema inde r  of the a i r c r a f t  
continued ove r  the c r e s t  of the hill without 
hitting the ground,  I t s  fo rward  motion was  
then stopped by  contact  with s e v e r a l  l a r g e  
t r e e s ,  and i t  f e l l  t o  the ground in an up- 
r ight  position. T h e  cabin  sect ion of fuse-  
lage  with the empennage at tached then 
ro l led  180 deg rees  to  t he  r ight  and c a m e  
to  r e s t  inver ted  a c r o s s  the  stub of the 
r ight  wing. A n  in tense  f i r e  ensued in the  
ma in  wreckage. 

* the  in t e r sec t ion  of the southwest  leg of Tr i -Ci ty  low f requency radio  r ange  and 
the 275-degree radial of the Tri-City VOR - 3 m i l e s  southwest  of the  a i rpor t ,  



5 -I ICAO Circular  6Z-AN/57 

.',iaintenance records  indicated that 
"0th the a i r f r a m e  and power plants had 
been maintained in accordance with a l l  ap - 
plicable regularions. There were  no out- 
s tanding discrepancies and no maintenance 
carryover  i tems which might have affected 
?he airworthiness of the aircraft .  

Analysis 

F r o m  evidence i t  was c lea r  that no 
s t ructura l  o r  mechanical failure o r  mal- 
function occurred which in  any wly  con- 
tributed to the cause of the accident. 

The components of the instrument 
Landing system and the compass locators 
a t  Tri-City were functioning properly on 
the night of the accident. 

Examination of the radio equipment of 
N 18941 indicated that the crew was not 
utilizing all  the facilities available. The 
No. 2 navigation receiver  was not tuned to 
a frequency of any facility in the area ,  and 
i t  was, therefore, presumed that the No. 2 
navigation receiver was  not in use. Nor- 
mally this receiver  would be tuned to the 
TRI VOR (117.7 ~ c / s )  and utilized to 
determine the backup radials which define 
the safe easternmost limit of the procedure 
turn area.  

As near  a s  could be  determined the 
low frequency receiver  was tuned between 
325 kc and 349 kc, Again, this frequency 
i s  unrelated to  that of any facility in this 
a r e a  which could be utilized by this receiv- 
e r .  Normally the low frequency receiver  
is tuned to  the TRI low frequency radio 
range, 221 kc, and used a s  another aid in 
determining the a i rc ra f t  position in  rela-  
tion to the radio range legs. It is c lear  
this receiver was  not being used on the 
TRI-LFR because i t  i s  extremely improb- 
able that impact forces  could move the 
frequency over 100 kc. 

The ADF was tuned t o  221 kc, the 
Tri-City low frequency radio range. While 
en route f rom Knoxville to Tri-City i t  
would be  used to follow the airway. How- 
ever,  after  the a i rcraf t  had reached the vi- 
cinity of the a i rpor t  and a n  approach on 

the ILS was started, the crew would nor- 
mally tune the ADF to the non-directional 
compass locator associated with the middle 
o r  outer marker .  These frequencies are :  
201 kc and 239 kc respectively. 

Another alternative would be to tune 
the ADF to the Emmett  "H" facility (320 kc) 
fo r  ass is tance in establishing the safe east-  
ernmost  limit of the procedure turn area. 

Two inferences a r i s e  because the 
radio compass was not tuned to the frequen- 
cy of a facility which would a s s i s t  in deter-  
mining position along the localizer. The 
f i r s t  i s  that the automatic direction finding 
feature was not functioning o r  was not being 
used. The second i s  that the radio compass 
was entirely inoperative and neither the 
visual presentation nor the audio signals 
could be received. 

During the l a s t  transmission f r o m  the 
flight, the pilot stated that ". . . his ADF 
was acting up." In addition, the captain 
who had flown the f i r s t  segment of the tr ip 
(Memphis to  Nashville) testified that he 
was unable to receive either visual o r  
aura l  signals on the ADF pr io r  to iandlng 
a t  Nashville, The evidence a lso  indicates 
that he informed the next captain, who was 
to  fly the a i rcrhf t  f rom Nashville to 
Tri-City, of the malfunction a t  Nashville 
but that no maintenance was performed 
there  o r  a t  Knoxville, nor  was any entry 
made in the log. It is, therefore, reason- 
able t o  presume that the ADF was com- 
pletely inoperative and fur ther  that the 
crew was aware  of the situation p r i o r  to 
take-off f rom Nashville. 

There  i s  a remote possibility that a 
sightseer a t  the c r a s h  site could h ~ v e  
a l tered the setting found on the No. 2 nav- 
igation receiver  frequency selector; i t  i s  
also possible that the frequency selector 
was moved a s  a resul t  of heavy iner t ia  
forces.  If this  were t rue  and the receiver 
was being used on the TRI VOR, the pilot 
should have been acutely aware of his posi- 
tion. A s  fo r  the ADF, because of the f i r e  
markings on the dial  and exposed gears,  
investigators determined that the frequency 
setting had not been altered. It was c lea r  
that this receiver  was tuned to 221 kc. 
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The flight reported as being over 
Gray intersection at 2024. About 2032, 
the conversation with the tower took place. 
Before completion of that conversation the 
aircraft crashed. This would place the 
accident time at apprordmately 2032. 

A study was made to determine the 
airspeed which would have been required 
for the aircraft  to t raverse the distance 
from Gray to the c rash  site in eight min- 
utes. It was calculated that N 18941 
would have had to have had an airspeed of 
180 kt or  a groundspeed of 191 kt to travel 
this distance in such a length of time. 
This speed i s  much too high for a DC-3, 
especially while manoeuvring prior to an 
ILS approach, F rom the calculations i t  
was evident that the aircraft  could not 
have been over Gray a t  2024, a s  i t  
reported. 

The Board, therefore, selected two 
airspeeds, 130 kt and 110 kt, a s  represen- 
tative manoeuvring speeds a t  which an LLS 
procedure would be flown. Substituting 
each of these speeds in the computations, 
and starting a t  the crash site working 
back toward Gray, i t  was possible to de- 
termine two lines of position along one of 
which N 18941 had to be located eight min- 
utes before the crash. (See Figure 2). 
It was immediately discerned that the 
110 kt line of position could not, in all 
probability, be correct because i t  was im- 
possible to correlate the en-route report- 
ing times to it. However, the 130 kt line 
of position appears to be consistent with 
al l  the known facts. 

F r o m  a position report over Piedmont 
a t  1958 and the report over Bulls Gap, 
which is 30.5 miles from Piedmont, a t  
20 10, i t  can be seen that the groundspeed 
of the aircraf t  was 152 kt. The next posi- 
tion report was over Gray, 32 miles from 
Bulls Gap. At a groundspeed of 152 kt, 
this segment should have taken 12.5 mia- 
utes. However, the flight did not report 
over Gray until 2024, 14 minutes after 
passing Bulls Gap. At this same ground- 
speed the airplane would have travelled 
35.5 miles, or  a t  least 3.5 miles closer 

to the accident site than Gray, In other 
words, when the Light reported over Gray 
it was actually 3.5 miles o r  1.5 minutes 
beyond Gray. By plotting this distance 
(35.5 m i l e s  from Bulls Gap) on a chart, i t  
was found to cross  the 275-degree radial 
of the T ri-City omni a t  the same approxi- 
mate point a s  the line of position calculated 
for  a manoeuvring speed of 130 kt. Again 
referring to ~ i ~ u ; e  2, it can be seen that a 
course from Bulls Gap to this point would 
pass approximately two miles east  of Gray. 

A s  stated before, the Board believed 
that the ADF was inoperative a s  reported 
by the captain. It further believed that the 
flight from Knoxville to Tri-City was made 
in instrument weather cunditions without 
using the low frequency radio aids which 
define Green Airwav 5 ,  There was evi- 
dence a t  the public hearing that in some 
instances pilots were using the i n t e r s e c t i ~ n  
of the 65-degree radial of Knoxville VOR 
and the 275-degree radial of the Tri-City 
VOR a s  Gray intersection. The intersec- 
tion of these radials is very indefinite 
because of the distance from Knoxville and 
i t  i s  possible to receive an indication which 
could place it several  miles east of Gray. 

On the basis  of all evidence the Board 
believed that the crew of N 18941 flew from 
Knoxville to Tri-City, utilizing the 
Knoxville VOR, and attempted to locate 
Gray without the aid of the low frequency 
radio. The winds aloft were reported to 
be f rom the north-northwest a t  approxi- 
mately 20 kt* and would tend to drift the 
aircraf t  east  of i ts  course. All these fac- 
tors  combined to cause the airplane to 
arr ive a t  the position which was reported 
a s  Gray intersection. 

Had the aircraf t  been at Gray the cor- 
rect  procedure would have been to continue 
on the same heading a s  the low frequency 
range leg (65 degrees) to intersect the 
localizer at the middle marker  and then to 
turn to a 90-degree heading to track out- 
bound past the outer marker. It  i s  proba- 
ble that the crew, thinking they were in  
the vicinity of Gray, followed the normal 
procedure for intercepting the localizer. 

* the captain of another flight in the a r ea  at  
which he encountered at 5 000 f t  were fro1 

the time of the accident estimated winds 
XI the west-northwest a t  25-30 kt. 
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F r o m  the position it has been shown the 
aircraf t  was over when i t  reported a t  Gray, 
a course of 65 degrees to the localizer 
would pass south and east  of the outer 
marker. Thereafter, without receiving 
the outer marker and without the use of 
the low frequency receivers o r  the No. 2 
navigation receiver, the flight would be 
unable to determine i t s  position along the 
localizer. 

F rom calculations, the time interval 
f rom the Gray report to the beginning of 
the procedure turn was found to be 5 min- 
utes 45 seconds. Normally, a procedure 
turn would have been started approximate - 
ly 3 minutes and 30 seconds after passing 
Gray. Even if the flight had been over 
Gray, a s  i t  reported, to continue 2 min- 
utes and 15 seconds beyond the normal 
flying time to the outer marker  would 
place the procedure turn well beyond the 
authorized 5-mile limit and probably 
beyond the 5-mile buffer a r ea  which i s  
provided a s  a safety zone east  of the pro- 
cedure turn area, Actually the flight flew 
for  a period of 5 minutes and 45 seconds 
from the position, which was erroneously 
reported as Gray, before starting i t s  pro- 
cedure turn, Had a procedure turn been 
started 3 minutes and 30 seconds after this 
report, as i s  normal, it is probable the 
accident would have been avoided, 

Both crew members were familiar 
with the Tri-City Airport and facilities, 
and both must have been well aware of the 
terrain variations in the area, When they 
realized they were east of the outer mark- 
e r  an &own distance, the f i r s t  and only 
proper action was to execute a missed- 
approach procedure, climbing to 5 500 f t  
on the west course of the localizer, 

It i s  assumed that the flight did re-  
ceive the localizer indications. However, 
i t  did not receive an indicaticn of the outer 
marker. The transmission from the flight 
asking if the glide slope was operating 

indicates that this instrument was not oper- 
ating properly o r  that they could not ration- 
alize the indication from i t  with their sup- 
posed geographic location, If the localizer 
had been intercepted to the west of the 
outer marker, the glide slope indicator 
would have been a t  a full fly-down deflection 
because the aircraft  would have been above 
the glide slope. I t  w o d d  have changed 
from full fly-down to full fly-up as the air- 
craft proceeded eastward on the localizer 
past the outer marker. 

It  is possible that either the glide 
slope indicator or  the outer marker beacon 
did not function properly, I t  may be that 
the crew concluded they were inoperative, 
In this event they were wrong in  continuing 
the approach, 

Actually, the aircraft  intercepted the 
localizer east of the outer marker. At 
this point, the glide slope i n d i c a t ~ r  would 
have been a t  a f u l l  fly-up deflection 
because the glide slope was above the air-  
craft, I t  may be that the crew was confused 
when, thinking they were west of the outer 
marker, they received an indication oppo- 
site to that expected. I t  i s  also possible 
that high terrain intervening between the 
transmitter and the aircraft  may have 
blocked the signal (which i s  VHF and line- 
of-sight) f rom being received by the a i r -  
craft, causing a flag to appear in the devi- 
ation indicator of the aircraft. In either 
case the Board believed that the crew had 
a clear duty to discontinue the procedure 
immediately and execute the approved 
missed approach. 

One of the provisions in  the operations 
specifications issued to the company by 
the Federal  Aviation Agency clearly estab- 
lishes the conditions under which an ILS 
approach can be executed. Those specifi- 
cations make i t  c lear  that an LLS approach 
may not be commenced if more than one 
component of the ILS i s  inoperative or  the 
signals cannot be received, N 18941 could 
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not receive the compass locators and did 
not receive the outer marker .  Although 
i t  may have received the glide slope signal 
r t  is obvious the crew did not o r  could not 
anderstand the indications. 

All the radio aids in  the Tri-City area 
are  maintained by the F e d e r a l  Government 
for  the use of a l l  pilots. While the use of 
a l l  radios may not be  mandatory fo r  I F R  
flight, good operating pract ices  dictate a 
maximum crosscheck of all available facil- 
ities. Lf this flight had utilized e i ther  the 

law frequency receiver  on the Tri-City 
range o r  the No. 2 navigation receiver  on 
the VOR, this accident would in all proba- 
bility have been avoided. 

Probable Cause 

The probable cause of this accident 
w a s  the fai lure of the pilot to identify G r a y  
intersection properly and his decision to 
continue a n  LLS approach contrary to  
company and regulatory procedures. 

ICAO Ref: ~ ~ / 5 9 7  
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No. 13 

Lufthanaa, L- 1049, D -ALAK, accident a t  Flecherrao Beach, Galeao, 
Ru, de Janeiro. Brazil. on 11 January 1 

released by the Ministry of Aeronautics, Brazil. 

C ircumstances 

T h e  flight wrlr mcBadulsd between 
Hamburg, Germany and Rio de Janeiro. 
After reporting M) minutes out from Rio  
de Janeiro under IFR conditions the a i r  - 
craft was authorilced to descend from 
4 200 m to 3 000 m and to mrrintain this 
altitude to NDB KX. Over KX it was 
authoriaed to descend to 900 m and to 
transfer to Galexo Tower for  approach 
instructions. These instructions, tog&- 
e r  with receipt of the meteorological con- 
ditions on the final approach sector were 
acknowledged; normal position reports 
including final approach were transmitted. 

The aircraft  descended over 
Cuanabara Bay under rainy conditions 
and hit the water with its nose wheel. 

caught fire.  The aircraf t  was destroyed. 
All 29 passengers and 7 crew died in the 
accident. Three other crew member8 
were seriously injured. 

The crewls duty and flight time 
i m m d k t e l y  before the accident exceeded 
the limitations established in Brazil ,  a1 - 
though they did not exceed those e s t a t  -- 
lished by the State of Registry. 

Probable Cause 

Ia spite of an exhaustive investiga- 
tian it wan m t  possible to determine the 
actual cause. However, the probable 
cause was considered to be pilot e r ro r  in 
cteecding below the minimum altitude on 
final approsch. 

After this impact i t  i s  assumed that the 
pilot tried to continue the approach but Aircrew fatigue was considered to 
the aircraft  undershot the aerodrome and be a contributing factor. 

ICAO Ref: AIG/ACC/REP/GEN/No. 8 (Brazil) 
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No. 14 

Empresa Austral, S.A. I. y C,. C-46, LV-GED, accident 1 200 m off the coast, 
opposite Camet Park, Mar del Plata, Argentinaon 16 Januaty 1959. Report No. 1191 
dated 28 October 1959 released by the National Director of CivilAvbtion, Argentina. 

After a 35 minute delay (for meteoro- 
logical information from Mar del Plata) 
LV-GED took off from Aeroparque Airport, 
Buenos Aires, at 1950 hours on a scheduled 
IFR flight to Mar del Plata and Bahh 
Blanca; it was to cruise at  2 400 m to 
Mar del Plata witbin airways, The flight 
was normal until the final approach a t  Mar 
del Plata. The aircraft arrived over the 
threshold of runway 12 a t  an estimated 
height of 85 m and attempted a landing. 
However, it overshot and without touching 
the ground did a missed approach proce- 
dure and flew out to sea. Approximately 
1 200 m from the shore and while in a 
cruising configuration it descended gradu- 
ally into the sea (at 2140 hours) killing all 
5 crew members and 46 of the 47 passen- 
gers aboard. 

Investigation and Evidence 

The Aircraft 

It had a Certificate of Airworthiness 
issued by the competent authority valid 
until 3 March 1959. 

The Crew 

Both the pilot and co-pilot held valid 
Airline Transport Pilot Licences. 

While working for Empresa Austral 
the pilot had flown about 1 120 hours all 
a s  pilot-in-command and on C-46 aircraft. 
Of this total, 749 hours were night flying 
and 341 were instrument flying. In all he 
had flown a total of about 6 846 hours - 
2 181 of which were as pilot-in-command, 
836 during night flying, and 341 on instru- 
ments. As co-pilot he had flown about 

4 666 hours - night flying 1 451 hours, 
instrument flying 1 003 hours and in ground 
trainers 117 hours. During the previous 
90 days he had exceeded by 22 hours the 
flight time limitations stated in Resolu- 
tion No, 678 of 27 June 1957. 

The co-pilot had flown a total of 
982 hours. During the previous 90 days 
he had exceeded by 3:50 hours the maximum 
flight time allowed by the aforementioned 
Re solution. 

The radio operator and the two 
hostesses were properly certificated. 

Mar del Plata Airport 

The airport's height above sea level 
i s  18 m. The landing area consists of a 
concrete runway 1 750 m long and 60 m 
wide, with the ends oriented 120 - 3000 
magnetic. It is equipped with control tower, 
radio beacon (NDB) and, at the approach 
end of runway 12, an inner marker beacon 
(LI) which was not serviceable on the day 
of the accident. The airport has a portable 
lighting system. There are  trees at both 
ends. which are  10 m high. 200 m from the 
threshold of runway 12, and 14 m high. 
200 m from the threshold of runway 30. 

Taking the runway centreline towards 
the sea and following the track of the air- 
craft, the terrain is covered with forest of 
an estimated maximum height of 14 m 
ending about 600 m from the end of run- 
way 30. 

The distance between the threshold of 
runway 30 and the shore is  2 650 m. Paral- 
lel to the coast and 15 m from the shore 
there is a power line whose cables, 12 m 
high, were cleared by the aircraft. The 
coastal zone consists of a cliff, approxi- 
mately 14 m above sea level, which drops 
steeply to the sea. 
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Weather 

An excerpt from the route weather 
forecast,  which the pilot received pr ior  to 
his departure from Aeroparque, read a s  
follows: 

Aeroparque - Mar del Plata - Bahfa 
B lanc a 

lvaltitude: 1000 m, wind direction 
2 100, speed 35 km/h; altitude: 
2 000 m, wind direction 2100, 
speed 40 km/h; altitude: 3 000 m, 
wind direction 330°, speed 40 km/h, 
turbulence moderate - severe with 
heavy cumulus and cumulonimbus" 

Actual weather at  Mar del Plata 

2115 visibility 4 km; ceiling 150 - 
200 m;  QFE 1009.4 mb (pilot 
then stated there was visual 
contact a t  450 m) 

21 18 (descent was authorized to 
750 m) - visibility 3/5 km; 
ceiling 100 - 150 m reduced 
by light rain; surface wind. 
20 kt f rom 180° 

2140 (time of final approach) 

weather had deteriorated 
considerably. Visibility poor; 
heavy drizzle; gusts of wind 
40 km/h. 

The Final Approach 

At 2140 hours, witnesses, all familiar 
with aviation, observed the aircraft  begin 
its final approach in line with the axis of 
runway 12, reaching the threshold at 80 - 
100 m altitude. The aircraft  was off the 
longitudinal axis of the runway manoeu- 
vring to the left and then the right in an 
attempt to correct its course. Half way 
along the runway the pilot tried to force 
the landing, descending steeply at an angle 
of 45O. The tower operator got the impres- 
sion that the aircraft  was going to over- 
shoot, and he warned the pilot three times. 
When he saw that the pilot was persisting 
in his intention to land after passing over 
more than 1/2 the runway and had arrived 
within about 200 m of its end, he warned 
him two or three times to pull out because 
of the t rees  14 m high. The aircraft  then 

initiated a missed approach procedure, 
continued its flight climbing on full power, 
and passed over the t rees  and out to sea, 
without replying to repeated calls of the 
tower operator. 

Two witnesses. who were in a wooden 
hut located 150 m inland from the point on 
the shore nearest to where the aircraft  fell 
into the water, followed its path out to sea. 
The flight was reconstructed from their 
reports a s  well a s  from the statements of 
the sole survivor. The loud noise of the 
engines, which were functioning normally, 
attracted the attention of the witnesses on 
the ground. When they saw the aircraft  it 
was at  a height of about 40 - 60 m and 
descending gradually it went into the sea. 
An explosion followed. 

Since the accident occurred at night 
and in unfavourable weather, the evidence 
of those who observed the plane at the time 
i t  fell into the water does not, technically, 
shed much light on how it struck the water, 
although they related, like the passenger, 
that the impact occurred in normal flight. 
The inquiry was, therefore, conducted on 
the basis of the technical investigation of 
the recovered material. 

F rom this it was concluded that - 
a) The aircraft  entered the water 

a t  an angle of about 5O, at  an 
angle of bank to the right of 
about 7O. The landing gear and 
the flaps were retracted; the 
forward speed was estimated a t  
about cruising speed; both engines 
were operating normally. 

b) The aircraft  struck the water 
f i r s t  with the lower half of NO. 2 
engine, which broke loose, caus- 
ing a rotating movement through 
the aircraft  and giving r i se  to 
forces of inertia leading to the 
breaking-off of engine No. 1 and 
both wings. 

From analysis of the fractures of 
recovered parts of the aircraft  i t  was 
deduced that the movement of the aircraft  
was transformed into a combination of 
parallel displacement and rotation, the 
latter around a plane very near the floor 
of the aircraft. 
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General  Observations 

Following investigation the following 
pcints were brought out:- 

1) the engines were functioning 
normally a t  the time of impact, 
and the ccntrols were  not jammed; 

2 )  there were no signs of f i r e  o r  
explosion; 

3) effects of mechanical and thermal  
turbulence were considered insuf- 
ficient to suggest the a i rcraf t  had 
been drawn into the sea  by a 
descending wind effect, Studies 
showed that the impacts of the 
wind (cyclone) were  directed on 
the surface towards the interior 
by the general wind flow and the 
ascending influences were g rea te r  
than the descending ones. 

4) the possibility of the a i rcraf t  
having struck a very high wave 
was also discounted. 

Discussion 

Having carr ied out the "escape 
manoeuvre", the pilot should then have 
proceeded to gain height and adhered to 
the instrument missed approach proce- 
dure in o rder  to make a new approach. 

He continued visual flight in a descent, 
uncontrolled o r  unnoticed b y  the pilots. If 
he  conformed to the procedure indicated on 
the  instrument approach chart ,  then fol- 
lowing the missed approach, the pilot must  
have performed the 'Iescape operation" with 
initial climb on course 123' up to QNH 
600 m,  requesting instructions f rom the 
control tower. During the technical inspec- 
t ion of the a i rc ra f t  following the accider.;, 
i t  was found that the configuration of the 
a i rc ra f t  a t  the moment of touching the 
water (landing gear  and flaps re t racted,  
approximate cruising speed and slight turn  
to the right) inferred that the pilot, because 
of the cr i t ica l  situation, his lack of famil- 
iar i ty  with the aerodrome and his emotional 

state a t  the moment, sought visual referenc 
points, (and the only ones to be seen were 
situated to the rlght of his course,  the light 
of Mar del Pla ta) ,  in o rder  to reorientate 
himself for  a new approach. At that part ic 
ular t ime the city was fully illurninated and 
was visible, in the investigator's opinion, 
f r o m  the accident s i te ,  even though the 
weather conditions were unfavourable. 
(Visibility was 4 - 10 km, and the distance 
between the accident si te and the coastline 
neares t  the city i s  3/4 km). Added to this 
the fact that the pilot lost a horizon when he 
turned towards the sea ,  it i s  c lear  that he 
was seeking this visual reference.  More- 
over ,  his  direction coincrdes with the t rack 
he would follow in order to  find his bearing 
and make a new approach towards runway 1, 
f i r s t  flying over the city. 

Lack of Familiari ty with Mar del Plata 
Airport  

While formerly employed with Aero- 
l ineas Argentinas the pilot had never flown 
this route. The Mar del  Pla ta  Airport  
staff did not know the pilot and could not 
remember  having seen him operate there.  

Empresa  Austral  stated thal on 22,  2 3  
and 24 February 1958 the pilot flew between 
Aeroparque and Mar del  Pla ta  on a i rcraf t ,  
LV-PEV. The Directorate General of 
Commercial Aviation had no knowledge of 
these flights. Aeroparque has  records  01 
all these flights but with another a i rcraf t ,  
PEU, and the subject pilot i s  not included 
on the records.  Mar  del Pla ta  stated that 
the flights were with PEU and that on 
22 February only the pilot was on three  
VFR flights a s  co-pilot and was not a 
member  of the crew on 23 and 24 February.  
He had only made one V F R  landing a t  night 
a s  co-pilot on 22 February and had not 
operated on this runway for a year. He 
had never flown this route IFR o r  a s  pilot- 
in-command. 

The Empresa  Austral  dispatcher a t  
Aeroparque stated that before departure 
f r o m  Aeroparque, the pilot had asked to 
see  the approach char t  for Mar del  Plata. 
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The flight radio operator of Aerolineas 
Argentinas aircraft, LV-ADM, departing 
on +uhe same route to the same destination 
stated that the pilot asked him for infor- 
mation on the position of the radio beacon 
with respect to the runway to be used 
(since the inner radio beacon was not in  
use) and also on the night marking, since 
it was only the second time he was on a 
flight of this kind. It  was concluded from 
the foregoing that the pilot of LV-GED waq 
not familiar with Mar del Plata Airport o r  
radio navigation aids available. 

Factors affecting the pilot's state of mind 

The following factors were considered 
to have affected the pilot's capability and 
skill when landing a t  Mar del Plata: 

1. lack of familiarity with the 
airport; 

2. prior to departure from Aero- 
parque he knew that existing 
conditions prohibited landing 
at Mar del Plata - these con- 
tinued to exist during the greater  
part  of his flight there; 

3. indecision when the landing 
problem arose (i. e. difficult 
weather conditions, slippery 
runway, excessive height and 
speed, and the tower operator 
insistently warning of over- 
shooting). 

All these factors must have confused 
him and contributed to his making an e r r o r  
of judgement during the missed approach - 
i.e. he tried to fly visually, seeking re fer -  
ence points, rather than go back on instru- 
ments. 

Inadequate dispatching 

This was the f i r s t  flight of a service 
commenced on that day. Austral should 
have selected a crew familiar wlth the 
route and the airport. In view of the 
prevailing weather conditions, this pilot 
was ineligible. 

Dispatching was adequate with regard 
to regulations for the flight plan and the 
departure. At the time that LV-GED took 
off f rom Aeroparque, landing at Mar del 
Plata was prohibited due to existing condi- 
tions. However, the flight was feasible 
since the alternates were in operation. 

The operator assigned a pilot for this 
flight without observing the requirements 
of Regulation No. 854/55 of the competent 
authority, the National Directorate of Air 
Transport. The pilot i n  question had never 
been assigned to this route a s  pilot-in- 
command nor on IFR flights. 

Probable Cause 

The pilot failed during a missed 
approach procedure to observe the instru- 
ment flight procedure and attempted to 
continue visual flight by night in  unfavour- 
able weather conditions. The aircraft  then 
lost altitude and descended into the sea. 

Contributing factors were: 

1. a s  the pilot was not familiar with 
the airport in this type of opera- 
tion, he miscalculated during the 
instrument approach procedure; 

2. the pilot's temporarily confused 
mental state, when he found 
himself in this crit ical situation, 
affected his capability and skill; 

3. the radio beacon was out of 
service and the lighting was 
poor because of the weather 
conditions at the time of the 
approach; 

4. unsatisfactory dispatching of the 
aircraf t  by the operator. 

Observations 

The investigation revealed the following 
irregularities: 

1. The operator used meteorological 
minima below those established by the 
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Directorate General of Air Traffic and 
Aerodromes for the Mar del Plata Airport. 

2.  The operator infringed upon the 
regulations contained in  Resolution 
No. 678/57 by allowing the pilot and 
co-pilot to exceed the maximum flying 
hours allowed in the previous 90 days. 

3. The operator employed a pilot 
who did not satisfy the conditions required 
under Nos. 5, 6 and 7 of Regulation 
No. 854/55 of the National Directorate of 
Air Transport. 

4. The control tower operator of the 
Directorate General of Air Transport and 
Aerodromes was not familiar with the 

meteorological minima fixed by the aero- 
nautical authorities nor with the existence 
of the airline's own minima, 

Recommendations 

The Board advised the aeronautical 
authority to adopt appropriate measures 
in  order to avoid the recurrence of similar 
situations and submitted for co~lsideration, 
by the authorities governing air  traffic in 
the country, a proposal for the study of 
ways of improving the lighting of Mar del 
Plata  Airport, o r  in default of that, to 
contemplate the possibility of establishing 
meteorological minima higher than those 
at  present in force at  that airport. 

ICAO Ref: ~ ~ / 6 2 8  
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No. 15 

Piper  PA-24 Comanche, D-ELAC, accident 5-1/2 miles southwest of Sydney Airpor t ,  
Nova Scotia, Canada, on 16 January 1959. Report Ser ia l  No. F-180, 

re leased by the Department of Transpor t ,  Canada. 

Circumstances 

The a i rc ra f t  was being delivered to 
West Germany. The pilot, the sole occu- 
pant of the a i rc ra f t ,  was en route to 
Moncton, New Brunswick f r o m  Gander, 
Newfoundland when he  received a weather 
report  indicating that h is  destination was 
already below the safe l imi ts  for  landing 
under instrument conditions. He elected 
to f ly  to Sydney and was attempting to le t  
down on instruments through low clouds 
for a visual landing when the a i rc ra f t  
collided with the ground, killing the pilot 
and destroying the a i rcraf t .  

Investigation and Evidence 

Aircraft  - General 

A Certificate of Airworthiness fo r  
Export had been issued fo r  the a i rc ra f t  
by the United States of America.  

The a i rc ra f t  was not fitted with 
de -icing equipment. 

Two galvanized i ron tanks had been 
installed on the r e a r  seats  a s  pa r t  of an 
unapproved auxiliary fuel system designed 
to give the extra  range necessary  for  the 
t rans  -Atlantic flight. There  was no 
record of a compass swing after  this 
tank installation. 

The Pilot  

He held a German Commercial  
Pi lo t ' s  Licence and a Special Purpose  
Pilot 's  Certificate issued by the U. S. A. 
According to his  log book he had flown 
399 hours  and 37 minutes of which 33 hours  

and 51 minutes had been flown in the 
P iper  PA-24 Comanche. He had approxi- 
mately 90 hours of training for instrument 
flying, but h is  licence did not have an  
instrument rating endorsement. His log 
book indicated that he  had made a success  - 
ful ILS approach in this a i rcraf t  under IFR 
conditions four days pr ior  to the accident. 
However, on the subject flight he  did not 
c a r r y  any of the let-down procedure char ts  
necessary  fo r  a pilot to navigate his a i r -  
craf t  down through clouds to the minimum 
safe l imi ts  fo r  a landing a t  any a i rpor t  
along the route. The lack of such a char t  
f o r  Sydney was the only apparent reason 
for  the pilot's fa i lure  to attempt the 
approved standard type of approach to the 
airport .  

Loading of the Aircraft  

At take -off f rom Gander the a i rc ra f t  
was overloaded by 1670 of i t s  authorized 
maximum g r o s s  weight. At the t ime of 
the accident i t  was overloaded approxi- 
mately 870. The centre of gravity was 
within the approved l imi ts  on take-off 
f r o m  Gander and a t  the t ime of the acc i -  
dent, 1604 hours ,  was slightly beyond the 
r e a r  l imit .  

The Flight 

The a i rc ra f t  took off f r o m  Gander 
a t  1303 hours  Atlantic standard t ime  having 
been briefed on the weather situation. Ten 
minutes af ter  passing over Sydney it was 
c leared by ATC to re turn  to Sydney having 
been advised that Mancton, its destination, 
and Charlottetown, the al ternate,  were  
reporting weather conditions below the 
IFR l imi ts  fo r  landing. 
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At 1557 Sydney gave the pilotlanding 
instructions and the weather report . .  . 
indefinite ceiling a t  200 ft ,  sky obscured, 
visibility 318 mile in light freezing drizzle 
and fog.. . and a s  the weather was below 
the minimum IFR l imi ts  fo r  landing he 
indicated that he would proceed to the 
November radio beacon where he would 
descend through clouds until visual contact 
was made with the ground and then would 
proceed to the a i rpor t  for  the landing. 

Having reported over the November 
beacon a t  1603 the a i rc ra f t  was not heard 
f r o m  again. 

 conclusion^ following technical 
'mvestigation 

It was determined that the a i rc ra f t  
had struck the ground in a left spi ra l  dlve. 
Ice had accumulated on the a l rc ra f t  during 
the la t ter  portion of the flight. About 15 
hours of fuel  remained a t  the t ime  of the 
accident, but it was not possible to de te r -  
mine how much was in the part icular tank 
selected, a s  a l l  tanks had been ruptured. 
T t  was concluded that considerable power 

was being delivered by the engine when 
the propeller  cut down a t r e e  near the 
point of impact. 

It appeared that the pilot did not 
encounter any difficulty during the descent, 
but became distracted a t  a very  low a l t i -  
tude when the engine power fluctuated, and 
inadvertently allowed the a i rc ra f t  to come 
into contact with the ground. The cause 
of intermittent engine power, a s  heard by 
witnesses,  could have been caused by 
either carburettor icing o r  by some diffi- 
culty in the unorthodox fuel  system. The 
overloaded condition of the a i rc ra f t  would 
have been aggravated by the additional 
weight of ice forming on various portions 
of the s t ructure ,  which would a l so  affect 
the flying character is t ics  of the a i rcraf t .  

Probable Cause 

The pilot attempted a flight beyond 
his  ability and experience when he conti- 
nued into unfavourable weather. Contri-  
buting factors were the overload, icing 
and lack of proper a i rpor t  charts .  

ICAO Ref: AIG/ACC/REP/GEN/No. 1 - Canada 
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No. 16 

Eastern  Air  Lines, Inc., Lockheed 1049G, N 6240G, made a n  emergency 
landing a t  Miami International Airport ,  Miami, h'lorida, .on 17 January 1959. 

Civll Aeronautics Board (USA) Aircraft  Accident Report, Fi le  No. 1-0024 
re leased 20 September 1959. 

Circumstances 

Flight 704 was a daily non-stop flight 
f rom Miami, Florlda to Detrolt,  Michigan. 
It ca r r i ed  5 crew and 12 passengers.  
Immediately af ter  take -off f r o m  Miami, 
No. 3 engine failed following an  initial 
fallure of a connecting rod,  a n d  a n  uncon- 
trollable f i r e  m the same nacelle ensued. 
It was belleved that durlng the engine fail-  
ure progression an  abnormal exhaust 
flame occurred,  which ignited a f lamma- 
ble discharge f r o m  the outboard breather  
exit of the engme. The resulting flame 
then penetrated the alummum wheel well 
doors igniting a f i r e  m zone 3 -A of the 
nacelle. An emergency landing was 
ca r r i ed  out on runway 9R at the Miami 
International Airport  during which the 
right main gear  collapsed. One passen- 
ger  received minor injuries.  The 
a i rc ra f t  was badly damaged by inflight 
and ground f i re  and by unpact. 

Investigation and Evidence 

The flight englneer stated that his 
p re  -flight inspection of the a i rc ra f t  was 
complete, and he was satisfied that there  
were no leaks. 

The a i rc ra f t  was c leared to taxi  to 
runway 27R a t  1559 f o r  take-off. How- 
ever,  its departure was delayed because 

of heavy traffic fo r  20 minutes. While in 
runup positlon a thorough and satisfactory 
p r e  -take -off check was made. Take -off 
was a t  1621. W crew members  said 
that power plant response was normal ,  
and the a i rc ra f t  accelera ted properly. 
When airborne the laading gear  control 
was positioned to "gear up", and whlle the 
gear was m t ransi t  maxunum continlious 
power was established. About 150 f t  
above the runway and about the tune the 
gear was re t racted the captain saw a 
fluctuation of the No. 3 engine tachometer. 
The r p m  droppedf rom 2 600 to 2 300 and 
returned. The engine was shut down. At 
the t ime the englne failure procedure was 
in progress  Miami tower personnel saw 
smoke, then flames trailing the a i rcraf t  
from the No. 3 engine nacelle a rea .  The 
local  controller informed the flight and 
c leared i t  to land using any runway. At 
the same t ime the a l rpor t  emergency 
equipment was alerted. 

Before the a i rc ra f t  was over the west  
end of the runway and when the last s teps  
in the engine-out procedure were  taken the 
m s t e r  f i r e  -warning bell sounded, and the 
No. 3 engine zone 1 f i r e  -warning light 
came on. The flight engineer positioned 
the f i r e  extinguisher selector to the No. 3 
engine, and the f i r s t  of two Freon* bottles 
was discharged. The warnings continued, 
and the second bottle was discharged. The 
action was ineffective. 

* The a i rcraf t ' s  f i r e  extinguishing system i s  a dibromodifluoromethane (commonly 
re fe r red  to  a s  Freon) type, whlch, a s  it per tams to the No. 3 nacelle consisted of 
two Freon  bottles located in the upper section of zone 3 -A f r o m  which the extinguishant 
i s  routed to zones 1, 2 and 3. The system does not route the extinguishant to 
zone 3-A, and thus would not be available to this a r e a  with the landing gear  up and 
the wheel well doors closed. 
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At this time f i re  was known to exist 
and extinguishing action had been taken. 
Therefore, the company's emergency 
procedure required that the emergency 
firewall shutoff valve be pulled and the 
cowl flaps be opened. Th:s was not done. 
Also, emergency steps taken were not 
checked against the cockpit checklist a s  
there was little opportunity for  such action 
in the short t ime available. 

In the aircraf t  the captain turned left 
a s  soon a s  possible to establish a base leg 
for landing on runway 9R, the parallel 
runway t o - 2 7 ~  in the-opposite direction of 
take-off. He stated that the pattern speed 
did not exceed 140 kt, the altitude did not 
exceed 400 f t ,  and the pattern was a s  close 
a s  possible. He also estimated the f i r s t  
Freon discharge was before the f i r s t  leg 
turn and the sdcond wae shortly after this 
turn. The landing gear was extended 
during the left turn to final approach and 
landing flaps were extended shortly there - 
after. Both operations were accomplished 
normally. The captain said the touchdown 
was smooth and very close to the approach 
end of the runway. He said that during 
the rollout normal system braking rapidly 
"faded out" and became ineffective. All 
four throttles were pulled into reverse 
r a g e ,  a t  which time the aircraf t  yawed 
to the left. About this time it was learned 
the No. 4 engine had stopped and nose 
wheel steering was inoperative. Second- 
a r y  brakmg was initiated but also quickly 
faded out although the auxiliary hydraulic 
pump and manual pump were operated. It 
was also noted the primary and secondary 
hydraulic quantity indications were zero. 

With the partial braking available, 
some reverse thrust and normal rolling 
deceleration, the aircraf t  slowed appre- 
ciably but did not stop until it overran the 
east end of the runway about 75 ft. Then 
the right main landing gear collapsed. 

Examination of the aircraf t  and the 
crew statements established that the 
inflight f i re  was confined to the No. 3 
nacelle and adjacent a reas  aft of the na- 
celle. The other power plants and s t ruc-  
ture did not cause o r  contribute to the 
cause of the accident. Despite this 
advantage the severity of the f i re  in the 
a reas  most important to the investigation 
destroyed much valuable evidence and the 
ground f i re  damage made i t  most difficult 
to ascertain and trace the inflight fire 
patterns with certainty. 

On the L-1049 -series a ircraf t  the 
No. 3 engine nacelle installation is divide1 
into four zones. Zone 1 i s  the engine 
power section which is located forward of 
the engine f i re  seal; zone 2 i s  the engine 
accessory section located between the fire 
seal  and the stainless steel f i re  wall; 
zone 3 i s  the a r ea  from the firewall rear  - 
ward to the auxiliary f i re  shield (some 
fluid-carrying lines a r e  routed through 
this zone and it houses the right main geal 
wheels and the lower portion of the gear 
strut when the gear is retracted); zone 3 -1 

i s  the a rea  aft of the auxiliary fire shield, 
located just in front of the front wing spar 
rearward to the r e a r  wing spar. The righ 
main landing gear strut i s  hinged to the 
rear  spar. 

Testimony of a Lockheed represent - 
ative a t  the public hearing was that the 
auxiliary f i re  shield which divides zone 3 
and 3-A in the No. 3 nacelle of the L-1049 
was for the purpose of additional safety 
beyond regulatory requirements. The 
installation, he said, was not dictated by 
any adverse operational experience. He 
stated that with the landing gear up and 
wheel well doors closed a f i re  seal was 
formed between the two zones; however, 
with the landlng gear down both zones were 
open to the atmosphere and to each other. 
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Following the accident, examination 
revealed the f i r e  detector sys tem even 
though badly burned was capable of func- 
tlonlng satrsfactorfiy. 

Because of considerable probatlve 
evidence found during the investigation of 
the accident, the Investigators were aware  
of the possibility that a n  abnormal exhaust 
f lame may have occurred in conjunction 
wlth the englne fallure.  It was fur ther  
thought that this f lame then entered the 
nacelle ignitlng flammables causing the 
C ; r e n  Therefore,  during the public hearing 
the Board sought technical information 
and experience data f r o m  highly qualrfied 
personnel of the engine manufacturer,  the 
a l r f rame  manufacturer and the operator.  
Thls posslbllity was a lso  discussed by a 
highly recognized and experienced witness 
in the field of flammables and condrtlons 
under whlch flammables can be ignlted in 
flight. 

An rncident occurred 25  March 1959 
which 1s significant and h a s  an important 
bearing on this accident. It involved 
Flight 134, an  Eastern  Air  Lrnes Cons- 
tellation and a model which has  identical 
engine and nacelle installations to N 62406. 
Shortly af ter  take-off, Fllght 134 expe- 
rlenced a fai lure of the No. 2 engine 
whlch, upon examination, showed nearly 
identical internal damage to the englne 
involved in the accident under considera - 
tion, except the damage lnvolved the r e a r  
row of the power  section instead of the 
front row. 

A CAB investigator who witnessed thls 
incident stated that af ter  the engine was 
shut down and the propeller feathered, he  
observed a f lame which emanated in the 
a r e a  of the exhaust and breather exits 
and t ra i led  rea rward  a t  l eas t  to the trailing 
edge of the wing and continued to  burn f o r  
nearly a minute while the flight made a 
pattern around the a i rpor t  (Miami 
International) to land. 

Examination of the front and r e a r  
outboard wheel well doors  revealed heat  

damage coincident with the exhaust s ta ins  
on the doors. Heat b l is ters  and heat  dam- 
age existed on the outside surface of the 
f ront  door, and oil coatlng and charring 
were  found on the leading edge of this 
door. Similar cokrng was found on the 
mside of the r e a r  door in the a r e a  adjacent 
CCI the openlng between the front and r e a r  
doors. The seal  between the doors  was 
undamaged. Examination a lso  disclosed 
that the entire outside surface of the f i r e  
damaged doors was coated with engine oil  
and there was an  abnormal accumulation 
of o d  on the inside of the doors. F u r t h e r ,  
oil was dripprng f rom the No. 1 power 
recovery turbine and the breather exit on 
the same side. 

Examination of the engme in this 
incident revealed no leaks ,  and the re  was 
no re lease  of exhaust f lame and gases  
except through the normal exhaust sys tem 
exits. It was evident that an  exhaust f lame 
during the type fallure involved did impinge 
agalnst  the wheel well doors. The incident 
also proved that such exhaust f lame can 
and did enter the nacelle between the f ront  
and r e a r  doors with sufficient heat  to  coke 
oil  deposits on the inside of the r e a r  door 
a s  f a r  rearward a s  a point just aft  of the 
leading edge. 

To determine and show the effect of 
oil forced into the exhaust system, the 
Curtiss-Wright Corporation r a n  t es t s  f o r  
the Board. Although they indicated that 
the introduction of oil  into the exhaust s y s -  
t e m  would not produce a n  a b n o r d  f lame,  
the 25 March incident and verbal  pilot 
repor ts  prove conclusively that under 
certain circumstances a n  abnormal f l ame  
will occur. Compared to the t e s t s ,  some 
differences were  present in the incident. 
These, the Board believed, may have been 
the introduction of a fuel-air  mixture,  the 
s l ips t ream effect not present  in the tes ts ,  
and the ignition of such a combustible 
mixture f r o m  the engine breather.  Be- 
cause more  pistons were  out of the 
cylinders in the accident situation an even 
m o r e  combustible fuel -air mixture would 
have been present. 
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It a l so  appears  significant that the 
No. 1 power recovery turbine exhaust is 
angled downward slightly with the opening 
just outboard, forward and above the out- 
board breather. Also, examination of the 
oil breather pattern and exhaust stain 
shows they c r o s s  a t  the forward edge of 
the right front door. Thus, af ter  consid- 
eration of a l l  the aforestated conditions, 
the Board was of the opinion that although 
ignition of the breather  mixture is not 
probable, under cer ta in  conditions, i t  is 
possible that i t  did occur in this accident. 

Analysis 

Analysis of the damage and damage 
patterns found in the No. 3 engine strongly 
mdicated that the initial fai lure was a 
connecting rod. Because the No. 10 rod 
showed a splitting-type failure while a l l  
o thers  showed clean overload breaks,  i t  
is logical to believe that this rod most  
probably failed f i rs t .  

Fai lure  of the No. 10 rod would add 
reciprocating loads on the f ront  mas te r  
rod, therefore,  it most  likely failed next. 
Similarly, with one o r  m o r e  rod fa i lures  
the remaining pistons would begin to over - 
t ravel  permitting the bottom rings to pass  
below the cylinder sk i r t s  progressively 
failing the piston rings,  pistons, and 
connecting rods  a s  indicated by damage 
found. The unbalanced loads would pro  - 
duce flaring of the mas te r  rod until i t  
failed. During the flaring,  which was 
c lear ly  shown on the f ront  mas te r  rod, 
cocking of the connecting rods and pistons 
could take place which would reasonably 
account fo r  the heavy wear patterns found 
on the top land of one side of the pistons 
and on the piston s k i r t  on the opposite 
side. 

Initial fa i lure  of the connecting rod 
was a l so  evident by the damage to the 
front main bearing itself. All of the fa i l -  
u r e s  in the bearing assembly were  overload 
as the resu l t  of jamming and restr ict ing 
the normal bearing function. The only 
pa r t s  and pieces which would have jammed 
the bearing were  those found in the a s s e m -  
bly and these were  f r o m  the front row 

pistons, connecting rods ,  and rings. Ln 
addition, pa r t s  of the bearing found in the 
oil sumps were f r e e  of the heat indications 
that a r e  normally characterist ic of a 
bearing failure.  Had bearing failure been 
the initial occurrence,  damage should have 
been found to the centre and r e a r  main 
bearings a s  well a s  to the reciprocating 
assemblies  of the r e a r  row; no such damage 
was found. 

After a careful study of a l l  available 
evidence the Board believed that the engine 
failure shortly a f t e r  take-off and the 
uncontrollable f i r e  in the same nacelle 
were  related and could not be accepted a s  
two isolated events that happened a t  nearly 
the same t ime in the same nacelle. Also,  
there  was no evidence which could account 
for the f i r e  having been s tar ted f rom a 
source of ignition wrthin the nacelle. It 
was, therefore,  believed that the f i r e  
resulted f r o m  conditions and events relating 
to the engine failure. There  was no physi- 
'cal evidence found to show that the source 
of ignition came f r o m  zones 1 and 2 o r  f r o m  
within the nacelle. Thus,  i t  was belleved 
the ignition source fo r  the nacelle f i r e  
must  have been an  abnormal exhaust which 
ignited a flammable substance outside of 
the nacelle. The resulting flame penetrated 
the nacelle through the aluminum wheel 
well doore. Evidence and expert  testimony 
were  available to support this opinion. 

During such a n  engine failure,  hot, 
highly agitated, engine oil and oil vapours 
would be forced into the a i r s t r e a m  through 
the exhaust sys tem and f r o m  the engine 
breathers.  Even more  so in this instance 
because two lower pistons had failed in a 
manner allowing them to fal l  into the 
crankcase where they had tumbled for  
some t ime as evidenced by the fact  they 
were  pounded into balls. This c i rcum- 
stance would permit  crankcase oil to drain 
f ree ly  into the lower exhaust system. Simi 
l a r ly ,  f rom back p ressure ,  oil and oil 
vapours would be forced f r o m  the crank- 
case  breathers.  In addition, a s  long a s  
the engine controls remained at rated 
power, high airflow and fuel flow would 
be delivered to a l l  combustion chambers 
since both cam drive assemblies were 
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intact and operating. Although many of 
the front row pistons became rncapable of 
compressrng the mixture ,  ~t was f r e e  to 
? a s s  into the exhaust and a lso  to enter  the 
crankcase and then lnto the e l lpat ream 
through the engine breathers .  This p rocess  
probably began durlng the take-off ro l l ,  
a s  evidenced by unusual gray-white smoke 
observed a t  this  time. It would a lso  con- 
trnue and rncrease with the englne fa l lure  
progression untd the reciprocatrng actlon 
of the engine wae stopped which, according 
to many eyewitnesses,  was well a f t e r  a 
major f i r e  existed in the nacelle. 

Because the normal discharge of 
breather  011 en te r s  the nacelle m consid- 
erable amounts lt 1s most  reasonable to 
believe a flame f r o m  the same  source  
would enter  the rnterior of the nacelle 
while the wheel well doors were  open. 
Also, it i s  believed that such f lame would 
implnge the doors  whlle they were  closed 
and, If of sufficient intensity, could burn 
through the aluminum s t ructure  in a few 
seconds. Considerable probative evidence 
exists  leading the Board to believe the 
la t ter  occurred in this instance. This 
opinion 1s supported by the layered pattern 
of nonferrous metal  which was implnged 
rearward and inward on the vert ical  out- 
board forward door member .  Thls could 
have occur red  only in flight by a f i r e  
source outside the nacelle which burned 
through the aluminum doors to supply the 
molten metal. Although other  metal  
splat ter  patterns found in zone 3 of the 
nacelle, were  m accordance with the in- 
flight swir l  pa t terns  with the wheel well 
doors open, i t  i s  believed such a pattern 
would exist  with portions of the doors  
burned away. Fur the r  supporting the 
opinion that the doors  were  closed is the 
fac t  that f i r e  warnings did not occur  until 
well a f t e r  gear  re t rac t ion when the gea r  
doors  would have been closed. Finally, 
a photograph of the a i r c r a f t  during the 
landing rol l  showed a major  portion of the 
r ight  f ront  door burned away although the 
existing f i r e  a t  that t ime was  well behind 
this  a r e a .  Again, this burnout, together 
with the impingement pat tern  of molten 
aluminum, muet  have been caused by a 

rustarned f l ame  which originated outslde 
the nacelle e a r l l e r  m the eequence of 
events. Thus ,  by this  evldence and the 
elimination of o ther  f i r e  m urces ,  the Board  
is of the oprnlon the source  of the f i r e  m u s t  
have been the ignltlon of breather  d ischarge  
which then burned through the wheel well 
doors.  

It was a lso  apparent  that the f lame 
penetrated zones 3 and 3-A before the 
englne was stopped. This was evident by 
the ingestion of molten meta l  by the engine- 
driven vacuum pump. I t  was considered 
probable that rotation of the propeller  
occurred o r  continued a f t e r  the vacuum 
line, which supplied the meta l ,  was melted. 
With such propeller  rotat ion a continuation 
of the supply of f lammables  f r o m  the 
exhaust and power recovery turbine would 
exist  for  a longer period of time. 

Even a f t e r  the f i r e  was extinguished 
the l ines in zone 3 were intact; therefore ,  
the re  could have been no continurng source  
of f lammables in this  zone which could have 
sus tamed a f i r e  of the magnitude that 
occurred.  Relatively light damage in 
zone 3 also  rndicated this. In view of this  
evidence and because the re  was no way f o r  
the f i r e  to enter  zone 3-A f r o m  zone 3 with 
the gea r  up and the f i r e  shield intact, the 
major  f i r e  mus t  have been ignited in 
zone 3 -A. It i s  considered mos t  probable 
therefore that the b rea the r  f l ame ,  a f t e r  
burning through the wheel well doors ,  
entered zone 3 -A t ravell ing upward and 
forward behind the auxil iary f i r e  shield to 
the a r e a  of severa l  f lammable  fluid- 
carrying l ines  and the No. 3 fuel  f i l te r .  

Because of the extensive burnout that 
occur red  in zone 3-A it ie ext remely diif i -  
cult,  if not impossible,  to determine the 
precise  source  of f lammable mate r i a l  
where the uncontrollable f i r e  began o r  if a 
p r e  -existing Ieak waa p resen t  in the zone 
which, when ignited, suetained the f l ame  
until f i r e  damage re leased  the l a rge  
quantities of f lammable  fluids. F r o m  the 
f i r e  pat tern  and apparent  airf low it ie 
possible that  the b rea the r  f lame impinged 
upon the heat-apli t  B nut, creating a r p r a y  
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of hydraulic fluid, and/or  impinged upon 
the light aluminum alloy cover of the No. 3 
fuel f i l ter  creating a spray of fuel. Con- 
sidering the f i r e  -resistant  quality of the 
l ines in zone 3 -A, the rapidity with which 
the f i r e  began, and the lack of precedence 
fo r  such f i re ,  the Board could discount 
the possibility of a p r e  -existing leak. 

Believing the raging f i r e  was princi-  
pally in zone 3-A, it is immediately 
apparent that because this zone is not 
serviced with f i r e  extinguishing agent 
outlets, the f i r e  could not be put out when 
the crew discharged the Freon. Also, 
since the source of the flammable which 
ignited i s  unknown, the effect of the flight 
engineer's fai lure to actuate the e m e r -  
gency f i r e  -wall shutoff valve cannot be 
determined. 

On the basis of a l l  available evidence 
the Board concluded that in this instance 
during a n  engine failure a n  abnormal 
exhaust f lame occurred.  It i s  concluded 
that this flame did, in fact ,  ignite a n  
abnormal discharge of oil and fuel vapours 
f r o m  the outboard No. 3 engine breather 
exit. The resulting flame f r o m  the 
breather then impinged upon and burned 
through the right wheel well doors and 
entered the interior of the No. 3 nacelle. 
The Board concluded that although f i re  
damage occurred in zone 3,  the principal 
f i r e  the nacelle was ignited f r o m  a 
source of f lammables in zone 3 -A although 
the precise  source and conditions su r  - 
rounding how the flammables were released 
cannot be determined. 

A s  a result  of the accident the Board 
submitted recommendations to the Federal  
Aviation Agency stating that it believed it 
necessary ,  in the interest  of safety, that 
consideration be given to a requirement 
that zone 3 -A of Constellation a i rc ra f t  be 
serviced with fire-detection and f i r e  
extinguishing equipment. Also, that 
action is necessary  which will, through 
directional control of the exhaust f lame, 

eneure that a n  abnormal exhaust f lame 
will not ignite a breather discharge o r  
impinge upon the wheel well doors when 
they a r e  either open o r  closed. Also it 
was recommended that wheel well doors 
should be replaced with those of fireproof 
materials .  

F iref ighting 

The Dade County P o r t  Authority air- 

port  emergency rescue and firefighting 
equipment intercepted the a i rc ra f t  f r o m  a 
crossing runway (17-35) before it stopped. 
The f i r e  was not extinguished fo r  approxi- 
mately 30 minutes and not until ass is tance 
was received f r o m  off-airport f i r e  depart-  
ments f rom Miami, Miami Springs,  
Hialeah, and Dade County. 

It was learned that foam was used as 
the principal extinguishing agent and the 
total capacity of the four pieces of equip- 
ment manned a t  the accident was about 
2 150 gallons of water -foam mixed in a 
10 to 1 ratio. This total capacity could be 
discharged in about five minutes. Addi- 
tional foam concentrate was not ca r r i ed  to 
the accident scene and other than hand 
extinguishers the department had no 
extinguishing agent to supplement the foam, 
Water, however, was available to any par t  
of the a i rpor t  through a sys tem of wells 
and hydrants. 

Compared to National F i r e  Protection 
Association suggestions, which, in this 
field, a r e  widely accepted in the absence 
of any regulatory mat te r ,  the amount of 
foam available a t  the scene was well below 
the amount suggested. As indicated, the 
suggested amount of supplementary extin - 
guishing agent, such a s  d ry  chemical o r  
carbon dioxide, was not possessed. The 
discharge ra te  capacity of the equipment 
was about one-half that of the NFPA 
suggested rate. In addition, the Por t  
Authority lacked such important rescue 
equipment a s  power saws and escape 
s ta i rs .  
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Durzng the m., :atlgation compar:sons 
were a lso  made between the Limrnr 
Lnternatlonal Arrport  rescue and f r r e -  
f lghtlng equipment and equipm-nt capa - 
bllltles and those of other a l rpor t s  of 
slmrlar  size and generating comparable 
traffic factors.  The comparison showed 
Liiamr was f a r  below New York, Los  
Xngeles, San Francisco,  and Chrcago. 

The equipment reached the a i rc ra f t  
before rt stopped and the p rune  piece of 
equrpment was positioned a t  the cabindoor 
to c a r r y  out the protection and ass is tance  
of evacuating occupants. When this  was 
assured ,  the equipment was moved in 
front  of the burning wmg, close to the 
fuselage. Another foam t ruck was posl-  
tioned behind the wing and a t  the same  
tune hose l ines were  laid to water 
sources.  Both foam t rucks  laid foam on 
the f i r e  accordmg to accepted techniques. 
According to near ly  all obse rvers ,  m a 
few minutes the f i r e ,  then berng fed by 
about 1 700 gallons of fuel  f r o m  the right 
wing fuel ce l ls ,  was under control and 
near ly  out. At this  t ime the foam supply 
a t  the scene was exhausted. Two f lash-  
backs of the f i r e  then occur red  and 
it rekindled to its original  intensity. 

The Leutenant m charge of the a i r p o r t  
equipment a t  the scene stated, m essence,  
that, when the f l r e  was near ly  out and 
desprte the flashbacks only a smal l  amount 
of additional foam wouldnave enabled hrs 
personnel to have put out the frre.  W~thout 
it ,  extlngulshment took the combrned 
efforts of hrs equipment and the off - a n p o r t  
equipment that reached the scene about the 
t ime the f i r e  rekmdled. The f i r e  was 
finally extmgulshed by usmg severa l  
thousand gallons of water. 

It  was the Board 's  conclusion that a 
lack of equrpment and equipment capabdity 
was the principal r eason  the a i r c r a f t  f i r e  
was not extmguished m o r e  promptly. The 
record  shows that the Arrport  Authorrty 
mltlated action to increase  i t s  fireflghtrng 
capabrlity through procurement of new 
equipment. 

Probable Cause 

The probable cause of this  accident 
was a n  uncontrollable f i r e  igmted in 
zone 3-A by a burning breather  discharge 
which was ignited by and csmblned w ~ t h  ar, 
abnormal exhaust f lame during engine 
fai lure.  

ICAO Ref: A R / 6 0 0  
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No. 17  

Alr  C h a r t e r  Llmi ted ,  Avro 688 Super T r a d e r ,  G-AGRC, r a n  off 
the edge of the runway and burned during take -off run  f r o m  Br ind i s l  

A i rpo r t ,  Italy on Z l  Janua ry  1959. Repor t  r e l eased  by the 
Minis t ry  of Uefence and Aviation, Italy. 

C i r cums tances  

G-AGRG was  on  a c h a r t e r  flight 
f r o m  Aust ra l ia  to England, landing en 
route a t  Br indis i ,  Italy. The  a i r c r a f t  
began i t s  take  -off run  a t  0609 hour s  on 
runway 32; a f t e r  a no rma l  run  of 550 m 
i t  suddenly swerved to the le f t ,  r a n  off the 
runway and a f t e r  160 m los t  i t s  le f t  land- 
lng g e a r  because  of the rough t e r r a in .  It  
continued fo r  110 m and c a m e  to r e s t  
a f t e r  turning 900 to the left.  A violent 
f i r e  broke out immedia te ly  in the le f t  
wing. Of the s i x  c r e w  m e m b e r s  aboa rd ,  
two died in the  f i r e .  The  a i r c r a f t  and i t s  
ca rgo  w e r e  destroyed.  

Investigation and Evidence 

The Ai rc ra f t  

The a i r c r a f t  had undergone no rma l  
overhaul  and  inspection and was  a i rwor thy  
a t  the t i m e  of the accident.  The  load was 
proper ly  d is t r ibuted  and secu red ,  and the 
c e n t r e  of gravi ty  was  within the allowed 
l imite.  After  the accident  the engines 
were  thoroughly checked by the manufac-  
t u r e r s  and the fue l  used was analysed.  
No evidence was  found which suggested 
that t h e r e  had been  any malfunctioning of 
t he  a i r c r a f t  o r  engines p r i o r  to the 
accident.  

The Crew 

AU c r e w  m e m b e r s  held valid l icences  
and were  p rope r ly  qualified to  c a r r y  out 
the i r  specif ic  duties. Mor rna t lon  and 
medica l  data avarlable indicated that  the 
c r e w ' s  menta l  and physical  conditions 
w e r e  ent i re ly  normal .  However ,  durmg 

the 12 days  p r i o r  to the  accident  the c r e w  
had flown 98 hour s ,  of which 22 were  
during the last 48 hours .  The c r e w  showed 
r emarkab le  control  a f t e r  the accident.  It 
can,  therefore ,  be a s s u m e d  that  the i r  
menta l  and physical conditions were  
excellent.  

Wind conditions 

The  only weather  e lement  which had 
any bear ing  on the accident  was  the wind 
which was between 0300 and 050' gusting 
between 30 and 42  kt.  

The  direct ion and intensity of the s u r  - 
f ace  wind w e r e  such that  they gave a 
crosswind component ranging f r o m  a min -  
i m u m  of 2 3 . 5  to a max imum of 4 2  k t ,  
which was ,  therefore ,  above the maximum 
crosswind f r o m  s t a rboa rd  (22 kt)  permitted 
by the flight limitations contained in the 
Operat ional  Manual of the a i r l m e .  The 
gust  pa t te rn  was such that  a n  adequate 
period of reduced wmd condition permitting 
take -off could not reasonably be expected. 

The Runway and Surroundmgs 

The runway was in excel lent  condition 
and no fac tor  was revea led  during the 
investigation that  m a y  have had a n  a d v e r s e  
effect o n  the  take-off manoeuvre.  The  
runway had no safety shoulders  and the 
adjoining t e r r a i n  was i r r e g u l a r ,  with d ips ,  
r u t s  and mounds of ea r th ,  the l a t t e r  
resul t ing f r o m  ground levelling work that  
was being undertaken a t  the t ime.  These  
conditions aggravated the consequences of 
the accident  a f t e r  the a i r c r a f t  had le f t  the 
runway. 
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The Wreckage 

The wreckage was 40 m beyond the 
southwest edge of runway 32-14, app rox l -  
rnately 1 000 m f r o m  the  southeast  end of 
the runway. 

The t i r e  m a r k s  on the runway su r face  
r an  s t ra ight  initially and or ien ted  approxr - 
mately 30° to the lef t  in relat ion to the 
runway cent re l ine .  Then the)- made  a 
wlde cu rve  to the le f t  and t h e r e  were  s igns 
of braking, especial ly on the r lght  wheel,  
followed by a s t ra ight  l ine.  The ground 
m a r k s  continued beyond the runway, but 
the t i r e  t r ead  pa t t e rns  w e r e  offset  20° - 
300 f r o m  the cen t r e  l ine of the ground 
m a r k s .  The  distance between the two 
m a r k s  dec reased  f r o m  7 m to  6 m and the 
m a r k s  then r a n  para l le l  to the runway 
whlle the t i r e  t r e a d  m a r k s  on the ground 
became l a r g e r .  Off the runway the m a r k s  
were  s t i l l  vis ible ove r  the rough t e r r a i n  
which included a dip approximately 50 c m  
wlde and 30 c m  deep along the path fo l -  
lowed by the lef t  wheel. The wheel 
bounced ove r  th is  dlp and fel l  back  on the 
ground some  40 m fu r the r  where  i t  sank 
in a patch of f r e s h  ear thwork  softened by 
recent  ra infa l l s .  The work had been 
recently completed to connect  the  open 
land with a c r o s s r o a d  leading f r o m  the 
runway to the control  tower .  As  a resul t  
of this  dip and bounce the lef t  wheel s t ruck  
the s lde of the roadbed,  r a i sed  approx l -  
mately 40 c m  above the level  of the s u r  - 
rounding t e r r a i n ,  causing the f a i lu re  of 
the support ing s t ruc tu re  i f  the le f t  landing 
g e a r ,  a l r eady  weakened by the e a r l i e r  
impact.  The lef t  wing then sagged and the 
blade t i p s  of p rope l l e r  No. 1 began to cut 
into the ground approximately 50 m f r o m  
the point a t  which the landing g e a r  had 
col lapsed,  leaving s l a sh  m a r k s  a t  in te r  - 
vals  of approximately 3 G  c m  ( o r  90 c m  for  
each turn  of the propel le r ) .  Assumlng that 
the speed of the a i r c r a f t  was a l r eady  below 
that mentioned by the c rew,  namely  50 kt 
( i .  e .  26 m / s ) ,  this  gives a n  r p m  o i  appro - 
ximately 1 700, indicating that  the  engine 
was a t  low speed. 

F i r e f  ighting 

The f i r e  broke out a few seconds  
before the a i r c r a f t  c a m e  to a ful l  s top.  
The a i rbo rne  f i r e  fighting equipment was  
not used.  However,  because  of the rap id  
sequence of events  i t  probably would not 
have been effective. 

The ground f i r e  fighting equipment 
reached the scene  of the accident  30 s e c  - 
onds a f t e r  the accident .  C02 and water  
foam vehicles  were  usedbut  the wind 
evaporated and d i spe r sed  the jet  as i t  l e f t  
the nozzle. The extent and violence of the 
f i r e ,  the s t rong wind, and the orientat ion 
of the a i r c r a f t  i n  relat ion to the vrind 
indicated that  the effect iveness of the  f i r e  
fighting means ,  which corresponded to 
those  p re sc r ibed ,  could not have been 
used with any  be t te r  r e su l t s  under the 
circumstances. Two m e m b e r s  of the f i r e  
fighting squad,  wearing pro tec t ive  clothing 
and protected by the vapourized w a t e r ,  
managed to en te r  the door  of t he  fuse lage  
but w e r e  unable to go any  fu r the r  because  
of lack  of visibility and dense  s m ~ k e .  

Actions of the c r e w  during take-off and 
a f t e r  the accident  

The take-off manoeuvre  was  pe r fo rmed  
by the pi lot- in-command a s s i s t e d  by the 
flight engineer. The two inboard engines 
were  throt t led up to 30" while the  a i r c r a f t  
was a t  r e s t  and braked.  The b rakes  w e r e  
then r e l eased  and full power applied to the 
~ n b o a r d s ,  the  thro t t les  being held t h e r e  by 
the flight engineer  on ins t ruc t ions  f r o m  
the  pilot. 

The a i r c r a f t  s t a r t ed  i t s  run  and the  
pllot,  by juggling the two outboard th ro t -  
t l e s ,  managed to keep i t  on  a "reasonably" 
s t ra ight  course .  However,  because  of the 
crosswind f r o m  s t a rboa rd  and the conse -  
quent tendency of the a i r c r a f t  to swing to 
the r ight ,  full  power was applied a t  a 
ce r t a in  moment  to the r ight  outboard 
engine. A s  the a i r c r a f t  ga thered  speed ,  
the ta i l  began to r i s e  and the aerodynamic  
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forces  increased; the pilot then increased 
the power on the left outboard engine. 

When the a i rc ra f t  had reached a f o r -  
ward speed of 60 - 70 kt i t  began to ease  
off the ground without, however, becoming 
airborne (normal unstick speed 90 kt). 
The ground m a r k s  indicated that the a l r  - 
craft  a t  this speed was skidding towards 
the left edge of the runway. The track of 
the a l rcraf t  then curved sharply towards 
the left,  pointlng towards the tower; thls 
sudden rotation surpr ised the pilot, who 
was then giving full power to engine No. 1 
and who immediately gave full right rud-  
der .  The marks  on the runway indicated 
that there  was also a sharp braking on the 
right wheel. 

In spite of the wind direction, the a i r  - 
craft  skidded and ran off the runway to the 
left; while the pilot was able ~n l t i a l ly  to 
check the tendency of the a l rc ra f t  to veer 
to the right, he was probably taken by 
surpr i se  at the very instant when the a i r -  
craf t ,  which had become lighter on the 
ground because of the increased speed and 
the thrust  of the r ight outboard engine put 
on full power - offered i t s  entire surface 
to the effect of the wind during the cri t ical  
phase immediately pr ior  to becoming a i r -  
borne and was caught by a more  violent 
gust. When the gust dropped, the c o r r e c -  
tive measures  became excessive and 
caused the a i rc ra f t  to skid to the left. 

The a i rc ra f t  suddenly r a n  off the run- 
way, and a t  the very  s a m e  moment the 
flight engineer pulled a l l  the throttles back, 
presumably because he  believed that  it was 
dangerous to continue the take-off ma- 
noeuvre once the a i rc ra f t  had zone off the 
runway, and not because he  ha; observed 
any sudden engine failure. The flight 
engineer 's  action in cutting the engines 
took place when the a i rc ra f t  had practi-  
cally run off the runway; it is not believed, 
therefore, that h is  intervention could have 
had any effect on the accident o r  aggra-  
vated it. After the accident the flight 
engineer opened the roof escape hatch but 
invited the other members  of the crew to 
go out f i r s t ,  which they did in the following 
order:  f i r s t ,  the flight navigator, second, 
the pilot -in-command, third,  the f i r  st 
officer. The flight engineer then t r ied  to 

get c lea r  of the a i rcraf t ,  but it was too 
late to escape the flames. 

The second flight engineer left the 
a i rc ra f t  by the tail exit af ter  crossing the 
fuselage and climbing over  the l a s t  large  
box attached close to the exit door. 

The radlo operator was the only crew 
member  who was unable to abandon the 
a i rcraf t .  

Summary of evtdence 

The following i tems of evidence were 
directly related to the accident: 

1. the strong gustlng wmd giving a 
crosswind component above the 
maximum value permitted in the 
Operations Manual of the a l rcraf t  
should have discouraged the pllot 
f r o m  attempting take -off; 

2. the condition of the ground bor - 
dering the runway was an 
aggravating factor - however, the 
pilot must  have been aware  of i t s  
condition; 

3. the actions of the crew during the 
take -off rnanoe uvr e; 

4. the behaviour of the a i rc ra f t  a s  a 
consequence of the three  above 
factors.  

Probable Cause 

The p r imary  causes  of the accident 
were  the strong crosswind with gusts and 
the ground condition on the edge of the 
runway. 

Recommendations 

I t  was recommended that: 

I. pilots of a i rc ra f t  and thei r  c rews  
should comply thoroughly with the 
rules  contained in the a i rc ra f t  
operating manual and carefully 
observe a t  a l l  t imes  the safety 
regulations for the normal opera-  
tion of a i r  transport;  
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2. the poseibillty of urgent  act ion to 3. the capaci ty of Brrndls l  -4irport to 
leve l  the safety shoulders  of run -  handle t raff lc  should be m c r ~ a s e d  
way 14/32 a t  Br indls i  A i rpo r t  by makmg runway 0 5/23,  which 1s 
should be  investigated; be t t e r  or ien ted  to nor ther ly  wmds,  

serviceable once again. 

ICAO Ref: AR/ 626  
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No. 18 

Gene ra l  Airways,  k c .  , DC-3, N 17314, c r a s h e d  n e a r  Kerrvr l le ,  Texas ,  on 
1 E'ebruary 1959. Civil A e r o n a u t ~ c s  Board  (USA) A ~ r c r a f t  Accident Repor t ,  

F i le  No. 1-0056, r e l eased  24 November 1959. 

C i r cums tances  

The DC-3 was on the final segment 
(Pueblo,  Colorado to San Antonio, Texas )  
of a civi l  a i r  movement flight f r o m  B o ~ s e ,  
Idaho to Lackland A i r  F o r c e  Base ,  
San Antonio, Texas .  Twenty-eight occupants 
were  aboard  Including the captam,  a 

u 

r e s e r v e  captain and a co-pilot. Take-off 
f rom Pueblo was a t  1800 hour s  cen t r a l  
s tandard t ime and a t  1916 the f l ~ g h t  
requested to change altitude f r o m  9 000 
to 7 000 f t ,  reporting light ~ c i n g .  This  
reques t  was granted  a t  1945. Ice accre t ion  
became worse ,  c r i t i ca l  and then incapaci- 
tatlng. The a ~ r c r a f t  at tempted a landlng 
at  a p r ~ v a t e l y  used a l r p o r t  a t  Ker rv l l l e ,  
Texas ,  but f a ~ l e d  and was then c r a s h -  
landed nearby .  Three  occupants were  
k ~ l l e d  - the captain,  the r e s e r v e  captaln,  
who was acting a s  co-pllot,  and one 
passenger .  Four  o the r s  were  seriously 
~ n j u r e d .  

Investieation and Evldence 

Take-off Weights 

At take-off f r o m  B o ~ s e  the re  was a 
104 ga l  d iscrepancy in the amount of fuel 
on board.  The actual  g r o s s  weight of the 
a i r c r a f t  on take-off was 26 117 lb instead 
of the 25 493 lb indicated on the weight 
and balance fo rm.  Following computations 
f rom da ta  in  the operat ing manual  approved 
for  the c a r r i e r ' s  u se  by the CAA (now FAA), 
i t  was  concluded that  on leaving Boise  
(elevat ion 2 858 f t ) ,  the a i r c r a f t  was  
approximately 517 lb over  the pe rmis s ib l e  
take-off weight. 

A fu r the r  d iscrepancy of 242 g a l  
was noted in the amount of fuel  on board  
on the Pueblo to Lackland A i r  F o r c e  B a s e  
port ion of the flight. On the weight and 

balance f o r m  the g r o s s  w e ~ g h t  a t  take-off 
was 24 870 lb.,  the actual  b e ~ n g  26 322 lb. 
The maxlmurn allowable take-off weight 
f r o m  Pueblo (elevat ion 4 725 f t )  was  
24 950 lb,  therefore ,  a t  take-off f r o m  
Pueblo the a ~ r c r a f t  was overweight by a 
computed 1 372 lb. 

Weather 

The briefing f rom the Weather 
Bureau  a t  Pueblo was by f ield interphone 
between 1635 snd 1650. It cons is ted  of a 
readlng of 1600 hour ly  weather  r e p o r t s  
for  13 s t a t ~ o n s  along the route t o  San  
Antonio, the t e rmina l  fo recas t  for  San 
Antonio, pert inent  excerp ts  f r o m  the a r e a  
fo recas t s  i ssued  by Denver.  F o r t  Worth, 
and New Orleans ,  plus a f lash  advisory  
i ssued  by Albuquerque. The b r l e f ~ n g  
concluded with the Winds Aloft Analyses 
for  Pueblo,  Amar i l lo ,  Abilene, and San 
Antonio. Al l  of the weather  da t a  utilized 
in this  briefing c l ea r ly  indicated wide- 
sp read  low ce i l ings ,  r e s t r i c t e d  visibi l i t ies ,  
snow, f reez ing  precipi tat ion and icing 
conditions existing along the route.  
Weather Bureau  F o r e c a s t  Offices a t  
Denver,  Albuquerque, F o r t  Worth, E l  P a s o  
and San Antonio had  covered  the conditions 
accura te ly  and exhaustively in a r e a  
fo recas t s ,  t e r m i n a l  fo recas t s ,  and even in  
f lash  advisor ies  which had been  i ssued  
throughout the day  by  each  fo recas t  office. 

Fat igue 

At the t i m e  of this  accident  the c rew.  
having been  on continuous duty f o r  m o r e  
than 40 h o u r s  of which m o r e  than 32 h o u r s  
had been  in flight,  w e r e  in  violation of 
Section 42.48,  P a r t  42, of the Civi l  A i r  
Regulations. This violation exis ted  a t  the 
t ime  of d e p a r t u r e  f r o m  Boise ,  and a t  the 
t i m e s  of a r r i v a l  a t  and d e p a r t u r e  f r o m  
Pueblo. 
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Pilot fatigue, which may engender 
a decrease  in competence and diligence, 
could have been a factor in an overweight 
take-off from Boise. 

The time on the ground a t  Pueblo 
was relatively short ,  and i t  may 
reasonably be expected that an increased 
level of pilot fatigue prevailed upon 
departing Pueblo. The reason for the 
overload upon departing Pueblo may have 
been an anticipation of added and unfore- 
seeable flight time because of the question- 
able weather ahead o r  a n  indifference to 
regulations. 

Economic Factors  

Crews a r e  frequently away f rom 
their  base a t  Portland, Oregon for  
extended periods. While away, the 
captain functions not only a s  captain but 
becomes his own dispatcher,  h is  own 
chief of operations and the c a r r i e r ' s  
f iscal  agent carrying a sizable amount of 
cash. He is not required to c lea r  
operational o r  other mat te r s  with h i s  
home office and did not do so  during the 
s e r i e s  of flights culminating in this 
accident. He is  almost entirely on his  
own even to the extent of paying a l l  en 
route expenses of fuel, maintenance, 
housing and feeding of passengers 
(on CAh4 flights), and a l l  other operating 
costs. Less than 90 days p r io r  to this 
accident General  Airways had entered 
into bankruptcy proceedings in the Oregon 
courts. At the time of the accident the 
company's staff and operation had been 
sharply curtailed. 

Economics could have been a factor 
in departing Pueblo in the face of a 
cr i t ica l  weather picture ra ther  than 
remaining overnight. Laying over would 
have obligated the c a r r i e r  to furnish lodg- 
ing and two additional meals to 25 persons.  
The total cost  of this h a s  been estimated 
a t  about $250. 

The action of the captain in getting 
so f a r  into a bad situation could be 
attributable to indifference to elementary 
rules of flight safety, coupled with severe  
economic compulsion. 

Crew Information 

The captain was highly experienced 
with 15 000 hours of piloting, 9 000 of it 
in DC-3's. This, combined with weather 
briefings he obtained, should have alerted 
him to the fact that by decreasing altitude 
a s  he did he would be staying in clouds, 
with below freezing temperatures and 
severe  icing conditions. The changing of 
altitude f rom 9 000 ft to 7 000 ft ear ly  in 
the flight because of icing appears to have 
been the s t a r t  of his trouble. He could 
safely have gone elsewhere: landing in the 
panhandle section of Texas (a t  Amarillo) 
o r  a diversion to the eas t  ( F o r t  Worth- 
Dallas) would have been an understandable 
and safe course  of action. 

Testimony of the Co-pilot 

The only member  of the crew to 
survive was the co-pilot who was not on 
pilot duty during the Pueblo-Kerrville 
portion of the flight. The following a r e  
excerpts f rom his testimony: 

"I did not awaken until I heard the 
sound of the engines r e w i n g  which was 
approximately 45 minutes before the 
accident..  . The captaln explained that 
we had been picking up ice for about an 
hour previous to that.. . When we f l r s t  
went forward we were holdlng an approx- 
imate a i r  speed of 120 kt w ~ t h  cruise  
power 29 inches and 2 050 rpm. " 

"In a few short  minutes the airspeed 
slipped f rom 20 kt to 115, to 110 and 
finally 100 a t  which time a s  nearly a s  I 
can recal l  the pilot added power to 35 
inches and 2 250 rpm which brought the 
airspeed up to around 115 to 120 kt. The 
i ce r  boots were engaged and ice on the 
leading edge of the wings came off which 
further increased the a i r  speed. . . 

"At this time the captain knew that 
the fuel supply was ggtting to be cri t ical . .  . 
The ice and extra  drag had used more  
fuel.. . he called for weather repor ts  f rom 
several  a i rpor ts  closest  to us . .  . I 
gathered more  of the a r e a  was reporting 
freezing rain and low visibility..  . As 
San Antonio was rhe f i r s t  station that had 
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a n  on c o u r s e  that was  report ing above 
f reez ing  t empera tu re s ,  h e  decided to  
continue on to  San Antonio and look f o r  
emergency a i r p o r t s  on  the route. The 
only emergency a i r p o r t  a v a ~ l a b l e  seemed 
to be Kerrv i l le  which was  s o m e  50 m i l e s  
sho r t  of our  dest inat ion. .  . The dec is ion  
to a t tempt  to land a t  Ker rv i l l e  was  made  
slnce the fuel supply was getting r e a l  
c r i t i ca l  by this  t ime.  . . flying a t  4 000 f t  
presumably  to have been  c l ea red  to that 
a l t ~ t u d e .  . . . . . approximately 2 000 f t  
above the t e r r a in .  We went to the homer  
a t  that al t i tude and then took a n  outbound 
heading for  a no rma l  descent  and approach,  
completed the procedure  tu rn ,  r e tu rned  
to the h o m e r  and f r o m  the re  to the a i r p o r t  
descending continuously..  . I don' t  bel ieve 
anyone in the cockpit saw the a i r p o r t  though 
we mus t  have been c lose .  Ice was  covering 
the front  windshield ent i re ly  and the only 
visibility was f r o m  the s ide  window which 
the pilot was able to  open and could look 
out f r o m ;  although unable to  s e e  the a i r -  
por t ,  we had a t  th is  t ime  contact  conditions 
and could s e e  the ground. " 

"The pilot decided to make  a second 
a t tempt  a t  a n  approach but r a t h e r  than 
follow recommended approach al t i tude 
maintained h i s  contact  with the ground 
r a the r  than c l imb back into the overcas t .  
Somewhere during the second approach 
a t tempt  the pilot made  h i s  decision to  
bring the plane rn fo r  a wheels-up belly 
landing r a the r  than r i s k  the possibi l i ty of 
the fuel  running out during blind conditions 
in the ove rcas t  the r e -en t ry  of which would 
be n e c e s s a r y  if we were  to go  through a 

no rma l  approach procedure .  . . . I went t o  
the r e a r  to w a r n  the pas senge r s . .  . f 
re turned  forward  and the ptlot was s t i l l  
searching  fo r  a spot to s e t  down. About 
this  p o ~ n t  one of the engines sput te red  and 
was  out of fuel. A few seconds l a t e r  we 
w e r e  making ou r  forced  landing, " 

C r a s h  Site 

The c r a s h  s i t e  was a t  an  elevation 
of 1 535 ft m s l  in modera te ly  hilly, wooded 
t e r r a i n  6. 8 statute m i l e s  bearing 123- T.  
f r o m  the Ker rv i l l e  A i rpo r t ,  and 4. 4 s tatute 
m i l e s  bearing 118"T. f rom the Kerrv i l le  
r a d ~ o  beacon. It 1s in the approximate 
a r e a  where  a p rocedure  t u r n  f r o m  a n  out- 
bound heading-to a n  inbound heading would 
normal ly  be made  for  a p re sc r ibed  D F  
approach to K e r r v ~ l l e  Airpor t .  

Probable  Cause  

The probable cause  of this  accident  
was  the capta in ' s  poor judgement Ln 
continuing into known and dangerous icing 
conditions. 

Genera l  Airways  su r r ende red  i t s  
FAA operat ing cer t i f ica te  short ly a f te r  
the accldent  pending FAA re-evaluat ion of 
the c a r r i e r ' s  operat ions.  The FAA l a t e r  
r e s t o r e d  the cer t i f ica te .  

The FAA imposed c iv i l  penalt ies  
against  Gene ra l  Airways on 3 Apri l  1959 
fo r  violation of CAR 4 2 . 4 8  (c) 1, 2 and 3, 
(duty t ime)  and CA-5 42.  71 (b) (take-off 
weight). 

ICAO Ref: AR/607 
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No. 19 

Beech Bonanza. N 3794N. c r a s h e d  nor thwest  of Mason Ci tv  M u n i c i ~ a l  
Airpor t ,  Iowa, on  3 k 'ebruary 1959. Civil Aeronautics  Board  (USA) 

Ai rc ra f t  Accident Repor t ,  F i l e  No. 2-0001, r e l eased  23 September 1959. 

C i r cums tances  

The  c h a r t e r e d  a i r c r a f t  took off f r o m  
Mason City a t  0055 hour s  to f ly t h r e e  
en te r t a ine r s  to F a r g o ,  North Dakota. 
Following a no rma l  take-off to the south, 
the  a i r c r a f t  made  a 1800 t u r n  and cl imbed 
to approximately 800 f t  then heading 
northwest.  F i v e  m i l e s  f r o m  the a i r p o r t  
the tai l  l ight of the a i r c r a f t  was seen  to 
descend gradually until i t  d i sappeared .  
T h e r e  were  no fu r the r  contacts  made.  All 
four  persons  aboard  w e r e  ki l led,  and the 
a i r c r a f t  was demcrlished. 

Investigation and Evidence 

The  Ai rc ra f t  

N 3794Nts engine had a total  of 
40 hour s  s ince  m a j o r  overhaul .  The a i r  - 
c ra f t  had been p rope r ly  maintained s ince  
i t s  purchaae  in  1958 by the Dwyer Flylng 
Service.  I t  was  equipped with high and 
low frequency radio  t r a n s m i t t e r s  and  
r e c e i v e r s ,  a Narco  omnigator ,  L e a r  au to-  
pilot (only recent ly  instal led and not ope r  - 
ab le ) ,  all the n e c e s s a r y  engine and 
navigational i n s t rumen t s ,  and a ful l  panel  
of ins t ruments  used  for  ins t rument  flying 
includrng a Spe r ry  F 3  Attitude Gyro. 

The Pilot  

He was  21 y e a r s  of age ,  was  regular ly  
employed by the Dwyer Flying Service  as 
a commerc ia l  pilot and flight ins t ruc tor  
and had been with them about one yea r .  
H e  had been flying s ince  October 1954 and 
had accumulated 71 1 flying hour s ,  of whlch 
128 w e r e  in Bonanza a i r c ra f t .  He  had 
approximately 52 hour s  of dual  ins t rument  
t raining and had pas sed  h ia  ins t rument  

wri t ten examination. He had fai led a n  
ins t rument  flight check on 21 March  1958, 
nine months e a r l i e r .  When h i s  ins t rument  
t raining was taken,  s e v e r a l  a i r c r a f t  were  
used,  and these  were  a l l  equipped with the 
conventional type ar t i f ic ia l  horizon and 
none with the S p e r r y  Attitude Gyro such 
as was  instal led in  N 3794N. 

The conventional a r t i f ic ia l  horizon 
provides a d i r e c t  reading mdicatlor. of the 
bank and pitch at t i tude of the a ~ r c r a f t  whlch  
i s  accura te ly  indicated by a minia ture  air- 

c ra f t  pictorial ly displayed against  a ho rizor 
b a r  and a s  if observed  f r o m  the r e a r .  The 
S p e r r y  F 3  gyro  a l so  provides a d i r ec t  
reading indication of the bank and pitch 
attitude of the a i r c r a f t ,  but i t s  pictorial 
presenta t ion  i s  achieved by using a s t ab l -  
l ized sphe re  whose f r e e  -floating movement 
behind a minia ture  a i r c r a f t  p re sen t  pitch 
information with a senslng exactly opposite 
f r o m  that  depicted by the conventional 
a r t i f ic ia l  horizon. 

Weather  

The  loca l  weather  a t  t ime  of take-off 
was - precipi tat ion ceilrng 3 000 f t ,  sky 
obscured;  visibility 6 mi les ;  light snow, 
wind south 20 k t ,  gus t s  to 30 kt; a l t ime te r  
setting 29. 85 inches.  

The  weather  briefing consisted solely 
of the reading of c u r r e n t  weather  a t  en 
route t e rmina l s  and t e rmina l  fo recas t s  f o r  
the destination. F l a s h  advisor ies  i ssued  
by the U. S. Weather Bureau  (Mmneapolis) 
a t  2335 on 2 F e b r u a r y  and by the Bureau  
(Kansas City,  Missour i )  a t  00 15 on 
3 F e b r u a r y  were  not brought to the pi lot 's  
attention. This  could have led  the pilot to 
underes t imate  the seve r i ty  of the weather  
situation. The owner of the Bonanza went 
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with the  pilot to the  A i r  Traf f ic  C o m m u -  
nications Station p r i o r  to the flight to 
obtain weather  information and none was  
given to them indicating that  ins t rument  
flying weather  would be  encountered along 
the route.  

At t ime  of take-off the b a r o m e t e r  was 
fal l ing,  the ceiling and visibi l i ty w e r e  
lowering,  l ight  snow had begun to fa l l  and 
the sur face  winds and winds aloft  were  so 
high one could reasonably  have expected 
to encounter  a d v e r s e  weather  during the  
es t imated  two -hour flight. 

I t  was  a l r eady  snowing a t  Mmneapolis ,  
and the genera l  f o r e c a s t  f o r  the a r e a  along 
the intended route  indicated de ter iora t ing  
weather  conditions. Considering a l l  t hese  
fac ts  and the f a c t  that  the company was  
cert i f icated to f ly in a.ccordance with 
visual  flight ru l e s  only, both day and night, 
together with the pi lot 's  unproven abil i ty 
to fly by in s t rumen t ,  the decision to go 
seemed  m o s t  imprudent .  

I t  was believed that  shor t ly  a f t e r  
take  -off the pilot en t e red  a n  a r e a  of c o m -  
plete da rkness  and  one  in which t h e r e  was  
no definite horizon; that  the snow condi- 
tions and the  l ack  of horizon requi red  h i m  
to r e ly  solely o n  flight ins t ruments  fo r  
a i r c r a f t  at t i tude and orientat ion.  

The  high gusty winds and the  at tendant  
turbulence which exls ted  that  night would 
have caused  the r a t e  of c l imb indicator  
and the t u r n  and bank indicator  to fluctuate 

to such a n  extent that  a n  in terpre ta t ion  of 
t hese  in s t rumen t s  so f a r  as at t i tude con-  
t r o l  was concerned would have been  
difficult to a pilot as inexperienced as th i s  
one. The  a i r s p e e d  and a l t ime te r  a lone  
would not have provided h i m  with sufficient 
r e f e rence  to maintain control  of the ?i tch 
at t i tude.  With h l s  l imi ted  exper ience  the  
prlot would tend to r e l y  on the at t i tude gyro  
which is relat ively s table under +Aese con - 
ditlons. X s  the pitch display on th is  
ins t rument  is the r e v e r s e  of the ~ n s t r u n e n t  
h e  was accus tomed to he could have become 
confused and thought that  h e  was  making a 
climbing tu rn  when in rea l i ty  he  was 
making a descending turn .  The  a i r c r a f t  
s t ruck  the ground m a s teep  t u r n  but with 
the nose lowered  only slightly, a n  izdrca-  
tion that  some  control  was  being effected 
a t  the t ime.  

T17.e direct ional  gyro  was found caged,  
and it is possible that  i t  was  never  used  
during the sho r t  flight. Lf the d i rec t ional  
gyro were  caged throughout the flight t h i s  
could only have added to the pi lot 's  confu- 
sion. 

Probable  Cause  

The p ~ l o t  unwisely decided to e m b a r k  
on  a flight which would necess i t a t e  flyrng 
solely on  ins t ruments  when he  was  not 
proper ly  cer t i f ica ted  o r  qualified to do so.  
Contributing f a c t o r s  were  s e r i o u s  def i -  
c ienc ies  in the  weather  brief ing,  and the  
? i lo t l s  unfamil iar i ty with the in s t rumen t  
which de termines  the  at t i tude of the 
a i r c ra f t .  

ICAO Ref: AR/602 
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No. 20 

P a n  American World Airways, Boeing 707, N 7 12PA, made a n  uncontrolled 
descent over  the Atlantic Ocean between London, England and Gander, 

Newfoundland, on 3 k'ebruary 1939. Civil Aeronautics Board (USA) Aircraft  
Accident R e ~ o r t .  h'lle No. 1-0001. released 3 November 1959. 

The flight was en route f r o m  P a r i s ,  
F rance  to  New York, N. Y. carrying 
119 passengers and 10 crew. Atapproxi-  
rnately 2205 GMT while flying a t  35000 f t  
in smooth a i r  the autopilot disengaged, 
and the a i rc ra f t  gradually entered a steep 
descending spiral .  Recovery was finally 
made a t  a n  altitude of approximately 
6 000 f t ,  and the a i rc ra f t  was flown to 
Gander, Newfoundland, where a safe 
landing was ca r r i ed  out. A few of those 
aboard sustained minor injuries.  The 
a i rc ra f t  received extensive s t ructura l  
damage. 

Investigation and Evidence 

Crew Idormat ion  

The captain had a total of 1 1 185 flying 
hours of which 350 were  in B-707 a i rc ra f t ,  
and the co-pilot had 14 952 flying hours - 
269 of which were  in B-707 aircraft .  Both 
were  supervisory personnel and qualified 
a s  pilots-in-command of Boeing 707 
aircraft .  

The Flinht 

Flight 1 15 departed London a t  
1845 GMT on  a n  IF'R flight plan. Owing 
to the a i rcraf t ' s  encountering turbulence 
and light icing en route while flying 
through the tops of heavy thunder s to rms ,  
the a i rc ra f t  obtained clearance to climb 
to and c ru i se  at 35 000 f t  where it was on 
top with all s t a r s  visible. 

At 2150 the captain went to the main 
cabin, leaving the co -pilot in the cockpit 
strapped in the co -pilot's seat  with easy 
access  to the controls. The a i rc ra f t  was 
in maximum cruise  configuration flying a t  
Mach 0.82 in smooth a i r ;  the autopilot was 
engaged in the manual mode, the altitude 
hold was on and the comparison unit was 
in operation. At approximately 2200 a 
change in heading of 20° was made,  and the 
co-pilot observed the autopilot was holding 
the new heading normally. H e  then turned 
his attention to making various computa- 
tions and did not observe the instrument 
panel during this time. Shortly thereafter  
buffeting occurred,  h i s  instrument panel 
lights went out, and h e  saw f r o m  the 
captain's instrument panel that the captain's 
art if icial  horizon had tumbled. The a i rc ra f t  
was in a nosedown right spi ra l  about to roll  
over on its back. The co-pilot pushed the 
autopilot re lease  button and applied left 
ai leron and rudder,  The captain then 
managed to re turn  to the cockpit, pulled 
the power l evers  to idle position and pulled 
himself into h i s  seat. The airspeed needle 
was in the vacant a r e a  to the right near  the 
zero  mark ,  and the a l t imeter  passing throug 
17 000 ft. He could not s e e  the Mach meter  
because it was hidden by the control wheel, 
and he could not lift h i s  head. The stabi-  
l i ze r  was in the full nosedown position and 
the electric t r i m  button failed to function. 
Visual reference was impossible a s  they 
were  in cloud. The captain then rolled the 
wings level and the G fo rces  were relieved. 
The flight engineer pulled the circuit  
breaker which deactivated the stabilizer 
sys tem and then straddled the console and 
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began rolling both stabil izer wheels toward 
the up position by hand. Onpassingthrough 
8 000 f t  the captain pulled the yoke back 
with a steady pull and a t  6 000 f t ,  following 
violent buffeting, the a i rc ra f t  ceased to 
descend and began a fair ly steep climb. 
At  about 9 000 f t  the wings were level, the 
a l rcraf t  was m a moderate climb, and 
posltlve control had been regamed. Gander 
was then advised of the difficulty, and the 
a i rcraf t  cruised a t  31 000 f t  fo r  the r e s t  
of the trip. 

Damage to the Aircraft  

The damage consisted mainly of 
buckles m the lower surface skln of the 
right and left horizontal stabil izers and 
buckles m the centre section web and upper 
surface doubler, and both wing panels 
were damaged including shear  wrinkles m 
the r e a r  spar  webs and damage to the out- 
board ailerons and aileron control rods. 
The wing -to -fuselage fair ings were 
damaged and a three  -foot section of the 
right fairing separated in flight. Both 
wing panels suffered a smal l  amount of 
permanent set. All four wing -to -s t rut  
fairing sections of the englne nacelle 
s t r u t s  were  buckled. Nos. 2 and 3 nacelle 
shear bolts partially failed in shear  and 
the fitting holes in a l l  front spar  -to -wing 
bushings were  elongated. 

Technical hvestigation 

Owing to the nature of this accident, 
certain sys tems and components of the 
a i r c r i f t  were definitely suspect; these 
were the autopilot, Mach t r i m  systems 
and their  warning systems. 

The functional checks conducted on 
the autopilot sys tem and i t s  components 
disclosed certain minor discrepancies, 
In several  instances the autopilot disen- 
gage warning light did not function 
properly af ter  disengagement of the auto- 
pilot. Also, the pitch trim potentiometer 
did not recentre  af ter  autopilot disengage - 
ment. The mechanical centring of th is  
potentiometer is necessary  fo r  the auto- 
pilot upon r e  -engagement to have availa - 
ble full noseup o r  nosedown t r im.  Under 

the conditions of flight, a t  approximately 
2150, the pitch trim potentiometer i r regu-  
lar i ty  would remain unnoticed, and it would 
have no tendency to cause the a i rc ra f t  to 
depart  f r o m  the established c ru i se  condition. 

Testing of the vert ical  gyro t ransmit ter  
disclosed that the ra te  switch was inopera- 
tive. T h ~ s  t ransmit ter  i s  an  electrically 
driven gyro that provides the ver t ica l  
reference fo r  the automatic pilot. Incor-  
porated in the assembly is a rate-of -turn 
control consisting of a hermetically sealed 
ra te  gyro and switch. At pre-se t  turn  r a t e s  
the switch turns  off the ver t ica l  gyro e r e c -  
tlon sys tem,  thereby preventing erection 
of the vert ical  gyro to a fa lse  (dynamic) 
vert ical  durmg turns.  Examination revealed 
that the ra te  gyro motor windings were open; 
the ra te  switch was,  therefore,  unable to 
respond to turns  and would have permitted 
the erection system to remain on a t  a l l  
t imes.  However, durmg the slight turn  
and subsequent continuation of the straight 
flight path, th is  malfunction would not have 
manifested itself, Subsequent to the exam - 
ining groupf s inspection, Boeing engmeering 
personnel observed that the r a t e  switch 
would occasionally st ick when closed 
manually. 

Tes t s  of the comparison unit disclosed 
some i r regular i t ies  in the pitchup attitude 
condition. One involved intermittent disen- 
gagement at a 10 -degree noseup attitude; 
however, this attitude i s  not pertinent to 
the level attitude of the a i rc ra f t  in th is  
instance. It was a lso  slightly out of to ler  - 
ance in response to a step change in pitchup 
attitude; however, this would have made it 
l e s s  sensitive and therefore l e s s  likely to 
disengage the autopilot in response to a 
pitchup of the a i rcraf t .  

These were  the only discrepancies 
involving components capable through 
malfunctioning of causing the autopilot to 
a l t e r  the established flight condition o r  
cause autopilot disengagement. 

In analysing the autopilot i r regular i t ies  
found, it is apparent that they were  both 
minor in character  and unable to have caused 
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thia disengagement. Although such disen- 
gagements a r e  by no means common 
occurrences,  some may be expected of an 
autopilot of this type incorporating a com- 
parison monitor designed to disengage the 
autopilot quickly should it sense any num- 
ber  of undesirable behaviours o r  responses. 
In achieving the deaired sensitivity of the 
monitor sys tem it is conceivable that 
nuisance disengagements can occur a s  the 
resul t  of transitory spurious signals. In 
this instance, the disengagementalso could 
have been the resul t  of either the accidental 
operation by the co-pilot of the stabil izer 
t r i m  switch o r  the autopilot disconnect 
button, both of which a r e  on the control 
wheel; o r  by operating the autopilot engage 
(on-off) switch located on the pedestal. 

Functional tes ts  performed on the 
Mach t r i m  system disclosed that i t  was 
capable of normal operation. I t  must be 
concluded that i t  had not been turned on by 
the crew, otherwise it would have provided 
increasingly more  noseup stabil izer t r i m  
action with increase  in Mach number. 

The crew reported a change in stabi-  
l i ze r  t r i m  to full nosedown. This did not 
result  f r o m  a malfunction of the Mach t r i m  
system but could have resulted f r o m  inad- 
vertent p ressure  upon the e lect r ic  stabi-  
l i ze r  t r i m  switch located on the control 
wheel. Although the co -pilot testified that 
he was quite certain that h is  hand did not 
touch the switch, i t  remains ,  af ter  careful 
consideration, the only logical explanation 
for the t r i m  system behaviour. I t  i s  not 
definitely known what caused the captain's 
electric stabilizer switch not to function 
when h e  attempted to use it a f t e r  returning 
to his seat .  It may have been caused by 
clutch slippage induced by high aerodynamic 
loads. It functioned normally when tested 
la ter .  

Laxity in the inspection of the flight 
recorder  aboard the a i rc ra f t  caused a 

shor te r  than normal tape to be used. This 
e r r o r  resulted in the loss  of valuable 
information because of improper recording. 

Probable Cause 

The probable cause of the accident was 
the inattention of the co-pilot to the progress  
of the flight during the absence of the cap- 
tain f rom the cockpit, following the invol- 
untary disengagement of the autopilot. 
Contributing factors  were  the autopilot 
disengage warning light in the dim position 
and the Mach t r i m  switch in the "off" 
position. 

Corrective Action 

As a resul t  of this accident the company 
took the following corrective action: 

1. Issued a directive that one pilot 
give continuous attentian to the 
attitude and flight of the a i rc ra f t  
during autopilot operation. 

2. Re-emphasized in pilot training 
the narrow speed margins between 
Mach 0.82 and Mne and the brief 
interval of t ime it takes the a i r  - 
craf t  to accelera te  into cri t ical  
speed ranges. 

As a pa r t  of the investigation of this 
accident depositions were  taken of the 
crew,  personnel of the company, the 
manufacturer of the a i rcraf t ,  manufacturers 
of various components, and the Federal  
Aviation Agency. 

Following the taking of these  deposi - 
tions, the FAA, citing failure to comply 
with Part 41.62 (Pilots at Controls) of the 
Civil Air  Regulations, levied a civil penalty 
against the captain. The co-pilot received 
a six-months1 suspension of h i s  Air  Trans  - 
port  Rating. 

lCAO Ref: AR/ 609 
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No. 21 

,4merican h l r l l n e s ,  Inc. ,  Lockheed E lec t r a ,  N 6101A, accident  In the E a s t  River ,  
near  La  Guardla A ~ r p o r t ,  N. Y. on 3 F e b r u a r y  1959. Clvll Aeronautrcs Board (USA) 

h r c r a f t  Accldent Report,  F l l e  No. 1-0038, r e l eased  10 January  1960. 

Ci rcumstances  

Flrght 320 depar ted  Chicago a t  2154 
hours  fo r  L a  Guardla Airpor t ,  New York. 
Between 2339 and 2349 the flight was vec- 
t o red  to the back cour se  of the ILS whlle 
descending f r o m  8 000 to 1 500 f t  and then 
a t  2344 was glven the 2338 La  Guardia 
weather ,  At 2352 rt repor ted  that  i t  had 
2as sed  New Rochelle and approach control  
requested the flight to contact the La Guardla 
tower on 118.7 Mc/s for  a straight-ln ap- 
proach to runway 22. * Two mlnutes  l a t e r  
Flight 320 repor ted  ove r  the L a  Guardla 
range (2.8 NiLI f r o m  the threshold of run- 
way 22 and 4.8 N M  f r o m  New Rochelle). 
It was c l ea red  to contlnue i t s  approach to 
runway 22 and a t  2355:20 was c l ea red  to 
land s t ra ight  in on runway 22. At 2355:27 
the flight acknowledged by saying "320". 
Nothing fu r the r  was  hea rd  f r o m  the air- 

craf t .  It  c r a s h e d  7 seconds a f t e r  the f inal  
t ransmrss lon ,  killing 63 of the 68 passen-  
g e r s  and 2 of the 5 c r e w  m e m b e r s .  

Investigation and Evidence 

Weather 

The ceiling was indicated as 400 var iab le  
to 300 f t ,  and the p r e s s u r e  was indicated 
a s  falling rapidly. 

Some wi tnesses  descr ibed  v e r y  
r e s t r i c t ed  visibility condltlons above the 
sur face  of the r i v e r  and ove r  the land 
a r e a s  north of the r ive r .  

Other  a i r c r a f t  approaching 
La  Guardia short ly be iore  and a f t e r  the  
accldent  did not r epor t  icing difflcultles, 
The rapld  lnflux of w a r m  a l r  aloft was 
causlng a t empera tu re  inversion of in- 
c r eas ing  proportions. 

The h r p o r t  and Fac i l i t i e s  

A11 requi red  a i rpo r t ,  boundary and 
runway l ights  a t  La Guardla were  on  at 
the t i m e  of the accident .  

Fo l lomng  i t s  occu r rence  a n  imme-  
&ate ground check of a l l  navigation faci-  
l i t ies  serv lng  La Guardia was  conducted 
by the FL4. The following day these 
fac i l i t ies  were  a l so  flight checked and 
found to be operat ing normally.  

The 2352 weather  observa t ion  was  the The Ai rc ra f t  
l a s t  one taken at L a  Guardia p r i o r  to the  
c r a s h  - "ceiling 400 f t  var iab le ,  sky  ove r -  The a i r c r a f t  had been flown a to ta l  
cas t ;  visibility 2 m i l e s  in  light r a i n  and fog; of approximately 302 hours.  T h e  requi red  
t empera tu re  37; dewpoint 35; wind south- maintenance had been pe r fo rmed  o n  i t ,  
southwest 6 kt; a l t ime te r  set t ing 29.76, and  complaint en t r i e s  of a n  a i rwor th iness  

na ture  had been c o r r e c t e d  and p rope r ly  
s igned off. 

* Initial approach procedure  p r e s c r i b e d  a n  altrtude of 1 500 f t  as1  10 m i l e s  nor theas t  of 
New Rochelle inbound fo r  runway 22, to p a s s  New Rochelle at mln imum of 1 000 f t  all 
(above f ie ld  level),  descend to a minimum of 800 af l  ove r  the La Guardia range statlon. 
and continue descent  to 400 f t  afl altitude. If contact i s  established a t  this  point, a 
landing m a y  be  effected. ( D a y  and night company minima fo r  runway 22 a r e  400 f t  
and one  mile. ) 
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The Wreckage 

More than 90 percent of the p r imary  
s t ructura l  components of the a i rc ra f t  and 
the majority of the sys tems ' components 
were  recovered. 

Most of the wreckage was found sub- 
merged within a ZOO-foot radius  c i rc le ,  
the centre of which was located approxi- 
mately 4 891 f t  shor t  of the threshold and 
610 ft to the right of the extended centre-  
line of runway 22. It was determined that 
the horizon di rec tor  indicator and course  
deviation indicator would indicate full- 
scale deflections if any a i rc ra f t  were 
approximately 300 ft to the right of the 
localizer centreline and approximately 
5 000 ft  f rom the localizer shack. The 
la tera l  displacement of this  a i r c r a f t  f r o m  
the localizer course  i s  excessive and 
indicates that the pilot might not have 
been maintaining proper alignment with 
the localizer course  during the la t ter  
portion of the approach. 

Power plants and Propel lers  

The lengthy submersion of the 
wreckage in the E a s t  River resulted in 
corros ion and contamination throughout 
the engines, propellers and accessor ies .  
However, accurate  determination of the 
condition of the pa r t s  and components 
p r io r  to impact was readily accomplished. 

According to the testimony of the 
surviving crew members  a l l  power plants 
were  functioning normally until impact. 
The engine and propeller o i l  sys tems 
were f r e e  of significant contaminants. 
There  was no pre-impact damage, foreign 
object damage o r  evidence of over-temper- 
a ture .  Examination of detailed par ts  
including bearings,  accessory  drives,  
oil pumps and components of the reduction 
gear  assembl ies ,  did not show any to have 
failed during engine operation. 

The propeller  blade angles were 
relatively uniform and averaged approxi- 
mately 360. This blade angle when related 

to power i s  consistent with power readings 
obtained f r o m  the recovered a i rcraf t  in- 
t ruments ,  and the crew's  testimony con- 
cerning horse-power being used during 
the approach. 

Flight  Instruments (see Figure  6 )  

All recovered instrument and instru- 
ment sys tem components were  inoperative 
with the following exceptions: the cap- 
ta in ' s  horizon direction indicator, the two 
directional  gyros, the autopilot control 
panel, the two stat ic selectors,  the three-  
axis  t r i m  indicator, the two fluxgate trans- 
mi t t e r s ,  and the clock on the captain's 
instrument panel. 

The two rnstantaneous vert ical  
speed indicator instrument casings were 
st i l l  attached to thei r  respective panels 
and relatively intact, but the instrument 
mechanisms were missing and were  not 
recovered.  

The a l t ime te r s  installed on the 
instrument panels of N 6101A were 
Kollsman, type A-28586-10-00 1 ,  p ressure  
d rum type, having a range of f r o m  minus 
2 000 f t  to 50 000 f t  altitude. The pointer 
makes  one revolution fo r  each 1 000 ft of 
altitude change, and two concentric d rums  
m e a s u r e  the number of tu rns  of the pointer 
and accordingly indicate the 1 000-foot 
flight levels. Provision is made fo r  baro- 
m e t r i c  setting to corre la te  altitude indi- 
cation with the prevailing atmospheric 
p r e s s u r e  in a manner s imi lar  to that 
employed in conventional three-pointer 
a l t ime te r s  except that the numerical  
values of the setting appear in r everse  
order .  

N 6lOlA had approximately 302 hours 
of flight t ime since manufactured during 
all of which the d rum ty2e a l t imeters  
instal led had operated satisfactorily. 

P r i o r  to departure f r o m  Chicago 
the a l t imeters  were checked by the c rew 
and were  reported operating satisfacto- 
rily; also,  during the flight they appeared 
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to be operating satisfactorily. During let- 
down on approach to runway 22, both al t i-  
me te r s  were reportedly c r o s s - c h e c ~ e d  a t  
900 it and again a t  600 i t .  

Examlnatlon and testing of these al t l-  
me te r s  subsequent to the accldent dld not 
reveal any mechanical fa l lures  other than 
those attrlbutaole to ~ m p a c t ,  shock and 
:mmersion in sa l t  water. 

When the wreckage was recovered,  
the captain's a l t lmeter  read minus 1 500 ft ,  
w ~ t h  a p ressure  altitude setting of plus 85 ft 
(barometric setting 29.83). The f i r s t  
o i i icer ' s  al t imeter read minus 1 650 i t ,  
wlth a barometric settlng of 29.79. 

Internal Inspection of the a l t imeters  
revealed considerable corros ion wlthin each 
of the ~ n s t r u m e n t s .  A broken l i n k  prn was 
found ln the captain's a l t lmeter ,  and a rock- 
:ng shaft plvot was found broken in the f i r s t  
of f icer ts  al t lmeter.  The corrosion was 
removed to permit  a detailed inspection of 
the movlng par ts .  The broken components 
were replaced, after  which both ins t ru-  
ments were checked for mechalucal f r ee -  
dom and were iound to operate without 
significant restriction over  a range of 
mlnus 1 000 ft to 12  000 it. 

Since the diaphragms of both al t i-  
m e t e r s  were overs t ressed  due to submer- 
s:on, i t  was impossible to establish a 
ca l~bra t ion  curve which would be represen-  
tative of the ca l ib ra t~on  of the a l t imeter  
before the crash.  

As a resul t  of this accident and in 
connection with i t s  investigation, the Board 
arranged extensive t e s t s  of the a l t imeter  
sys tems and components of the Electra.  
In addition, t e s t s  were ca r r i ed  out by 
Lockheed Aircraf t  Corporation. 

Also, an exhaustive review was 
accomplished of a l l  maintenance records  
including pilot complaints of a l l  opera tors ,  
civll and mili tary,  utilizing this  type of 
a l t imeter .  On the basis of the available 
evidence, severa l  poss4ble equipment 
malfunctions and operational e r r o r s  were 

examined critically with a view to deter-  
mirung the most  probable cause of the 
accident. 

Dual Altimeter Fai lure  

F r o m  the testimony of the f l r s t  
oificer and flight engineer ~t was apparent  
that any e r r o r  in the two d rum al t imeters  
must  have been in the nature of a lag 
ra ther  than polnter sticking. As required 
by the Civil Arr Regulations, the a l h m e t e r s  
~ n s t a l l e d  on the pilot 's and co-pilot's flight 
instrument panels have separate stat ic 
sources.  The stat ic l ines l e a h n g  to the 
lns t r  uments f rom normal source a r e  
completely independent. Since there  
exlsts  no common element of the instru- 
ments o r  any of their  related stat ic sys tem 
and sources ,  a n  identical and simultaneous 
malfunction of these instruments and asso-  
clated sys tems of the magtutude suggested 
by the crew testimony would involve such 
an extreme mathematical improbability 
that the Board was compelled to re jec t  it. 

In rejecting the possibility of dual 
and simultaneous a l t imeter  e r r o r  the 
Board had to re jec t  portions of the test i-  
mony of one o r  both flight c r e w  members .  
On the bas is  of other evidence the Board 
was compelled to re jec t  this testimony to 
the extent that i t  would r e q u r e  dual and 
simultaneous fai lure of the a l t imzters  in 
the o r d e r  of a 500-foot lag. 

Single Altimeter Fai lure  

So f a r  a s  this  accident i s  concerned, 
any single a l t imeter  fai lure must  have 
involved the captain 's  al trmeter since it 
was c lea r  that the captain was a t  the 
controls of the a i rc ra f t  during the approach. 
The Board could not, however, conclude 
that a single a l t imeter  fai lure had occurred.  

Although the f r r s t  officer had test i-  
fied concerning his  observation of a l t imeter  
indications dourn to a n  altitude of 600 f t ,  
he had no recollection of a lower altitude 
~ndicatlon.  It was his  impress lon that the 
impact occurred short ly follovnng his 
600-foot observation; however, the Board 
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believed that h is  subsequent judgement of 
this time interval may be incorrect ,  While 
approaching an altitude of 500 f t  i t  would 
have been expected that, in addition to 
monitoring the instrument panel, the f i r s t  
officer would be scanning the approach a r e a  
for lights and handling radio communica- 
tions. Considering the sparseness  of lights 
on the approach over the E a s t  River, there 
could well have been greater  concentration 
o r  attention than is usual since i t  is always 
difficult a t  night to judge attitude and alti- 
tude over the water. While the a i rc ra f t  
was in instrument conditions, it i s  also 
not a t  a l l  unlikely that the co-pilot was 
giving careful attention to the captain's 
efforts to maintain the localizer path, 
especially in view of the apparent diffi- 
culties being experienced by the captain 
in maintaining a precise course. Although 
preoccupation with this o r  any of the seve- 
r a l  elements of a new cockpit environment 
could reasonably explain the failure of the 
f i r s t  officer to follow the procedure required 
in the Operations Manual with respect  to 
monitoring and calling out altitude and a i r -  
speed below 600 f t ,  the Board believed i t  
more  likely that he was anticipating 
breaking out beneath the overcas t  and, 
thereaf ter ,  having s e e n  lights on the ground 
o r  water,  was focusing particularly on 
visual identification of the a i rpor t  and was 
no longer monitoring the £light instruments. 

At and pr ior  to reaching 600 ft the 
flight crew members  were c lea r  a s  to their  
testimony of cros  s-checking alt imeters.  
With respect  to the possibility that the 
captain's al t imeter had failed it was be- 
lieved that such a failure did not occur 
before reaching 600 ft. During the exa- 
mination of the wreckage no evidence of 
instrument fai lure was discovered. 

The sole evidence of a malfunction 
of the captain's al t imeter was the flight 
engineer's testimony. His observation of 
the captain's al t imeter was 500 f t  a t  impact. 
This was after the first officer had called 
out 600 ft. 

To substantiate further a single 
fai lure on  the captain's al t imeter one mus t  

assume a premature  descent and discount 
the f i r s t  officer 's  t r  stimony that he called 
out 900 f t  over the La  Guardia Range 
Station. This i s  necessary  in o rder  to 
rationalize approximately a 300 -foot per 
minute descent a s  testified to by hlm. 

The captain's al t imeter was se t  a t  
29.83. The actual p ressure  a t  the time 
of the accident was 29.75, and La  Guardia 
tower was reporting a setting of 29.77. 
This e r r o r  in setting of the captain's 
a l t imeter  would account for  80 ft of e r r o -  
neous alt imeter indication. Since an addi- 
tional minus 30 to 45 f t  of e r r o r  due to 
stat ic a i r  correction must  be made to the 
captain 's  a l t imeter ,  one can r e a d l y  
rationalize an accumulative e r r o r  in 
which the al t imeter indicated f r o m  11 0 
to 125 f t  higher than the actual altitude 
near sea  level. 

Misreading the Altimeter 

Because of the novel presentatlon 
components of the a l t imeter ,  serious 
consideration was given to the possrbility 
that the pilot misread the altitude indlca- 
tion and thereby permitted o r  caused the 
a i rc ra f t  to deviate vertically f rom the 
des i red flight path. While some incidents 
have been reported in which a pilot had 
mis read  the 1 000-foot scale on the smal l  
drum, no such e r r o r  could conceivably 
be involved here.  The altitude presenta- 
tion below 1 000 f t  i s  accomplished by a 
pointer the indications and appearance of 
which a r e ,  for a l l  practical  purposes, 
identical to those used by the crew in 
other a i rc ra f t  types a n d t h e  interpreta- 
tion of which cal ls  for no new o r  different 
evaluations on the pa r t  of the pilot. 

The reversed sensing of the  alti- 
me te r  setting numerals was also consi- 
dered. While an erroneous setting might 
result  f rom this condition, the possible 
o rder  of e r r o r  would be very small .  
Unlike the pr imary instrument flight 
reference which is frequently "genera- 
lized" by approximate positions of pointers 
o r  indicators, the al t imeter setting scale 
mus t  be read in o rder  to permit  any 
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substantial correction to be made. Fur the r -  
more,  the a l t imeter  setting positions which 
were found in the a l t imete r s  installed in this 
airplane a r e  very reliable indications of the 
settings existing a t  the t ime of the accident. 
The Board did not believe that the 80-foot 
e r r o r  resulting f rom the setting of the cap- 
tain's instrument was chargeable to mis -  
reading of the instrument. 

One other peculiarity of this instru- 
ment, however, has  ra ised some question 
a s  to susceptibility of misinterpretation.  
On the right side of the instrument face a 
cutout i s  provided through which may be 
seen the drum which indicates 1 000-foot 
levels. On both s ides  of this cutout there  
has been printed a luminous tr iangular 
shaped index against which the 1 000-foot 
calibrations a r e  read. In a darkened 
cockpit, the index whrch appears  on the 
left side of the d rum assembly cutout has  
a t  t imes been mistaken for the smal l  
1 000-foot pointer which i s  installed on 
the older a l t imeters .  Such an e r r o r  would 
leave the impression that a smal l  hand was 
indicating an  altitude of 2 500 ft. This fact 
had been brought to the attention of the 
company pr ior  to the accident and i t  had 
been agreed that the lef t  index should be 
removed in o rder  to prevent such a con- 
fusion; one of the company's fleet of six 
Elect ras  had had this rndex removed a t  
the t ime of the accident. The a l t imeters  
installed in the a i rc ra f t  a l l  contained 
indices on both sides of the cutout. 

The Board was of the opinion that 
confusion is also  possible in mistaking the 
right ind;x for  the 100-foot pointer. Al- 
though this may appear  remote because of 
the distinctiveness of shape of the 1 000- 
foot altitude index a s  compared with the 
100-foot pointdr, these distinctions lose  
most of thei r  significance a t  night, espe- 
cially where hurr ied references  to flight 
instruments a r e  required in  cr i t ica l  flight 
situations, If, in a hur r i ed  glance, the 
right index were  to be mistaken f o r  the 
large 100-foot pointer, the pilot would 
have the impress ion of being at 250 it when, 
in fact ,  the a i rc ra f t  might be considerably 
below this altitude. 

As a p a r t  of the E lec t ra  training 
programme,  the company gave special  
attention to the need for  teaining in the 
Bendix Flight Director System which was 
installed in the E lec t ra  and was otherwise 
new to the line pilots. The ground t ra ine r  
in which the captain received approxi- - 
mately five hours of initial training on the 
Bendix Flight Director System had in- 
talled the conventional three-pointer al t i-  
me te r  and not the drum-type a l t imeter  
which was actually installed in the Elect ra .  

Misreading the Vertical Speed Indicator 

The instantaneous ver t ica l  speed 
indicator installed in the E lec t ra  does not 
possess  the lag typical of older instru- 
ments which re ly  solely upon a calibrated 
flow f r o m  the diaphragm for the initial 
indication of climb o r  descent. This type 
of vert ical  speed indicator possesses  
character is t ics  which a r e  definitely 
superior to those of older types. In a t  
leas t  one respect ,  however, the difference 
in presentation mus t  be regarded a s  signi- 
ficant so f a r  a s  this accident is concerned. 
This instrument installed in the E lec t ra  is 
calibrated in such a manner that a given 
displacement of the needle represen t s  a 
ra te  of climb o r  descent a lmost  three  
t imes  a s  great  a s  that shown on f o r m e r  
designs. F o r  instance, were  the needle 
of the older  instrument displaced 90 de- 
g rees  downward f r o m  i t s  normally hori- 
zontal position, it would signify a r a t e  of 
descent of approximately 750 ft  p e r  minute. 
This same relative position in  the c a s e  of '  
the E lec t ra  instrument would signify a 
ra te  of descent of approximately 2 300 f t  
pe r  minute. 

F o r  the experienced pilot it is 
common to re ly  upon approximate pointer 
position ra the r  than consciously to read  
the numerical  indications associated with 
each pointer position. Such a tendency is 
heightened a t  night when prec i se  reading 
of instruments i s  m o r e  difficult even with 
optimum instrument Lighting. Accordingly 
the re  is a strong suggestion that  a pilot 
with l imited exposure to th is  par t icular  
instrument might be led to  accept  an 



9 2 ICAO Ci rcu la r  62-AN/57 

excess ive  r a t e  of descent  because of a 
gene ra l  appearance  of ins t rument  indica- 
tion being within a range  no rma l  f o r  an 
ins t rument  approach when using the o lder  
ins t rument .  

A computation of the t i m e s  repor ted  
ove r  New Rochelle and the La Guardia 
Range Station indicates that  the ground 
speed of F l ight  320 on the approach 
between these  f ixes  was approximately 
129 kt.  A computation of the t i m e s  
repor ted  over  New Rochelle and the 
La Guardia Range Station by the f ive flights 
preceding Flight  320, and a n  analys is  of 
the winds aloft r epo r t s  a t  Idlewild Inter-  
national A ~ r p o r t  and surrounding a r e a s  
taken a t  1900, 3 F e b r u a r y ,  and 0100, 
4 Februa ry ,  indicates that Fl ight  320 
would be making i t s  approach into a mean 
wind of approximately 25 kt f r o m  about 
2 10'. The indicated a i r s p e e d  between 
New Rochelle and the La Guardia Range 
Station appea r s ,  therefore ,  to have been 
in the o r d e r  of 150 k t .  At t h i s  indicated 
a i r s p e e d  and a t  the power set t ings which 
the flight c r e w  w e r e  using, a r a t e  of 
descent  higher than that  n e c e s s a r y  fo r  th is  
portion of :he approach procedure  appea r s  
to be likely. 

The ground t r a ine r  in which the 
captain rece ived  ini t ial  t raining on the 
Bendix Flight Direc tor  Sys t em had instal led 
the conventional ve r t i ca l  speed indicator 
and not the ins t rument  which was  actual ly 
instal led in the Elec t ra .  

Pilot Preoccupation with the 
h s t rument  Abbroach 

The Eclipse-Pioneer  autopilot,  model  
PB-20E, used by Amer ican  Air l ines  on i t s  
E l e c t r a  a i rp l anes  i s  designed to pe rmi t  
completely automatic  cont ro l  of the a i r -  
plane f r o m  ini t ial  c l imb  through an TLS 
Lpproach. An automatic  ILS approach 
utilizing the PB-2OE is possible only 
where  a glide path i s  sui tably pa i red  with 
a loca l izer  course .  Since no glide path is 
available, a n  automatic  approach could 
not be made  on the backcourse  of the 
La  Guardia ILS. 

Test imony of the f i r s t  off icer  and 
the flight engineer  indicated that the captai  
was  making a "heading mode1' autopilot 
approach and that the autopilot was  s t i l l  
engaged a t  impact .  Ln this  method,  the 
pilot u ses  the autopilot a s  an  in termedia te  
s y s t e m  to ope ra t e  the flight cont ro ls  
instead of operat ing them di rec t ly  through 
the cont ro l  wheel and rudder  pedals in the 
conventional manner .  The a i rp lane  i s  
s t ee red  hy selecting a d e s i r e d  heading on 
the c o u r s e  deviation indicator;  the auto- 
pilot then d i r e c t s  the a i rp lane  to this  
heading. The captain had been using this  
procedure  during the en t i r e  flight a f t e r  the 
take-off cl imb.  According to test imony,  
he  was  actuating the pitch t r i m  wheel,  whic 
i s  mounted in the autopilot cont ro l le r  on the 
pedestal  to h i s  r ight  and slightly a f t ,  with 
h i s  r ight  hand and was  leaning forward  in  
h i s  s ea t  to r each  around the cont ro l  wheel 
with h i s  left hand to ro ta te  the CDI c u r s o r  
just  p r io r  to impact .  Since no glide slope 
i s  avai lable,  proper  a l t ~ t u d e  over  f ixes  
mus t  be checked solely by r e fe rence  to the 
a l t ime te r .  

The FAA-approved portion of the 
E lec t r a  Airplane Operating Manual contains 
no l imitat ions as to the type of approach f o r  
which the autopilot m a y  be used; nor does i t  
es tab l i sh  any min imum al t i tude l imitat ions 
fo r  use  of the autopilot.  Whlle i t  i s  
recognized that the autopilot s y s t e m  ins ta l le  
in the E lec t r a  is capable of comple te  auto- 
mat ic  cont ro l  of descent  path and d i rec t ion  
in  an  ILS approach,  the E lec t r a  Airplane 
Operating Manual specif ies  that the auto- 
pilot mus t  be off before leaving a holding 
point fo r  f inal  approach.  

The Board could find no instance 
where  the captain had made a previous 
backcourse 1LS approach to La Guardia 
A i rpo r t  in a n  E lec t r a  under ac tua l  ins t ru-  
men t  conditions. Records  w e r e  not avail- 
able to de termine  how much previous 
exper ience  the captain had in making 
simulated o r  ac tua l  ins t rument  approaches  
in  the E lec t r a  using the "heading mode" 
autopilot setting. 



ICAO Circular 6 2 - ~ ~ / 5 7  9 3 

The captain's and f i r s t  officer's 
r a d l ~  magnetic direction indicators. when 
removed f r o m  the water,  read 2050 and 
21  qO, respectively. Although the heading 
lndicatlons of the two RMDI's reasonably 
agree with the instrument approach heading 
to be flown, ne:ther reading i s  n e c e s s a r ~ l y  
that of the a l rc ra f t  heading a t  impact. 

The captaln was using the ILS local-. 
lzer for direction An conjunction with the 
ADF 's  to determine precrsely the a i rc ra f t ' s  
posltion over the navigation fixes. His 
No. 1 AD!? was tuned to the La Guardia 
compass locator: the No. 2 ADF was tuned 
to the La Guardla Range. In order  for 
ADF information to be displayed vlscal1y 
on the RMDI, the selector on this insrru- 
ment must be placed rn the ADF 9os.tCa:1. 

Investlgatlon disclosed the selectcr 
switch for the captain's No. 1 ADF needle 
was selected to the ADF position; however, 
the No. 2 selector was in the VOR posltion. 
Under these conditions the single needle 
would be displaying the position of the 
La Guardia mtddle marker  whrch i s  south- 
west of the a i rpor t  and, therefore,  would 
be approximately straight ahead of the 
flight throughout the final approach to the 
moment of impact; however, the No. 2 o r  
double needle would be inactive, eliminating 
i ts  use in displaying the position of the 
La Guardia Range. Testimony also indicated 
difficulty in receiving the range station, 
although station passage was observed by 
the f i r s t  officer on his RMDI. The No. 2 
ADF control settings were 10 kc/s above 
the La'Guardia range frequency and in the 
loop position, this suggesting a possible 
manipulation of the ADF controls to confirm 
station passage. 

The landing gear  was extended while 
passing over New Rochelle a t  1 500 f t  and 
the pilot established a r a t e  of descent which 
he believed to be in the o rder  of 350 f t  per 
minute. Because of the different calibra- 
tion of the vert ical  speed indicator a s  
compared with the instruments used by the 
captain during almost a l l  of his previous 
29 000 flying hours,  the actual  r a t e  of 
descent was between 900 to 1 000 f t  per 

al t imeter indicated an altitude approximately 
125  f t  higher that the actual altitude. Since 
the captaln was utilizrng the autopilot, his  
corrections of a?titude and direction were  
somewhat slower than would normally be 
expected in a manual approach. Because of 
the excesstve ra te  of descent, the a l rc ra f t  
descended below the minimum altitude 
prescribed for statlon passage. 

Crew Mormat ion 

The captain had a total of 48 hours  in 
Electra a i rc ra f t  at the t ime of the accrdent. 

He recerved trarnrng rn a Llnk t ra lner  
equipped with the flight director sys tem 
similar to that installed rn the Electra S ; t  
not having drum-type a l t imeters  o r  instanta- 
neous ver t ica l  speed indicators. An Elect ra  
simulator was not available. 

Operations Specifications issued to 
American Airl ines on 23 January 1959 
require that the ceiling and visibility landing 

~ i c a  minima prescribed in the Operations Specis' 
tions be increased by 100-foot ceiling and 
one-half mile visibility whenever the captain 
in scheduled operation has  not served for  
100 hours as pilot-in-command on the equip- 
ment,  o r  until such t ime as the captain i s  
certified by his Regional Superintendent of 
Flying as qualified to operate a t  the landing 
minima prescribed. If these res t r ic t ions  
a r e  to se rve  any purpose other than to give 
the appearance of a conservative flight opera- 
tions policy, the Board questions the  wisdom 
of the company in exempting the captain when 
he had but 12:32 hours  of flying the Elect ra  
in scheduled operations.  his-occurred nine 
days before the accident. 

The Board recommended that the 
Administrator review existing FAA policy 
to determine whether the waiver provision 
contained in the Operations Specifications 
should be deleted. 

Conclusions 

No one factor was considered to be the 
probable cause of the accident. On the 
contrary,  the Board found that i t  was  due to 

minute until checked by the captain. His an accumulation of several  fac tors  o r  e r r o r s ,  
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which, together, compromised the safety 
of the flight. 

After a detailed investigation the 
Board beiieved that the flight flew a t  an 
average ground speed of 130 kt  between 
New Rochelle and the f-a Guardia Range 
Station. Using winds aloft data and time- 
over -fix data received f r o m  a i rc ra f t  that 
preceded Flight 320, the Board determined 
~ t s  indicated a i rspeed over this a r e a  to be 
approximately 150 kt .  The a i rc ra f t  passed 
over La Cuardia Range Station a t  a low 
altitude, possibly as low a s  300 f t ,  but 
probably not higher than 500 ft.  The crew 
had limited visual reference following the 
range passage; the f i r s t  officer and flight 
engineer observed lights just pr ior  to 
impact. During the instrument approach, 
the captain's al t imeter was indicating a t  
leas t  80 f t ,  and possibly a s  much a s  125 f t  
above the altitude a t  which the a i rcraf t  was 
flying owing to  calibration and setting 
e r r o r s .  

Jus t  pr ior  to impact, the a i r c r a f t  was 
in a shallow descent, in approach configura- 
tion except f o r  landing flaps and landing 
light extension, and was maintaining approx- 
imately 130 kt groundspeed. The captain 
was flying the a i rcraf t  on autopilot "heading 
modef1. Impact occurred within seconds 
after  the crew received and acknowledged 
clearance to land. The testimony of the 
f i r s t  officer and flight engineer concerning 
the simultaneous m i  sindication of both 
d rum alt imeters could not be substantiated 
by the evidence of record. The possibility 
of fai lure of the captain's al t imeter was 
examined. However, the Board believed 
there  was insufficient evidence available to 
substantiate this. 

The Board believed that even though 
the accident probably resulted f r o m  the 
captain's neglect of certain essential instru- 
ment references ,  i t  could have been prevent- 
ed had the f i r s t  officer followed prescribed 
operating procedures, and been fully a ler t  
and attentive to a l l  his cockpit duties 
throughout the approach. 

A s  a resul t  of this accident, the 
Federa l  Aviation Agency, on 8 February 
1959 a s  a "precautionary measure" ra ised 
Electra minima. Upon the installation of 
the conventional three-pointer type sensitive 
a l t imeters ,  the res t r ic t ions  were  lifted. 

During this investigation considerable 
testimony was presented concerning America 
Airl ines '  procedures and techniques employe 
in the operation of autopilots. The Federal  
Aviation Agency testified that i t  had not 
issued any policy directives with respect  to 
the use of autopilots in the various possible 
types of instrument approaches for an a i r  
c a r r i e r .  

While the Board considered that fully 
automatic front course  I LS approaches using 
an autopilot coupler may be basically sound, 
i t  was the Board's opinion that autopilot 
approach c r i t e r i a  and limitations to a l l  a i r  
c a r r i e r s  should be established, taking into 
account the part icular autopilot used, the 
a i rc ra f t  involved, and the approach facilities 
utilized. Accordingly, the Board recom- 
mended to the FAA that i t  initiate a study of 
a i r  c a r r i e r  policies, procedures,  and 
techniques for  employing a n  autopilot for 
instrument approaches and take whatever 
action appears  appropriate. 

Service Testing of New Equipment 

The Board did not believe that alti- 
meter  malfunction was  a major  factor in 
this accident, however, i t  was convinced 
that the searching investigation of the al t i-  
m e t e r s  a s  a resul t  of this accident disclosed 
the need for changes in the procedures used 
to approve such i t ems  of equipment and 
instrumentation. 

Units such as the Kollsman d r u m  alti- 
me te r ,  the Eclipse-Pioneer Flight Director 
System, and the PB-20 autopilot a r e  approved 
f o r  civil use by the FAA under the Technical 
Standard Order System. FAA's TSO pro- 
? ramme does not require  inservice suitability 
testing of i tems that a r e  approved, nor does 
i t  incorporate specific quality control 
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s tandards .  Evidence developed during the 
Board 's  investigation and public hearlng on 
this accident  indicated that FAA had no 
overa l l  definitive p r o g r a m m e  f o r  monitor- 
ing routine se rv i ce  difficulties on TSO 
i tems.  

Se rv lces  testlng of novel d e s ~ g n s  
before f leetwlse Installation IS authorized 
would be ve ry  ins t rumenta l  in uncoverlnq 
design deflciencies in a product.  The 
incorporat ion of specif ic  uality cont ro l  
s tandards  in the TSO a n d j o r  d i r ec t  s u r -  
veillance of the manufac turer  Is quality 
control  organization by FAA inspectors 
would ensu re  only hlgh-quallty products  
gettlng into se rv i ce .  C lose r  monitoring 
by the FAA of minor  difficulty r e p o r t s  on 
newer TSO i t ems  would detect  t r ends  
before a se r ious  fa i lure  o r  malfunctioning 
occurred .  

The Board found i t  difficult to under- 
stand why Amer ican  Air l ines  did not a t  
least  incorporate the d r u m  a l t ime te r  in 
the E l e c t r a  cockpit t r a ine r  used by the 
flight c r e w s  during their  E lec t r a  t raining.  
S imi lar ly ,  the new instantaneous ve r t i ca l  
speed indicator  would have been a d e s i r -  
able ins t rument  to incorpora te  in the cock- 
pit t r a ine r .  In addition, added emphas i s  
should have been placed on the d l f f e r e ~ c e  
between these new Ins t ruments  and the 
older  types during the c rew training pro-  
g r a m m e  until such  t ime a s  i t  was  evldent 
that the var ious  c r e w s  were  experiencing 
no unusual amount of difficulty in effecting 
t rans i t ion  to the newer types. 

A i rc ra f t  Simulator  

The c a r r i e r  introduced an a i r c r a f t  
containing the many novel s y s t e m s  and 
characteristics of the E lec t r a  without 
having previously establ ished a compre-  
hensive a i r c r a f t  s imula tor  p r o g r a m m e .  
The c a r r i e r  has  not yet  procured  an  
approved E lec t r a  s imula tor .  

The Board was  of the opinion that 
a lmos t  all a d v e r s e  operat ional  a spec t s  of 
new and substant ial ly different  equipment,  

s y s t e m s ,  and p rocedures ,  could have been 
avoided through m o r e  comprehens ive  
training in an  a i r c r a f t  s imula tor .  

The Board recommended that the FAA 
give immedia te  considerat ion to the adoption 
of a requi rement  that  any  a i r  c a r r i e r  plannlng 
to introduce Into se rv l ce  an  a l r c r a f t  type 
contalning equipment,  s y s t e m s ,  o r  cha rac -  
t e r i s t l c s  significantly different f r o m  +those 
of p redecesso r  a ~ r c r a f r ,  sha l l  be r equ l r ed  
to Institute an  approved a i r c r a f t  s imula tor  
p r o g r a m m e  the completion of which sha l l  
be requl red  before any pllot may  be ass igned 
a s  pilot-in-command in a i r  transportation. 

Flight  Recorde r  

In 1957 the Civil Aeronautics  Board 
adopted an  amendment  to the Civil A i r  
Regulations which r equ i r ed  the instal lat ion 
of a device on ce r t a in  a l r c r a f t  used In a i r  
t ranspor ta t ion  for  the purpose of recording 
continuously during f l ight ,  t ime ,  a i r s p e e d ,  
al t i tude,  v e r t ~ c a l  acce lera t ion ,  and heading. 
This  requi rement  m e t  with consrderable 
opposition in the aviation ~ n d u s t r y  and se r ious  
considerat ion was given by the Board to the 
question whether the potentla1 value of this  
device justified the cos t  of procurement ,  
instal lat ion,  and maintenance. The Board 
finally concluded that  only the l a r g e r  turbine-  
engine a i r c r a f t  intended f o r  operat ion in 
completely new envlronments would justlfy 
the expense of providing flight r e c o r d e r s .  
To define such a i r c r a f t  types the Board 
re l ied  upon a s imple  c r i t e r ion  - such 
r e c o r d e r s  would be requi red  in a i r c r a f t  
certificated fo r  flight above 25 000 ft.  
Although the E lec t r a  i s  capable of flight 
above 25 000 f t ,  the c a r r i e r  chose  to r eques t  
cert i f icat ion below 25 000 f t  under which 
limitation i t  i s  unnecessary  to ins ta l l  flight 
r e c o r d e r s .  The probability that this  would 
be done was  known to the Board a t  the t ime  
the regulation was  wri t ten.  However, the 
Board concluded that the regulat ion,  then 
promulgated,  r ep resen ted  the mos t  demand- 
:ng requi rement  which could be justified on 
the bas is  of the then exisrlng s t a t e  of the a r t ,  

Clear ly ,  a flight r e c o r d e r  in this  a i r -  
c r a f t  would have enabled the Board to 



96 ICAO Circu la r  6 2 - ~ ~ / 5 7  

the causa l  f ac to r s  involved in th is  
accident  with f a r  g r e a t e r  prec is ion  than i s  

The Board was  of the view 
that the quality of f l ight  recording  s y s t e m s  
&lch a r e  avai lable to the indus t ry  war -  
.ants the conclusion that no l a rge  a i r c r a f t  
introduced into a i r  c a r r i e r  s e rv i ce  should 
be without a r eco rde r .  Accordingly, the 
Board recommended that the FAA ini t iate  
action to amend the appropr ia te  regula-  
tions to requi re  that a l l  l a rge  turbine- 
engine a i r c ra f t  used  in  a i r  t ranspor ta t ion  
be equipped with flight r e c o r d e r s .  

Probable  Cause  

The probable cause  of this  accident  
p rema tu re  descent  below landing 

minima which w a s  the r e s u l t  of pre-  
occupation of the c r e w  on par t icu lar  a s p e c t s  
of the a i r c r a f t  and i t s  environment to the 

of e s sen t i a l  flight ins t rument  
r e fe rences  f o r  at t i tude and height above 
the approach sur face .  

Contributing f a c t o r s  were:  

1. Limited exper ience  of the c r e w  
with the a i r c r a f t  type; 

2 .  Faulty approach technique In which 
the autopilot was  used in the headir 
mode to o r  a l m o s t  to the surface;  

3 .  Erroneous  setting of the captain 's  
a l t ime te r ;  

4. Marginal  weather  in the approach 
a r e a ;  

5 .  Poss ib le  mis in terpre ta t ion  of 
a l t ime te r  and r a t e  of descent  
indicator;  and 

6. Sensory  illusion with r e spec t  to 
height and at t i tude resul t ing f r o m  
visua l  r e f e rence  to the few lights 
existing in the approach a r e a .  

ICAO Ref: AR/610 
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So. 2 2  

TACA International Airlines. Viscount 784. Y S - 0 9 C .  accident on take-off f rom 
L a s  lLIercedes International Airport ,  N~caragua ,  on 5 M/larch 1959. Report 

released bv the Ministrv of War. X a w  and Aviaticn. Nicaragua. 

Circumstances 

YS-09C, of Salvadorian regis t ry ,  
took off a t  1935 GMT on a scheduled flight 
to Tegucigalpa, San Salvador, Guatemala, 
,Mexico and New Orleans,  carrying 4 crew 
and 15 passengers.  The take-off was nor- 
mal ,  but the climb-out was not, and eye- 
witnesses observed that engine No. 1 had 
stopped. The a i rc ra f t  s tar ted an abrupt 
left turn ,  followed by an excessive bank 
to the left  and then i t  began to lose height, 
collided with a t ree  and crashed to the 
ground inverted. The accident occurred 
approximately 1-1 12 miles f rom the north- 
eas t  end of the landing runway. Two crew 
and 13 passengers were killed, and the 
a i rcraf t  was destroyed. 

Investigation and Evidence 

The captain and co-pilot held valid 
Commercial Transpor t  Licences issued 
by El  Salvador; they had been given 
Viscount a i rc ra f t  conversion training a t  
the Capital Airlines Training Schooi in 
Washington, D. C. and had completed 
approximately 500 hours and 1 000 hours 
respectively on the a i rcraf t  type. 

The a i rcraf t  ar r ived a t  Managua a t  
1909 hoursGMT after stops a t  New Orleans,  
Mexico and San Salvador. The pilot 
reported everything functioning correct ly  
and requested the refuelling of tanks 
Nos. 1 and 4. P r i o r  to take-off the 
captaisl of the a i rcraf t  asked a captain 
and the Chief of Maintenance of LANICA 
Airlines ( which also operates Viscount 
a i rcraf t )  if they could explain why the red  
warning lights - normally an indication of 
icing in the low pressure  fuel f i l ters  - 
should illuminate despite tropical a i r  
temperatures.  The LANICA captain 

replied that icing must  be ruled out and 
that the probable explanation was the 
clogging of the fuel f i l ters.  There  was 
no indication, during the conversation, a s  
to whether the red  lights re fe r red  to 
related to any particular engine. 

At the t ime of take-off the ambient 
temperature was 32"C, wind east19 kt, 
visibility 25 miles. 

The weight of the a i rcraf t  a t  take- 
off was 30 438 lb ,  12 5 6 2  lb  below the 
maximum authorized. The performance 
character is  t ics of this type of a i rc ra f t  
a r e  such that in case  of failure of one o r  
two engines on the same side,  with the 
other two engines operating a t  normal 
power and in corrected temperature condi- 
t ions,  and with appropriate fuel trimming 
and injection of methanol for take-off a t  
the ambient temperatures ,  i t  would be 
possible, if the emergency procedures 
were correct ly  followed, to continue to 
fly and to climb the a i rc ra f t ,  part icularly 
under the loading conditions applicable to 
YS-09C at  the t ime of the accident. 

The investigation of the wreckage 
and propeller  marks  on the ground indi- 
cated that a t  the time of the accident - 

i) engines No. 3 and 4 were 
operating a t  high power; 

ii) No. 1 propeller  blades were 
in the feathered position; 

iii) although i t  was not possible to 
establish definitely the pitch 
angle of No. 2 propeller ,  the 
marks  indicated that No. 2 
engine was operating a t  a lower 
r p m  than engines No. 3 and 4. 
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It was also determined that the landing 
gear was extended and the flaps were 
lowered approximately 20°. 

The four engines, the propellers 
and other significant components were 
sent to authorized centres in the United 
States and Canada for detailed examina- 
tion under the supervision of the local 
civil aviation authorities. 

Laboratory examination of samples 
of JP-1 fuel obtained from TACAIs 
various supply bases,  including Managua, 
revealed the presence of foreign bodies 
in suspension. Corrective action was 
taken to ensure more efficient filtering 
of fuel supplies, without implying that 
fuel contamination was a causal factor 
of the accident. 

Probable Cause 

In accordance with the documentation 
obtained and data collected during the 
inquiry, the Investigating Board reached 
the following conclusions : 

The accident was caused by the 
following facto re: 

1. failure of No. 1 engine a t  the 
end of runway 29 during take- 
off and before reaching V2 speed; 

2. the non-retraction of the landing 
gear immediately after the a i r -  
craft reached V2 speed; and 

3. failure of engine No. 2 a few 
seconds late;, during a climb 
with insufficient speed to maintain 
control which resulted in aforced 
turn to the left that became tighter 
and tighter; the ai rcraf t  finally 
rolled into an inverted position 
and hit a t ree  with i ts  left wing. 

Several possible reasons for the failure of 
engines No. 1 and 2 and the non-retraction 
of the landing gear were considered, howeve 
the Board found no substantiating evidence 
o r  proof in the various tests carr ied out on 
the aircraft 's  parts to support any one of 
them. The Board was, therefore, unable 
positively to attribute the accident to any 
mechanical o r  electrical failure o r  to any 
piloting e r ror .  

ICAO Ref: AR/589  
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No. 23 

Indian Alr l ines  Corporat ion,  DC-3, VT-CYH, accident  i n  the Naga Hil ls ,  
10 ml l e s  ea s t  of Tuensane.  Indla. on 12 March  1959 R e ~ o r t  dated a, 

15 May 1959, r e l eased  by the Director  Genera l  of Civl l  Aviation, lndla. 

Circumstances 

The a i r c r a f t  took off f r o m  Jorhat  
a t  1305 hours  Indian s t anda rd  t ime  on a 
supply-dropping so r t i e  to Noklok. I t  
e s t ima ted  i t s  a r r i v a l  t ime over  Noklok 
a s  1355 hours  and  r epor t ed  i t  was flylng 
under v isua l  meteorological  conditions. 
It was expected to r e tu rn  to Jo rha t  by 
1445 hours .  At 1347 hours ,  while en 
route to Noklok, i t  advlsed Jo rha t  h r  
Traff ic  Control  that  it was encountering 
very  poor weather  conditions and that ~t 
was ralnlng. Thls wa3 the l a s t  contact  
wlth the fllght. At approximately 1410 
hours  the a l r c r a f t  s t r u c k  t r e e s  and c ra shed  
In the Naga Hil ls ,  fatally injuring the 3 
crew m e m b e r s  and 2 of the 4 eject ion c rew.  

Hi s  flying exper ience  a s  of 
28 F e b r u a r y  1959 w a s  as follows: 

Total  flying experience 8 9-39 h,ours 
As commander  on 

DC-3's by day 2 1 7 7  " 
As commander  on 

DC - 3Is by night 82 " 
Actual ~ n s t r u m e n t  

flying 587 " 

He was involved m a n  accrdent on 
18 May 1956 when operating a scheduled 
passenger  s e rv i ce .  The accident  was 
a t r lbuted  to  the poor technique of the y l o t .  

The co-pilot had obtained his  pllot- 
in-command endorsement  on DC- 3 a i r c r a f t  
by day on 19 June 1957 and by night on 

Investigation and Evidence 19 June 1958. As of 1 March  1939 his  
flying exper ience  was  as follows: 

The Ai rc ra f t  
Total  flying experience 3 41 1 hours  

It  had been  inspected and was i s sued  As  commander  on 
a Cer t i f ica te  of Safety for  Fl ight  by a DC-3's by day 819 I '  

proper ly  qualified engineer  on 
11 March  1959. The a i r c r a f t  had a 
Cert if icate of Airworthiness valid until  
28 Augu'st 1959. 

Crew Information 

The i lot  was  adequately cer t i f ica ted  
and had 7e- lown i o r  the f i r s t  t ime  a s  pllot- 
in-command on supply-dropping flights on 
7 March  1959. This  accident  occu r red  
d u n n g  hls  f i r s t  flight t o  Noklok a s  com-  
mander .  At the trme of take-off for  the 
flight he  was  i n  the right-hand s e a t  and,  
following the accident ,  he was  st111 occu- 
pylng thrs s a m e  position. 

As  commander  on 
DC-3's by night 33 " 

As co-pilot by day 2 186 " 
As co-pilot by night 109 " 

His total  i l s t m m e n t  flying exper ience  a s  
of 18 November 1958 was  194 hours  of 
which 150 hour s  w e r e  ac tua l  i n s t rumen t  
i l y ~ n g  . 

Hls total  supply-dropping experience 
amounted to approximately 257 hours .  
According to Indian Alr i ines  Corporat ion 
regulations, he  was not qualified to a c t  a s  
pi lot- in-command on these  operat ions.  
The Corpora t ion  p e r m l t s ,  however,  that  
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"whenever a Junior Commander flies with 
another Senior Commander, with the 
permission of the la t ter  the Junior 
Commander can log half the flying hours 
f r o m  the place of origin to the dropping 
zone and back to base  i. e.  excepting the 
time spent on actual dropping operations. " 
h this way, the co-pilot had to his credi t  
11 3 hours 15 minutes of f i r s t  pilot (day) 
hours in supply-drdpping operations. 

He had not been involved in  any 
previous accident. 

A the time of take-off on the final 
flight of 12 March, he was in the left-hand 
seat  of the cockpit. 

The Flight 

The flight to Noklok was the third 
supply-dropping mission ca r r i ed  out by 
the a i rcraf t  on 12 March. At the time of 
take-off, 1305 hours,  the a i rc ra f t ' s  all-up 
weight was 26 905 lb. At 1310 the 
a i rcraf t  advised that i t  estimated i t s  
a r r iva l  t ime over Noklok a s  1335 hours 
and reported flying under visual meteoro- 
logical conditions. Following a message 
around 1347 hours regarding poor weather 
conditions encountered, there  was no 
further contact with the a i rcraf t .  At 
approximately 1400 hours some people a t  
Tobu, about 5 miles northwest of the c r a s h  
si te,  saw a Dakota flying overhead. It 
made two circuits  over the dropping zone 
and was then seen in  a climbing attitude 
heading in a southeasterly direction 
towards Noklok. A loud repor t  was heard 
soon after. A message,  which had been 
originated by an Assam Rifles outpost at 
Chingmei, was subsequently received by 
Jorhat Alr Traffic Control to the effect 
that the a i rcraf t  had crashed 10 miles 
eas t  of Tuensang, in densely wooded hilly 
terrain.  

Investigation a t  the Site of the Accident 

On reaching the a r e a  the Chief 
Inspector of Accidents observed that the 
wreckage had been interfered with, and 
some components had been removed. 

However, this was not a serious handicap 
to the investigation. 

The a i rcraf t  while on a 120' heading 
had f i r s t  s t ruck a t r e e  situated on a ridge. 
This was followed by impact with a trunk 
of another t r e e  ( 3  ft in d iameter)  at a 
higher elevation. The starboard wing was 
sheared off just outboard of i t s  attachment 
with the centre section. In the distance of 
60 ft separating these two t r e e s ,  indications 
were  that the a i rc ra f t  climbed about 15 ft.  
The loss  of i t s  wing caused the a i rcraf t  
to  roll,  and the flight path changed f rom 
120 to 130 degrees.  Then descending, the 
a i rc ra f t  c leared a 250-foot wide chasm 
and struck t r e e s  on the other side - the 
r e a r  portion of the fuselage broke away 
and came to res t  in an  inverted position. 

Impact had f i r s t  occurred a t  an  
elevation of 6 800 ft. The a i rc ra f t  would 
have cleared the hill range if i t  had been 
100 ft higher. 

The mas te r  and individual ignition 
switches were  found to be in the "on" 
position. The undercarriage and flaps 
were re t racted at the tlme of Impact. 
Also, the blades of both propellers were in 
fine pitch, and both propellers were 
rotating a t  high speed. There was no 
evidence of f i re  pr ior  to the accident. 

Weather 

All supply-dropping flights in the 
North East  Front ier  Agency and Naga Hills 
and Tuensang Agency a reas  a r e  conducted 
under visual meteorological conditions. 

Weather conditions in this hilly a r e a  
change rapidly, and the scanty actual 
weather data that is available to the fore- 
casting authorities i s  inadequate to provide 
route weather briefing to the crews 
operating on these flights. 

The weather a t  Jorhat  a t  the time of 
departure of VT-CYH, 1305 hours,  was 
good. Noklok and the surrounding dropping 
zones reported c lear  weather on the 
morning of 12 March and also between 
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1300 and 1400 hours. However, a t  
1347 hours the a i rcraf t  advised that i t  was 
flying through very bad weather e n  route 
to Noklok. Witnesses, who saw the 
a i rcraf t  over Tobu a few minutes before 
the accident stated that visibility was poor 
due to haze. 

Discussion - 
If the visibility o r  weather conditions 

a r e  poor, i t  i s  the normal  practice for  
pilots to pin point their  position by identify- 
ing a dropping zone they may be flying 
over. F o r  this purpose they descend over 
the dropping zone. A descent to about 
500 ft above the dropping zone enables the 
dropping zone number to be read even under 
somewhat poor visibrlity conditions. 

It was considered most  likely that 
the circuits  flown over Tobu were for  the 
purpose of identifying the dropping zone. 
The actual height to which the a i rc ra f t  
descended was not known, however, i t  
was not thought to be much higher than 
500 it. The elevation of Tobu i s  4 800 ft.  
The a i rcraf t  flew over i t  a t  a height 
assessed  a t  approximately 5 300 ft. The 
a i rcraf t  should have been climbed to a t  
least  7 000 ft over Tobu before proceeding 
to Noklok a s  the direct  t rack to Koklok 
requires clearing hills higher than those 
around Tobu. 

Load Sheets 

During the investigation i t  was found 
that the weight of 10 additional gallons of 
fuel were not l isted in the load sheets - 
this resulted in a technical overloading of 

the a i rcraf t  by a few pounds. It was a l s o  
noted that there were  discrepancies in 
the listing of the weight of the crew 
members .  

Probable Cause 

The a i rcraf t  crashed during an 
attempt by the pilot to c lear  high t e r ra in  
under poor visibility conditions. He had 
r e v i o u s l y  descended to a !ow altitude In 
order  to determrne hi3 position. 

Observations 

The present  policy oi selecting c rews  
for supply -dropping in the XEFX/XHTA 
a r e a  i s  based on volunteers being posted to  
that a rea  a f t e r  they have been assessed  
a s  suitable by the Operations Manager of 
the a r e a  concerned and the Oificer-in- 
Charge of the Supply-Dropping Operations 
a t  Mohanbari. Previous experience of 
supply-dropplng i s  not considered to be 
a n  essential  qualification for thei r  posting. 

Visibility in this a r e a  generally 
deteriorates rapidly in the afternoon. It 
1 s  the opinion of experienced pilots and 
other persons connected with the supply- 
dropping operations that i t  i s  inadvisable 
for such operations to be undertaken by 
crews with llttle o r  no previous experience. 

It may be desirable to take this 
mat ter  up mtth the Indian Airlines 
Corporation to ascer ta in  whether supply- 
dropping operations, particularly during 
the bad weather season, could be under- 
taken by adequately experienced c rews  only. 

ICAO Ref: A R / 6  15 
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No. 24 

~ v i a c i b n  y Comercio, S. A. , Bris tol  170, EC-ADH, accident near  
Mahbn Airport, Minorca, on 13 March 1959. Report dated 8 NO-r 1960 

released by the Directorate General  of Livil Aviation, Spain. 

Circumstances Weather 

The a i rc ra f t  was on a scheduled On the morning of 13 March,  before 
passenger flight f rom Palma de  Majorca 0800 Z, cloud was about 2 / 8  a t  1 800 m. 
to Mahbn, Minorca, carrying 3 crew and This was followed by 118 cloud appearing 
15 passengers.  On final approach to a t  660 m a t  0850 Z. Visibility was 18 to 
Mah6n Airport ,  at a height of 120 m the 20 km. Between 0757 Z and 0802 Z,  winds 
a i rc ra f t  went into a right banked turn, were 350°/28 k t  with gusts to a maximum 
then hit the ground a t  0802 Z killing one of 45 kt. 
passenger and seriously injuring two 
others.  The angle of wind direction with the 

landing runway 02 was 300. 
Investigation and Evidence 

Description of the Flight - Statements of 
The Aircraf t  witnesses and the pilot 

The a i rc ra f t  had been properly main- 
tained, and held a cert if icate of airworthi- 
ness  valid to 12 May 1959. 

I ts  maximum all-up weight was 
18 145 kg an2 a t  the t ime of the accident 
i t  weighed 16 914 kg. The centre of grav- 
i ty was within the prescr ibed l imits.  

The Crew 

The pilot had a valid air l ine  t rans-  
por t  pilot's licence and in 1956 had taken 
a course in instrument flight a t  the 
J e r e z  de  la  Frontera  school. He became 
a co-pilot with AVLACO in 1957 and then 
a n  a i rc ra f t  commander on Heron a i rc ra f t  
in February  1958. Following his t ransfer  
to Bristols in July 1958 he flew them ex- 
clusively up to the time of the accident. 
H e  had flown a total of 4 350 hours. in- 
cluding 1 050 on Bristol  a i rcraf t .  

Both the engineer and radio operator 
held valid licences. 

The Airport  Manager a t  Mah6n and 
the Technical Stop Officer agreed t l a t  the 
a i rc ra f t  was makrng i t s  final approach on 
a normal  glide path and that a t  a height of 
about 120 m i t  was observed to turn  right. 
The witnesses on the ground noted the 
correction to the left and the moment a t  
which power was applied, then, af ter  
pitching, the a i rc ra f t  continued to turn 
and descend to  the right, a s  though i t  were 
about to c rash  head-on into a building near 
the end of runway 02. The witnesses a l so  
observed the attempt to gain altitude to 
c lea r  the obstruction, at which time the 
right wing hit a property boundary wall. 

The pilot stated that the flight had 
been normal,  +-hat the a i rcraf t  was aligned 
with the runway and that he  had already 
initiated the landing manoeuvre. Flaps 
had been partly extended, then extended 
further.  Shortly a f t e r  this manoeuvre, 
the right wing tilted and the angle of tilt 
increased a s  the a i rc ra f t  turned right. 
He t r ied  unsuccessfully to right the plane 
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by means of the control column and then 
Increased the revolutions of the engines 
and attempted to rrght the a l rc ra f t  by de- 
creasing power in  the left engine, again 
wlthout success .  In the final moments he 
operated the rudder control and was able 
to deflect the plane f rom a course  which 
would have caused i t  to c r a s h  straight  into 
a b u lding.  

The Wreckaee 

been descending with power off. Possibly,  
in trying to pull up and maintain flight al t i-  
tude, the pilot a lso  operated the elevator 
in o r d e r  to r a i s e  the nose.  If the bank 
angle was great ,  the elevator would have 
acted part ly a s  a rudder,  combining with 
the wind to accentuate the turn to the right 
and increasing the angle of at tack on the 
wlngs to the point of reducing the effect of 
the ai lerons and causing a s ta l l  and the 
consequent c rash .  

Examination of the wreckage indi- 
cated that impact occurred in a flight di- 
rection approximately a t  right angles to 
the runway and some 500 m from it.  At 
tune  of impact the a i r c r a f t  mus t  have had 
i ts  rlght wing sharply tilted. This caused 
a breaking-off f i r s t  of the wing tip and 
then of the ai leron.  

This impact probably caused the a i r -  
craf t  partly to right itself.  Some 20 m 
further on i t  brushed against  a stone wall, 
deviated slightly to the right and travelled 
50 m further on the ground before stopping. 

The fuselage split a t  the l a s t  moment 
along a line to the r e a r  of the wings and, 
without separating completely, veered to 
the right. 

Examination of the flaps indicated 
normal  operation of the system. The 
controls were a lso  believed to be operating 
normally. 

Dis cus-sion 

The apphcation of englne power may 
have lengthened the landing path, but i t  was 
not sufficient to prevent the a i rc ra f t  f r o m  
falling, certainly because of lack of alti- 
tude. 

Ln addition, to help in pulling up, the 
flaps may  have been re t rac ted to the f l r s t  
position, in which they were  found in the 
wreckage. This would,of course ,  have 
further decreased the lift. 

In the unlikely case  of jamrnlng of 
the controls, it m u s t  be  assumed to have 
occurred af ter  the a i r c r a f t  tilted lateral ly.  
The jamming could have occurred m the 
ai leron sys tem only o r  a l so  in the elevator 
system. In the f i r s t  case ,  the assumptions 
a r e  s imi la r  to those above. In the l a t t e r  
case ,  which logically ia far l e s s  likely, 
the accident would be due to the pilot 's 
inability to pull the nose up because of 
lack of elevator control. 

Probable Cause 

The above evidence suggests that The cause of the accident was prob- 
af ter  the flaps were  completely extended, ably a strong gust of wind whlch tilted the 
a gust of wind caused the a i rc ra f t  to t i l t  t o  a i r c ra f t  to the right during final approach 
the right, The a i rc ra f t  mus t  then have to land, causing i t  to c r a s h  to the ground. 

ICAO Ref: AR1656 
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No. 25 

Amer ican  Ai r l i nes ,  Inc. , Convair 240, N 94273, c r a shed  during a n  ins t rument  
approach t o  Chicago (Midway) Ai rpo r t ,  I l l inois ,  on 15 March  1959. Civi l  Aeronautics  

Board  (USA) Ai rc ra f t  Accident Report ,  F i l e  No. 1-0011, r e l eased  9 October 1959. 

C i r cums tances  

Cargo  flight No. 2815 originated a t  
La Guardia Ai rpo r t ,  New York for  Chicago 
but because  of poor weather  a t  i t s  des t i -  
nation i t  was only c l ea red  a s  f a r  as Detroit.  
On being advised a t  Detroi t  that the 
Chicago weather  was not expected to go 
below minima the flight proceeded to 
Midway in continuous ra in .  One approach 
to  runway 3 1 was  m i s s e d  and the a i r c r a f t  
was  again vec tored  into proper  position 
and s t a r t ed  another .  Descent continued 
below 300 f t  (p re sc r ibed  cargo  minimum 
ceiling) until the a i r c r a f t  s t ruck  the top of 
a 96-foot s tee l  tower,  c r a shed  and burned.  
The  c r e w  of 2 were  not injured,  but the 
a i r c r a f t  and cargo  were  destroyed.  

Investigation and Evidence 

Because  of a change in  wind direct ion 
the ac t ive  runway was  changed f r o m  No. 13 
(the ILS runway) to 3 1  and the flight was  
advised accordingly.  Runway 3 1 does  not 
have a glide path o r  approach l ights ,  and 
the frequency of i ts  loca l izer  i s  109.5 Mc/e  

Upon reaching the Surf inter  sect ion,  
12 m i l e s  e a s t  of Midway, the tower con- 
t ro l l e r  vec tored  the flight to the Kedzie 
fan m a r k e r ,  3. 3 miles  f r o m  the ac t ive  
runway, and the final approach was s ta r ted .  
During th is  period the pilot repor ted  that 
the loca l izer  indicator in  the a i r c r a f t  was 
not functioning correc t ly  - he was using 
109.9 Mc/ s instead of 109.5 Mc/ s*. A 
co r rec t ion  was  made.  Th i s  approach was 
discontinued a t  600 ft above field elevation 
and the m i s s e d  approach procedure  was  
s ta r ted .  

During the r e t u r n  to Kedzie the captain 
studied the runway 31 ILS approach plate  
while the f i r s t  officer flew the a i r c r a f t .  
The  landing gea r  was then extended, and  
the a i r c r a f t  was  t r i m m e d  for  a r a t e  of 
descent  of 300 ft pe r  minute. Both pi lots  
s ta ted  that on thid second a t tempt ,  acco rd -  
ing to their  a l t i m e t e r s ,  they were  never 
l e s s  than 400 ft above ground level  and 
never m o r e  than two dots  d e f l e c t ~ o n  f r o m  
the centrel ine on the ILS indicator .  The  
captain test i f ied that t h e r e  was  turbulence 
during this  second approach and that he 
was checking power and attitude in s t ru -  
men t s  a s  well as looking over the g l a re -  
shield while making a decision to go around 
o r  continue. Direct ly under and ahead of 
the a i r c r a f t  approaching runway 3 1 was  a 
l a r g e  r a i l road  y a r d  with well-lighted a r e a s ,  
and  a heavily t rave l led  and brightly illu- 
minated highway lay  only a sho r t  d is tance  
t o  the  left of course .  The  captain s ta ted  
that  he did not s e e  th is  lighted a r e a  but 
suddenly saw a s t ee l  tower through a b reak  
in the clouds,  at tempted to pull up, applied 
power,  and  o rde red  the landing gear  up. 

The  f i r s t  off icer  s tated that he ob- 
s e rved  ground l ights  a s  the a i r c r a f t  pas sed  
intermit tent ly in and out of cloud b a s e s  
and suddenly saw a r e d  light on top of a 
t r ansmis s ion  tower. Previous ly  he  had 
cal led out "minimum altitude" when h is  
a l t ime te r  r e a d  1 000 f t  (400 f t  above air- 
po r t  level)  and then d i rec ted  h i s  
attention to  Iooking for  the runway. He 
bel ieved that he s t a r t ed  the gea r  up a s  
ordered .  Almost  s imultaneously the a i r  - 
plane s t r u c k  the tower and  nosed down 
sharply.  Up elevator  was applied and 

* He l a t e r  -stated that  he  was using the wrong frequency because  he  thought that he was 
making a "back course" approach using ILS runway No. 13 - a l s o  the cont ro l le r ,  he 
said,  used the words  "back cour seH-  
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descent  was  l e s sened  somewhat as the a i r -  16 months e a r l i e r .  He test i f ied that  he 
craf t   lunged into a r a i l road  yard .  was fami l ia r  with the Chicago a r e a  but 

had not studied the Chicago approach 
Exammation o i  the engines and pro-  plate recently nor p r io r  to the Detroi t-  

?e l l e r s  showed that  they were  operat ing Midway leg of the flight. 
In an  approach condition a t  the t ime of 
lmpact .  Both ILS r e c e i v e r s  were  a t  the 
proper  frequency.  Lit t le  could be learned  
Lrom the r ema lns  oi the ADF r e c e i v e r s .  
The captain had been using both of t hem 
sat isfactori ly.  Nothing could be learned  
f r o m  the r ema ins  of the a l t i m e t e r s  nor 
their  s ta t ic  sys t ems .  

All  ground radio  navigational faci l i -  
ties used during the final approach were  
checked and found to be functioning 
normal ly .  

The c o r r e c t  a l t ime te r  setting was 
glven the f l ~ g h t  before the approach to 
Midway, and the c r e w  se t  the i r  a l t ime te r s  
accordingly.  The  ground a l t i m e t e r s  f r o m  
which the setting was given were  indicating 
accura te ly .  Both of the a i r c r a f t ' s  a l t im-  
e t e r s  functioned proper ly  and were  c r o s s -  
checked during the flight f r o m  L a  Guardia 
including the landing in r a in  a t  Detroi t .  

All of the mechanical  irregularities 
pertaining to the a i r c r a f t  and wri t ten up 
on the log shee ts  had been co r rec t ed ;  
among these  were  the removal  and r e -  
placement of t h ree  a l t i m e t e r s  for  repor ted  
e r roneous  indicat ions.  T e s t s  of a l l  t h ree  
of these  replaced  a l t i m e t e r s  showed that 
they functioned normally and within 
company and FAA to lerances .  

The report ing of the lMidway weather  
to the flight was  both accu ra t e  and  cu r ren t .  
T h e r e  was  no frontal  passage  a t  the t ime 
and place of the accident  which could have 
caused  wind changes of sufficient magni- 
tude to have significant effect upon the 
approach path. 

The  captain had not been flying regu-  
i a r ly  into Chicago. His l a s t  landing the re  
had been  about t h r e e  weeks before  th is  
accident  and  the preceding one had been 
s i x  months e a r l i e r .  He and the  f i r s t  

Analysis  

According to the approved approach 
procedure  ior  an  ILSIADF approach to 
runway 31, the Kedzie fan m a r k e r  should 
be c r o s s e d  a t  a n  al t i tude of 900 it above 
a i r p o r t  leve l ,  a gradual  descent  begun, 
and  the descent  continued until reaching 
minimum al t l tude a t  o r  n e a r  the middle 
x a r k e r  s ix-tenths of a rr.lle f r o m  the 
approach end of the runway. Upon reaching 
the middle m a r k e r  o r  short ly t he rea f t e r ,  
if the pilot does  not have a t  l ea s t  ceiling 
and visibility minima,  and the l ights  
identifiable with the runway a r e  not in 
sight ,  a missed-approach procedure  mus t  
be s t a r t ed .  Evidence indicated that this  
procedure  was  not followed. 

The  cap tam1s  inability to execute the 
i i r s t  approdch proper ly  s t e m s  f r o m  %is  
fa i lure  to study the approach plate  and  h i s  
l ack  of knowledge of the procedure ,  even 
the f requencies  involved. A s  he studied 
the approach plate  between the f i r s t  and  
second approach,  it i s  apparent  that  he 
mus t  have been a w a r e  of the proper  p roce -  
d u r e  during the second approach.  A 
descent  to a dangerously low al t i tude mus t  
have been made e a r l y  in the second ap-  
proach .  Severa l  f ac t s  point to this  belief.  
The tower s t ruck  was only 96 f t  high. It 
was  located m o r e  than a mi l e  f r o m  the 
approach end of the runway and  i t  was 
3 000 f t  to the le f t  of cou r se .  At  impact  
the a i r c r a f t  was  in the approach configu- 
ra t ion  with r e s p e c t  to propel le r  governors  
and propel le r  blade pitch angles ,  and  wing 
f laps  with landing gea r  down and locked. 
It  i s  evident that  during the approach both 
the ILS and  ADF poin ters  c l ea r ly  indicated 
tha t  the  a i r c r a f t  w a s  off cou r se  to  the lef t .  
In fac t ,  the ELS pointer  mus t  have been  
fully deflected quite some  t ime before  
impact .  Since the  captain was  a well 
qualified ins t rument  pilot and  would 

off icer  had flown together only once, some  normal ly  eas i ly  de tec t  these  d i sc repanc ie s ,  
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this  can only mean that he was not r e fe r -  landing minima were  higher and only 
ring to hie instruments during the final moderate weather conditions were  
portion of the approach. encountered. 

With regard  to a possible er roneous  
altitude indication, there  was no evidence 
found to indicate ei ther a fai lure o r  a 
malfunction of the a l t ime te r s .  The weather 
conditions a t  the t ime and place of the 
accident could have varied to some extent 
f r o m  those repor ted  a t  the a i rpor t ,  how- 
ever ,  a n  a i r  c a r r i e r  a i r c ra f t  made a n  
uneventful instrument approach and a safe 
landing to the same  runway within a few 
minutes of the accident. This pilot 's  

Probable Cause 

The probable cause of the accident 
was the pilot's descent below his allowable 
minimum altitude and his inattention to 
flight instruments while attempting to 
locate the runway visually. 

Following this accident the c a r r i e r  
removed the captain f rom duty; the f i r s t  
officer was flight-checked and then 
returned to duty. 

ICAO Ref: AR/60 1 
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No. 26 

Indian A i r l i ne s  C o r ~ o r a t i o n .  Douglas DC- 3. VT-CGI. c r a s h e d  15 m i l e s  - 
southwest  of Hal lakandi ,  Lnba ,  on 29 March  1959. Repor t  dated 

10 September  1959 r e l e a s e d  by the  Min i s t ry  of T r a n s p o r t  
and Communica t ions .  India. 

C i r cums tances  

The  a i r c r a f t  was  flying f r o m  
Dum Dum (Calcut ta)  A i r p o r t  t o  Imphal  vla  
Xga r t a l a  and Kumbh i rg ram.  Aboard  we re  
2 0  p a s s e n g e r s  and 4 c rew.  Take-off f r o m  
Agar ta la  was  a t  1010 h o u r s  Indian s t anda rd  
t u n e ,  and t he  a i r c r a f t  was  to  a r r i v e  at 
Kumbh l rg ram a t  1100 h o u r s .  The  l a s t  
contact  with the  a i r c r a f t  was  at 1045 hou r s  
when i t  Informed Kumbh l rg ram Air Tra f f i c  
Control  011 R / T  that  rt was  flying through 
a thunders torm.  Some  t i m e  l a t e r  i t  was  
l e a rned  that  the  a i r c r a f t  had  c r a s h e d  a t  
just a f t e r  1045 h o u r s  on the  Aga r t a l a  - 
Kumbhi rg ram t r a c k ,  35 m i l e s  southwest  
of K u m b h i r g r a m  Aerod rome .  T h e r e  w e r e  
no s u r v i v o r s ,  and  the a i r c r a f t  was de -  
s t royed  by impac t  a n d  the  subsequent  f i r e .  

Invest igat ion and  Evidence 

The  A i r c r a f t  - G e n e r a l  

VT-CGI had  a val id Cer t i f ica te  of 
A i rwor th ines s  a t  t he  t i m e  of t he  accident .  

On a r r i v a l  a t  Agar ta la  no  snags  had 
been r epo r t ed  and  a through-flight inspec-  
tion w a s  c a r r i e d  out. 

T h e  a l l -up  weight of the  a i r c r a f t  
a f t e r  loadrng and refuel l ing w e r e  com-  
pleted was  2 5  455 lb ,  which i s  below the  
m a x i m u m  of 26 200 l b  au thor ized  f o r  pas -  
s enge r  opera t ions .  A t  the  t i m e  of t he  
acc ident  i t  w a s  ca lcu la ted  that the  a i r c r a f t  
weighed approximate ly  25 165 lb. 

C rew Lnformation 

The  captain had  a to ta l  flying expe- 
r i ence  of approximate ly  5 205 h o u r s  of 

which about  L 795 h o u r s  had  been flown 
while h e  was  rn command ,  H i s  ac tua l  
t i m e  on instruments was  21b h o u r s ,  a n d  
he was f aml l r a r  wrth the  rou te  berng flown 
on t he  subjec t  fl ight.  

The o the r  c r e w  m e m b e r s  held valid 
l i c ences  and  w e r e  qualified t o  m a k e  t he  
flight. 

Weather  

P r l o r  t o  h i s  d e p a r t u r e  f r o m  Aga r t a l a  
( a t  1010) t he  cap ta in  was  advised  of the  
conditions contarned m the flight and  a e r o -  
d r o m e  f o r e c a s t s  w h c h  w e r e  r ssued  a t  
Aga r t a l a  a t  0830 h o u r s  on t he  d a y  of the 
acc ident .  

While e n  rou te  to  Kumbh i rg ram,  
a t  1035 hou r s ,  t he  a i r c r a f t  contacted 
Kumbh i rg ram ATC and r eques t ed  wea the r  
information:  

I t  r e ce ived  the  following: 

"Weather  K u m b h i r g r a m  M5 
(Danger  M E T )  for  t hunde r s to rm.  
160°/5 k t ;  visibility 10 km; wea the r  
thunder ,  ra in ,  2 /  8 f r a c t o s t r a t u s  
240 m ,  318 s t r a tocumulus  750 m,  
318 cumulonimbus 900 m ,  618 al to-  
s t r a t u s  2 700 m .  " 

The a i r c r a f t  acknowledged this m e s -  
s a g e  and added - "I sha l l  try ano the r  f i ve  
minutes .  A t  p r e s e n t  pass ing  through 
thunde r s to rm,  5 5  m i l e s  out. If not ,  I 
sha l l  go back."  A T C  aga in  contacted the 
a i r c r a f t  a t  1045 and  was  adv i sed  t o  s tandby 
s i n c e  the a i r c r a f t  was  still flying through 
a t hunde r s to rm.  T h e r e  w a s  no  f u r t h e r  
contac t  with t he  a i r c r a f t .  
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This  l a s t  t r ansmis s ion  lndrcates 
that  the captain was experiencing difficulty 
due to s e v e r e  turbulence. Shortly t he re -  
a f t e r  the a i r c r a f t  suffered a s t ruc tu ra l  
fa i lure .  

Witnesses s tated that bad weather  
conditions existed at the  t i m e  and s i t e  of 
the accident .  Thunders torm and strong 
gusty wind conditions prevai led.  

A considerable sec t ion  of the ma in  
wreckage had been des t royed by f i r e .  
However,  none of the o the r  components in 
the wreckage t r a i l  bo re  any evidence of 
f i r e .  

No useful information could be ob- 
tarned f r o m  the ins t ruments  a s  they were  
a l l  very  badly damaged except that  the 
a l t imeter  set t ing on one of t hem was 
29. 9 2  inches.  Similarly, the engine and 
a i r f r a m e  cont ro ls  in the cockpit did not 
give any useful indications. The engines 
had dug into the ground, and  two blades 
on e i ther  s ide had shea red  off a t  the root 
end on ground impact .  

The P o r t  Wing 

Examination in the labora tory  
confirmed that the ini t ial  fa i lure  had origi-  
nated in the por t  wing. The sudden rolling 
movement caused excess ive  a l r loads  which 
resul ted in the subsequent fai lure of the 
e leva tors  and rudder .  The a i r c r a f t ,  com- 
~ l e t e l y  out of control ,  c r a shed  In a n  m- 
;,erted nose-down attitude. The location 
of the wing in  relat ion to the ma in  wreck- 
age  indicated that the a i r c r a f t  was on a 
southwesterly heading when the s t ruc tu ra l  
f a i lu re  took place and that the fai lure oc- 
c u r r e d  a t  a considerably lower  height than 
the 5 000 f t  cruising al t i tude indicated m 
the flight plan. 

The wing was examined a t  the Tech- 
n ica l  Cent re  of the Resea rch  and Develop- 
m e n t  Direc tora te  of the Civil Aviation 
Department .  A subsequent r epor t  on the 
na tu re  of the fa i lure  of the front  po r t  wrap- 
round skin was a l so  obtained f r o m  the 
Chief of the T e s t  Labora tory ,  Hindustan 
Ai rc ra f t  Limi ted ,  Bangalore.  As  the 

opinions f r o m  the above two sources  were  
conflictmg, the failed sect lons of the front  
and r e a r  wrap-round skln of the por t  slde 
of the a l r c r a f t  was subsequently sent  to  
the Royal A i rc ra f t  Establ ishment a t  
Farnborough.  The l a t t e r  w e r e  asked 
whether  in the i r  opinion fatlgue of the m a -  
t e r i a l  was a fac tor  to the far lure of the 
wing. Excerpts  f r o m  the i r  r epo r t  a r e  a s  
follows: 

"The f r ac tu red  wrap-round skrn 
f r o m  the lower  sur face  of the port  
wing cent re  sect ion has  failed 
la rge ly  due  to span-wise tensi le  
loads consistent wlth tlp upward 
bending of the wmg. The re  1s 
some  evldence of fatlgue a t  sev-  
e r a l  of the r ive t  holes a f t  o i  the 
f ront  s p a r ,  but a t  no pornt does  ~t 
extend m o r e  than . 0 5  ~ n c h e u  f rom 
the edge of a r lve t  hole. The re  1s 
a c l e a r  demarcation between the 
fatigued a r e a  and that  of the rnaln 
tension f a i lu re .  Thls  suggests  
that t he re  was no gradual  pro-  
gress lon  of a fatigue na tu re  f rom 
the fatlgued a r e a  to that of the 
ma in  fa l lure  and that  the l a t t e r  
was probably due to a srngle heam- 
loading. " 

"The p re sence  of fatlgue a t  the 
r lve t  hoIes pos slbly miluenced the 
final locatlon of fa l lure ,  but a s  the 
percentage  of failed a r e a  showlng 
evidence of fatigue 1 5  very  srnaii 
(about 1%) we do  not thlnk that the 
fa i lure  of the wlng can reasonablv 
be attributed to fatigue. In  our  
oplnlon fal lure was probabiv d ~ e  
to a n  unusually l a rge  a l r - load .  " 

Rework 

During March  1953 the a l r c r a f t  was 
suspected of having s u f f e r e ~  some hea t  
damage due to a torchlng exhaust  f r o m  the 
port  engme. The front  port  cent re  sectror, 
wrap-round skin was ,  t he re fo re ,  changed. 
The work was done by Hlndustan Ai rc ra f t  
Limited,  Ba r rackpore .  A t  that t ime the 
a i r c r a f t  had completed 13 43 1 hours .  
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In iMarch 1954 I n d a n  Xrr l ines  Cor -  a r e a  could be e x a m m e d  bv t?e appropriate 
pora t lon  subjected the a i r c r a f t  to a C e r -  Department. I: tvould %??ear 2rac t l cab l e  
.. ,,:icate + of Arrwor th lness  overhaul  m Delhr. r h t  the exls t lng facr l l t les  could oe m o r e  
At that  t lme  l t  was  mandatory  fo r  a l l  p rope r ly  utrllzed. At p r e sen t  the I N I T  
Dakota a r r c r a f t  havrng completed 16 000 h r a  watch 1s open fo r  a ve ry  b r i e i  per rod  of a 
:o comply with the Douglas Drawrng few hou r s  a day  and  e v e c  li they do  o b s e r v e  
No. 5406787 o r  r t s  approved  e q u v a l e n t ,  any  de t e r ro r a t l on  m the  weather  that  w-for- 
covermg the c e n t r e  sec t ion  r ework .  rnabon cannot be  pa s sed  t o  the  nelgnbourmg 

ar r f le lds .  The  M E T  o b s e r v e r s  stationed a t  
During the investigation of thrs accs-  airfields oetween Xgar ta la  a n d  K x r L b h r r g r a m  

dent  l t  was  obse rved  that  considerable should p a s s  t he i r  v l sua l  observations to +he 
ambiguity ex is ted  m the understanding of nerghbourmg airfields. 
this r equ i r emen t  concerning the 16 000 h r s  
rework.  

2.  The p r e s e n t  p rocedu re  fo r  passzng 

P r o b a b l e  Cause  weather  mformat ion  to  alrcraf :  could be 
rmproved.  (In the  c a s e  of thrs acc ident ,  

S t ruc tu ra l  fa r lure  o c c u r r e d  wblle the t h e r e  was  an avoidable de l ay  m pass ing  ,M5 

a l r c r a i t  was  tlyrng through a t hunde r s to rm.  information to VT-CGI. ) 

The £a l l u r e  or lgrnated m the po r t  c e n t r e  
sec t lon  and was  due to loads whlch exceed-  3.  C o m p r e h e n s ~ v e  lns  t ruc t lons  of the 
ed the ul t rmate des lgn  value f o r  the s t r u c -  technique of f l y g  through m u n d e r ~ t o r m s  
t u r e .  should be incorporated m the I n b a n  A i r -  

l m e s  Corpora t ionf  s Operational Manual.  
I t  was  not  poss ib le  to establish 

whether  the pilot adopted the c o r r e c t  pro- 
cedu re  fo r  flylng in turbulence.  It should be s t r e s s e d  t o  pi lots  that  ii 

they have flown through turbulence ,  they 
Observa t ions  mus t  r e p o r t  the de ta i l s  of t he  mcident  in 

the i r  S t o r m  Repor t .  
I t  was  noted that  the a l r h e ' s  staff 

responsible f o r  loadmg of the a i r c r a f t  did 4. With r e g a r d  to the 16 000 h r s  
not  appear to be very On the rework,  i t  1s recommended that a technical 
technical a s p e c t s  of the  subject .  It was commi t t ee  of a r e p r e s e n t a b v e  n a t u r e  should 
fe l t  that  m o r e  s t r e s s  should be  la id by the go +-hrough the  subjec t  and  l ay  down a n  
Operators On loading the that a g r e e d  method f o r  the  r ework  ment lonmg 
~t h a s  the p rope r  c e n t r e  of g r amty .  m a t e r i a l s  to  be  used  and imitation of l l i e  

t o  be unposed .  - Appropriate x - r ay  equipment  m a y  
be  u t r o d u c e d  f o r  the  detection of c r a c k s  
m the  vi ta l  s t r u c t u r e s  of DC-3 a i r c r a f t .  5 .  The per lod  of the p r e se rva t ron  of 

log  books should be extended to the Life of 
Recommendat ions  the  a i r c r a f t .  (During t h ~ s  investigation lt 

was  found that  log  books p r i o r  t o  1954 w e r e  
1. The quest ion of improving  the  no t  ava i lab le  f o r  the aircraft. ) 

weather  f o r e c a s t  facr l i t ies  f o r  the  A s s a m  

ICAO Ref: -lR/014 
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No. 27 

Riddle Air l ines .  Inc. . C u r t i s s  C-46R N 7840B had a fire in f l i v h t  near A l m a  

Circums tances  

Flight 402 was a regular ly  scheduled 
flight f r o m  Miami,  F lo r ida  to Chicago, 
Illinois. At Orlando,  one of the in t e r -  
mediate s tops ,  9 236 l b  of ca rgo  were  
placed on board ,  and  the a i r c r a f t  took off 
a t  2235 for  Atlanta. It  was c l ea red  a t  
2331 t o  descend to  and maintain 5 0 0 0  f t  

by a n  inc rease  in airf low concentrated a t  
that  point. The intensity af the f i r e  
i nc reased  with the inc rease  in airf low 
(which i s  normal ly  forward)  and  was 
c a r r i e d  into the a r e a  of the r e a r  spar  
where  numerous  hydraulic units and l ines  
a r e  located. F i r e  damage to one of these 
components resu l ted  in a leak  which fed 
the f lames  to  uncontrollable proport ions.  - .  

and was  reques ted  to r e p o r t  over  A lma .  
A t  approximately 2340 the a i r c r a f t  was In determining the cause  of the f i r e  
s een  d i rec t ly  over  the a i r p o r t  and short ly the Board  cons idered ,  among other things: 
t he rea f t e r  i t  sent  the following radio  
t r ansmis s ion  - "Mayday, a i r c r a f t  on f i r e ,  a )  previous baggage compar tment  
unable t o  control .  " After making s e v e r a l  f i r e s  caused  by cargo  contacting 
le f t  c i r c l e s  the burning a i r c r a f t ,  a t  2346,  unguarded light bulbs which have 
s t ruck  the g r o m d  inver ted  a t  a s teep  angle been experienced by other  a i r l i nes ;  
and  exploded on contact ,  fatal ly injuring 
the  pilot and co-pilot,  the so le  occupants. 

Investieation and Evidence 

The  extensive damage to  the heavy 
components of the control  sys t ems ,  a s  
well  as other  heavy s t ruc tu ra l  m e m b e r s  
in the a r e a  of the  r e a r  wing s p a r ,  o c c u r r e d  
in a v e r y  sho r t  per iod  a s  a r e su l t  of a n  
intensive hydraulic  fluid f i r e .  

The  exact  cause  ot the ignition of 
the hydraulic  fluid could not be de termined.  
However, f r o m  a l l  the physical  evidence 
the Board  believed that  the ca rgo  in "G"* 
compar tment  (aft lower c a r g o  compar tment)  
was ign i ted  by contact with a n  unguarded 
light bulb. The  f i r e  smouldered  and 
p r o g r e s s e d  until i t  burned through the 
forward  a luminum wall.  Any b r e a k  in the 
compar tment  wall would be accompanied 

b) the unguarded light bulbs a s  
instal led in  N 7840B:  

c)  the probability that  one o r  m o r e  
of the ma i l  s a c k s ,  containing 
clothing, p r e s s e d  agains t  an 
unguarded and lighted bulb; 

d) the probability that  the compar t -  
ment seal ing tape had de ter iora ted  
permit t ing an  airf low exceeding 
a r a t e  of 1 500 cu. ft. / h r .  A 
flow g rea t e r  than this  r a t e  would 
supply sufficient oxygen t o  
support  combustion within the 
compartment;  

e )  the no rma l  airf low in compar t -  
ment  "G" which would c a r r y  f i r e  
forward  to the r e a r  s p a r .  

3 The "G" compar tment  on Riddle C-46R a i r c r a f t  was cert i f icated by the FAh a s  a 
c l a s s  "Dl1 compar tment  on the b a s i s  of a i r f low r a t e  t e s t s  and engineering specifi- 
cations submit ted by the company. 
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A second possibi l i ty  cons idered  by 
the Boa rd  was  that  of a hydraul ic  l eak  in 
the a r e a  of the  r e a r  s p a r .  Th i s  was  
cons idered  unlikely a s  a second e lement  
would have had to have been p re sen t  
s imultaneously,  i .  e .  , a n  e l ec t r i ca l  fault  
of a na ture  sufficient to genera te  enough 
heat to ignite the fluid, Also ,  had the f i r e  
or iginated in this  manne r ,  t h e r e  would be  
30 accounting for  i t s  r e a r w a r d  p r o g r e s s  
aga ins t  the no rma l  a i r  flow through the 
r e a r  ca rgo  compar tment .  

P robab le  Cause  

2 .  The l igh ts  have been r equ i r ed ,  
and a s w ~ t c h  has  been ins ta l led  
on the flight deck.  

3 .  A company p rocedure  has  been 
inst i tuted to r e q u i r e  these  ca rgo  
compartmen:  l ights  to  be  off 
during : l igh t .  

4. -4 p r o g r a m m e  has  been hs t l cu t ed  
to d e s ~ g n  and instal l  both i l r e  
detection and f i r e  extinguishing 
equipment  in these  lower ca rgo  
compar tmen t s .  

The probable cause  of this  acc ident  
was the ignition of ca rgo  in the  af t  belly 
compar tment  caused  by contact  with a n  
unguarded light bulb. 

Cor rec t ive  Action 

-4s a r e su l t  of th l s  acc ident ,  the 
following s t eps  have been taken by the 
company: 

1. Gua rds  have been instal led on 
a l l  c a rgo  compar tment  l igh ts  in 
i t s  C-46R a i r c r a f t .  

Also,  the following recommendat ions  
were  made to  the F e d e r a l  Aviation Agency 
and the  company a f t e r  the accident:  

1. that  e l ec t r i ca l  r e l a y s  and  e l ec -  
t r i c a l  t e r m i n a l s  in the hydraul ic  
compar tment  a r e a  should be 
pro tec ted ;  

2 .  that the tape which i s  used to  s ea l  
c l a s s  "D"* ca rgo  compar tmen t s  
be  subjected to  per iodic  inspec-  
t ions  to e n s u r e  that  the p rope r  
cont ro l  of airf low is maintained.  

* Excerp t  f r o m  Civi l  Al r  Regulations 4b 383 (d)  CLASS D . . . . . . . "Cargo  and  bas sage  
compar tmen t s  sha l l  be  c l a s s d i e d  a s  I'D" if they a r e  s o  designed and cons t ruc ted  that  
a f i r e  occu r r ing  there ln  wil l  be  completely confined without endangering the safety 
of a i rp l ane  o r  t h e  occupants  . . . . . " 

ICAO Ref: AR/591  
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No. 28 

Br i t iah  A i r  C h a r t e r  Company, Super T r a d e r ,  G-AGRH, accident  on  Suphan 
Mountain, Turkey,  on  23 Apr i l  1959. Repor t  r e l eased  by the Uepartment  of 

Civ i l  Aviation. Minis t rv  of Communicat ions.  Republic of Turkev.  

C i r cums tances  

The  a i r c r a f t ,  c a r ry ing  a c r e w  of 12, 
was  on  a flight f r o m  Ankara ,  Turkey to 
Bahre in  via Gemerek ,  Elazig,  Mus,  Van 
and AbaQn. It r epor t ed  at 08  14 ( a t  
11 500 ft) ove r  Gemerek ,  a t  0859 ( a t  
13 500 f t)  ove r  Elazig and a t  0926 o v e r  
Mus. A s  it d id  not  r e p o r t  pass ing  o v e r  
Van as expected at approximate ly  0952 
hour s ,  and  as no f u r t h e r  contact  was  
establ ished,  a s e a r c h  was  begun. The  
a i r c r a f t  was  sighted 6 days  l a t e r  onsuphan 
Mountain. T h e r e  w e r e  no surv ivors .  

Invest ieat ion and Evidence 

None of t h e  m e m b e r s  of the  Turkish  
and Br i t i sh  acc ident  invest igat ion t e a m s  
w e r e  able  to c l imb to the s i t e  of the  a c c i -  
dent  f o r  on the spot  investigation. How- 
e v e r ,  a Turk i sh  he l icopter  was  able  to 
land  ( a t  a height of 14 300 f t)  n e a r  the 
a i r c r a f t  wreckage and the  pi lot  made  some  
observat ions.  

The  a i r c r a f t  had  s t r u c k  2 m e t r e s  
below one of the  peaks  of Suphan Moun- 
tain. I t  had  h i t  the wes t  s ide  of t h i s  peak 
in  a l a t e ra l ly  leve l  s l ight ly nose-up atti- 
tude. 

F u r t h e r  information w a s  obtained 
f r o m  a pilot m e m b e r  of the Br i t i sh  Moun- 
ta in  Rescue  T e a m ,  which r eached  the s i t e  
of the  accident: 

the immedia te  vicinity - 0700 and 1100. 
F r o m  observa t ions  it appeared  that  the 
plane was  flying on 0700 and was climbrng 
when it s t r u c k  the hi l l  a t  considerable 
speed,  

The following indications were  noted 
on the f ront  panel: 

1. a i r s p e e d  indicator  - 100 kt; 
2. ex terna l  t he rmomete r  . . . . -20°; 
3. a l t ime te r  . . . . 1023 mb a t  10 590 f t ;  
4. e l ther  a d i rec t ion  indicator  o r  a 

r epea te r  c o m p a s s  f o r  the  automa-  
t i c  pilot - i t s  g l a s s  was broken and 
the needle was  f rozen  a t  070°. 

Meteoroloaical  conditions 

Between Kayse r i  and Van the re  was 
4 - 518 cumulus - s t ra tocumulus ,  base  
2 000 f t  with a ceiling of 13 000 to 14 000 ft;  
a t  20 000 f t  4 / 8  c i r r u s  cloud; hlgh winds 
f r o m  the south-southwest.  It was estimated 
that the  mountains facing th ls  direct ion 
between Diyarbakir  and Van would be 
covered  with r i s ing  orographic clouds. The 
winds were  as follows: 

Ankara - Kayse r i  Kayse r i  - Van 

Analysis  of the flight 

Since the  speed  of the a i r c r a f t  was 
The  wreckage  was covered  with snow shown in  the filed flight plan as 190 kt,  the 

and sca t t e r ed  ove r  a n  extensive a r e a .  The  plane should have been a t  Gemerek  a f t e r  
a i r c r a f t  had hit a s m a l l  hi l l  nor theas t  of 48 min.  However,  according to the weather  
the  c r a t e r  of the Suphan Mountain, T h e r e  r e p o r t  t h e r e  was ,  a t  the flight's al t i tude 
w e r e  two headings which the a i r c r a f t  could between Ankara and Kayse r i ,  a 20 k t  wind 
have  taken in a r r iv ing  at the point of im- blowing f r o m  the southwest.  The a i r c r a f t  
pac t  without s tr iking o ther  high ground in  cl imbed to 9 500 f t  between Ankara and 
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Gernerek and  because  of the wind actual lv 
reached Gernerek a f t e r  54 min  instead o i  
48 min. 

Gemerek  to Elazig 

Durlng th is  port ion of the flight the 
a l r c r a f t  was flylng a t  11 500 f t  and  was 
subject to a s t ronge r  s lde  wmd, repor ted  
a s  200°/25 kt. Ln the flight plan the e s t i -  
mated  t ime  of a r r i v a l  o v e r  Elazig was 
0852, however, i t  was actual ly 0859. 

Elazig to Van  

T ime  between these  two points was  
es t imated  at 54 min. The  a i r c r a f t  r e -  
ported a t  13 500 f t ,  encountering winds 
s t ronger  than fo recas t ;  no r e p o r t  was  
received,  however, of i t s  a r r i v a l  ove r  
Van. Another pilot repor ted  turbulence 
m this  a r e a  on the s a m e  day. 

Since the pilot repor ted  normal ly  at 
0926 hour s  i t  i s  unlikely that  t h e r e  w a s a n y  
defect in the a i r c r a f t  o r  its engines. It  
would, however,  be difficult to  f i x  the po-  
sition of the a i r c r a f t  accura te ly  in the 
vicinity of Mus with the navigational a id s  
available and i t  m a y  be p re sumed  that  the  
flight f r o m  i t s  ac tua l  position at 0926 hour s  

to Van was  in the  d i rec t ion  of Mount Suphan. 
An al t l tude of 13 500 f t  would give 2 000 f t  
c l ea rance  above  the highest  points 25 m l l e s  
on  e i ther  s ide  of ADR 388, but would not  
c l e a r  the h igher  mountains to the  north.  
F u r t h e r m o r e ,  d u e  to t empera tu re  e r r o r  
the a l t ime te r  would indicate a n  al t i tude 
higher than actual .  . . as a re su l t ,  the alr - 
c ra f t  hrt about 10 f t  below the peak a t  a n  
al t l tude of approximate ly  14 000 ft. 

Probable  Cause  

The  a i r c r a f t ,  flying on ins t ruments ,  
dr if ted nor th  of i t s  no rma l  t r a c k  because  
of s t rong winds and c ra shed  into the moun-  
tain. 

Contributing F a c t o r s  

1, the winds w e r e  s t ronge r  than 
forecas t ;  

2. a n  accu ra t e  bearing could not be 
obtained a t  Mus, and Van had not 
been checked; 

3. sub-normal  t empera tu re s  would 
r e su l t  m a high indicated a l t i m e t e r  
reading;  

4. calculat ions on the flight and 
contacts  with beacons w e r e  not 
co -0rdinated and controlled. 

ICAO Ref: AR/ 624 
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Iberia Airlines, DC-3, EC-ABC, crashed into the Valdemeca (Cuenca) 
mountain range,  Spain, on 29 April 1959. Report released by the 

Directorate General of Civil Aviation, Spain. 

Circumstances 

The flight was a scheduled one f rom 
Barcelona to Madrid, Spain. Take-off 
f rom Barcelona was a t  14182 with 3 crew 
and 25 passengers aboard. At 1533 a 
radiogram f rom Barajas  was received a t  
Galamocha reporting that EC-ABC had 
c rossed  the FIR boundary a s  previously 
estimated a t  1513 hours and i t s  estimated 
a r r iva l  t ime a t  Calamocha was 1539. The 
radiogram had been sent through Baralas 
owing to a severe  s to rm over Galamocha. 
At 1556 Calamocha heard the a i rc ra f t  call  
Barajas  and then i t  called Calamocha 
requesting a t rue  bearing. Calamocha 
replied requesting i t s  QSV and QTG. The 
a i rc ra f t  transmitted for several  minutes 
a s  requested and was not heard f rom 
thereafter .  It crashed a t  1600 hours  on 
the eas t  slope of the S ie r ra  de Valdemeca, 
approximatd~y 60 m from the top of 
Telegraph Hill, killing a l l  aboard. The 
a i rc ra f t  was demolished and f i re  broke out 
on impact. 

Investigation and Evidence 

The accident s i te  was a t  a height of 
approximately 1 900 m and 70 krn to  the 
left of the normal route. 

F r o m  the investigation i t  was deduced 
that a t  the t ime  of the accident the a i rc ra f t  
was in level flight with a l l  engines running. 
There  was no evidence of malfunctioning 
of any equipment, nor were  there  any 
indications i n  communications with the 
a i rc ra f t  that i t  was in  any difficulty. 

At the t ime of its l as t  call  (15562) 
to Calamocha the  a i rc ra f t  was trying to  
locate o r  check its position. It crashed 
about four minutes l a te r .  

Weather conditions 

On the ent i re  route thick clouds 
covered the sky between 1 000 and 1 200 m 

above sea  level. These cumulus and cumu- 
lonimbus clouds hid the mountains and 
produced light to moderate rain. It was, 
therefore,  assumed that the flight encoun- 
t e red  isolated s torms.  Freezing level was 
a t  9 000 f t  and, therefore,  i t  was not 
believed that icing occurred a t  the flight's 
level (8 000 ft). There was a strong west- 
southwest wind. Mountain wave turbulence 
combined with the character is t ics  of the 
a i r  m a s s  over the route may have caused 
strong downward currents  which might 
explain the a i rcraf t ' s  low altitude. 

Conclusions 

The fact that the accident occurred 
70 km to the left of the normal route, 
without a crosswind present,  would appear 
to indicate that rather than adhere to the 
scheduled route the pilot diverted to the 
left in o rder  to avoid pas sing through s to rm 
clouds. 

To explain the c r a s h  on a mountain 
whose height was approximately 600 m 
lower than the flight level  one of the 
following assumptions must  be admitted: 

1. ra ther  than adhere to the 
scheduled flight level, the 
a i rc ra f t  was flying much lower, 
o r  

2. while adhering to the flight 
level, severe  turbulence was 
encountered in a s to rm cloud, 
which had t o  be entered, and 
the a i rcraf t ,  as a result ,  had 
los t  altitude following a t rack 
correction. 

Probable Cause 

Due to unfavourable weather conditions 
it was necessary  to deviate f r o m  the planned 
route. 

_ _ - _ - _ - - _ - - - - - -  
ICAO Ref:  ~ ~ / 5 9 2  
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No. 30 

Aust r ia  Flugdienst ,  DC -3, OE -FDA, s t ruck  Alfabia peak,  Majorca ,  on 
2 M a y .  Repor t  r e l eased  by the Direc tora te  Genera l  of Civi l  Aviation, Spam. 

C i rcums tances  The weather  was  c l e a r  and  c loudless  
ove r  Alfabia at the t i m e  of the acc ident  

The  a i r c r a f t  was  on a non-scheduled and t h e r e  was no moon. 
flight f r o m  Vienna, Aust r la  to P a l m a ,  
~ a j o r c a  and r e tu rn .  Following a s top of 
one hour  and  a half a t  P a l m a  ~t took off 
on the r e t u r n  flight a t  21072 ca r ry ing  
3 c r e w  and 2 pas senge r s .  At 21 102  the 
flight contacted Palma control  and r epor t ed  
~t was a t  3 000 f t  and se t tmg  i t s  cou r se .  
It  was ins t ruc ted  to r e p o r t  a t  fllght leve l  
90 o r  upon leavlng the P a l m  a r e a .  Ap- 
proximately two minutes l a t e r  rt c r a shed  
a t  a height of 3 300 f t  on Alfabla peak, 
killing all aboard.  

Investigation and Evidence 

Examination of the  evidence, t he  
s ta tements  of the inhabitants of the ove r  - 

In view of the t i m e  elapsed between 
the take-off a t  21 072  and the t lme  of the 
accident  a t  21122 i t  m u s t  be a s s u m e d  that  
the pilot immedia te ly  a f t e r  take-off s e t  h i s  
c o u r s e  on Bagur without having reached 
the 3 000 f t  a l t i tude ove r  the radio beacon 
o r  the a i r p o r t  before  settlng cour se ,  an 
essent ia l  condition m o r d e r  to a t t a m ,  by 
the end of the  17 k m  which sepa ra t e  t h e  
a i r p o r t  and  the s u m m i t  of A l f a b h ,  the 
safety al t i tude st ipulated in the regulat ions.  

P robab le  Cause  

flown a r e a  and the wreckage pa t t e rn  ru l e  I t  was concluded that  the a i r c r a f t  
out the possibi l i ty of malfunctioning of the c ra shed  as a r e s u l t  of insufficient al t i tude 
a i r c r a f t  o r  its engines. while flying a t  no rma l  c l imb power. 

ICAO Ref: AR/593 
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No. 31 

Lec Refrigeration Ltd., Dove DH 104, G-ALEC, accident on North Road near 
Maindy Stadium, Cardiff, on 6 May 1959. Report dated May 1960 was released 

by the Ministry of Aviation (UK) as  C. A. P, 163 -(Civil Aviation Report No. C.  696) 

Circumstances 

The aircraft took off at  1320 hours 
Greenwich Mean Time on a private flight 
to fly over the opening ceremony of the 
Welsh Ideal Homes Exhibition being held 
in Sophia Gardens near the centre of 
Cardiff. The aircraft  passed over the 
exhibition at least three times. On the 
last occasion it was a t  an extremely low 
altitude with the starboard propeller feath- 
ered. After continuing some distance 
beyond the exhibition, the starboard pro- 
peller commenced rotating, and a few 
seconds later the aircraft  dived steeply to 
the ground. The pilot and three passengers 
aboard were killed instantly. Following 
impact, fire broke out which almost 
entirely destroyed the aircraft .  

Investigation and Evidence 

The Aircraft 

G-ALEC had been properly maintained 
and was airworthy at the time of the acci- 
dent. Since renewal of its Certificate of 
Airworthiness in January 1959 it had flown 
approximately 33 hours. The all-up-weight 
of the aircraft  at the time of the accident 
was below the maximum permissible and 
although it was not possible to calculate 
the position of the centre of gravity it was 
considered probable that it was within the 
prescribed limits. 

The Pilot 

He had obtained a Commercial Pilot 's  
Licence and Instrument Rating. In April 
1959 when being tested for  a Group 1 type 
rating endorsement of his licence he failed 
to pass the test  on the grounds that he was 

not competent to fly the aircraft  under 
conditions of asymmetric flight ,, i. e .  with 
one engine stopped. After returning from 
his visit to Cardiff he was to receive two 
hours dual instruction in asymmetric flying. 

He had flown 256 hours mainly on 
single-engined aircraft. Only 28 hours of 
this total were in Dove aircraft  and approxi- 
mately 3 hours 45 minutes were as pilot in 
sole command. 

Arrangements regarding the flight of 6 May 

It had been agreed that the flight, 
considered a s  a "fly past", was to be made 
over the exhibition at 1330 hours, the time 
of the official opening ceremony. It was 
also to include a "dip in salute". The 
Cardiff City Police had been contacted and 
permission had been requested for the air-  
craft to fly low over the City. The Cardiff 
trade agent (of Lec Refrigeration) was 
informed that the flight must be conducted 
in accordance with the Air Navigation 
Order, excerpts of which follow: 

". . . an aircraft  shall not be operated 
in a negligent manner o r  in a reckless 
manner so a s  to endanger life o r  
property. . 
". . . an aircraft  other than a heli- 
copter shall not fly over any congested 
a rea  of a city, town o r  settlement 
below - 

i) such height as would enable 
the aircraft  to alight clear 
of the a rea  and without danger 
to persons o r  property on the 
surface, in the event of failure 
of a power unit; or  
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li) a height of 1 500 f t  above 
the highest fixed object 
within 2 000 f t  of the 
a i r c r a f t ,  

whichever i s  the higher. " 

The Senior Pllot of thecompany stated 
that while he may not have given the pilot 
any specific instructions in respect  of 
height to f ly ,  he had reminded hrm that 
the flight was to be ca r r i ed  out a t  a safe 
helght. 

No request had been made to the 
Minister for a dispensation of the minimum 
safe altltude regulations. 

The Final Flieht 

The f i r s t  two runs over  the Exhibition 
were carr ied out between 200 and 1 000 ft 
wlth the engines running normally and no 
slgns of malfunctioning were evident. On 
the third run the aircraft approached a t  an 
altltude of approximately 100 ft and passed 
over with the starboard propeller feathered 
a t  an  er t remely low altitude. After about 
half a mi le ,  rotation of the s tarboard pro- 
peller  indicated that the pilot was trying to 
res ta r t  the engme. The a i rc ra f t  then 
vawed f rom side to side and climbed to 
clear some t rees .  Then i t  went into a 
steep right-hand climbing attitude and 
dived almost vertically to the ground, near  
a school, houses, business premises  and 
a sports stadium being used a t  that t ime 
by a large  number of children. 

The Wreckage 

Ejtamination of the wreckage revealed 
that a t  the time of the accident the flaps 

and undercarriage were  re t racted,  and 
there  was no evidence that the a i rc ra f t  
had been on  f i re  in the a i r .  The s tarboard 
fuel cock was in the "off" position. There  
was no evidence that the s tarboard engine 
was running under power a t  impact - the 
por t  engine was under power. Damage of 
the pilot's pitch control mechanism of the 
s tarboard propeller  indicated that the 
control l ever  was in the feathering position 
a t  impact. Both propellers were  in  the 
constant speed pitch range,  but the s t a r -  
board was at a pitch angle n e a r e r  to the 
feathered position. 

It was considered probable that during 
the unfeathering of the s tarboard propeller  
the pilot omitted to turn on the fuel. Conse- 
quently, the engine did not develop power, 
and the a i rcraf t  los t  airspeed due to drag 
f rom the windmilling propeller. Under 
the prevailing conditions, the perfo rrnance 
of the a i rc ra f t ,  with a propeller wind- 
milling and with maximum power f rom the 
other engine, would permit  only a v e r y  
smal l  ra te  of climb. The fact that the 
s tarboard propeller  was not feathered and 
that the cockpit pitch control lever  was in 
the feathered position indicates that the 
pilot had initiated refeathering action at 
the l a s t  moment. 

Probable Cause 

The accident was due to loss  of control 
by an inexperienced pilot during an attempt 
to r e s t a r t  a n  engine following asymmetr ic  
flight a t  a very  low altitude. 

ICAO Ref: ~R/631 
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No. 32 

Capital Air l ines ,  h c .  , Vicke r s -Arms t rongs  Viscount N 7463, disintegrated 
in flight nea r  Chase ,  Maryland,  on 12 May 1959. Civil Aeronautics  Board (USA) 

Ai rc ra f t  Accident Repor t ,  F i l e  No. 1-0050, r e l eased  23  October 1959. 

C i r cums tances  

Fl ight  75 c a r r i e d  out  a no rma l  take  -off 
f r o m  La Guardia,  New York a t  1529 hours  
headed fo r  Atlanta, Georgia and proceeded 
to i t s  ass igned cruisrng al t i tude of 14 000 f t  
and Victor 3 Airway. Regular  position 
r epor t s  w e r e  made  en  route.  At  1602 the 
a i r c r a f t  contacted Washington Cen t r e ,  
reporting it was  over  Westchester  a t  1600 
with Herndon next, estimating Westmins ter  
a t  1617. I t  a l so  advised that  t h e r e  was a 
s t r lng  of thunders torms along that  c o u r s e  
and was told that  i t  could s t ay  a s  requested 
slightly south of Westminster .  At  1610 the 
flight advised  Washington Cen t re  that  i t  had 
reduced to 170 k t  because  of rough air. 
Nothlng fu r the r  was  hea rd  f r o m  the flight. 
At approximately 1613 hour s  e a s t e r n  
s tandard  t ime the a i r c r a f t  broke  up and 
c ra shed ,  killing the 27 pas senge r s  and 
4 c r e w  members .  

Investigation and Evidence 

Weather 

At 1600 a cold f ron t  exlsted along a 
l m e  f r o m  Phrladelphia to Baltimore to nea r  
Gordonsville,  Virginia. Regional f o r e c a s t s  
i ssued  by the Weather Bureau  m Washrngton 
a t  0700 and 1300 and the a r e a  fo recas t  
iesued a t  Idlewild a t  1400 drew attention to 
the possibi l i ty of local ly s e v e r e  thunder - 
s t o r m s  and ex t r eme  turbulence associa ted  
with the front.  The 1400 a r e a  f o r e c a s t a l s o  
s ta ted  the re  was the possibi l i ty of a squall 
l ine development m advance of the front .  

A t  141 5 the Idlewild Weather Bureau 
office i ssued  the followmg f lash  advlsory  - 
"Line of s ca t t e r ed  thunders torm activity 

n e a r  Mar t insburg  -Harr i sburg  -Poughkeepsie 
nor theas tward  is moving eas tward  about 
20 k t  accompanied by s e v e r e  turbulence and 
conditions local ly below 1 000, visibility 
2 mr les .  This  l ine will move to nea r  
Providence  -New York City -Philadelphia by 
1800 increasing in intensi ty during af te r  - 
noon. Valld until 1815. ' '  

During the afternoon r a d a r  r e p o r t s  
were  i ssued  hourly f r o m  Andrews Air  
F o r c e  Base  weather  describing the loca -  
tions of the thunders torms and indicated 
they were  increas ing  m intensity durrng the 
af ternoon along the New York-Washmgton 
route  of Fl ight  75. 

Although the advisory  and the r a d a r  
r e p o r t s  were  both on teletype machines  in 
Capltal  dispatch,  no act ion was  taken to 
furn ish  the  information to the flight. 
Dispatch did not know whether the captain 
had rece ived  the advisory  p r i o r  to d e p a r -  
t u re .  I t  was s tated by dispatch personnel  
that  they believed the f lash  advisory  indi-  
ca ted  improved conditions ove r  those 
previously fo recas t  and that all of the 
weather  d a t a  indicated the thunders torms 
were  sca t t e r ed ,  thus circumnavlgable.  

Following the accident  a s tudy of the 
weather  conditions prevailing m the acc i -  
dent  a r e a  was  made. Resul t s  showed the re  
were  l a r g e  rapidly developing thunder - 
s t o r m s  in the  vicinity of Martrn Airpor t  
about  2-112 mi l e s  southwest of the accident  
a r e a .  It  was a l so  de t e rmmed  that ex t r eme  
turbulence* m o s t  probably exlsted a t  

* extzeme turbulence i s  d e i ~ n e d  as a r a r e l y  encountered turbulent  condltlon 111 whlch the 
a l r c r a f t  i s  violently to s sed  about and is practically impossible to control.  It m a y  
cause s t ruc tu ra l  damage. 



ICAO Ci rcu la r  62-AN/ 57 12 1 

14 000 f t  in the thunders torm ce l l s  and  
a r e a s  a round them. It  was  a l so  shown 
that ex t r eme  turbulence may  exls t  not only 
m the thunders torm cel l  but up to five m i l e s  
around i t .  

Because Fl lght  75 was r e l eased  a t  
1 1 3  5 with 1400 weather  at tached to the 
r e l e a s e  and because the c r e w  was a p p a r -  
ently a t  the a i r c r a f t  considerably before  
flight t ime ,  the Board believed that  the 
captain did not rece ive  the  14 15 f lash  
advisory. Thls  advisory  would have 
delineated the ?osi t ion and movement of 
the l m e  of thunders torms along the route 
and would have indicated that  they were  
expected to m c r e a s e  m intensity. Rada r  
: . -Jo~mation could have :ndicated the ind:- 
vidual pos:tlons of the thunders torms.  
1 -7463  c a r r i e d  weather  r a d a r  equipment, 
br;t :t was ?,ot o?erat lve.  

More  than 100 eyewitnesses to the 
accident  were  interviewed and many p r o -  
vlded wrl t ten accounts  of the i r  obse rva -  
t lons.  Most were  a t t r ac t ed  by the inflight 
breakup itself and comparat ively few saw 
+he a i r c r a f t  both before and durlng the 
d l l g h t  dismtegrat ion.  Since mos t  who 
saw the a i r c r a f t  b reak  up estimated i t  was 
between 3 000 and 7 000 f t  when i t  d i sm-  
tegra ted  lnstead of 14 000 f t ,  the ass igned 
and l a s t  repor ted  al t i tude,  a flight t e s t  
was made to d e t e r m m e  the approximate  
altitude. A Capital Viscount was flown 
severpl  t imes  along the probable f l ight  
course  of N 7463 a t  different al tr tudes 
f r o m  3 000 to 14 000 whlle eleven eye -  
wi tnesses  watched f r o m  the l r  o r igma l  
positions. Each designated the p a s s  on 
which the al t l tude of the t e s t  plane was  
c loses t  to tna t  of N 7463 when i t  dasm- 
tegrated.  The r e s u l t  ave raged  5 500 ft. 

C ertrfication 

The  Viscount was  burlt to conform to 
the Br i t i sh  Civil A l r  Requi rements  and  
~ s s u e d  a Br i t i sh  a i rwor thmess  cer t i f ica te .  

The F e d e r a l  Aviation Agency, then' CAX, 
when sat isf ied tha t  an adequate s t anda rd  of 
a i rwor th iness  existed accepted the Br i t i sh  
cer t i f ica te  and Issued the  G. S. a i rwor+bmess  
certificate. The s t rength  r equ i r emen t s  of 
each  country a r e  subs t an t~a l ly  the s a m e  ana 
the V ~ s c o u n t  m e t  o r  exceeded both. 

The recommended rough air 2ene t r a -  
tion speed  f o r  the Viscount is about 170 kt,  
the l a s t  a i r s p e e d  r epor t ed  by Fllght  75. Xt 
o r  n e a r  this  speed  the a l r c r a £ t l s  s t rength  
1s suff iclent  that  e x t r e m e  manoeuvre  
a n d / o r  gust  loadlng wrll stall the a n c r a f t  
r a the r  than cause  a s t ruc tu ra l  iar lure.  

int'llght Dismtegra t ion  

On the bas ls  of a l l  available evidence 
;t was the B o a r d ' s  ana lys ls  that the mt'light 
disintegrat ion o c c u r r e d  a s  the r e su l t  of 
loads imposed on the a r r c r a i t  which 
exceeded rts design strength.  The Board  
believed that  the f o r c e s  were  f r o m  a hlgh 
Indicated a i r speed  III turbulence and that  
this a i r s p e e d  was generated during a n  
involuntary descent  f r o m  14 000 f t ,  which 
followed l o s s  of control  of the a i r c r a f t  m 
ex t r eme  turbulence. The Board  was con- 
vlnced that no p r e  -existing weakness o r  
condition contributed to the breakup and 
that  no malfunction o r  fa i lure  of the a r r  - 
c r a f t ,  i t s  s y s t e m s ,  o r  i t s  components led  
to the c i r cums tances  under which the 
disintegrat ion occurred .  

F r o m  exammation of the m a j o r  f r a c -  
t u r e s ,  breakup pa t t e rns ,  and f r o m  deslgn 
considerat ions,  i t  was believed that the 
rnitial fa l lure  m the  des t ruc t ion  sequence 
was the nea r ly  sunultaneous downward 
fa i lure  and separa t ion  of the horizontal  
s t ab i l i ze r s  a t  the No. 2 hmge pomts.  Thls  
was  confirmed by the f ac t  that  the s j m -  
me t r l ca l  s tabr l izer  f a i lu re s  could only 
occur  with both wings mtact .  Also ,  under  
ul t lmate loadlngs on the a i r c r a f t  the s tab i -  
l i z e r s  would be expected to fa i l  f i r s t .  
F u r t h e r m o r e ,  the breakup sequence and  
the na ture  of t he  m a s s  of f r a c t u r e s  were  
ent i re ly  consistent  with this  as the ini t ial  
occurrence .  
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Following separa t ion  of the  r ight  and 
lef t  s tab i l izers  the a l r c r a f t  pitched down 
violently so that  all four  nace l les  broke 
upward f r o m  combined ine r t i a  and gyro - 
scopic loads.  Immediately the rea f t e r  
both wings were  subjected to ex t r eme  
downloads under which the r ight  s epa ra t ed  
and the s t ruc tu ra l  integri ty of the le f t  wing 
was destroyed.  With the nace l les ,  r ight  
wing, and s tab i l izers  gone, d rag  induced 
by the left wing yawed the fuselage vio-  
lent ly to the left.  F o r c e s  to the le f t  t o r e  
off the ve r t i ca l  f in with port ions of the 
fuselage at tached,  the l a t t e r  a l r eady  
weakened when the le f t  s tab i l izer  s tub 
t o r e  away. During the subsequent g y r a -  
t ions the le f t  wing broke up,  i t s  fuel  ce l l s  
were  opened, and the f lash  f i r e  occurred .  
At the s a m e  t ime  the remaining fuse lage  
disintegrated.  The Board  believed that 
the ma jo r  disintegrat ion sequence took 
l e s s  than one second and that  during the 
l a t t e r  p a r t  of the sequence occupants of 
the plane were  exposed in a random m a n -  
n e r  to the f lash f i r e  and at tendant  high 
concentration of carbon monoxide. 

The high indicated a i r speed  which the 
Board  belleved existed a t  breakup i s  sug-  
ges ted  by seve ra l  f a c t o r s  which in  the i r  
cumulative value and with the overa l l  
pa t te rns  of evidence, make  the existence 
of excess ive  speed nea r ly  i r re fu table .  

Unless an  a l r speed  in excess  of 
c ru ls ing  i s  p re sen t  the s trength of the 
Viscount is such that  f o r c e s  causing the 
horizontal  s tab i l izer  f a i lu re s  which oc  - 
c u r r e d  cannot be developed. Below cruising 
speed  the horizontal  tal lplanes will  s t a l l  a t  
loadings l e s s  than those n e c e s s a r y  to  cause 
fa i lure .  

The  high indicated a i r speed  was  a l s o  
suggested by the s t ruc tu ra l  damage to the 
passenger  s ea t s ,  propel le r  reduction 
gear ing  a s sembl i e s ,  the engine mount "W1l 
s t r u t s ,  and possibly by the ante  -mor t em 
in jur ies  of two o r  t h r e e  pas senge r s .  The  
damage and the  in jur ies  r e su l t ed  f r o m  
pullup loads which were  in  the opposite 
direct ion to the loads  imposed on  these  
subjects  by the breakup fo rces .  This  

damage had to be made  p r i o r  to the breakup 
and was  compatible wlth a descent  in which 
high speed was  at tained,  followed by a 
r ecove ry  in rough air m which positlve "g" 
f o r c e s  had to have occu r red .  

A fu r the r  indication of a n  excessive 

a i r speed  and one m o r e  definitive of the 
amount was the blade angle of the No. 3 
propel le r ,  52 deg rees .  It  i s  belleved the 
indications of blade angle w e r e  made during 
breakup,  t he re fo re ,  a i r s p e e d  calculated 
f r o m  the blade angle would be valid a t  that  
t ime.  F r o m  tech;;ical data relat ing to 
a i r speed  and propel le r  blade angles i t  was 
shown that  with the 52-degree angle t h e r e  i s  
no thro t t le  position a t  which t r u e  a i r speed  
could be l e s s  than 295 kt. Because thls  
a l r s p e e d  is excess ive  it i s  ent lrely logical 
to a s s u m e  the  thro t t les  would have been 
closed to slow the a i r c ra f t .  Wlth the 
thro t t le  closed a 52 deg ree  blade angle 
re f lec ts  a t r u e  a i r speed  of 335 k t ,  which 
is 1 5  percent  in  excess  of the V ~ s c o u n t  
never  -exceed speed  o r  about 5 percent  In 
excess  of VD, the maximum speed 
demonst ra ted  in cert i f icat ion.  Loads a t  
such a n  a i r speed ,  combined wlth gust  
a n d / o r  manoeuvring load ,  could eas l ly  
exceed the s t rength  of the a i r c r a f t .  

F r o m  the evidence of a hrgh a l r speed ,  
combined with pullup f o r c e s  a l r eady  d is  - 
cussed ,  i t  was  the Board ' s  opinion that  a n  
involuntary descent  o c c u r r e d  before  the 
inflight disintegration. The forego rng 
conclusion i s  supported by the f ac t  that  the 
breakup o c c u r r e d  at about 5 000 f t  and i t  
is not reasonable,  under the  circumstances,  
t o  bel ieve that  a voluntary descent  would 
have  been made.  The cod igu ra t ion  of the 
a i r c r a f t  a t  breakup - g e a r  up and f lap 
r e t r ac t ed  - is a l so  inconsistent  with a 
voluntary descent  under the turbulent  con- 
dl t ions known to have  existed. Fmal ly ,  
believing that  Fl ight  75 was a t  14 000 f t  
about 1610 and that  the a l r c r a f t  dis inte - 
gra t ed  s o m e  5 000 f t  above the t e r r a i n  
about 1613, a descent  of 9 000 f t  in t h r e e  
minutes  o r  l e s s  is evident. Again, a 
descent  occurr ing  under these  f a c t o r s  of 
t i m e  and altitude would not be l e s s  than 
3 000 f t  p e r  minute and not l e s s  than Vn,. 
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This  evidence conf i rms the aforementioned 
speed  mdlcatea by the propel le r  blade 
angle. 

The Board  knew of no evldence m thls 
accldent  f r o m  which it could de termine  
the sequence of events  and f a c t o r s  i m m e  - 
dlately attend-hg the situation in which 
lo s s  of control of the a l r c r a f t  occu r red  a t  
14 000 ft. Such f a c t o r s  may be numerous  
and varied.  The  captarn m a y  have been 
at temptmg to c r o s s  the luze of thunder-  
s t o r m s  to re-establish the fllght on 
V - 3  Arrwav. In domg so he  may have 
selected an  openmg m the thunde r s to rms  
w h ~ c h  closed causlng l o s s  of vlsual  r e f e r -  
ence and then entered  a thunders torm 

whlch was  obscured.  I t  1s possrble under 
a s i r n d a r  occu r rence  that the captarn 
at tempted to manoeuvre out of such a 
situation and piaced the a r r c ra f t  m a n  
m u s u a l  at t l tude and rn whlcn control  t ech -  
nlques would be m a r e  critical. The pl lot '  s 
technique and psychological approach to 
thunders torm penetration a r e  Important  
f ac to r s .  

Probable  Cause  

L o s s  of control  of the a i r c r a f t  m 
ex t r eme  turbulence resul ted  in a n  mvol-  
! u t a r y  steep descent  followmg which 
a e r o d ~ ~ m i c  loads  f r o m  hgh airspeed, 
recove ry ,  and turbulence exceeded the 
deslgn s t rength  of the a l r c r a f t .  

ICAO Ref: -=I603 
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No. 33 

Capital A i r l i nes ,  Lockheed Constel lat ion,  L-049, N 2735A, accident  a t  Kanawha 
County Ai rpo r t ,  Char les ton ,  West Virginia,  on 12 May 1959. Civil Aeronaut ics  
Board  (Us), A i r c r a f t  Accident Repor t ,  E'lle No. 1-0055, r e l eased  10 June 1960'. 

C i r cums tances  

The flight f r o m  Washington, D. C. 
to Atlanta, Georgia ,  was  to  make four 
intermediate s tops including Pi t t sburgh,  
Pennsylvania and Char les ton ,  West 
Virginia. It  was on a n  IFR flight plan 
during the Pi t tsburgh-Charleston port ion 
of the t r i p .  Aboard were  38 pas senge r s  
and 6 crew.  During a second a t tempt  to 
land a t  Kanawha County Airpor t  on a wet 
runway the a i r c r a f t  was intentionally 
groundlooped because of ineffective braking 
during which i t  skidded and sl id down a 
s teep  embankment beyond the a i r p o r t  
boundary. A f i re  followed during which 
one c r e w  member  and  one passenger  died. 
The a i r c r a f t  was destroyed.  

Investigation and Evidence 

The  f i r s t  officer was a l s o  proper ly  
cer t i f ica ted  and r a t ed  for the subject  flight 
and had 822 hour s  t o  h is  c r ed i t  a s  Constel-  
lat ion co-pilot. 

Kanawha County Airpor t  - Landing 
Reeulat ions 

The  a i r p o r t  i s  built on the top of a 
mountain. Runway 32 i s  4 750 ft long and 
runway 2 3 ,  the fLS runway,  i s  5 200 i t  
long. On 12 May, the l a t t e r  runway was 
closed for  r e p a i r s . .  . it was being length- 
ened  600 ft. Both runways a r e  paved with 
a sur face  consist ing of a n  asphalt  and 
concre te  mixture.  The t e r r a i n  a t  the end 
of the runways s lan ts  downward abruptly.  

The  Ai rc ra f t  

All overhauls ,  inspections and 
maintenance regard ing  the a i r c r a f t  had 
been c a r r i e d  out a s  requi red .  

Crew Information 

The  captain was  proper ly  cer t i f i -  
cated and r a t ed  for  the subject flight. He 
had a total piloting t ime of 4 966 hour s  - 
408 a s  co-pilot on Constellations and 293 
a s  captain on them.  During the 30 days 
preceding the accident  he made s i x  
landings a t  Kanawha County Ai rpo r t .  

The  Civil A i r  Regulations r equ i r e  
that  t r anspor t  ca tegory  a i rp l anes  in 
scheduled s e r v i c e  can be landed within 
60% of the effective length of the runway 
on a d ry  runway in s t i l l  a i r .  The effective 
length of runway 32 i s  about 3 830 ft,  6070 
of which is 2 300 ft.  According to the 
F e d e r a l  Aviation Agency Approved Airp lane  
Flight  Manual, the stopping distance for  
a Lockheed L-049 a i r c r a f t  weighing 
78 700 lb* when landed on this  runway is 
2 300 f t .  The  remainder  of the effective 
runway length i s  intended to provide a 
safety margin .  

* At the t ime  of take-off the a i r c r a f t  weighed 81 253 lb ,  which was 4 284 lb  under the 
maximum allowable g r o s s  take-off weight a t  P i t t sburgh for  a n  intended landing a t  
Charleston.  The max imum allowable g r o s s  landing weight for  L-049 a i r c r a f t  for  
runway 32 a t  the Kanawha County Ai rpo r t  is 83 000 lb. 
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Weather 

An ai rpor t  weather observation 
made a t  1530 hours ( i .  e .  one minute af ter  
the accident) indicated an estimated 
ceiiing of 4 000 f t  with scattered clouds a t  
600 and 1 500 ft; visibility 6 miles;  light 
rain showers;  ground fog; temperature 680; 
dewpoint 62O; w h d  - 4 kt f rom the eas t -  
southeast. Rain was falling during the 
approach and touchdown and had been for 
some t ime previously. The runway was 
thoroughly wet with localized a r e a s  of 
standing water. 

The Landine 

with the nose gear slightly to the left. 
3 730 ft down the runway, further t i r e  
marks  showed a more  pronounced skid and 
the beginning of a left turn. All t i r e  marks  
were a whitish discolouration on the runway 
surface and not the dark marks  usually 
found on a dry  runway under similar 
circumstances.  

The Wreckage 

The main wreckage was 200 f t  do- 
the 32O slope. The vert ical  depth f r o m  
the surface of the a i rpor t  to the wreckage 
was 95 ft. 

Following one ILS approach, which 
was abandoned, the flight advised that it 
was in the c lear  and would c r o s s  the a i r -  
port and would again repor t  on downwind 
leg. It was again cleared to land on 
runway 32. The approach appeared 
normal and the a i rc ra f t  touched down 800 
to 1 000 it f r o m  the approach end of the 
runway and within the f i r s t  third of the 
runway distance. At touchdown o r  just 
after  the flaps were fully down and during 
the final portion of the approach, the air- 
speed was about 105 kt. Although the 
brakes were immediately applied, and 
were functioning normally, the a i rc ra f t  
did not decelerate.  Ear ly  in the landing 
roll the captain ordered the f i r s t  officer 
to r a i s e  the flaps to put weight on the 
wheels and increase traction, however, 
the fir s t  officer did not hear  the command. 
As i t  was evident that the a i rc ra f t  could 
not be'stopped within the runway l imi ts  o r  
flown out safely, the captain decided to 
make a left ground loop and called for full 
power on No. 4 engine. The flight engi- 
neer misunder stood this command and 
applied power to a l l  four engines. Recog- 
nizing that a l l  thrott les were  forward, the 
captain quickly closed throttles No. 1, 
2 and 3. The a i rc ra f t  then began the left 
turn which ended in i t s  running over the 
embankment. 

The f i r s t  t i r e  marks ,  found 3 450 f t  
f r o m  the approach end of runway 32  indi- 
cated that the a i rc ra f t  was skidding slightly 

During the slide down the slope the 
No. 3 engine was torn f r o m  i t s  mounts and  
reversed i t s  position, resulting in a portion 
of a broken propeller blade penetrating the 
left main fuel tank. The fuselage broke 
open on both sides aft  of the forward 
bulkhead in the forward lounge. 

Except for the empennage surfaces,  
outer wing panels and nose gear ,  the 
ent i re  s t ructure  was destroyed by f i re .  

The engines were  severely damaged. 
As the c rew stated that they were  func- 
tioning normally a t  the t ime of the accident, 
no teardown examination was made. 

Braking Effectiveness on Wet Runway 
Surfaces 

Investigation of the accident was 
extended to the subject of decreased 
braking effectiveness because of wet 
runway surfaces.  The National Aeronautics 
and Space Administration furnished the 
resul ts  of data compiled when tes t s  were  
made using various runway surfaces  and 
with varying degrees of moisture on these 
surfaces. These t es t s  indicated that i t  
was possible under cer ta in  conditions of 
speed, weight, moisture,  etc. for an  a i r  - 
craf t  t o  r ide on the film of water (aquaplane) 
and for the a i rc ra f t ' s  brakes to  be com- 
pletely ineffective when this occurs. 
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Analysis  

The Board  de termined that  the a i r -  
c r a f t  did aquaplane throughout a port ion 
of the landing ro l l .  The white t i r e  m a r k s  
found on the runway a r e  the colour of t i r e  
m a r k s  definitely a s soc ia t ed  with aqua- 
planing. The Board  a l s o  believed that the 
approach speed of the a i r c r a f t  (105 kt) 
was f a s t e r  than the recommended approach 
speed (95 kt) and that this  e x t r a  speed was 
part ial ly caused by the lowering of the 
landing f laps on the  final approach.  It  was 
fur ther  believed that although the a i r c r a f t  
was  landed within the f i r s t  th i rd  of the 
runway, under the conditions which 
existed,  namely a wet runway and without 
a headwind component, a landing should 
have been  made c lose r  to the approach 
end, in  the in teres t  of safety. Coupling 
these  conditions with the f i r s t  of f icer ' s  
fa i lure  to hear  and comply with the 
captain 's  o rde r  t o  r a i s e  f laps in o r d e r  to 
put weight on the wheels ,  i t  i s  ea sy  to 
understand why a n  ea r ly  decelerat ion was 
impossible.  

F u r t h e r m o r e ,  a t  some  point in the 
landing ro l l  the captain r ea l i zed  that 
something mus t  be done immediately o r  
the speed of the a i r c r a f t  would take i t  over  

the embankment a t  the end of the runway. 
A t  that  t ime  he was faced with a r e a l  
emergency and i t  does not s e e m  in keeping 
with the gravity of the situation that he 
would delegate the handling of the power 
cont ro ls  to the flight engineer .  Recog- 
nizing that  the power to  delegate is 
d iscre t ionary  with the captain, the Board ,  
never the less ,  believed that  in this  instance 
th is  was not the bes t  procedure  and that 
instead the handling of the thro t t les  by the 
captain may well have resul ted  in l e s s  
d i sa s t rous  r e su l t s .  

Since the accident  the company has  
prohibited the landing of a l l  Constel lat ion 
a i r c r a f t  on runway 32 unless the runway 
i s  dry  and the re  i s  a headwind component. 

Probable  Cause  

The probable cause  of the accident  
was the pi lot 's  action of landing the a i r c ra f t  
too fas t  on the wet runway under conditions 
conducive to  aquaplaning, making ea r ly  
dece lera t ion  impossible.  

An additional factor  was the poor 
co-ordination of the c r e w  throughout the 
approach and landing. 

ICAO Ref: AR/636 
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No. 34 

Aerolrneas Argentinas, DC-3, LV-AFW accident 3 krn off the coast .  
near Mar del Pla ta .  Areentina on 15 hlav 1959. Acc~dent  Inve.; t ioat;nn 

0 - I . .. - - -- - - - - - - - -- 
Report No. 1219. dated 31 March 1960. released by the National 

Director of Civil Aviation. Arnentrna. 

Circumstances 

The a i rc ra f t  was on a scheduled 
flight f rom Ezeiza to Mar del Plata and 
Bahia Blanca. The f i r s t  segment was 
flown without difficulty and following 
ground servicing a t  Mar del Plata the 
a i rcraf t  took off a t  2040 hours. Six  
minutes la ter  it requested permission to 
leave the control tower frequency and 
change to communications with the s t a r ~ o n  
providing en route service.  The i r eq l~ency  
change was not recorded,  and nothing 
further was heard f rom the aircraft .  It 
had crashed into the s e a  killing the 4 crew 
and 6 passengers aboard. 

Investigation and Evidence 

The Aircraft  

At the time of the accident, the a i r -  
craft had a Certificate of Airworthiness 
valid until 17 February 1960, which had 
been issued following a 3 000-hour inspec- 
tion on 26 March 1959. I ts  record up to 
and including 15 May 1959 showed i t  had 
flown a total of about 14 748 hours and 
3 467 hours since i t s  l a s t  overhaul. 

The Crew 

The pilot-in-command held an Airline 
Transport  Pilot 's  Licence and fully valid 
documents. As of the day of the accident 
he had flown about 2 739 hours. In the 
air l ine 's  service  he had flown a total of 
2 069 hours,  of which 555 were  night 
flying. 504 were  on instruments and 44 
were on a ground trainer.  In the las t  
363 days he  had flown 902 hours. 

The co-pilot held a Senior Commercial 
Pilot 's Licence and had a total of 4 219 
flying hours to his credit  a s  of 15 May. 
His flying t ime during the l a s t  365 days 
totalled 1 060 hours. During this period 
he  had accumulated a n  excess of 50 hours 
flying time in  contravention of Resolution 
No. 678/57. 

The radio operator was properly 
certificated and had flown 1 585 hours for 
the airline. During the l a s t  365 days he 
had flown an  excess of 181 hours in contra- 
vention of the above-mentioned Resolution. 

Nothing unusual was mentioned in  the 
medical records  of the crew. 

Special Circumstances 

Although the accident occurred 
following take-off f rom l l a r  del  Pla ta  
Airport, in view of special circumstances 
surrounding i t ,  the investigator was 
compelled to initiate the investigation f r o m  
the time the a i rc ra f t  had entered the apron 
a t  Ezeiza Airport. He requested the co- 
operation of the Federal  Police and the 
State Information Service. The circum- 
stances which had to be considered were  
the announcement of a general  s t r ike  of 
a i rpor t  personnel on 15 1LIay. accusation 
of an  alleged sabotage, and a f i r s t  impres-  
sion that the burns had been suffered while 
the victlms were st i l l  allve. 

Checks were  made on the clearance 
of a ~ r c r a f t  passengers and cargo a t  E z e ~ z a  
and i t  was concluded that operations 
proceeded normally. At the t ime of embar- 
kation no person alien to a l rc ra f t  operations 
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had been observed to  enter the parking 
apron nor  had any packages o r  parcels 
other than those inspected been delivered a t  
the l a s t  moment. The a i rc ra f t  contained 
no object that could be considered suspi- 
cious. All waybills of registered cargo 
were  checked and showed that the a i rc ra f t  
did not c a r r y  any cargo which a t  any t ime 
might have been considered hazardous to 
i t s  safety. 

The Flight-Ezeiza to Mar  del  Plata 

All passengers on the flight from 
Ezeiza to Mar  del  Pla ta  confirmed that 
the flight was normal  and very quiet. A 
flight engineer aboard, who was a lso  the 
Airline's Chief of Base a t  Mar  del  Plata 
Airport ,  stated that there  were  no signs 
of engine malfunction o r  a i r f rame  failure. 

On approaching Mar  de l  Pla ta  some 
difficulty a r o s e  in the voice communica- 
tions between the a i rc ra f t  and the control 
tower so  that a naval a i rc ra f t  a t  the end 
of runway 12 relayed landing information. 

On the ground the pilot discussed 
these deficiencies with the control tower 
operator,  and i t  was concluded that the 
communication difficulties were  due to the 
low voltage in the overall e lect r ic  current  
network a t  the a i rpor t  and, therefore, the 
control tower lacked sufficient power for  
the a i rc ra f t  to be able to hear  it in normal 
conditions. 

Mar  de l  Pla ta  to Bahia Blanca 

On landing a t  Mar  del  Pla ta  a l lpassen-  
g e r s  alighted f rom the parked a i rc ra f t  and 
proceeded towards the a i rpor t  waiting 
room. It was definitely determined that no 
outside person had entered o r  approached 
the a i rc ra f t  while a t  M a r  del  Pla ta .  Only 
240 kg of ballast were placed inside the 
aft  holds of the a i rcraf t .  

On this portion of the t r ip  which was 
expected to take 1 h r  40 min,  the air- 
craf t  was to fly a t  1 200 m .  Loading was 

within the specified authorized l imits - 
take-off weight waa 11 043 kg a s  compared 
to the maximum authorized take-off weight 
of 11 895 kg and to the authorized weight of 
1 1  884 kg for the Mar  del  Pla ta  - Bahi'a 
segment. 

The weather conditions which existed 
in the a r e a  were  favourable. 

The co-pilot was in the captain's seat  
a t  the tune of take-off, 2040 hours. The 
a i rcraf t  climbed normally and a procedure 
turn to the right, which permits  d i rect  
on-course alignment, was completed. The 
cbntrol tower operator stated that the a i r -  
craft  was observed for 6 minutes heading 
towards Bahia Blanca. At 2046 hours the 
pilot asked for clearance to change f rom 
radiotelephony to radiotelegraphy ln order  
to communicate with the ground station a t  
Mar del  Pla ta ,  This t ransfer  was author- 
ized, and the pilot advised that f rom Bahia 
Blanca he contemplated returning directly 
to Buenos Ai res .  This communication was 
completed, and the tower then lost sight of 
the aircraf t .  No radiotelegraphy contact 
was established. Shortly thereafter ,  the 
air l ine 's  dispatcher, whlle in the flight plan 
office of the a i rpor t  bulding,  took a tele- 
phone call f rom the f i r e  fighting unit located 
in the vicinity of the coast of Camet advising 
that an a i rc ra f t  had just been seen crashing 
into the sea .  

Search for Wreckage 

Shortly af ter  the accident a thorough 
search was made over one and one-half 
months in co-operation with the Navy, the 
Naval Under-Prefecture and the air l ine to 
locate the probable s i te  of the c rash ,  bodies 
of victims and to salvage wreckage. All 
victims were  found except the pilot and one 
female passenger.  

It was not possible to locate the fuse- 
lage and engines. Most of the seats  of the 
passenger cabin, the main left gear  assem-  
bly and a few other components were  found. 
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Examination of the Wreckage 

Examination of the fractures resulting 
irom the ~ m p a c t  with the water revealed 
that the aircraft  was descending in a steep 
dive, and the extent of the destruction 
proved that the left wing touched the water 
f i r s t ,  followed by the fuselage and then the 
right wing. The portion of the right wing 
that was recovered, which consisted of the 
attachment of the middle section, showed 
that through pressure on impact the cover- 
ing gave way over a large a rea  a s  far a s  
the top part  of the wing next to the leading 
edge. Most of the left wing was destroyed 
on impact and owing to water pressure on 
the p:ating from the inside. 

The fractures in the passenger seat 
frames and safety belts suggested a for- 
ward effect of inertia combined with a 
slight turn to the left. This was confirmed 
by the aircraft 's  attitude a t  the time of the 
crash a s  described by witnesses, i. e. 
steep dive and left spin. 

Inspection of the limited number of 
pieces of fuselage and compartment cover- 
ing recovered revealed no signs of impact, 
perforation or  tear other than thosecaused 
by the impact of the aircraft  on the water 
and its consequent destruction. 

The assumption of fire in flight inside 
the cockpit or  passenger cabin could not 
be substantiated in the absence of burns 
on the salvaged parts of the wreckage. 
The supposition even that the alleged burns 
on passengers had really been caused by 
f i re  in the short period of t ime during 
which the aircraft  remained in flight, the 
flames, if any, would have been the conse- 
quence of an explosion and would have 
come from inflammable gases or  fumes 
in the a i r  surrounding the aircraft  caused 
either by gasoline or  by other spilt liquids. 
Nor could it be proved that a hydrogen 
expIosion had occurred, a s  a result of 
overcharged batteries, since nothing unu- 
sual had been observed in flight o r  on the 
ground at Mar del Plata Airport. 

Medical Examination of Victims 

The results of the medical examination 
revealed that although death had occurred 
a s  a result of various fractures,  the bodies 
also showed burns on the a rms ,  thorax an& 
abdomen, but it was interesting to note 
that the clothes of the victims did not bear 
t races  of burns. Moreover, no discoloura- 
tion or  deterioration was observed that 
might have been caused by f i re  o r  acaustic 
substance. 

Following study it was stated that the 
above burns might have been produced by 
some volatile substance or a vesicant type 
of gas. The report concluded that "while 
instantaneous death was caused by the 
violence of the impact, the skin injuries 
would appear to indicate that they occurred 
while the victims were still alive and, 
therefore, should have started before the 
final crash. 

As a result of this report it was 
decided to car ry  out a microscopic and 
spectographic examination of the fibres in 
the office of the National Police Force in 
order to determine whether t races  of 
vesicant elements were present on, or had 
penetrated, the clothes worn by the victims. 

The conclusions were a s  follows: 

1. The evidence showed no t race of 
burns or of extraneous substances 
or elements, bearing in mind the 
conditions to which it was subjected. 

2. Spectrographic analysis of the 
evidence failed to reveal any 
specific indication of remains of 
any vesicant liquid or gas; the 
presence of elements found was 
to be expected normally. 

Following the f i r s t  medical report and 
in view of the results of the spectrographic 
analysis, the Board traveLIed to M a r  deL 
Plata to conduct a further examination in 
order  to determine whether in actual fact 
the bodies of the victims bore t races  of 
burns. 
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It was concluded that - 
1. "The clothes analysed in the 

Chemistry Department of the 
National Gendarmerie bore no 
t races  of f i re  or caustic 
chemicals. 

2.  Critical analysis of the results 
of the histological examinations 
revealed the following: 

a)  The mobilization of cellular 
elements observed may corre-  
spond to intra-mortem (agony 
and initial stage of death) vital 
cellular phenomena. 

b) Absence of vasodilatation and 
liquid exudations in the epi- 
dermis and the derm of the 
supposedly burnt skin, the 
presence of which would un- 
questionably prove action by 
caustics on the skin while the 
victim was alive. 

3. The injuries which a t  f i rs t  were 
taken for burns, a s  indicated in 
the report following examination, 
could equally well have been 
caused by mechanical action and 
maceration by sea water, together 
with other elements, such a s  
gasoline, hydraulic liquids, etc. 
By mechanical action i s  meant 
the traumatism brought about by 
the aircraft 's crash onto the 
surface of the sea and the friction 
of clothes, abrasives thrown up 
from the bottom of the sea, etc. ,  
in addition to the influence of the 
movement of the sea. It must be 
recorded that the clothes of the 
bodies recovered from the sea 
were impregnated with gasoline. " 

Reconstruction of the Accident 

Investigators then focussed their 
attention on the reconstruction of the 
accident and i t  was possible to determine 
that the actual flight, from the time of 
take-off until the moment the aircraft  was 
lost from sight by witnesses at the airport, 

did not coincide with the statements of the 
control tower operator either in respect 
of the path or of the time elapsed before 
the aircraft  disappeared. It was also 
definitely proved that at  no time did the 
aircraft  head directly towards Bahla Blanca 
following the initial turn to the right a s  
stated by the control tower operator. 

Four witnesses at  the airport followed 
the aircraft 's  path from the time power 
was applied on the runway for take-off up 
to the moment it was lost sight of in climb. 
Their statements did not coincide with those 
of the control tower operator. Four other 
witnesses near the shore had seen the air-  
craf t  approach the sea on a path almost 
identical with the runway centreline, i. e .  , 
heading directly from the airport towards 
the sea. They saw the aircraft  make a 
wide left turn over the water a s  though to 
return to the airport, and it had then lost 
speed and height and crashed into the sea. 

On the basis of the foregoing the flight 
was reconstructed under similar weather 
conditions and a t  the hour of the accident 
in the presence of all witnesses. Each 
witness was provided with a portable radio 
set and was accompanied a t  his respective 
observation post by technical aviation 
persomel.  Thus, liaison was established 
between the aircraft  in simulated flight, 
the control tower and the witnesses, and 
it was possible to achieve an accurate 
reconstruction of the flight of the aircraft ,  
LV-AFW. 

The time during which the aircraft  
remained aloft was conclusively proved to 
be one minute and fifty-seven seconds, 
rather than six minutes a s  stated by the 
control tower operator. This statement 
had at f i rs t  misled the investigators. The 
operator had testified to six minutes so as  
to preclude admission that immediately 
following take-off and closing VHF commu- 
n~cations he left his post and went to the 
airport cafeteria where he was seen by 
witnesses who testified in the investigation. 

Probable Cause 

For  undetermined reasons the aircraft  
crashed into the sea during a turn following 
a tzke-off at night. 

ICAO Ref: A R / ~  19 
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No. 3 5  

Pan  Amer ican  World Airways ,  DC -6B, i'i 5026K, accident  a t  Shannon Al rpo r t ,  
I re land ,  on the night of 2 1-22 June 1959. Findings of the investigating 

of f icer ' s  r e p o r t  as r e l eased  by the Uepartment  of T ranspor t  and Power ,  Ireland.  

C ~ r c u m s t a n c e s  

The a i r c r a f t  c a r r i e d  6 c r ew,  2 p a s -  
ser-gers and a mured cargo .  J u s t  a f t e r  i t  
had s t a r t ed  i t s  take-off run  a propel le r  
blade fa l lure  occu r red ,  which was  followed 
by a n  engine tearaway and a f i r e  which 
destroyed the a i r c ra f t .  T h e r e  were  no 
~ n j u r l e s  to those aboard.  

hves t lga t ion  and Evidence 

ruptured  fue l  l i nes  and  fuel  compar tments .  
The a i r c r a f t ' s  f i r e  control  s y s t e m  was  
opera ted  co r rec t ly  but was ineffective as 
rt is designed to ope ra t e  wlthin the a r e a  
enclosed by the cowlings. The cowlings 
and p a r t  of the f i r e  s p r a y  r ings  had fa l len  
away with No. 4 engine. The  F i r e  and 
Rescue  Servlces  went into ac t ion  approxi -  
mate ly  3 minutes  a f t e r  the f i r e  broke  out. 

P robab le  Cause  

T h e r e  was evidence to show that  a The  accident  was  caused  by fat igue 
fa i lure  had o c c u r r e d  in No. 1 blade of f a i lu re  of No. 1 blade of No. 4 propel le r .  
No. 4 propel le r .  This  r e su l t ed  i n  the l o s s  
of 50 inches of the length of th is  b ladeand Labora to ry  findings showed that  the 
a n  unbalanced condition, which caused  the f a i lu re  was  caused  by previous blade 
No. 4 engine to be  pulled f r o m  i t s  mount-  bending resul t ing in  the disruption of the  
mgs .  F i r e  then broke  out and combustion compress ive  s t r e s s e s  in the  shot  peened 
was sustained by  the pe t ro l  flowing f r o m  a r e a  of the p rope l l e r  blade. 

ICAO Ref: AR/ 604 
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No. 36 

T r a n s  World A i r l i n e s ,  Lockheed Super  Constel la t ion 1649-A, N 73 13C, 
acc ident  i n  the  vicini ty  of Olgiate Olona, V a r e s e  P rov ince ,  I ta ly 

on 26 June  1959. Th i s  s u m m a r y  i s  ba sed  on the Engl i sh  t r ans l a t i on  
of the  f inal  r e p o r t  of the B o a r d  of Inquiry,  appointed on ins t ruc t ions  

f r o m  the Minis t rv  of Defence. Reoublic of Italv. a s  r e l e a s e d  in 
I , , 

November 1960 a s  a Civi l  Ae ronau t i c s  B o a r d  (USA) 
A i r c r a f t  Accident  R e ~ o r t .  F i l e  No. 1-Om. 

C i r c u m s t a n c e s  

TWA's scheduled flight No. 891126 
took off f r o m  Malpensa A i r p o r t ,  Milan, a t  
1620 hou r s  GMT fo r  Or ly  A i rpo r t ,  Paris, 
with 8 regular  c r ew ,  one e x t r a  m e m b e r  
a n d  59 p a s s e n g e r s  on board .  Af te r  
15 minutes  of flight and  while s t i l l  c l imb-  
ing on the  p r e s c r i b e d  rou te  (Malpensa - 
NDB Saronno - NDB Biel la)  d i s in tegra t ion  
of the  a i r c r a f t  o c c u r r e d  a n d  i t  c r a s h e d  t o  
the  ground,  f r o m  a n  al t i tude of about  
11 000 f t ,  n e a r  Olgiate Olona. A l l  p e r s o n s  
a b o a r d  we re  ki l led,  a n d  the  a i r c r a f t  was  
des t royed .  

Maximum p e r m i s s i b l e  weight with- 
out fuel  - 117 000 lb  - a t  take-off f r o m  Malpensa 

t he  a i r c r a f t ' s  weight without 
fuel  was  107 175 lb 

Design diving speed  (VD)  
336 k t  (EAS) 

Maximum p e r m i s s i b l e  speed  
(VNE) (UP t o  13 300 f t )  

294 k t  ( U S )  

Norma l  operat ing l im i t  speed  
(VNO) (UP  t o  18 800 f t )  

261 k t  (EAS) 

Invest igat ion a n d  Evidence Des isn  manoeuvring speed  (VA) 
195 kt  (EAS) 

The A i r c r a f t  
Design (f lap 80'7' extended)  

A s  of 26 June i t  had  flown a to ta l  of speed  (take-off) (VFE) 

6 671 hours ;  895 hou r s  s ince  i t s  l a s t  ove r -  185 kt (EAS) 

haul  and  approximate ly  72 hou r s  s ince  i t s  
l a s t  Upkeep and  L ine  Inspection. It was  Design (f lap 1000/o extended)  

cons ide red  t o  be a i rwor thy  on the  d a y  of speed (landing) (VFE) 

the  accident .  160 kt  (EAs) 

At  the  t ime  of take-off f r o m  Malpensa ,  
the a i r c r a f t ' s  weight (120 175 lb)  was  well 
below the max imum author ized  (160 000 lb)  
and the  ba rycen t r e ,  a t  21% of the m e a n  
ae rodynamic  chord ,  was  within the l im i t s  
a l lowed f o r  the weight indicated.  

The  following a r e  s o m e  of the a i r -  
c r a f t ' s  operat ional  l i m i t s  a s  taken  f r o m  
i t s  Fl ight  Manual: 

Opt imum cl imbing a i r s p e e d  (V)  
156 k t  (EAS) 

Limi t  of acce le ra t ion :  f lap up, 
2 .5  g ;  f lap down 2 g. 

-Maximum different ial  p r e s s u r e  
in fuselage:  10.92" Hg. A l so  
( f r o m  Lockheed 's  data  on 
s t r u c t u r a l  ca lcu la t ions)  : 

Design speed  for  m a x i m u m  
gus t  intensi ty  of 66 f t l s e c  (VB) 

175 kt  (FAS) 
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The Crew 

The captain held a CAA Airl ine 
Transport  Rating Certificate for DC-3, 
D C - 4  and Lockheed Constellation 049, 
749-A, 1049 and 1649-A ai rcraf t .  He had 
h is  las t  CAA physical examination in 
April 1959, his !ast line check in 
September 1958 and his l a s t  instrument 
check in April  1959. He had flown a total 
of 2 5  514 hours,  682 of which were on 
1649-A ai rcraf t .  

The co-pilot had been a TWA captain 
since June 1956 and held a CAA Airline 
Transport  Rating Certificate for Martin 
and Lockheed Constellation a i rcraf t .  His 
last  CAA physical examination was in 
May 1959, his l a s t  line check in June 1958 
and his las t  instrument check in 
February 1959. He had a total of 12 150 
flying hours to his credi t ,  76 of which 
were on Lockheed 1649-A's. 

The f i r s t  officer held a CAA Com- 
mercial  and Instrument Rating Certificate 
and had flown a total of 3 500 hours,  382 
of which had been on Lockheed 1649-A air- 
craft .  

The two flight engineers held Air-  
frame and Engines  mechanic Licences, 
and each had flown over 9 000 hours in- 
cluding more  than 600 hours  in Lockheed 
1649-A aircraft .  Their  l a s t  line checks 
were ca r r i ed  out ear ly  in 1959. 

All these c rew members  had had a 
r e s t  pkriod of 12 hours preceding the 
flight of 26 June. 

Weather - General 

At 1200 on 26 June, Western Europe 
was under the influence of a weak westerly 
influx of Atlantic a i r  slightly cooler  than 
the existing a i r ,  advancing f rom the West 
behind a relatively weak cold front which, 
upon reaching the Alps in the morning, 

b. 
settled against them, being held in check 
by the mountain chain and forming a wave 
motion along the Franco-Swiss side of the 
chain. Not until ear ly  afternoon did the 

front succeed in overcoming the obstacIe 
and spreading over the P o  Valley. Surf a c e  
winds were ve ry  weak during the ent i re  
day over most of Europe. At an  altitude 
of 10 000 ft (700 mb) there  was noted a 
weak gradient wind of about 15 kt pushing 
the front forward. 

It was very difficult to establish the 
exact surface position of the front in the 
Po Valley, but i t s  existence was a s c e r -  
tained by an  analysis of the general  char t s  
a t  various altitudes. The front was a c -  
companied by vast  and imposing forrna- 
tions of cumulus clouds, heavy showers 
and s to rm activity. 

In view of the small  r i s e  in the 
surface temperature  during the day be- 
cause of dense clouds, the scattered 
s to rms  hitting the Po  Valley on the af ter-  
noon of 26 June seem to  have been due to 
phenomena of forced updraft, caused by 
the infiltration of cold a i r  f rom the Alps, 
and by the passage of the front ra ther  than 
to ther moconvective phenomena. 

The calculation of the available 
energy for the phenomena of forced up- 
draft, a s  the maximum estimate of the 
r ising vert ical  cur ren t s  in the s to rm cell 
a t  the presumed height of the crash,  i. e. 
between 10 000 and 11 000 ft, comes out 
to about 12 m /  s, (approximately 39 ft/ s e c ) ,  
a figure which may go up to I9 m / s ,  (ap- 
proximately 62 it/ sec) ,  if the thermic 
instability is a l so  considered a s  being 
active. 

Because of the aforesaid possible 
speeds of the rising currents ,  in contrast  
with the downward currents  which, although 
weaker, were always present about the 
s to rm cell,  the existence of turbulence 
with strong accelerations can be admitted. 

Weather - At Time of Take-off f rom 
.Mal~ensa 

The weather bulletins showed that a t  
1620 hours,  take-off t ime  of the flight f rom 
Malpensa, the weather over the a i rpor t  was 
not good but neither was i t  prohibitive, 
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even though the rumble  of thunder,  a l r eady  
audible a t  1600 hour s ,  announced the ap -  
proach  of a s t o r m .  S t o r m  act ivi ty of 
modera te  intensity reached the a i r p o r t  a t  
1650 hours.  

Weather - At  the Site of the  Accident  

The a i r c r a f t  c r a s h e d  approximately 
12.5 k m  f r o m  Malpensa Ai rpo r t .  The 
weather  conditions may  be p re sumed  to 
have been s imi l a r  t o  those r epor t ed  by the 
weather  s tat ions a t  Malpensa and  Linate.  
In fact,  dense cloud format ions  covered  
the .Milan a r e a  a t  a l t i tudes  of f r o m  2 000 - 
4 000 t o  14 000 - 20 000 f t .  At higher 
a l t i tudes ,  towering cumulonimbus fo rma-  
t ions,  in l a rge  ce l l s ,  ex is ted  a t  up to  
3 3  000 ft. 

Below 2 000 - 4 000 f t  the cloud 
ceiling may  for  sho r t  per iods  have drop-  
ped to 600 - 1 000 f t  during the showers .  
More o r  l e s s  steady r a i n  and  shower ac t iv-  
i t i e s  existed over the Alps  and in  the  
Po  Valley until the sys t em moved on to- 
w a r d  the Adr ia t ic  Sea ,  permit t ing the 
en t ry  of nor ther ly  winds, a f te r  which the 
sk i e s  became c l e a r .  

Reasonably re l iab le  wi tnesses  s ta ted  
that  a t  the t ime of the c r a s h ,  i . e .  
1635 hours ,  i t  was  raining slightly in  the 
vicinity of Olgiate Olona and  the ceiling 
was  es t imated  a t  600 - 700 m .  Visibility 
was approximately 3 - 4 km.  T h e r e  had 
been a v e r y  heavy shower 5 to  10 minutes  
before  the accident ,  and  i t  ra ined  v e r y  
h a r d  again,  brief ly,  some  t ime l a t e r .  
Some wi tnesses  hea rd  thunder and saw 
f lashes  of lightning just  before and a f t e r  
the accident .  

A s  t h e r e  was no weather  s tat ion in 
the vicinity of Saronno,  no fur ther  data 
could be a sce r t a ined .  

Conditions likely to cause  d is turbances ,  
e l ec t r i c  d i scha rges  and ice  format ions  

Because  of the  frequency of s t rong 
upward and downward ve r t i ca l  a i r  c u r r e n t s  

that accompany them,  formations of s t o r m  
clouds a r e  always accompanied by d is turb-  
ances ,  even of g rea t  violence, and the 
existence of s trong e l ec t r i c  cha rges  with 
wide differences in potential and conse-  
quent d ischarges .  Inside these  format ions ,  
icing will occur  a t  heights above the level  
of the the rmic  z e r o ,  which according to 
the soundings made  by the Linate s tat ion 
a t  1200 hours  was in  the neighbourhood of 
11 500 ft. However, this  al t i tude may 
v a r y  inside the s t o r m  cloud; hence i t  i s  
pe rmis s ib l e  t o  a s s u m e  that in  th is  c a s e  
i c e  might have fo rmed  immediately above 
10 000 f t .  

Navigational Aids  

T h e r e  was no evidence that a s s i s t -  
ance  was reques ted  by the a i r c r a f t  f r o m  
the radio  a ids  of the Te rmina l  A r e a  of 
*Milan. F r o m  the authorizat ions i ssued  by 
the Milan A r e a  Control  Cent re  and the 
communicat ions exchanged between the 
a i r c r a f t  and that control  office, i t  appear-  
ed that the a i r c r a f t  plotted i t s  cou r se  by 
utilizing f i r s t  the Saronno and then the 
Biel la  rad io  beams  which were  operat ing 
continuously during the flight. 

Reconstruct ion of the Fl ight  

Fl ight  891126 began a t  Athens,  
Greece  a t  1015 hours  on Lockheed 1649-A 
a i r c r a f t ,  N 8083H, which stopped a t  Rome 
a t  1215 hour s ,  where the flight was then 
r e s u m e d  on N 7313C. The a i r c r a f t  de- 
par ted  Rome a t  1400 hour s ,  a r r iv ing  a t  
,Milan (Malpensa Ai rpo r t )  a t  1536 hours 
a f t e r  a no rma l  flight. At  Malpensa the 
captain went to the m e t e o r o l o ~ i c a l  and 
operat ions offices for c l ea rance  regarding 
the flight to P a r i s .  

The history of the flight f r o m  
~Malpensa Ai rpo r t  up to the t ime of the 
c r a s h  was recons t ruc ted  on the b a s i s  of 
the flight plan, the exchange of m e s s a g e s  
between the plane and the Malpensa tower ,  
between the plane and Milan Control ,  and 
on the b a s i s  of the distr ibut ion of the 
wreckage on the ground, and test imony.  
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At  1617 hour s  the a i r c r a f t  was  
c l ea red  by Milan Control  a s  follows: 

"~Malpensa-Par is ,  via NDB 
Saronno and Biel la .  Over 
Saronno a t  4 000 f t .  Cl imb to 
10 000 f t  o r  m o r e  above Saronno 
following the waiting c i rcui t .  
Approach Biel la  a t  18 500 f t  and 
maintain that altitude. I '  

The a i r c r a f t  then took off a t  1620 hour s  
and was a sked  to  r epor t  on reaching  
4 000 ft and Saronno. A t  1623 i t  repor ted  
a s  being a t  2 300 ft. One minute l a t e r  
con tac twas  establ ished between the a i r  - 
craf t  and Milan Control  (Lina te) ,  but the 
communication was in ter rupted  because 
of power fai lure on the r e c o r d e r .  (The  
s t o r m  caused  a n  in ter rupt ion  of the 
e lec t r ic  c u r r e n t . )  By relat ing that  com-  
munication with the authorizat ion rece ived  
and the previous conversat ions with the 
,Llalpensa Control  Tower,  i t  was a s s u m e d  
that the captain was report ing that he had 
reached the al t i tude of 4 000 i t  and was 
proceeding toward Saronno. A t  1626 the 
a i r c r a f t  advised  that i t  was  on the Saronno 
c i rcui t  a t  6 000 f t ,  then repor ted  a t  1632 
that  i t  was leaving Saronno NDB a t  10 000 f t  
and proceeding toward Biel la  NDB. At 1633 
the a i r c r a f t  s en t  out i t s  l a s t  radio s ignal  to 
Milan Regional Control. The emergency 
conditions, which a r o s e  a f t e r  this l a s t  
contact,  the disintegrat ion of the a i r c r a f t  
and i t s  c rashing  to the ground took place 
within about two minutes.  I t  appea r s  e m -  
dent that  the accident  was  of a sudden and 
vlolent na tu re  and was  due  to unexpected 
conditions of abnormali ty.  

Medical Aspects  

Fn so f a r  as the c r e w  was concerned,  
the autops ies  showed no  evidence what- 
soever  of any  in t r ins ic  o r  ex t r ins ic  ele-  
men t s  in the bodies ,  such as the p re sence  
of pre-exist ing organic changes,  o r  the 
p re sence  of carbon monoxide, o r  a sudden 
i l lness  of the pi lots  followed by immedia te  
death,  o r  of the alcoholic factor  (intoxi- 
cation) with resu l t ing  e r roneous  handling 

of the a i r c r a f t  etc .  , which might l ead  to  
the belief that  t h e r e  were  o ther  c a u s e s  of 
death bes ides  complex t raurna t i sm.  

The ~t ' reckane 

The c r a s h  a r e a  was about 30 k m  to 
the northwest  of lMilan and included the 
towns of Olgiate Olona, Prospiano,  
Gor la  Minore, Nizzolina, .Marnate a n d  
Castel lanza,  a l l  of which a r e  to the north-  
e a s t  of Busto A r s i z i o  in the Province  of 
Varese .  

Proceeding into the sa id  a r e a ,  in a n  
eas t -wes t  d i rec t ion  corresponding m o r e  
o r  l e s s  to the a i r c r a f t ' s  rou te ,  the sca t -  
te r ing  of the wreckage on the ground ex- 
tended for  about 3 km along a wide and 
i r r egu la r  t r a i l  which began about 1 k m  to 
the nor theas t  of Nizzolina and ended a t  
the town of Olgiate Olona. 

Along this  path, the following p r in -  
cipal  p a r t s  and  p ieces  of wreckage were  
found in the o r d e r  l i s ted  below. A11 p a r t s  
were  brought to a cen t r a l  depot a t  
Gal la ra te  where  a detai led examination 
of eve ry  piece was  c a r r i e d  out. 

1. The upper plate  of a fuel tank cap  
(P .N .  750438-13). I t  was  l a t e r  
a sce r t a ined  tha t  i t  belonged to 
tank No. 6 o r  No. 7. 

2. The upper and  lower panels ,  
wing r i b s ,  bulkheads,  a n  inlet 
pipe (P. N. 478301) and qther  
s t ruc tu ra l  p a r t s  belonging to 
tank No. 6 and  the r ight  s ide  of 
tank No. 7 .  

The (r ight)  wing s t r u c t u r e  f r o m  
the outer  bulkhead of tank No. 6 
t o  the p lane ' s  cent re l ine ,  in-  
cluding tank No. 6 and the r ight  
half of tank No. 7, d is in tegra ted  
in flight into many p ieces ,  which 
were  found sca t t e r ed  over the 
wreckage t r a i l ,  but a t  a d is tance  
up-course f r o m  the ma in  wreck- 
a g e  and the r e s t  of the r ight  wing 
a s  descr ibed  below in sub-para. 4. 
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In the a r e a  of tank No. 6, between 
the outer bulkhead and the bulk- 
head partition between tank No. 6 
and tank No. 7 ,  the upper wing 
s t ructure  and the front spar  
(constituting, with the r e a r  spar  
and the two bulkhead partitions. 
tank No. 6) showed c lear  signs of 
having been bent outward, mani- 
festly the result  of strong pres-  
sures .  

In part icular,  the wing panels on 
both the upper and lower sides,  
constituting the top and the bottom 
of tank No. 6, showed a curvature 
of about 25 cm. 

As already stated, the s t ructura l  
pieces of the right side of tank 
No. 7 were found, together with 
those of tank No. 6, scattered 
over the wreckage t ra i l ,  up-course 
f rom the main wreckage and right 
wing. The partitioning bulkhead 
between tanks 6 and 7 was found, 
in pieces of considerable size,  a t  
the beginning of the wreckage trai l .  
The s t ructura l  par ts  of the left 
side of tank No. 7 were,  however, 
found in several  pieces, damaged 
by the impact and by f i re ,  under 
the fuselage at Olgiate Olona. 

The intake pipe of tank No. 7 was 
spli t  open by the obvious effect of 
g rea t  internal  pressure .  Exami- 
nation of the ends of the pipe and 
of the corresponding connexion 
points on the partition bulkhead 
between tanks 6 and 7 and on the 
wing panel constituting the top of 
tank No. 6 ,  disclosed that the pipe 
had been subject to outward s t r e s s  
and that, before that s t r e s s  was 
exerted, both the partition bulk- 
head and the wing panel were  a t  
their  proper places and in a nor- 
m a l  position. 

All these  p a r t s  belonging to the 
a r e a  of tank No. 6 and the right 
side of tank No, 7 were found to 
be perfectly clean and f ree  f r o m  
t races  o r  indications of f i re .  A 
careful examination did not dis- 
close any t race  of electrical  dis-  
charges. 

3. Engines No. 3 and 4 became de- 
tached f rom the right wing in 
flight, fell some 1 100 m to the 
southeast of the main wreckage 
and were considerably damaged. 
No failures, damage o r  f i re  oc- 
cur red  in these engines while the 
a i rc ra f t  was st i l l  in the a i r .  Sub- 
sequent checking (in the U. S.A. ) 
of the calibrations shown by the 
governors of engines No. 3 and 4 
revealed that they were set  for 
the following speeds - 1 949 rev 
and 2 502 rev  respectively, the 
lat ter  indicative of a climbing 
speed. 

4. The right wing, complete with i t s  
cowlings and landing gear assem-  
bly, was broken off a t  a point 
along the assembly housing. It 
fel l  650 m to the southeast of 
where the main wreckage fell. 
Examination of a l l  the a r e a s  of 
breakage showed no evidence of 
breakages due to s t r e s s  o r  metal  
fatigue. The f i re  damage incurred 
took place af ter  the wing had be- 
come separated for the a i rc ra f t .  

5 .  The main wreckage included the 
fuselage, the left wing, the left  
landing gear assembly,  the nose 
landing gear and engine No.  2. 
It s truck the ground almost ve r -  
tically, and was found with the 
nose pointing to the southeast in 
such a p s i t i o n  that the axis of 
the fuselage formed with the north 
an  angle of about 1400. It was 
badly damaged, twisted and broken 
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in many ~ l a c e s .  Engine No. 2 
showed no signs of fai lures o r  
damage in flight. A s  a result  of 
severe  f i re  damage it was not 
possible to ascer ta in  whether i t  
had caught f i r e  in the a i r .  A s  
governor No. 2 had been destroy- 
ed by f i re  on the ground, i t  was 
not possible to determine i t s  
speed setting. 

The inspection failed to disclose 
any concrete and significant evi- 
dence which might support the 
existence o r  the development 
during the planets normal flight 
of abnormal conditions which 
would have been either the direct  
o r  the indirect cause of the acci-  
dent. 

6 .  The entire tail assembly became 
separated f rom the plane in flight 
a t  a point beyond the pressur iza-  
tion bulkhead and fell close by a 
fencing wall about 450 m south of 
the main wreckage, and was 
considerably damaged. Five 
pieces of the two elevators,  the 
lower pa r t  of the left rudder and 
part  of the terminal s t e rn  cone 
and fairing were found distant 
f rom the tail assembly,  indicating 
that these par ts  broke off while 
the a i rc ra f t  was still  in the a i r .  

Examination of the breakage a r e a  
of the tail assembly failed to dis-  
close any t race  of metal fatigue 
and showed that the assembly be- 
came separated f r o m  the end of 
the fuselage a s  a result  of stat ic 
overloads, directed to the left and 
downwards. Evidence showed 
that the assembly was structurally 
in i t s  proper position when, d u n n g  
flight, a f i r e  broke out on the front 
pa r t  of the a i rc ra f t  and enveloped 
the tail assembly f rom i t s  right 
side. 

7 .  Engine No. 1, which became de- 
tached f rom the left wing in flight, 
fell about 250 m to the southwest 
of the main wreckage and was 
badly damaged. It had not had 
any failure,damage o r  f i r e  while 
the a i rc ra f t  was in the a i r .  Later 
examination (in the U. S. A.  ) 
showed i t s  governor was set  for 
2 611 rev ,  indicating a climbing 
speed. 

Installations and Equipment of the Aircraf t  

Various factors made the examina- 
tion of these pa r t s  quite difficult. Some 
conclusions were not so much the result  
of concrete and specific physical evidence 
a s  they were of careful and logical inter-  
pretation and of indirect but relevant indi- 
cations. Some par t s  were subjected t o  
bench tes ts  and partially o r  totallv dis- 
a s  sembled. 

The resul ts  of the various examina- 
tions follow. The t e r m  "abnormality" 
used means any failure o r  breakdown 
which, having occurred before o r  a t  the 
t ime of the accident, might have been the 
direct  or indirect cause  of it. 

Air  conditionins svs tem 

No abnormalities were found in 
pressurization, heating, refrigeration o r  
a i r  circulation. 

Automatic pilot sys tem 

No abnormality. It was not possible 
to determine whether the automatic pilot 
was on a t  the time of the accident; however, 
i t  was not believed to be the case.  

The Ai r  Data Sensor's calibration 
showed the following data: 

Altitude: between 2 685 and 7 000 ft  

Speed: between 145 and 195 mph. 
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Communications and navigation 

No abnormality. The weather radar  
was operating. 

F i r e  fighting equipment 

No abnormality. It had not been 
used. 

Flieht controls 

It was concluded that the various 
controls were in normal operating condi- 
tion a t  the t ime of the accident. The flap 
controls were  in the "retracted" position. 

Fuel sys tem 

In view of evidence that tanks No. 6 
and 7 had disintegrated in  flight, this  sys- 
tem was examined with extreme care .  

With the exception of tank No. 6 and 
the right side of tank No. 7, a l l  tanks 
showed signs of damage f rom f i re .  All 
tank caps were recovered. It was estab- 
lished that one of them, of which only the 
upper plate remained, belonged either to 
tank No. 6 o r  No. 7 .  

The level-indicating rods for  tanks 
No. 1 and 6 were not found. I t  was be- 
lieved that they had been removed f rom 
the c rash  si te by unauthorized visitors. 

All  the metallic mesh f i l ters ,  with 
which the fuel intake ports on the top sur -  
face of the wings were equipped, were 
found, with the exception of the one belong- 
ing to tank No. 5. 

The fuel dumping controls were found 
In the closed position. 

The right side vent outlet of the fuel 
tanks was in place on the right wing; the 
left side one was found in the main wreck- 
age,  crushed and detached f rom the left 
wing. These outlets were la ter  subjected 
to a se r i es  of tes ts  intended to ascer ta in  
any possible t r aces  of lightning. 

The seven submerged pumps of the 
seven tanks were r e c w e r e d ,  identified, 
and checked by testing and disassembling. 
They were a l l  in proper working order .  

No other par ts  of the system showed 
any signs of abnormal conditions. 

Hydraulic sys tem 

Nothing abnormal was found with the 
exception of minute bronze residues in the 
flange and the angle joint of the re turn  pipe 
of hydraulic pump No. 1. It was disclosed 
that the residues came from pistons No. 3 
and 8; however, the pump was found to be 
in working condition. 

It was deduced f r o m  examination of 
individual par ts  and kinematic motion tes ts  
thereon that the two sides of the landing 
gear and the nose wheel assembly were in 
the re t racted position when the a i rcraf t  
disintegrated. The fact that the left por- 
tion of the landing gear was found in an 
extended position, and the right portion in 
a partly extended position, was ascribed 
to the inertia forces generated by the 
breaking off of the right wing and by the 
impact of the right wing, the fuselage and 
the left wing with the ground. 

About 80% of the accessor ies  of the 
front compartment of the hydraulic sys- 
t em were recovered. F r o m  examination 
of these par ts  i t  could not be established 
whether f i r e  broke out in  this compartment 
while the a i rcraf t  was in flight, however, 
if there  actually was such a f i re ,  it could 
only have been a small  one. 

Lubricatine oil. oxveen and elec- 
t r ica l  systems 

No abnormalitie a were found. 

Instruments and controls 

The Commission could not a r r i v e  a t  
any reliable factual deductions f rom exami- 
nation of the various flight instruments and 
installations recovered. 
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prac t ica l ly  a l l  the ins t ruments  were  
broken, twisted and damaged a s  a r e su l t  
of the disintegrat ion of the a i r c r a f t  i n  
flight, the impact  of the wreckage with 
the ground and the f i r e .  The s a m e  % a s  
:rue of the engine cont ro ls .  

It \ \as  possible,  however, to deduce 
:hat the a i r c r a f t  a t  the t ime of the acc i -  
dent was proceeding tcward  Biella within 
the p re sc r ibed  l imi t s  of speed,  al t i tude 
and route and that i t  did not make use of 
any emergency m e a s u r e s .  

Damage f r o m  lightning 

No t r a c e s  o r  s igns of s t ruc tu ra l  
damage of any significance due to l ight-  
ning were  found. In pa r t i cu l a r ,  the s t ruc -  
tures  of tanks No. 6 and 7 showed no s igns  
of damage of this  kind. 

No signs of lightning s t r ikes  were  
found on the s tat ic  d i scha rge r s  o r  the 
a r e a s  nea r  them. Likewise,  no evidence 
of lightning s t r ikes  was found on the 
col lec tors  of the fuel tank vent outlets .  

,Maintenance r e c o r d s  of the a i r c r a f t  
and enelnes  

The r e c o r d s  w e r e  examined to de t e r -  
mine whether pre-exist ing conditions of 
abnormali ty might have had a d i rec t  o r  
indirect  re la t ion  to the c a u s e s  of the acc i -  
dent. I t  was asce r t a ined  that  previously 
the a i r c r a f t  had made five landings in a n  
overloaded condition and one landing which 
had been c lass i f ied  a s  a landing; 
however, inspect ions made  a f t e r  such 
landings had d isc losed  nothing abnormal .  
It was a l s o  d isc losed  that  the automatic  
control of the p re s su r i za t ion  s y s t e m  had, 
in the pas t ,  given continuous trouble and 
was s t i l l  doing s o  a t  the t ime  of the last 
flight; however, the sys t em ' s  manual  
control  was  in good working o r d e r .  The 
r e c o r d s  a l s o  showed a s e r i e s  of minor  
difficulties, which were  taken into account  
in the examination of the wreckage.  In- 
cluded in  these  were  some  l eaks  in  the 
fuel  tanks,  which had been  promptly r e -  
pa i red  a s  soon a s  d iscovered ,  

Supplementary Inquir ies  

Along with the afore-mectioned in- 
2-uiries, a s e r i e s  of o ther  t e s t s  was c a r r i e d  
3ut on var ious  a c c e s s o r i e s ,  ma te r i a l  and 
? a r t s  in tne plants  of the . i l ia  Romeo, 
Secondo Xlona and o ther  indcs t r ia l  f i r m s .  

The r e su l t s  brief ly were  a s  follows: 

1. I n s ~ e c t i o n  of the sea t  o i  caD 
P. k. 700438-13 on the wing top 
of tank No. 6. to a s c e r t a i n  
whether a burn  m a r k  found 'had 
been due to lightcing - 

- the m a r k  had been  caused  
by welding during r e p a i r  
work. 

2 .  Tes t s  on s a m ~ l e s  of me ta l  taken 
f r o m  the wing f r ame  and inspec-  
tion of the " f rac ture  a r e a s "  to 
a s c e r t a i n  the cha rac t e r i s t i c s  or' 
the me ta l  and  the type of f r a c t u r e s  - 

- the me ta l  conformed to the 
specif icat ions,  and  the f r ac -  
t u r e s  showed the c h a r a c t e r -  
i s t i c s  of impact  f r a c t u r e s .  

3 .  biicroscopic examination of the 
fuel tank vent  outlets  to a s c e r t a i n  
whether t r a c e s  of blackening and  
heating found on one of the vents  
could be  a s c r i b e d  to e l ec t r i c  d is -  
cha rges  - 

- the t r a c e s  were  due to  hea t  
of the f i r e ,  and the two vents  
b o r e  no evidence of lightning 
s t r ikes .  

4. Examination of and bench t e s t s  on 
the submerged numus of tanks KO. 4. = 
F a n d  d and  p a r t s  of s a m e  to a s c e r -  
ta in  whether the pumps were  in 
good working o r d e r  - 

- they were .  
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5.  Examination of a roll  of paper 
found alone the wreckage trail '  

- the paper was a special 
wrapping paper having no 
proper t ies  capable of s t a r t -  
ing o r  feeding any process  
of spontaneous combustion. 

6. Examination of the technical data 
supplied bv Lockheed Aircraf t  
C o r ~ o r a t i o n  ~ e r t a i n i n e  to the 

0 

plans of the Super Constellation, 
1649-A 

- the resul ts  of this examina- 
tion a r e  presented in study 
No. 1 of the section which 
follows deallng with principal 
inquiries in the United States 
of America .  

Principal  Inquiries in the United States of 
America  

Other studies were made in the 
United States of America  a t  industrial  
plants, maintenance shops, special insti- 
tutions and laborator ies  under the direct  
supervision of the Civil Aeronautics 
Board. 

1. Analysis of the breakage points 
of the individual ~ i e c e s  of wreck- 
age t o  ascer ta in ,  on the bas is  oi' 
theconst ruct ion calculations. the 
resul ts  of the breakage t e s t s  
made on the prototype, and the 
breaks  that  occurred in N7313C, 
whether disintegration of that a i r -  
craft  in flight was due to aero-  
dynamic s t r e s s e s  of any kind or  
to other causes  - 

- disintegration of the a i rc ra f t  
was due to explosive forces  
originating in tank No. 7 .  

Studv of the t ra iec torv  of fall of 
some significant pa r t s  of the a i r  - 
craf t  which became separated in 
flieht f r o m  the a i rc ra f t  after  its - - - -  

disintegration to asce r t a in  the 

height a t  which the plane disinte- 
grated,  by comparing the actual 
distribution on the ground of som 
of the significant par ts  which be- 
came detached in flight with the 
position obtained by calculation: 

- within the framework of the 
assumptions on which the 
study &as based,  the results  
showed, with the same degrc 
of probability, the following 
three  combinations of altitud 
and speed (with wind): 

560 kt U S  a t  a n  altitude of 5 000 ft 
290 kt IAS a t  a n  altitude of 10 000 ft 
125 kt U S  a t  a n  altitude of 13 000 ft 

Because of the uncertainty exist- 
ing in the evaluation of certain 
parameters  entering into the 
calculations, the resul ts  of the 
study must be taken a s  indicative 
and not conclusive. 

3. P r e s s u r e  tes ts  on fuel tank caps 
P. N. 0750438-13 to asce r t a in  
whether p ressure ,  and if so how 
much, could cause the fuel tank 
cap to separa te  into i t s  component 
pa r t s  so that one of those pa r t s ,  
namely the upper plate, could 
appear in the same condition a s  
the one that was found, i. e .  clean 
and undamaged. 

The t e s t s ,  made on new caps,  
revealed that the caps in question 

a )  can be ejected f rom the seat  
onto which they a r e  screwed, 
following f rac ture  of their 
lower portion, by p ressures  
ranging between 110 and 136 ps 
or  thereabouts, namely, a p r e s  
s u r e  much higher than that 
which will, in fact, cause the 
tank s t ructure  to collapse and 
the fuel intake pipe to crack;  

b) cannot be damaged, by s t r e sses  
deriving f rom pressures  of 
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various strength,  in such a way 
a s  to cause a breaking down oi 
the various component par ts  re-  
sulting in the separation of the 
upper plate only and no other 
damage.  

On the basis of these tes ts ,  :t was 
definitely agreed that the cap to 
which the plate belonged could not 
have been ejected f rom i ts  sea t ,  
in the upper surface of the wmg, 
a s  a resul t  of explosive fo rces ,  

4. Tests  on the vent outlets for the 
escape of gasoline vapours f rom 
the fuel tanks of the Super 
Constellation. 1649-A to aster- - -  - - - -  

tain whether the gasoline vapours, 
assumed to be f lammable,  ;merg- 
ing f rom the vents,  can be ignlted 
electrically, and lf so ,  whether 
the resulting f i re ,  through the out- 
l e t s ,  will spread to the rnterlor of 
the tanks - 

- under the conditions m which 
the t e s t s  were  made,  i t  was 
established that the gasoline 
vapours will ignite under ce r -  
tain conditions, but the f lames 
will not spread to the tanks. 

5 .  I n s ~ e c t i o n  of the inner surfaces of 
some pieces of plpe of the vent out- 
l e t s  for  the escape of gasolrne va- 
Dours. belonging to N 731 3C to - a - 

ascer ta in  whether the condition of 
the surfaces gave physical evi- 
dence of the spreading of f lames 
through these  pipes - 

- the resul t  was negative. 

6. Study of the possibility of sabotage 
to ascer ta in  whether i t  i s  possible 
to introduce, through the fuelling 
ports  and into the fuel tanks, suit- 
able compounds, properly prey 
pared,  which will l a t e r  ignite the 

gasoline vapours existing in the 
tanks and cause  them to explode, 
without leaving any physical evi- 
dence - 

- l t  was concluded that such a 
possibrlity existed a s  some 
such cases  have been known 
to occur. 

7. l n s ~ e c t i o n s  and bench tes ts .  made 
on the premises  of specialized 
f i r m s ,  on various pa r t s ,  acces-  
so r l e s  and e a u i ~ m e n t  belonein@ to 

- no evldence of abnormal 
conditions was found. 

8. Static tes ts  on fuel tank caps 
0438 13 

- - 

- revealed that the breakage of 
the individual component pa r t s  
of the caps occurs  under loads 
corresponding to p r e s s u r e s  
ranging between 126 and 14 1 psi ,  
namely, p r e s s u r e s  far g rea te r  
than those required to cause 
the tank s t ructure  to give way 
and the fuel intake pipe of tank 
No. 7 to burst.  

9. Stat ist ical  inauirv into the trouble 
encountered in the pr5Ccdcal use of 
submerged pumps in the iuel  tanks 
to examrne the typical dziects en- 
countered in pumps of this type 
and to asce r t a in  whether such de- 
fec ts ,  if found present  in the sub- 
merged pumps of N 7313C, might 
have directly o r  indirectly caused 
the gasoline vapours in the tanks to 
ignite and explode - 

- i t  was established that the 
pumps of N 7313C had no such 
defects.  
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10. Tests on the highest tempera- 
ture  that the body casing of a 
submerged pump can attain 
when the pump i s ,  by mistake, 
kept operating for a long time 
'in a practically empty tank to 
ascer ta in  whether, under the 
conditions in  question, the 
result  would be a n  explosion 
of the gasoline vapours 
contained in the tanks - 

- the tes ts  showed that the 
highest temperature  
reached under the condi- 
tions cited would be about 
1200 6. 

11. Statistical inquiry into the 
r e ~ l a c l n e  of P. N. 750438- 13 
caDs and P .N .  481742-1 
aipstidcs on TWA planes a t  
some past  time to ascer ta in  
t r o m  existing records ,  whether 
any cases  of-loss of these 
accessor ies  in flight had ever 
occurred in the past  - 

- no evidence was found of 
any cases  of this kind. 

12. Statistical inquiry into the 
damaee suffered bv 193  lanes 

.z 

which were  struck by light- 
nlng in 1958- 1959 to obtaln 
?actual elements for  a n  evalua- 
tion, on the basis of and in 
accordance with past experi- 
ence, of the importance to be 
given to damage caused by 
lightning to the s t ructure  of 
N 7313C - 

- such damage was no 
grea te r  than that usually 
suffered by other planes 
struck by lightning. Also, 
it showed that there  were 
no cases  on record of 
vent outleta being struck 
by lightning. 

13. Inspection of all the technical 
records on fo rmer  u s e  of- 
m l 3 C  f rom the date it was 
b w l t  to the date of the accident 
to ascertain whether the trouble, 
the malfunctioung, the s t r e s s e s  
from abnormal landings e t c . ,  
which had occurred durmg the 
practical  use of the a i rcraf t  
might have been directly o r  
indirectly related to the causes 
of the accident - 

- the results  of the inqury 
were considered during the 
technical examination of the 
wreckage. 

14. Inquiries a s  to the origin of a 
roll  of paper found alone the 
wreckage path - 

- i t  was not possible to a s c e r -  
tain the origin of the paper 
nor  a s  to whether i t  was 
aboard N 73136. 

15. Chemical analyses of the roll of 
paper - 

- they disclosed only that the 
roli  was a special-type of 
wrapping paper having no 
part icular characterist ics 
of flammability, and that i t  
contained no substance that 
would aid combustion. 

16. hspect ion of the vent outlets of 
N 7313C to ascer ta in  whether the 
vents showed t races  of lightning 
s t r ikes  o r  of stat ic e lect r ic  d is-  
charges (s teamer  corona) such 
a s  might cause gasoline vapours 
to ignite - 

- the vents showed no evidence 
of e lect r ic  discharges;  how- 
ever,  i t  was decided that 
this did not exclude the pos- 
sibility that stat ic discharges 



had occur red  m ?he vents that 
could have ignited +he gasoline 
-;a?ours i s s m g  f r o m  them. 

17. ?Vilcrospectrograpnrc exan=mat;on 
o i  the meta l l lc  m e s h  f l l t e r  of 
tab& No. 7 to a sce r t a rn  whether 
*he filter might have been,  ln 
some  way, the s t a r t m g  point of 
*he explosron in that  'ank and 
whether ~t showed anythmg ab-  
n o r m a l  - 

- the r e su l t  was negative.  

corona)  - - 
- they revealed that: 

a )  On a n  L- 1649-A plane etat ic  
d i scha rges  should occu r  a t  
the vent outlets if the a r r c r a f t  
i s  s t ruck  anywhere by lrght- 
ning, o r ,  if i t  i s  not s t ruck ,  
when i t  f l ies  through clouds 
that a r e  charged with e lec-  
t r rc i ty ;  

b)  Stat lc  d i scha rges  of an inten- 
srty comparable  to those like- 
ly  to occu r  in flight,  gene r -  
ated in ca lm air in a recep-  
tac le  containing f lammable  
fuel  vapours ,  will igrute 
these vapours ;  

c )  While the above-mentioned 
t e s t s ,  in the p re sen t  s ta te  of 
knowledge, do not show that  
s ta t ic  d i scha rges ,  generated 
at the vent outlets  of a n  a i r -  
c r a f t  m flight,  will neces-  
s a r i l y  cause  the f lammable  
fuel  MpOUrS i s s u n g  f r o m  
these  outlets to igni te ,  they 
indicate that  this haza rd  
cannot be  excluded; 

2 The Zests and obser-atzon3 mea-  
::ol=ed 2 +he :-GO preceding ? a r a -  
graphs  de iuute ly  lndlcate -&at 
adeqtlate p r e c a u t i x ~ a r y  m e a e u r e s  
should be developed azd % d o p e d ,  
? a r ~ l c u l a r l y  'he a ~ ? i ~ c a i ; ~ ~  af 
act l-f lame s c  reen3 i3 +&e 7" eni  oat-  
,zts and Lye dzslgz axd cozsr ruc-  
:ion o i  these outlers 30 a s  to r e -  
dilce the posslklllq- of the lo-ma-  
tron of e lec t rsca l  s t a t ~ c  discharges; 

e) Stat lc  drscharges  can, and gener-  
a l ly  should, develop wlthout leav- 
m g  on typical i l r rc ra i t  m e t a l s ,  
and therefore  on the vent outlets ,  
any normal ly  v-isrble ev lder~ce .  

Drscussion 

E x ~ l o  slon m fuel tanks No. 6 and 7 

Cent ra l  tank No. 7 rs subdrvlded lnto 
two symmetrical pa r t s  by a cen t r a l  bulk- 
head havlng a n  a m p l e  opexllng through which 
the two sect lons communicate with each  
o the r .  In the hermetically sea led  rrght 
bulkhead o i  tank S o .  7,  w h c h  sepa ra t e s  
this  tank f r o m  tank No. 6 ,  t he re  a r e  t h r e e  
holes.  The fuel  utake pipe (P. N. 47830 1). 
which runs  through tank No. 6, connects 
hermet ica l ly  the sa ld  th ree  holes  wlth the 
fuzl mtake port  r e c e s s e d  below 'he top 
su r f ace  o i  the wlng a t  a p o u t  where  that 
top su r f ace  constitutes the c e f i n g  of tank 
No. 6 .  Sald fuel mtake por t  1s h e r m e u -  
cai ly closed by cap P. N. 750438-13. 

The following main a c c e s s o r i e s  a r e  
msta l led  i n  the le f t  s e c b o n  of tank No. 7: 
submerged boos ter  pumps and respec t ive  
wiring,  e l ec t r i c  level- indicator  (probe  
unlt),  vent valve,  and 3-way se lec tor  c r o s s -  
feed valve. 

The following ma in  a c c e s s o r i e s  a r e  
instal led in  the r lght  sect lon of tank No, 7: 
e lec t r i c  level- indicator ,  vent valve,  and 
3-way se l ec to r  c ross- feed  valve. 
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Therefore, unlike the other six tanks, 
which have only one vent valve each, tank 
No. 7 has two vent valves fo r  the escape of 
gasoline vapours . 

The two vents a r e  symmetrical .  They 
begin a t  the right and left  bulkheads of tank 
No. 7 and end a t  two vent outlets situated 
one on the trailing edge of the right wing 
and the other on the trailing edge of the left 
wing, behind engines No. 1 and 4 ,  respec-  
tively. To these vent outlets a r e  connected 
a lso  the vent pipes of tanks No. 3, 4 and 6 
(outlet to the right) and of tanks No. 1, 2 
and 5 (outlet to the left). The outlets a r e  
not equipped with anti-flame wire gauze. 

From the description of the damage 
of the right wing a r e a  and taking Into ac-  
count the s t ructura l  features of tanks No. 6 
and 7 described above, i t  i s  deduced that: 

a) an explosion took place in the 
right section of tank No. 7;  

b) the explosion caused the fuel in- 
take pipe of tank No. 7, which 
runs through tank No. 6, to split; 

c )  the splitting of this fuel intake 
pipe immediately caused an  over- 
pressure ,  o r  another explosion, 
in tank No, 6 .  

Nature of the explosion 

The plane took off f rom Malpensa 
Airport  with the following fuel supply: 

T a n l a 1 . 2 . 3 a n d 4  6 2 5 g ~ e a c h  
(capac~ty of each tank 
1 343 - 1 386 gallons) 

Cental tank No. 7 22 gallons. excluding the 

(total c a p c l t y  non-usble residual quantity 
1 644 gallom) (11 @om) 

Tanks No. 5 and 6 0 gallons each, excluding 
(capacity 1 370 gallow the non-usable residua1 

each) quantity (5 gallons) 

At the t ime of the accident the fueL 
supply conditions had changed a s  follows : 

Conditions in central  tank No. 7 and 
tanks No. 5 and 6 had remained the same.  

An inspection of the plane's refuelling r e -  
cords showed that: 

1 )  the non-usable residual quantlty 
of gasoline in tanks 5 and 6 had 
been in the tanks for  about 10  hour 

2) the residual quantity of gasollne 
(22 usable and 11 non-usable gal- 
lons) in tank No. 7 had been in the 
tank for about 30 hours;  

3) under these conditions, tanks No. ! 
6 and 7 ,  a t  the time of the accident 
contained gasoline vapour s issuing 
f rom the residual fuel; 

4) the igniting of those vapours m tan1 
No. 7, whatever i ts  cause,  resulte 
in the explosion of tank No. 7, and 
that in turn immediately either pro 
duced a n  excess of p ressure  o r  an- 
other explosion in tank No. 6.  

Position and altitude a t  which the disinte- 
gration occurred 

On the basis of various considerations 
and taking into account a l so  testimony be- 
lieved to be reliable, i t  was estunated that 
the a i rc ra f t  disintegrated in the a i r  space 
above the a r e a  bounded by Ravello, 
Rescaldina and Nizzolina. 

With regard to the altitude a t  which 
the disintegration took place, i t  was not pos - 
sible to a r r i v e  a t  any conclusive and defixute 
findings . 

The study of the descent paths of some 
of the main wreckage par ts  disclosed that 
their  actual  distribution on the ground was 
in agreement with that obtained f rom the 
calculations for three  different combinations 
of speed and altitude (see  Inquiries m the 
U. S. A . ,  No. 2). 
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Considering that  - 
a )  a t  1633 ,  the t ime  oi  the l a s t  rad io  

s ignal ,  the a i r c r a f t  should have 
been a t  a n  al t l tude s l ight ly below 
1 1  000 ft;  

b )  the accident  occu r r ed  suddenly and 
was over  rn 2 mlnutes ;  

c )  the opera t iona l  p rocedures ,  subse-  
quent to the l a s t  radio s igna l ,  gave 
a s  m o s t  probable fo r  the a i r c r a f t  
a  speed of 170 k t  WS along i t s  
flight path and a cl imblng speed of 
800 - 1 000 f t l m ;  

the a iore-ment ioned  study of the descen t  
paths showed that ~ t s  r e su l t s  w e r e  not  com-  
pletely in conflict with a  possible  d i s ln t e -  
gratlon of the a l r c r a f t  a t  a  height of 11 000 - 
12 000 f t  and a speed  of about 170 kt LIS .  
However, o ther  combinations of speed and 
helght a r e  just a s  possible .  

Hypotheses regard ing  the causes  of the ex-  
d o  s ion 

I S t ruc tu ra l  f a i l u r e  due to aerody-  
namic  s t r e s s e s  of any  kind ( turbu-  
lence ,  exces s ive  manoeuvre  loads ,  
e tc .  ) ensumg explosion of the fuel  
tanks and ,  f inal ly,  disintegration 
of the a i r c r a f t ;  

Explosion of the fuel  tanks ,  caused  chrect ly 
o r  ~ n d l r e c t l y  by: 

I1 Faulty operat ion and f l r e  m the 
engines ; 

LII F i r e s  of a d i f fe ren t  na tu re ;  

IV Breakdowns and malf  unctioning of 
the flight i n s t rumen t s  and cont ro ls  
in gene ra l ;  

V Fore ign  bodies of any  kind s t r ik ing  
the a i r c r a f t ;  

VI Sabotage; 

VII E l e c t r l c  d i s cha rges  f r o m  the a t -  
m o s p h e r e ,  and consequent  d i s m t e -  
gra t ion  of the a r r c r a f t .  

I S t ruc tu ra l  f a r lu re s  due  to s t r e s s e s .  en-  

On the s t r eng th  o i  technical d a t a  sup-  
plied by Lockheed, a  s tudy was  made  of the 
var lous  conditions which might  subs tan t la te  
s t ruc tu ra l  f a l l u r e  a s  the p r l m a r y  c a u s e  of 
the acc ident .  The Inquiry was l m i t e d  to  
the wlng, because  i t  was believed that ~ t s  
breaklng away preceded  a l l  o the r  b r e a k a g e s .  

The considerations and d e d u c t ~ o n s  s e t  
f o r t h  he reunde r  a r e  based  on the assumption 
that  a t  the beginnmg of l t s  l a s t  flight,  the  
a l r c r a f t  was In a  n o r m a l  condition a s  r e -  
ga rds  main tenance  and s t r u c t u r a l  soundness  . 

Metal  fatlgue 

The possibi l i ty  o i  a  co l lapse  of the 
wmg s t r u c t u r e  a s  a r e s u l t  of m e t a l  fat lgue 
appea red  unlikely f o r  the followrng r ea sons :  

1 ,  no evidence of b reakage  i r o m  this  
cause  was found; 

2 .  the resistance of the ma ln  s t r u c -  
t u r e s  to fat igue was posi t ively e m -  
denced by the r e s u l t s  of t e s t s  m a d e  
by Lockheed and by the r e s u l t s  of 
the p r a c t ~ c a l  use  of the L-1649-A 
a ~ r c r a f t ;  

3. the wrng s t r u c t u r e  m e t  the  U. S. A. ' s  
F a l l  Safe R e q u r e m e n t s ;  t h e r e f o r e ,  
even m the c a s e  of breakdown of a 
s t r u c t u r a l  e l emen t ,  no co l lapse  of 
the e n t l r e  wing s t r u c t u r e  should 
have o c c u r r e d .  

Exces s ive  Manoeuvre  S t r e s s  o r  G u s t  

Under the conditions of weight  and  the 
position of the a i r c r a f t ' s  c e n t r e  of g rav i ty  
a t  the t i m e  of the  acc ident  and  i n  the p re -  
sumed  cl imbing t r i m ,  with the speed  of 
170 kt  o r  l e s s  indicated on the f l ight  path, 
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nel ther  intentional manoeuvre  nor  positive, 
o r  negative, gust  of any  intensity could 
have caused the breakdown of the wlng, 
because,  before the fo rces  n e c e s s a r y  to 
cause  the col lapse of the s t ruc tu re  had ap-  
e a r e d ,  the wrng would have gone into a 
5 tall .  

. i t  speeds hlgher than that indicated 
above,  the wing could not have broken away 
except under one of the following conditions: 

1 .  Manoeuvre: Exceeding the  posi- 
tlve load fac tor  4. 5 g. This cond i t~on  ap- 
pea r s  to be  unlikely, because the value 4. 5 
i s  ve ry  high (180% of the p re sc r ibed  m a -  
noeuvre l lmi t  fac tor )  and to reach  i t  would 
have requi red  a s h a r p  manoeuvre  a t  a very  
high speed,  such as a f t e r  a prolonged dive, 
which does not s e e m  likely to have happened 
m view of the suddenness of the accident ,  
but above a l l ,  because the breaking of the 
wmg should have occu r red  in  the outer  pa r t  
and not in the inne r  pa r t ,  a s  ac tua l ly  hap- 
pened. 

2. Gust: At the typlcal design c ru i s -  
mg speed (VC) and des ign  speed  for  rnaxi- 
m u m  gus t  intensi ty (VB),  that  i s  to s ay  a t  
the plane 's  speed of 261 and 3 2 6 k t  (EAS), 
the wing was capable of standing, without 
breaking,  ver t ica l  gust  speeds not in ex- 
c e s s ,  respectively,- of 100 f t  p e r  second 
(30. 5 m / s e c )  and 75 ft p e r  second 
( 2 2 . 7  m / s e c ) .  

These  f igures  a r e  ve ry  high and give 
a convincing demonstrat ion of the s t ruc -  
t u r e ' s  marg in  of safety with r e spec t  to 
s t r e s s e s  due to gus ts ,  even if the calcula-  
tions concerning this inquiry were  developed 
exclusively f r o m  the s ta t ic  aspec t ,  without 
taking into considerat ion the dynamic effect 
of the gus ts .  

However, a fu r the r  investigation for  
the evaluation of the  dynamic effect  of gusts  
on the wing of the model  1649-A a i r c r a f t  
disclosed that  the i n c r e a s e  fac tor  of the 
bending moment  on the wing, due to said 
dynamic effect,  i s  not v e r y  g rea t ,  ranging 
as it does  between 1 .06  and 1 . 2 ,  and that 

m any case  l t  i s  no g r e a t e r  than that calcu- 
lated for  the prevlous models  749 and 1049-C, 
both of whlch have been tested extensively.  
In a s  much a s  1t 1s shown by the foregomg 
+hat  the breakdown of the wmg by o v e r s t r e s s  
f r o m  gust  r e q u r e s  the concomitance oi hlgh 
flight speeds (not admissible m a h ~ g h l y  tur -  
bulent a tmosphe re )  and gusts  of ex t r eme  
mtens l ty ,  and in a s  much a s  in thls  ca se  
a l so  the breaking of the wlng should have 
occu r red ,  In a l l  probability, m the outer  
p a r t  of the wlng a s  explained above,  the 
hypothesis of the breaking of the wing by 
s t r e s s  f r o m  gusts  1s believed to be wholly 
improbable ,  

Excess ive  divlne speed 

Breakdown f rom excess ive  drvlng 
speed was considered in the event, w h c h  
cannot be excluded a p r io r i ,  that the plane, 
having gone out of control m rough a l r  ex- 
ceeded i t s  design divmg speed (VD) = 326 k t  
EAS . 

1. Static overload - Under this condi- 
tion, the s t ruc tu re  that undergoes the grea t -  
e s t  s t r e s s  i s  not the wing but the fuselage 
(on the r e a r  a r e a )  because  of the dep res s ive  
fo rce  exer ted  on the horizontal  tail sur face  
(downward flexlon). ActuaLly, the breaking 
up of the fuselage and separa t ion  of the 
complete ta i l  a s sembly  occu r red  ln fllght.  
However,  a s  the examination of the wreck- 
a g e  d isc losed ,  the separation occur red  a f t e r  
and not before the wrng broke away.  Proof 
of this i s  the consideration that ,  had the tail 
a s s e m b l y  become sepa ra t ed  before,  the 
plane would have dived abruptly,  wlth the 
r e su l t  that the wing would have broken off 
by inve r se  flexlon, which did not happen. 

2. D v n a m ~ c  overload 

i) Wing f lut ter  

Data supplied by Lockheed r e -  
garding the plans of the 1649-A a i r -  
c r a f t  showed that  the wing i s  f r e e  
f r o m  self-induced vibrat ion up to the 
speed of 1.2 VD (39 1 k t )  and under 
any  condition of fuel  load. 
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Since the wors t  condition 
exis t s  when the wmg h a s  a fuel load 
of 7 650 gal lons,  l t  follows that  wth 
the fuel load the a i r c r a f t  was car ryrng  
a t  the t u n e  of the accldent  (2  200 gal- 
l o n s ) ,  the pos s lbi l i ty of flurte r was 
v e r y  r emote .  F lu t te r  would ha:-e 
caused the m a x m u m  bending s t r e s s e s  
m the a r e a  of the nacel les  of the outer  
engines and the maxlmurn tors ion  
s t r e s s e s  m the a r e a  between the outer  
and inner  nace l les  . Examlnatlon r e -  
vealed no  breakage  f r o m  s t r e s s e s  of 
this  type. Self-mduced f lut ter  v ~ b r a -  
:Ions would very  llkely have caused 
*he lead m a s s e s  iitted on .he leadmg 
edges of both wing tips to break  away 
during flight - mstead ,  +hey were  
recovered  ve ry  c lose  to the l r  respec-  
tlve wmg portions. 

~ i )  Tai l  f lut ter  

As  In the c a s e  of the wmg, 
the absence  of f lut ter  up to the speed 
of 1 . 2  VD = 391 kt EXS was a s c e r -  
tained a l so  wlth respec t  to the tall 
assembly .  Also l t  was shown that 
separa t ion  of the tal l  took place a f t e r  
the events causlng the accident .  

Thus ,  wlng and ta i l  f lut ter  
could not be considered p r i m a r y  
causes  of the accldent .  

Excess ive  rolling o r  excessive vawine 

-2 violent rolllng manoeuvre  o r  a n  ex-  
cess lve  rolling speed would have caused 
slgns of tors lon  on the wing covering m the 
a r e a  of the ou te r  nace l les  - such  signs were  
not found - o r  a i l e ron  breakages  of a type 
different  to those  observed  on examination 
of the wreckage.  

A s  f o r  yawing manoeuvres ,  the m o s t  
c r i t i ca l  s t r u c t u r e s  a r e  the back port ion of 
the fuselage and the ver t i ca l  tail sur face .  
Actually, t he re  was evidence that  the plane 
was yawlng a t  a high angle  of d r l f t ,  with 

s t rong s ide  s t r e s s e s ,  but the t r a c e s  of S r e  
on the ta i l  a s s e m b l y  and the symmet r i ca l  
na ture  of the breakage on the tail indicated 
+hat  a breakdown i r o m  excess  of unsymmet-  
r i c a l  loads whlle yawrng m u s t  l ikewise be 
excluded a s  the p r u n a r y  cause  of the accr -  
dent .  

Ex?;o~ion  oi the t a u s  and suDsequen: 
dlsinregrat lon of the plane 

LI Zxploslon s e t  off by malfunctronmg 
or, o r  lire m, the englnes 

The technrcal m q u r i e s  made  into the 
power plants excluded the possibi l t ty that  
*he englzes m a y  have broken down o r  heen 
on f i r e  p r lo r  to the e x p l o s ~ o n  and,  t he re fo re ,  
m a y  have been  the d e t e r m m m g  cause  of the 
exploslon. 

Thls was conilrmed by &e iac: ' k t :  

1 .  nerther  the t7 ow o i  alr cooling the 
gene ra to r s  n o r  the flow of gasollne 
and 011 to the four engines was in- 
te r rupted;  

2 .  the f i r e  extrnguishers  of the four 
englnes were  not  turned on; 

3 ,  none of *be propel le rs  was feath-  
e r ed .  

ILI Explosion s e t  off by o the r  f i r e s  

-1 f i r e  m a y  have broken out on the 
plane in flight and s e t  off the explosion. 
however,  such  a possibi l i ty appeared  to be 
r emote  and wholly improbable.  

F i r e  damage on the wreckage  of the 
aircraft, however it occu r red  as a r e s u l t  
of the exploslon, would hard ly  have been  
such as to prevent  recognition of any  evi-  
dence of f i r e  occurr ing  during n o r m a l  flight.  
Because  of the suddenness of the  accident .  
such  a f i r e  would have le f t  v e r y  cha rac -  
t e r i s t i c  and easr ly  idenhfiable m a r k s .  No 
such  evidence was found. 
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IV Malfunctioning of the flight instruments 
and controls in general 

No physical evidence of breakdowns 
o r  abnormalities a s  the di rect  o r  indirect 
cause of the explosion of the tanks was 
found, which was not attributable to the 
consequences of the explosion itself. 

No evidence of electrical  discharges 
was found in the interior of tanks No. 6 
and 7. 

As to the upper plate of cap 
P. N. 750438-1 3, three hypotheses were 
considered: 

1. The cap, to which said plate be- 
longed, was removed, a t  the 
c rash  s i te ,  f rom the wing panel 
to which i t  was attached by some 
unauthorized person who, after 
having disassembled the cap into 
i t s  component par ts ,  kept one or  
more  of them and threw away the 
others , including the plate. 

This hypothesis was subject to 
doubt in view of the following - 

i) the plate was found a t  a dis- 
tance f rom the wing panel in 
the middle of a field about 
100 m away from the nearest  
road; 

ii) not one of the remaining parts 
of the cap was found in said 
field and immediate vicinity; 

iii) the plate was found exactly a t  
the beginning of the wreckage 
trail ,  where i t  probably would 
have fallen if, fo r  any reason 
whatever, i t  had become de- 
tached from i t s  cap and from 
the wing a s  a consequence of 
the explosion, o r  just before 
it. 

2 .  The cap became detached from 
the wing and then broke up into i ts  
component par ts  a s  a consequence 
of the explosion. 

Considerrng the results  of tes ts ,  t h s  
might be explained, for instance, a s  the 
result  of some hidden fault in the thread of 
the central stem onto which the check nut is 
screwed. 

In fact, if the central  stem should 
break off in that a r ea ,  the cap would auto- 
matically separate into i t s  component par ts .  
In a s  much a s  the link chain of the cap was 
not found ln i ts  place on the wing panel, lt 
must  either have become detached a s  
consequence of the explosion o r  i t  was re-  
moved by unauthorized persons who detached 
it f rom the panel. 

Against this hypothesis was the fact 
that the P .  N. 750438-13 caps were subject 
to periodical inspect~on and tes ts .  

3 .  Hidden fault e tc ,  a s  mentioned, 
with the variation that the flnal 
breaking of the thread of tlG-- 
central  s tem occurred immedi- 
ately before the explosion a s  a 
consequence of the pre-s t ress  
exercised by the check nut, the 
repeated opening and closing of 
the cap for refuelling, etc. - 
that i s  to say, i n  the course of 
the practical use of the 
P .N.  750438-13 cap. 

Of these three hypotheses, the third 
one, regarding the loss m flight of one of 
the fuel tank caps, i s  by far the leas t  prob- 
able. There was no record that loss in 
flight of P .  N. 750438-13 caps had ever 
occurred in the past. However, since 
such a hypothesis is the only one of the 
three  which i s  pertinent in so  fa r  a s  the 
search for the causes of the explosion of 
tank No. 7 was concerned, it was never- 
theless taken into consideration. 

V Explosion se t  off bv bodies strikine the 
plane's outer surface,  whether such 
bodies were extraneous to the plane o r  
were par t s  of the plane which had be- - - 

come detached f rom i t  

There were no t races  of such an  even- 
tuality. 
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VI Explosion set  off by explosive devices 
a s  the result  of sabotage 

No evidence of such a possibility was 
found. 

In view of - 
I ,  the results  of investigations re-  

garding the roll  of paper; 

2. the fact that, af ter  the loss  of the 
right wing and the tail assembly,  
the fuselage was sixll a closed 
body; and 

3. the fact that the plane's cargo was 
found with the main piece o f w r e c k  
age; 

i t  was considered that even rf the roll of 
paper had been aboard the a i rcraf t ,  the 
chemical analyses carr ied out regardmg i t  
excluded the possibility of i ts  having char- 
acterist ics such a s  would se t  off explosions 
o r  s ta r t  f i res .  

VLI Explosions se t  off by atmospheric elec- 
t r i c  discharges 

In a s  much a s  - 
1 ,  examination of the structural  

parts of tanks No. 6 and 7 dis- 
closed no evidence of internal 
electrical  discharges within said 
tanks ; 

2 .  tank No. 7 has two vent outlets; 

3 .  the two vents were not equipped 
with anh-flame screens;  

4 .  no physical evidence of lightning 
strikes was found on the two vent 
outlets; a study was made of the 
possibility that the explosion 
might have been se t  off by ignition 
of the gasoline vapours issuing 
from the vent outlets, caused by 
discharges of static electricity 
( s t reamer  corona). In fact, dis- 
charges of this type would leave 
no visible t races  on the outlets. 

T h s  possibility assumes *&e coex- 
rstence of the +hree followuag co~d:t;ons - 

a )  that the gasoline vapours contained 
in tank No. 7 formed with the air a 
mlxture that came within the ~ g n i -  
:Ion limrts; 

b) that the flammable vapours lssurng 
from the vent outlets could be 
ignited by an electrlc drscharge; 

c)  that after the vapours had been 
rgnited a t  the vent outlets, the 
flames could spread to tank No. 7 
through the vent pipes. 

For  each of the three conditions men- 
tioned above, the following observations a r e  
made: 

a )  Talung rnto account what emerges 
indirectly f rom the slx hypotheses 
se t  forth above, the fact  that there 
was an explosion of the vapours 
contained in tank No. 7 would rn 
itself indicate that the vapours 
were capable of being ~gnl ted.  T h s  
may be ascribed to - 

i) an aging process of the gasoline 
residue contained in tank No. 7; 

ii) a penetration of air m tank 
No. 7 through one of the two 
vent outlets, the conditions for  
such a circumstance having, 
in some way, been produced 
by the existence of the two out- 
lets;  

iii) by the possible loss ,  in flight. 
of the P. N. 750438-1 3 cap, 
taken possibly a s  a circum- 
stance in conjunction with the 
two preceding ones. 

b) As previously mentioned, the pos- 
sibility that stat ic and non-static 
electrical  discharges might ignite 
flammable gasoline vapours i s  suing 
f rom the vent outlets was studied in  
the United States of America,  with 
positive results .  
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Tests  conducted a t  a specialized in- 
s t~ tu t ion  confirm that: 

In the present  s ta te  of knowledge, i t  
cannot be stated that stat ic electr lcal  drs- 
charges generated a t  the vent outlets of an  
a i rcraf t  m flight will Invariably ignite flam- 
mable gasollne vapours issuing f rom the 
outlets; the t e s t s ,  however, i n d ~ c a t e  that 
thls hazard cannot be ruled out. 

The weather condltions a t  the t ime 
of the c rash  were  mos t  appropriate for 
creating, on the vent outlets of the Super 
Constellation N 731 3C, electr ical  d is -  
charges fully capable of igniting flammable 
gasollne vapours in the tes t  condltions de- 
scribed.  

Other tes ts  were  made in a tunnel a s  
follows: 

On only one of the original outlets, 
placed on the trailing edge of a n  
airfoil ,  f rom whose four outlet 
pipes Issued vapours containing a 
mlxture that was within the l imlts  
of flammability in  the case  of tanks 
No. 6 and 7, and not within those 
l lmi ts  in the case  of tanks No. 3 
and 4; 

a t  a p ressure  corresponding to an  
altitude of 1 700 ft; 

a t  a n  a i r  flow speed of 170 kt  IAS; 

for an  outgolng speed of the vapours, 
for  each individual outlet pipe, 
corresponding to climbing speeds of 
900, 600 and ze ro  feet per  mmute.  

They disclosed that in  the presence 
of non-static e lec t r ica l  discharges of suffi- 
cient intensity, said vapours ignite only if 
the plane is climbing, and that f lames unll 
not spread to the in ter ior  of the tanks. 

In conclusion, if the tes ts  mentioned 
do not make it possible to s ta te  definitely 
that s ta t ic  e lec t r ica l  d ischarges  occurring 
a t  the vent outlets of a Super Constellation 
in flight can ignite flammable gasoline va- 
pours issuing f rom these vent outlets, the 

tes ts  nevertheless indicate that this hazard 
cannot be excluded and that the vapours 
would actually igxllte if the electr lcal  d is -  
charges were  non-static and sufficiently 
mtense.  

c )  Wlth regard  to the poss lb~ l i ty  that, 
once the gasolme vapours had 
Ignited a t  the vent outlets ,  the f l re  
may  have spread to tank No. 7 
through the pipes, ~t i s  observed 
that the tunnel tes ts  durrng whlch 
such spreading did not take place - 
i) did not reproduce the rea l  vent 

outlet svs tem of tank 30. 7 
(existence of two outlet plpes 
and, therefore,  two vent outlets; 

11) dld not bring about the t rue  
conditions in which the plane 
mus t  have found itself a t  the 
t ~ m e  of the accident. 

Ln part icular ,  the tes ts  did not take 
lnto account the effects generated by the 
turbulence, by sudden varlations in fllght 
t r i m ,  etc;  such conditions, in concurrence 
with the existence of two vent outlets in tank 
No. 7 ,  may have made i t  posslble for the 
f lames to spread to the in ter ior  of tank 
No. 7 ,  causlng i t  to explode. 

Similarly, in said t e s t s ,  no conslder- 
ation was given to the possibility, however 
improbable i t  might be,  of the loss  in flight 
of cap P. N. 750438- 13, supposedly belong- 
ing to tank No. 7, located on the upper s u r -  
face of the wing. This circumstance may In 
fact have caused the f i r e  to spread to tank 
No. 7. 

Lastly,  the fact that the inspection of 
the inner surfaces of some sections of the 
outlet pipes taken f rom N 73 13C showed no 
t r aces  of the passage of f lames does not ap- 
pear  to be sufficient proof that such a circurn. 
stance did not actually take place. If f lames 
had actually passed through the outlet pipes, 
their  speed would have been too great  to leave 
any t r aces  on the inner walls of the plpes. 
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The hkelrhood of hypothesls  VII re -  
q u r e s  *he assumpt ion  -hat i n  the pas t ,  :n 
spi te  of the contrnuous operatron of Super  
Constellation 1619-A aircraft, none of thrs 
cype a r r c r a f t  was e v e r  lnvolved In that  s e r  
of c i r cums tances  and condrtrons whlch, 
having o c c u r r e d  m the c a s e  of X 731 3C, 
caused ~ t s  destruction. 

Such a n  asslumptlon, although only a 
possrbilrty, m u s t  be r ega rded  a s  a m a t t e r  
fo r  considerat ion.  Ln fac t ,  no Super  
Constellations, Model 1619-A, were  
equipped, a t  l e a s t  up to some  t u n e  a f t e r  
the N 731 3C acc ident ,  wlth a n  ant l-f lame 
s c r e e n  a t  the vent out lets  and ,  a t  l e a s t  on 
s h o r t  o r  medlurn-length f l ights ,  they flew 
with tanks 5, 6 and 7 empty.  

The re fo re ,  a l s o  because  of the consid- 
eratrons menhoned  above,the hypothesrs in 
quest ion,  although based on some  factual  
e l emen t s ,  can  be  proved only by a s lutable 
s e r i e s  of t e s t s  on the ground and in flight.  

It can  be pointed out that  the s a id  
hypothesrs a p p e a r s  to be ,  mdi rec t ly ,  i n  
a g r e e m e n t  with a l m o s t  a l l  the s ta tements  
m a d e  by wi tnes se s ,  r ega rd l e s s  of the r e l a -  
t ive value a t  which such  s ta tements  a r e  
taken; in fac t ,  in  the s ta tements ,  the c r a s h  
of the a i r c r a f t  was c lose ly  a s soc i a t ed  wrth 
a lightnrng s t r i k e ,  with the following succes-  
s ion of events:  

1)  l ighming s t r i ke  (and, t he re fo re ,  
subsequent  fo rmahon  of s t a t i c  
electricity d i scha rges ) ;  

2 )  sound of the explosion, o r  explo- 
sions; 

3 )  fa l l  of the plane 's  burning wreck-  
age .  

P robab le  Cause 

;o exammr;=g -Ize seV;en hygotheses 
dea l t  w:+& the r e p o r t  and m de t e rmming  
the d e g r e e  of ? r o b a b ~ l r t y  (plausrb1l:ty) of 
+hese  hypo:heses, the Cornmlssron i3110wed 
a p roces s  of e l ~ m r n a t ~ o n  whereby L5e i i r s t  
SIX we re  drscuseed  and d r sca rded ,  x h e r e a s  
the l a s t  was drscussed  and deemed  ?robable .  

The brealcicg up r c  f l ~ g h t  of the a r r -  
c r a f t  was due to +he explosion of the fuel  
vapours  rn -ank No. 7 ,  followed unmedra te lv  
by e i t he r  a n  exces s  o i  3 r e s s u r e  o r  a fu r the r  
explo sron rn tank S o .  6 .  

In the absence  of fu r the r  slgnrflcant 
and concre te  evidence,  taking lnto account  
the s t o r m y  weather  condrtlons, svltth f requent  
and s e v e r e  e l ec t r r c  d i s cha rges .  exlstlng m 
+the a r e a  a t  the t ime  of the acc-dent ,  ~t m a y  
be a s s u m e d  that the explosron of the fuel  va-  
pours  contalned m tank Xo. 7 was s e t  off, 
through the out let  p ipes ,  by the lgnrting of 
the gasol ine vapours  lssurng f r o m  these  
plpes a s  a consequence of s t a t i c  e l ec t r l c l t y  
d i s cha rges  ( s t r e a m e r  corona)  which de-  
veloped on the vent  ou t le t s .  

1. In view of the hypothesrs advanced,  
i t  was recommended that  the manufac tu re r s  
and organizatrons concerned undertake a 
p r o g r a m m e  of r e s e a r c h  and t e s t s  rntended 
to give deepe r  Insight into the phenomena 
re la t ing  to the pos srbility of fuel  tank explo- 
s ions caused by e l ec t r i ca l  d i s c h a r g e s .  

2 .  I t  was suggested that  pilots be 
ins t ruc ted  to avoid,  whenever  possible, 
c ros s ing  meteoro logica l  a r e a s  where  flying 
conditions a r e  pa r t i cu l a r ly  dangerous .  

ICAO Ref: AR/657 
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No. 37 

Continental Can Company, h c .  ,  martin 8-26C, N 1502, accident near  LMarion, Ohio 
on 1 July 1959. Civil Aeronautics Board ( USA) Aircraft  Accident Report, 

File No. 2-0543. released 14 October 1960 

Circumstances B-26's. He too had had a r e s t  period of 
about 20 hours pr ior  to the final flight. 

The a i rc ra f t  flown by two company 
pilots departed LMidway Airport ,  chicago, 'Neather - Briefing 
a t  1644 hours eas tern  davlieht time on an 
!FR flight plan. The flight $as being made Personnel of the weather bureau office 

transport  eight company executives to a t  Wdway Airport were  busy during the 
Baltimore, -Maryland. When near  Marion, afternoon of 1 July and could not state 
Ohio, and shortly after  the a i rc ra f t  had definitely that they briefed the crew of 
t raversed an a r e a  of pronounced thunder- this part icular flight p r io r  to departure. 
s torm activity, it dived violently andnearly However, knowing the normal  practices of 
vertically to the ground about 15 miles to the Continental Can Company c rews ,  they 
one side of the flight's planned course.  All believed that a weather briefing was sup- 
persons aboard were killed. The accident plied to this crew. All eastbound briefings 
occurred a t  1752 hours. that afternoon called attention to the exten- 

siveness and frequency of severe  thunder- 
Investigation and Evidence 

The Aircraft  

s t o r m  activity expected. Attention was 
drawn to a l l  pertinent forecasts and flash 
advisories available. ZT 15 02 was equipped 
with weather radar  which was operable a s  

Examination of the maintenance f a r  a s  could be determined. 
history and records  of the a i rc ra f t  indicated 
that maintenance had been satisfactory and Weather a t  the Time of the Accident 
in full conformance with Civil Air Regula- 7 1 /32  hours) 
tions. 

According to local  persons the weather 
At the time of the accident the a i r -  was substantially a s  follows: 

craf t  had flown a total of 2 967 hours. Since 
i t s  l a s t  overhaul i t  had flown 2 596 hours A thunderstorm had passed through 
and 76 hours and 50 minutes since the l a s t  the Marion, Ohlo, a r e a  about 30 minutes 
regular (quarterly) ~nspection.  before the accident. Light rain was falling 

a t  the t ime with light winds reported. The 
The Crew ceiling was esti-ted a s  1 506 ft to 4 500ft. 

There were no repor ts  of lightning o r  
The captain had flown 10 577 hours thunder in the a r e a  a t  the t ime of the crash.  

of which 805 hours had been in B-26's. 
P r i o r  to the final take-off, he had had a r e s t  Weather - General  
period of approximately 20 hours. He had 
been employed by the cbmpany since January Radar observations made by the 
1952 and held all FAA certification appro- Weather Bureau a t  Columbus, Ohio and 
priate for  the flight. Canton-Akron, Ohio a t  1700 showed a 

10-mile wide belt of thunderstorms running 
The co-pilot had flown a total of generally f rom northeast  to southwest just 

3 766 hours ,  1 728 of which had been on west of -Marion, Ohio. 
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A severe  weather warning was 
lssued at 1140 on 1 July by the Weather 
Bureau's  Severe Local Storm Office a t  
Kansas City. It read a s  follows: 

"Line thunderstorms a t  l2OOE 
from northeastern Indiana southward to 
western Kentucky and western Tennessee 
expected to move eastward about 25 kt 
intensifying during afternoon. Northern 
portion line more  active with a few severe  
thunderstorms with 1 /2 to 314 isolated one 
inch hail aloft, isolated extreme turbulence 
and surface wind gusts to 50 kt isolated 
60 kt expected in a r e a  60 miles ei ther side 
of a line f rom 30 miles northwest of Dayton, 
Ohio, to 25 miles north Bradford, 
Pennsylvania. Valid 1300E to 2100E. 
Isolated heavy thunderstorms expected 
southward along line through southern Ohio 
central  Kentucky and western  and central  
Tennessee a s  this line moves eastward 
during afternoon and ea r ly  evening. . . 

T h i s  warning was amended a t  1225 
to read as follows: 

"Revise severe  l imi ts  to read 1 /2 
to 314 isolated one inch hail surface and 
aloft, isolated extreme turbulence and sur -  
cace wind gusts to 55 kt isolated 65 kt valid 
1330E to 2100E.. . l 1  

At 1252, the aviation a r e a  forecast  
issued by the Weather Bureau a t  Chicago 
read in part  a s  follows: 

"Deepening surface low over  n o r t L  
e r n  Lake Michigan with cold front southward 
ac ross  extreme western lower Michigan - 
Goshen, Indiana, with front continuing east-  
ward a t  20 kt  fo r  next 12 hours. A squall 
line NNE-SSW a c r o s s  extreme northeastern 
Indiana with occasional ceiling 1 5 00 f t ,  sky 
obscured,  visibility two miles ,  thunder- 
s to rm,  rainshower, gusts to 50 kt moving 
out of northeastern Indiana by 1400C to 
1600C. 

At 1542 the following flash advi- 
so ry  was issued by the Weather Bureau 
forecast  office a t  Cincinnati: 

"Cold front a t  1700E, 50 mlles SE 
of F o r t  Wayne to near Paducah moving 
eastward 15 - 20 kt with s e r i e s  of squall 
lines eas t  of front through southern and 
centra l  Ohio, northern Kentucky, north- 
west West Virginia. Locally precipitation 
ceiling 500 ft sky obscured,  visibility 
112 mile thunderstorm heavy rain shower 
in front and squall lines with severe  turbu- 
lence and hail. Valid until 2100E. I f  

FAA procedures,  a t  the t ime ,  did 
not require transmission of the above 
severe  weather information to the flight 
on ground initiative. It was available on 
request ,  however, no such request  was 
made. 

The Flight 

The a i rcraf t  took off f rom Midway 
Airport a t  1644 hours and was cleared to 
Baltimore Airport via Peotone, V 144, 
V 44, to maintain 5 000 ft. It was subse- 
quently cleared to climb to and maintain 
9 000 ft. The flight reported over  
For t  Wayne a t  1724 a t  9 000 ft  and then, a s  
requested, i t  contacted Cleveland Centre 
a t  1733 hours on 125. 8 Mc/s stating that 
i t  estimated Findlay omni a t  1740 with 
Appleton omni a s  the next checkpoint. At 
approximately 1740 the flight contacted 
Indianapolis Centre and gave the following 
position report: "1502 checked Findlay a t  
39, a t  nine thousand, estimating Appleton 
a t  56, Zanesville, go head. " Indianapolis 
Centre acknowledged the position report  
and gave the Columbus alt imeter a t  29. 92. 
The flight acknowledged. This was i t s  
l a s t  transmission. 

Statements of witnesses indicated 
the following: 

The a i rc ra f t  was f i r s t  observed 
flying over the Marion Municipal Airport 
on a south-southeast heading a t  about 
4 000 ft  altitude. (How and why the a i r -  
c ra f t  descended f r a m  9 000 f t  i s  not 
known. ) It was next seen over the U. S. 
Army Engineer Depot, Marion, Ohio, 
s t i l l  on a southeast heading. The next 
positive observance of the a i rcraf t  was 
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*hen l t  was turning f rom an  eas ter ly  
heading to the north. It was seen to make 
a "short" climb and then continue the turn 
to a northerly heading. This northerly 
heading was maintained, and i t  then entered 
a vert ical  dive f r o m  an  altitude of about 
4 000 ft, 

Descriptions indicated that maxi- 
mum o r  near  maximum power was being 
developed by both engines throughout that 
portion of the flight when the a i rc ra f t  
al tered heading f r o m  the south-southeast 
to the north. Gaining altitude throughout 
the turn ,  the a i rcraf t  continued to climb 
after  reaching the northerly heading. -4t 
this point, power noise became l e s s  and 
the a i rcraf t  was observed to enter the 
reported vert ical  dive with power again 
applied, a t  o r  near  maximum, continuing 
until impact 

It crashed on a heading of 01 3O 
Speed a t  impact was extremely high a s  
shown by heavy portions of the a i rc ra f t  
imbedding themselves some 8 f t  in hard  
clay. The resulting destruction was so 
explosive-like that a high degree of 
disintegration occurred with widespread 
destruction of the a i r f r a m e  and of the 
power plants. All major components of 
the a i rc ra f t  were  found a t  the c r a s h  s i t e ,  
indicating that there  had been no inflight 
loss  o r  separation of parts .  There  was 
no physical evidence of s t ructura l  fai lure 
in flight nor of control fai lure nor  of power 
plant fai lure,  although investigation for 
these-possibilities was thorough. 

Analysis and Conclusions 

It was apparent that there must 
have been control difficulty of an undeter- 
mined nature. This may have been the 
breakage of a s t ructura l  member  o r  pos- 
sibly a deformation o r  bending of a p a r t ,  
precipitating the dive. I t  seems  logical 
that this had i t s  inception while the flight 
was in severe  turbulence only a few 

m n u t e s  ear l ier .  I: was not possible to do 
.-re than surmise  a s  to the origin of the 
trouble, because a considerable nu-nber 
of initial malfunctionings could have 
resulted in the a i rcraf t ' s  turn and final 
plunge. The nature of the a i rcraf t ' s  
manoeuvres p r io r  to the final dive, and 
their proxln-ity to the ,Marion Airport ,  
may suggest an rotent to land there ;  there  
was no tangible evidence of this. 

It appears probable that the a i r -  
craft 's  speed was reduced during the 
thunderstorm activity; this would account 
for  the time of the c r a s h  being a few 
minutes after  the a i rc ra f t  should have 
passed the vicinity. Being some 15 miles 
to one side of the planned course may well 
have been an  attempt to avoid the worst  of 
the weather a s  indicated by airborne radar .  
There is no explanation a s  to why this 
much deviation f rom the airway was not 
reported; possibly i t  was because of s t r e s s  
of the circumstances. 

Probable Cause 

The Board was unable to deter-  
mine the probable cause of this accident. 
However, circumstances suggested control 
difficulty of an undetermined nature during 
passage through an  active developing line 
of thunderstorms. 

Subsequent Action 

This and other seemingly s imi la r  
a i r  d isas ters  have led  the Board to initiate 
a s e r i e s  of conferences with o ther  govern- 
ment agencies and with industry to better  
both the currency and accuracy of flash 
advisories ( weather) and to impress  thei r  
importance on  the flying public. These 
conferences a r e  now in the exploratory 
stage and a r e  aimed at the development of 
new procedures designed to a s s u r e  the 
reception of severe  weather bulletins by 
those flights which could be affected. 

ICAO Ref. AR/6SO 
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No. 38 

P a n  Amer ican  World Airways,  Boeing 707, N 707PA, made  a n  
emergency landing a t  the New York International A i rpo r t  on 12 July 1959. 

Civil Aeronautics  Board (USA) Ai rc ra f t  Accident Report ,  
P i l e  No, 1-0058, r e l eased  Z May 1960. 

Ci rcumstances  

Flight 102 was a r egu la r  flight f rom 
me New York Internat ional  A i rpo r t  to 
London, England, ca r ry ing  102 passengers  
and a c r ew of 11. I t s  depa r tu re  was de-  
layed 30 minutes because of a wheel 
change. Shortly a t t e r  take-off a t  
2037 hour s  (1 1 ~ u l y ) ,  i t  l o s t  two of the 
iour  wheels of i t s  le f t  ma in  g e a r .  At  
PC29 hours  e a s t e r n  standard t ime (12 July) 
l t  made a successfu l  emergency landlng a t  
the New York International A i rpo r t  
(Idlewild). F o u r  of the 102 pas senge r s  
aboard were  injured during deplaning. 

Investigatron and Evidence 

The Flight  

Immediately a f te r  be coming a i r -  
borne,  one of the Idlewild tower control-  
l e r s  saw what h e  believed to be wheels 
s epa ra t e  f r o m  the undercar r iage  and fall  
into the bay a t  the end of the runway. He 
notrfied the flight and called the office of 
the P o r t  of New York Authority to have 
personnel  investigate and r epor t  the  iden- 
t i ty  of the object  - i t  was two wheels  f r o m  
the a i r c r a f t  with a portion of the t ruck  
beam at tached.  

The flight circled a t  low al t i tude 
whlle the captain appraised the  situation, 
and i t  was  decided to land the a i r c r a f t  a t  
~d lewi ld  with the landing g e a r  extended. 
The a i r c r a f t  had enough fue l  aboa rd  to en- 
able it t o  c i r c l e  for  approximately 3 hours  
at low al t i tude.  As a precautionary m e a s -  
u re  the l a s t  3 000 f t  of the runway were  
foamed. This operation was  completed a t  
2535 hour s .  By 0010 the emergency equip- 
ment  was r eady  and positioned f o r  the 
landing. 

F laps  were  fully extended, and touch- 
down was made within the f i r s t  1 000 f t  of 
the runway with the r ight  ma in  g e a r .  
Spoilers  were  ra ised  immedia te ly  and a s  
the le f t  m a i n  g e a r  and nose  wheels made  
contact,  full r e v e r s e  th rus t  was applied. 
It was possible to hold the a i r c r a f t  s t r a igh t  
using differentlal  r e v e r s e  t h r u s t  until the 
full weight set t led on the le f t  g e a r  and the 
left s t ru t  began to d r a g  on the runway. 
Right brake  was  sufficient to marntaln 
d i r e c t ~ o n a l  control ,  and a t  0029 the a i r -  
c raf t  came  to  a s top on the runway about 
1 200 f t  s h o r t  of the foamed a r e a .  

Although the s t ru t  end scraping  on 
the runway generated heavy sparking 
throughout the landing ro l l ,  no f i r e  oc-  
cu r red .  

It  was es t imated  that approximately 
400 - 600 people surrounded the a i r c r a f t  
a f t e r  i t  stopped. Most  of these  pe r sons  
were  the curious whose p re sence  se r ious ly  
hampered  the efforts  of the r e scue  w o r k e r s  
As  the re  was danger  of t i r e s  blowrng out  o r  
the col lapse of the damaged landing gea r ,  
the s igh t see r s  were  repeatedly asked  to 
m o v e o u t  o f t h e d a n g e r a r e a .  These  
warnings were  ignored,  and finally a P o r t  
Authority f i r e  t ruck  sprayed the crowd and 
c l ea red  the a r e a .  

Fo rward  Section of Truck B e a m  of Left 
Landrng G e a r  - Damage 

Examination revealed the p re sence  
of a f lat  peen m a r k  on i t s  top face  
7-112 inches forward of the t ruck  fu lcrum.  
A c r a c k  extending longitudinally approxi-  
ma te ly  1 - 112 inches each  way f r o m  the 
peen m a r k  was  evident.  Although the 
c lamshel l s  and polishing normal ly  a s s o  - 
ciated with m e t a l  fatigue were  not p re sen t ,  
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*here  were  the well-defmed end l m e s  of a 
fatlgue-llke c rack  whlch s t a r t ed  a t  the in- 
side su r face  of the t ruck beam.  The end 
&-nes and the lack of ductrlity rndicated the 
probabrlrty of m o r e  than one cycle of 
loading. A second l e s s  well-defined peen 
m a r k  was found about one-half a n  ~ n c h  
forward  of the above-described peen m a r k .  
Although h s  second m a r k  appeared  to 
have been made by a s h a r p e r  edge, no 

Wlthout thrs limrtrng act ion by the snubber ,  
the t ruck  beam i s  f r e e  to prvot :o a n  angle 
a t  which l t  wl i l  contact the ant lrotat ion bolt 
in the lower tors lon  link a s sembly .  Inves-  
tigatlon drsclosed that the posrtlon of +&e 
?een m a r k s  on the t r u c ~  beam of N 707P-4 
corresponded prec ise ly  w t h  the point a t  
w h c h  the beam would contact the ant l -  
rotat ion bolt durlng ove r  t r a v e l  of the t rucx  
beam. 

evldence of fatlgue was present .  -4 per l -  
phera l  hel ical  f r ac tu re  originated a t  thls  Xnalysrs 
peen m a r k  and r an  completely around the 
t ruck  beam to the lef t ,  t e rmmatrng  a t  the The Board  belleved that  the landing 
long~ tudmal  c r a c k .  g e a r  t ruck  beam of N 707PA was damaged 

on a previous fhght  by contact wlth the 
At the iorward  end of the l o n g i t u k l  lower tors ion  lulk a s sembly  ant irotat lon 

c r a c k ,  another  Instantaneous f r a c t i r e  ran  
hel ical ly to the r lght  completely around 
the beam and beyond to a polnt on the bot- 
tom of the beam t h r e e  rnches to the r e a r  
of the f ront  axle cent re lme.  A thrrd mstan-  
taneous f r a c t u r e  occurred  a t  the r e a r  of 
the longltudlnal c rack  and r a n  peripherally 
to the lef t .  

The lef t  m a u l  g e a r  lower  tors ion  link 
a s sembly  ant lrotatron bolt was s t i l l  i n  
place but ~ t s  nut was m l s s m g .  Some 
threads  w e r e  damaged and the end was 
slightly bent.  The bolt end su r f ace  had 
two peened a r e a s ,  each  the s a m e  s i ze  and 
shape a s  the peen m a r k  on the t ruck  beam.  
The lower space r  was a l s o  peened on the 
edge of i t s  lower sur face .  

Landlng G e a r  Truck - Snubber Assembly  

-Durmg take-off and landing, the 
landing g e a r  t ruck  m a y  be subjected to 
ex t r eme  and n o l e n t  ver t ica l  o s c l l l a t ~ o n  
over runway pavement a t  high speeds .  In 
addition, ~t has  been determined that  un- 
equal brakmg during the re t rac t ion  cycle 
m a y  a l so  cause  s imr la r  vlolent osci l latrons.  
Therefore ,  the landing g e a r  t ruck  1s fitted 
with a "hydraulic  shock abso rbe r t '  snubber 
a s sembly .  I ts  purpose 1s to dampen these  
oscl l lat lons of the t ruck  beam around rts 
single pivot point a t  the lower end of the 
oleo s t ru t .  It a l s o  s e r v e s  to lirnrt d ~ s -  
placement a t  the t ruck  beam to a maxlrnum 
of 1 O 0  above the 150 below the horizontal. 

bolt. 

Thls  damage can occu r  only ri the 
snubber i s  removed o r  1s broken i r o m  one 
of ~ t s  end fittrngs. The beam could have 
been peened during a ilight i r o m  Boston 
on 7 July a i t e r  the snubber iar led,  o r  on a 
flrght f r o m  Santa Mar l a  on 9 July when the 
snubber had been removed.  Since the 
examination of the i r a c t u r e  rndrcated mul-  
tiple loading, the damage m a y  have been 
done durlng both of the f l lghts .  

Because  the beam and the end of the 
ant lrotat ion bolt a r e  angled 150 f r o m  each  
o ther  a t  the pornt of their  contact ,  the end 
of the bolt m u s t  be de iormed to that  angle 
to leave  a flat m a r k  on the beam su r face .  
If ,  a s  PXA cla lmed,  the bolt instal led a t  
the t ime  of the accident  was damaged during 
the accldent ,  another  bolt would have had :o 
have been instal led previously. T h s  bolt 
would have had to have been flattened a s  
mentioned before m o r d e r  to peen the t ruck  
beam m the m a n n e r  i t  did. T h s  previously 
damaged bolt,  if t he re  was one, was er ther  
replaced wrthout appropr ia te  notatlon in 
the r e c o r d s  o r  was the bolt in  place a t  the 
t ime  of the accldent .  E i the r  act lon mdi-  
ca t e s  m p r o p e r  mauztenance p rac t i ce .  

The longitudinal fatrgue-like c rack  
or lgmated  a t  this  t la t  peen m a r k .  As  the 
snubber was proper ly  instal led a t  take-off, 
no contact between the beam and the bolt 
was possible untrl the forward  t ruck  beam 
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had separa ted  f rom the a i r c r a f t  a s  a r e su l t  
of fo rces  to which the weakened beam was 
subjected on take-off.  

Results  of the investigation indicated 
that the fa i lure  of the t ruck  beam was due 
to a c r ack  produced by m p a c t  loads on i ts  
top su r f ace .  The initial c r ack  was propa- 
gated to complete f r ac tu re  by additional 
lmpact  and no rma l  s e rv l ce  loads .  Some 
hydrogen embr l t t lement  and a n  unusually 
l a rge  number  of non-metal l ic  rnclusions 
In the a r e a  where the f r ac tu re  s ta r ted  
m a y  have contributed to the fa i lure  by 
dec reas ing  the ductility of the s tee l .  

Results  followlne a Studv of Snubber 
Fa i lu re s  

The manufac turer  has  p repa red  sev- 
e r a l  changes which i t  i s  anticipated will 
eliminate fur ther  difficulty. The s i ze  of 
the or i f ices  in the hydraulic  piston of the 
snubber a s sembly  a r e  to be reduced to 
Inc rease  i t s  load r a t e ,  and the p r e s s u r e  
relief setting i s  to be increased  f rom 
8 000 ps i  to 12 500 psi .  These  modifi- 
cations will i nc rease  the effectiveness of 
the damping act ion of the snubber a s s e m -  
bly.  The automatic wheel braking valve 
set t ing i s  to be reduced f r o m  450 p s i  to 
approximately 175 ps i .  This  should de-  
c r e a s e  the tendency of unequal braking 
causing the osci l lat ion of the t ruck  beam.  
In addikon,  the p r e s s u r e  in the levelling 

c y l ~ n d e r  a s sembly  i s  to be increased  f rom 
9 2 5  ps l  to 1 500 ps i .  

These  changes should prevent  exces-  
s lve  osci l lat ion of the t ruck  beam caused 
by e i ther  unequal braking durlng retraction 
o r  by d isp lacement  of the t ruck  durlng tax1 
o r  take-off ro l l .  

Broadcas ts  concernmg Emergencies 

Public  broadcas ts  about thls e m e r -  
gency a t t rac ted  l a rge  crowds of persons  to 
the scene .  The resul t ing traff lc  completely 
choked the a c c e s s  highways to the a i r p o r t  
boundaries. Thls  could give r i s e  to a 
se r ious  problem affecting a i r  safety and 
one which will be given fu r the r  study by 
the Board .  

Subsequent to th is  acc ident ,  r e p r e -  
senta t ives  of the National Associat ion of 
Broadcas t e r s  advised that when radio and 
television coverage of emergency news 1s 
belng broadcas t ,  a speclf ic  reques t  wlll be 
made  to l i s t ene r s  "to r e f r a in  f r o m  dolng 
anything that would hamper  the efforts  of 
the author i t ies  whose responsibi l i ty rt i s  
to cope with the emergency.  ' I  

P robab le  Cause  

The probable cause  of thls  accrdent 
was the fa l lure  of the forward  truck beam 
of the left landing gea r .  

ICAO Ref: AR/620 
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No. 39 

Kalinea A i r  Lines.  DC-3. VT-DGP. accident  nea r  Saoone Village. 13 m i l e s  south -- - - 
nf Alnno North East F r o n t i e r  Aoencv on 3 Auoust 1959. R e ~ o r t  of the Lnsuector 

-- 
of Accidents ,  dated 30 October 1959, r e l eased  a s  No. 1/42/59/Acc. by the 

Direc tor  Genera l  of Civll Aviation. Lndia. 

The Government of India examined the r e p o r t  a s  
submitted by the Inspector  of Accidents  but did 
not accept  i t  in  i t s  ent irety.  Those port ions of 
the r epor t  which were  not accepted have been 
underlined and marked  with a s t e r i sks .  The f ina l  
dec is ions  of the Lndian Government on sa id  ~ o i n t s  
have been added as footnotes. 

Ci rcumstances  

The a l r c r a f t  was  on a non-scheduled 
passenger  flight f r o m  Mohanbari to Along 
and re turn .  The f i r s t  segment of the flight 
was  expected to l a s t  about twenty minutes,  
in v lsua l  meteorological  conditions. 
VT-DGPts l a s t  contact  with hlohanbari 
control  tower was a t  1028 hour s ,  eleven 
minutes a f t e r  take-off. When the a i r c r a f t  
did not r e tu rn  to Mohanbari a s  expected, 
s e a r c h  and r e s c u e  act ion was  initiated. It 
was  l a t e r  learned  that the a i r c r a f t  had 
c r a s h e d  and was  des t royed a t  approxi-  
mate ly  1030 hour s  Indian s tandard  t ime,  
killing all s ix  occupants ,  i. e. t h r e e  c rew,  
one f re ight  attendant. and two loade r s  
t ravel l ing a s  passengers .  

Investleation and Evidence 

The Ai rc ra f t  

It had a Cer t i f ica te  of Airwor th iness  
valid until 15 August 1959, and had flown 
approximately 2 725 hour s  s ince  i t s  l a s t  
Cert i f icate of Airwor th iness  Overhaul. 

The a i r f r a m e ,  engines and p rope l l e r s  
were  maintained in accordance  with the 
approved maintenance  inspection schedules.  
The l a s t  ma jo r  inspection (100-hour) w a s  
c a r r i e d  out  on 1 August 1959 a t  Calcutta  by 
Kalinga A i r  Lines. On the day of the  acci-  
dent the a i r c r a f t  was  inspected and at 

0005 hours  was i s sued  a C e r t d i c a t e  of 
Safety fo r  Fl ight ,  t o  cover  both the  air- 
f r a m e  and the engines ,  by an appropr ia te lv  
l icensed a i r c r a f t  maintenance engineer .  

Crew Information 

The pilot-in-command had obtained 
a 'Bf  l icence on Chipmunk aircrait in 1953, 
and i t  had l a t e r  been extended to all c o n v e p  
tional types of landplanes subject  to a 
maximum weight of 15 000 Lb and DC-3 
a i rcraf t .  He obtained h i s  pilot-in-command 
endorsement  by day  on  BC-3's on 12 June 
1959, but had not been route  checked by 
the company as commander  and,  t he re fo re ,  
was  not sent  out  to f l y  as such. He had, 
however,  flown somet imes  as commander  
with the pe rmis s ion  of h i s  s en io r  com- 
mander s  when they had been on board. 
His  total  flying h o u r s  as such  amounted to 
approximately 26 h o u r s  by day. These  had 
been acqui red  unknown to the  company's  
chief pilot. 

His  l a s t  rou te  check  on the Calcutta- 
Cooch Behar route,  flight check and  instru- 
men t  rat ing checks ,  as a co-pilot, w e r e  
c a r r i e d  out  by approved check pi lots  in 
July 1959. He had  t h r e e  y e a r s  exper ience  
as co-pilot in the N. E. F.A. including the 
Along sec tor .  

i3is to ta l  flying exper ience  as of 
2 August 1959 w a s  about  4 017 hours. 
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The flight of 3 August was his f i r s t ,  
flying a s  pilot-in-command, along the 
Mohanbari-Along route, although the com- 
pany authorities were not aware  of the fact  
that he was flying a s  commander on the 
subject flight. 

During the investigation which 
followed the accident, the company's chief 
pilot listed this individual as the co-pilot 
and indicated that a l l  h i s  experience was  
in the capacity of co-pilot and had no 
command hours of his own. 

It was concluded that no s t r i c t  vigi- 
lance was kept by the company's manage- 
ment over the flying activities of their  
pilots. 

The co-pilot held a 'B' licence valid 
until 15 November 1959, which had been 
extended to a l l  conventional types of land- 
planes up to a maximum weight of 15 000 lb 
and to DC-3 a i rcraf t .  He had held a pilot- 
in-command endorsement on DC-3 a i rc ra f t  
by day since 19 November 1958 and by night 
since 28 h h r c h  1959. His route check and 
flight check were  ca r r i ed  out by an approved 
check pilot on 27 March 1959. His total 
flying experience as of 2 August 1959 
amounted to about 2 815 hours. 

One of the ea r l i e r  depar ture  signals 
f r o m  Mohanbari erroneously mentioned that 
he was the pilot-in-command of VT-DGP 
on 3 August. The company's chief pilot and 
relat ives of the pilot-in-command were  a lso  
under the same impression. This was per- 
haps because the co-pilot was senior to the 
pilot-in-command. However, the flight plan 
and the evidence of eye witnesses, who saw 
the a i rc ra f t  taxiing out, clearly showed that 
the pilot-in-command described above was 
indeed flying the a i rc ra f t  in that capacity. 

The radio officer held a flight radio- 
telephony officer's licence valid up to 
29 September 1959. He had a total flying 
experience of 5 874 hours a s  of 2 August 
1959. 

Weather 

The neares t  meteorological office to 
the place of the accident was Mohanbari, 
3 3  miles to the south. Mohanbari i s  
situated in the plains, while the accident 
s i te  was in hilly country, hence the weather 
conditions a t  the s i te  could not be deter-  
mined by the Mohanbari observations. 

Eye witnesses to the accident stated 
that the weather was fine, and there was 
no cloud a t  the t ime of the accident. 

According to the existing procedure,  
no briefing with regard to the weather en 
route i s  given to pilots operating in the 
N. E. F.A. a rea .  

The Final  Flight 

After refuelling and loading following 
the f i r s t  sor t ie  to Along and back, the 
captain filed a flight plan on radio-teleph- 
ony and the a i rcraf t  was cleared to taxi 
out and take off. Aiter take-off i t  advised, 
a t  1019, that i t  had departed Mohanbari 
a t  10 17 IST and estimated i t s  landing a t  
Along would be about eighteen minutes 
later .  Having tr ied unsuccessfully to c lear  
this message direct  to Calcutta on the same 
channel fo r  some t ime, i t  called Mohanbari 
a t  1028 hours and asked the tower to t rans-  
mi t  the message to the flight information 
centre a t  Calcutta. 33is  was the aircraft 's  
last  message. 

Entries in the a i rc ra f t ' s  flight log, 
which was recovered f r o m  the wreckage 
following the accident, indicated that a t  
about 1030 hours the a i rcraf t  was flying 
normally a t  4 500 ft.  

The a i rcraf t  was due to return f r o m  
Along after  off-loading the freight. 
Normally this complete t r i p  is expected to 
take about 1-1/2 to 2 hours. 

The search and rescue action was 
begun a t  1250 hours a s  a l l  at tempts to 
locate the a i rc ra f t  were  unsuccessful. 
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Accident Si te  and Wreckage Examination 

The  a i r c r a f t  c r a s h e d  on the southern 
slope of one of the mountain r anges  nea r  
Sagong VilLage, a t  a n  es t imated  al t i tude of 
1 300 f t  a s l ,  It h i t  the s ide  of a 70-foot 
deep gorge. The engines had dug into the 
ground to a depth of 7 f t ,  and the fuse lage  
nose had dug into the s ide  of the gorge  and 
slipped into i t  below. The a i r c r a f t  had not 
hit any  t r e e s  o r  t e r r a i n  e a r l i e r ,  and the 
ground m a r k s  c l ea r ly  indicated tha t  i t  was  
in a nose-down at t i tude a t  impact .  

The po r t  ou te r  wing leading edge had 
not suffered any  d i r e c t  impact  a s  the ground 
was  lower with r e spec t  to the s t a rboa rd  
side,  but had separa ted  f r o m  the c e n t r e  
sect ion outboard of the attach-angle a f t e r  
hitting a t r ee .  The f laps  and landing g e a r  
were  in the 'up' position. Excepting the 
r e a r  fuse lage ,  ta i l  and the outer  wings,  the 
r e s t  of the a i r c r a f t  was  completety burnt.  

Al l  the components were  found in  the 
wreckage,  and t h e r e  was  no sign of any  
disintegrat ion in the a i r .  

No useful information could be 
obtained f r o m  the ins t ruments  and  cont ro ls  
a s  the complete cockpit was  d is in tegra ted  
and burnt.  Both a l t i m e t e r s  w e r e  r ecove red  
in a damaged condition. They w e r e  s e t  a t  
29.8" and 29. 1". The f i r s t  setting could 
not be re l ied  upon due to instrumentdamage,  
however,  the second, 29. l",  cor responded 
to the QFE (29. 13") of Mohanbari Airf ield,  
and might  have been used f o r  the landing on 
the p ievious  sor t ie .  The magnetic  compass  
had a l s o  been found in a damaged condition. 

Because of extensive f i r e  damage.  no 
s t r i p  examination of the engines was c a r r i e d  
out. The re  was  ample  evidence f r o m  the 
p rope l l e r s  to show that  both engines w e r e  
under power a t  the t ime of the accident.  
Neither propel le r  had been fea thered .  

Regular  Route f o r  F l ights  f r o m  Mohanbari 
to Along 

Following take-off , f l ights  usual ly 
c l imb to the r equ i r ed  height of 7 000 f t ,  

c r o s s  the mountains and then descezdove r  
the a i r f ie ld  a t  Along. 

It i s  possible to complete the  flight 
:n l e s s  t ime by entering the mountain 
range  through a val ley,  c ross ing  o v e r  the 
r idge  just a t  minimum height and then 
following the valley to Along in a descent .  
In v isua l  meteorologica l  conditions, (in 
which VT-DGP was flying), some  pilots 
s e e m  to adopt this  p rac t i ce  with a view to 
saving t i m e  and fuel. 

The t e r r a i n  in the l a t t e r  half of the  
route  f r o m  Mohanbari (altitude 350 f t )  t o  
Along (altitude 700 f t)  i s  hilly and t h e r e  
a r e  many h i l l  tops of the o r d e r  of 5 000 f t  
to 6 000 ft. 

Reconstruct ion of the Fl ight  

Considering that the to ta l  t ime  of 
flight was  twenty minutes ,  the position of 
the a i r c r a f t  th i r teen  minutes a f t e r  take-off, 
i. e. a t  1030 hour s ,  was  es t imated  to be  in  
the valley of the  River  Simen where  i t  was  
seen  to be flying low in the d i rec t ion  of e a s t  
tc  west.  This  would indicate that  the pi lots  
intended to f ly  through the va l leys  ins tead  
of on a s t ra ight  c o u r s e  above  the hi l ls .  

The River  Simen flows f r o m  west  to 
e a s t  v e r y  nea r ly  pa ra l l e l  to two o the r  
r i v e r s ,  the Su and the Simi,  which flow 
f r o m  eas t  to wes t  and  a r e  s epa ra t ed  by the  
mountain range  on whose  southern s lope  
the a i r c ra f t  had crashed.  The gene ra l  
contour in the va l ley  of Simen r i s e s  f r o m  
e a s t  to wes t  and ends  with a r idge  of about  
5 000 f t  a f t e r  Sagong Village. The contours 
along the va l leys  of the Su and S imi  f a l l  
f r o m  e a s t  to wes t  and these  r i v e r s  take  a 
turn  to the co r th  towards  Along. The two 
r i v e r s  Su and Simen are sepa ra t ed  by a 
distance of two mi l e s ,  which is l e s s  than 
one minute 's  flight in a Dakota a i r c ra f t .  
It appea r s ,  therefore ,  that the pilot w a s  
not ful ly f ami l i a r  wi th  the topography of 
the a r e a  and, while flying through t h e  
val leys,  h e  en te red  a wrong va l ley  which 
led to Sagong ins tead  of Along. Af ter  
having turned  into the val ley of t he  S imen  
ins tead  of the Su and having flown f o r  about  
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4 to 5 mi l e s ,  the pilot m u s t  have real ized Considering that  load shee t  No. 1 
that h e  was  in the wrong val ley when he saw had not been signed by the pilot and that 
a r i s ing  contour,  and the re  was  no sign of the investigation revealed  a portion of the 
the r i v e r  turning north.  At  this  s tage h e  f re ight  had been left behind, i t  was  con- 
would probably have c l ea red  the r idge to cluded that the r ev i sed  load shee t  could 
the wes t  of the village of Sagong if h e  had be taken a s  c o r r e c t .  According to i t  the 
cl imbed straight  ahead,  but he  appea r s  to all-up weight of the a i r c r a f t  was  withln 
have decided to turn  back. While at tempt-  the maximum of 26 200 lb s p e c ~ f i e d  for  the 
ing to do so ,  the a i r c r a f t  inadvertently a s senge r  a i r c ra f t .  The ac tua l  all-up 
stal led and c ra shed  i n  a nose-down attitude. $eight was  26 101 lb. ** 
Loading 

An examination of load shee t  No. 1 
and ca rgo  manifest  No. 1, f i led by the 
opera tor  with the control  tower a t  
Mohanbari before the depa r tu re  of the a i r -  
c r a f t ,  showed a total  of 8 260 lb of f re ight  
and four persons ,  including the c r e w ,  on 
board. This  load shee t  was  not,  however,  
signed by the captain,  although the ca rgo  
manifest  was  signed. A s s a m  Travels ,  
who char tkred  the a i r c r a f t  f o r  th is  flight,  
submitted a rev ised  load shee t  No. 2 and 
ca rgo  manifes t  NO. 2 the  day  af te r  the 
accident  and stated that  the e a r l i e r  load 
sheet  No. 1 and ca rgo  manifest  No. 1 that 
w e r e  submitted to the cont ro l  tower before 
the depa r tu re  of the a i r c r a f t w e r e  incorrect.  
According to the revised  load shee ts ,  the 
total  f re ight  on board was  7 260 lb, * four 
c r e w  and two passengers .  

A detai led investigation w a s  c a r r i e d  
out to find out which was  the c o r r e c t  load 
sheet.  

The pilot had signed two ca rgo  
manifes ts ,  one fo r  the proposed f r e i h t  to 
be c a r r i e d  and the o ther  the ac tua l  frelght .  
Obviouslv. the f i r s t  one was  not des t roved 
af te r  the second one was  prepared .  In 
fac t ,  the pilot o r  even the t raff ic  officer 
should not have signed the documents until 

V 

the loading was  finally completed. *** 
This would indicate that i n su f f i czn t  c a r e  
was  exerc ised  by the pilot while signing 
the documents.  

No evidence was  found that the 
f re ight  was  proper ly  lashed.  The traff ic  
off icer  s tated that t h e r e  w e r e  a number  of 
t ips  and loose a r t i c l e s  which could not be 
individually anchored ,  but the en t i r e  load 
was  lashed by t h r e e  long ropes  running 
along the length of the cabin. Although 
t h e r e  was  a possibi l i ty of some  of the 
loose  packages being displaced during 
abnormal  manoeuvres  under such imper -  
fec t  lashing, t h e r e  was  no evidence that 
th is  was a f ac to r  contributing to the 
accident.  

* 29 t ins of wood oi l ,  indo coat  and l ime  w e r e  left out as t h e r e  was  no space  f o r  
t hem in  the l o r r y  going to the a i r p o r t  - they weighed 984 lb and th is  f igure  was  
rounded out to 1 000 lb when the  r ev i sed  load shee t  was  p repa red  

F ina l  Conclusions of the  Indian Government ** No re l i ance  can be placed on the second load sheet ,  as the  s ignature  of the 
pilot w a s  allegedly forged.  In the c i r cums tances ,  the inference  that could 
be drawn is that  the a i r c r a f t  a t  the t i m e  of take-off was  overloaded by 
about 920 lb assuming the  weight of a loader  as 160 lb. The all-up weight 
of the a i r c r a f t  was es t imated  to be 27 120 lb. 

*** The pilot had not signed the r ev i sed  load shee t  o r  the ca rgo  manifes t  and h i s  
s ignature w a s  al legedly forged  on the documents.  
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T'nere was  no t r l m  shee t  submitted 
along wlth the load shee t  and cargo  rnani- 
f e s t .  The traff ic  off icer  s ta ted  that he did 
not calculate  the position of the cen t r e  of 
gravity a s  it was not the practice. It i s  
unlikely that the pilot would have used any 
t r i m  sheet  f o r  calculating the position of 
cent re  of gravity before take-off, though 
h e  would have satisfied himself that the 
load was proper ly  distr ibuted In the cabrn 
a s  judged f r o m  his  experience.  

The f re lght  on the a i r c r a f t  contained, 
amongst  o ther  things, paints ,  wood oi l ,  
indo coat  oil  and l ime,  which come under 
the heading of "inflammable and corrosive 

a r t i c l e s "  and may  r equ i r e  a pe rmi t  f o r  
c a r r i a g e  by a l r .  NOTAM No. 7 (1951) 
specif ies  that any f o r m  gf combustrble 
ma te r i a l  having a f lash  point below 73O F 
should not be c a r r l e d  in the a m c r a f t  with- 
out such a perml t .  Data obtalned f r o m  the 
manufac turers  durlng the investigation 
showed that the f lash  polnts of the palnts  
and o i l s  in question w e r e  hrgher than the 
minimum o i  730 F specified, The l lme  
was  in the unslaked condition. All  these  
a r t i c l e s  were  packed in t ins ,  and they 
w e r e  not considered to be highly co r ros ive  
o r  highly inflammable and the condition in 
which they w e r e  c a r r i e d  did not affect  the 
safety of the a l r c ra f t .  

Other f ac t s  brought out during the inves-  
tigation 

During a t e s t  flight on 25 July 1959, 
I. e .  -nine days  before the accident ,  the 
a l r c ra f t  suffered a heavy lo s s  of oi l  a f te r  
the s t a rboa rd  englne had been changed. It 
was  alleged that the in terna l  condition and 
per formance  of the  engine was  affected a s  
a r e su l t  of this  o i l  loss .  A detai led inves- 
tigation was  subsequently c a r r i e d  out to 
a sce r t a in  the na ture  and extent of the oil 
leak. It was  observed  f r o m  the conclusions 

a r r l v e d  at,  that the o i l  leak was  due to the 
mlss ing  plug on the maln  011 sump and the 
per formance  o i  the englne was sa t i s fac tory  
over  the remaining perlod (I. e. f r o m  
25 July up to the t ime  of the accident)  
in which no abnormalrt ies  o r  mal funct~onnlg  
of the engine w e r e  repor ted  by the pllots 
who flew the a l r c r a f t  o r  the engineers 
who c a r r i e d  out  the maintenance. 

It was a l so  al leged durlng the lnves- 
tigatlon that the f loor  beams of the a i r -  
c r a f t  had been damaged previously and 
they had not been repai red .  Under the 
c i r cums tances  i t  was  difficult to es tab l i sh  
whether the f loor  beams in question w e r e ,  
in  fac t ,  damaged beyond the l imi ts  of 
a i rwor th iness  o r  not. 

These two f ac to r s ,  however,  w e r e  
not cons idered  a s  contributing to the 
accldent.  

Probable Cause  

The accldent  was at t r ibuted to an 
e r r o r  of navigation on the pa r t  o i  the 
pllot. He entered  a wrong valley and with- 
out proper  a s s e s s m e n t  of the p e r f o r m v l c e  
of h i s  fully-loaded a i r c r a f t  in the space  
available at tempted to make  a s t eep  
clim'xng turn durlng which the a i r c r a f t  
s tal led and crashed.  The height above the 
t e r r a i n  was  insufficient to effect a recov- 
e r y  f r o m  the s ta l l .  

Recommendation 

It was  recommended,  a s  a r e s u l t  of 
findings during this  investigation, that the 
company should be asked  to reorganize  i t s  
s t o r e s ,  maintenance and operat ional  set-up 
so  that they c o m e  up, in all r e spec t s ,  to 
the s tandards  laid down by the Direc tor  
Genera l  of Civll Aviation. 

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

L h e a s  A6reas  Costar r icensee  S. A. , DC -3, TI-1005-C, crashed into a 
house immediately af ter  landing a t  San Isidro de El General  Airport ,  
Costa Rica,  on 15 August 1959. Report  re leased by the Directorate 

General of Aviation, Costa Rica. 

Flight 19 -20 took off f r o m  La  Sabana 
A ~ r p o r t  (San Jos6) a t  1211 hours  on a t r ip  
to San Isidro,  San Vito and re turn .  The 
flight to San Isldro was uneventful until the 
a i r c ra f t  touched down a t  1238 hours.  At 
this  t ime the landing run was  extremely 
f a s t  because runway 02 was s t i l l  ve ry  wet 
and sl ippery f r o m  heavy ra in  which had 
fallen during the day and previous night. 
The pilot and co-pilot were  unable to stop 
the a i rcraf t .  However, i t s  speed was 
reduced and the pilot attempted to ground- 
loop i t  violently to the left.  Skidding 
slightly to one side the a i r c r a f t  s t ruck a 
house, 20 f t  beyond the  nor thern  boundary 
of the runway. A baby gi r l ,  who was 
inside the building, was  killed. Of the 
persons  aboard  the a i r c r a f t ,  only the co- 
pilot was ser ious ly  injured. 

Inve stieation and Evidence 

Loading of the Aircraf t  

P r i o r  to take-off f r o m  La  Sabana it 
was found that  the total weight of the a i r -  
c raf t  was 25 573 lb. This was in  excess  
of 25 500 lb,  the maximum authorized f o r  
take-off. The a i r l ine  personnel  then 
removed a total of 85 lb,  and the a i r c ra f t  
subsequently took off with a total of 
25 488 l b  aboard,  i. e. 12 l b  below the 
maximum. 

During the investigation it was 
revealed that  on landing a t  San Isidro the 
a i r c r a f t  weighed approximately 25 128 lb,  
and the load was proper ly  distributed in 
relat ion to the cent re  of gravity. 

Meteorological Conditions 

During flight the pilot was  advised of 
the following conditions which existed a t  
San Isidro Airport: southerly wind with a 
steady velocity of 8 mph,fog ( a s  customary 
on the  south-southeast approach),  and a 
wet runway. 

The Landing Runway a t  San Isidro 

Because of obstacles in the approach 
a r e a s ,  landings must  be c a r r i e d  out only 
on runway 02 and take -offa on runway 20. 

Runway 02 is 1 920 f t  a s l ,  3 600 f t  long 
and 270 f t  wide. It  has a 2Q0 M orientation 
and is entirely covered with g rass .  

The following obstructions a r e  in the 
approach a rea :  

1. On the  northwest s ide l i e s  the city 
of San Isidro which begins exactly 
on the boundary of the runway. This  
obstruction resul ts  in the reduction 
of the runway's usable length. 

2. T o  the southwest i s  a hil l ,  approx- 
imately 1 000 ft high about 350 m 
f r o m  the end of runway 20. 
The hil l  i s  a n  obstacle appreciably 
exceeding the  acceptable maxima 
and imposing a tu rn  to the right 
immediately a f t e r  take -off, which 
is hardly within acceptable safety 
l imits .  Flying over  the hi l l  a f t e r  
take -off is a lmost  impossible,  
however, it can be done af ter  a 
normal  take -off when the a i r c ra f t  
c a r r i e s  no load. 
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The Landlng 

The investigation revealed that when 
landlng on runway 02 the a i rc ra f t  tended 
to overshoot, but in whatever manner the 
Landing was ca r r i ed  out i thad to be com-  
pleted. Otherwise i t  would have been 
fatal due to the natural conditions of the 
alrport .  

After touching down, the procedures 
followed by the crew to stop the a l rc ra f t  
were obviously affected by the condition 
of the ground which was wet and slippery 
following twelve hours of continuous rain. 
Braking action reduced the speed of the 
a l rc ra f t  but was not sufficiently effective 
to stop the run of the a i rcraf t .  When the 
speed hadbeen reduced to the point where 
corrective emergency action could be 
carr ied out, the pilot t r ied  to force the 
a l rcraf t  into a violent left turn,  opening 
the throttle of the starboard engine and 
applying brake on the left wheel. The 
humid condition of the runway prevented 
this ground loop to the left. The thrust  
of the starboard engine brought the a i rcraf t  
to the left,  but, with the left wheel skidding 
on the g r a s s ,  the original heading was 
maintained and the a i rc ra f t  slipped side - 
ways. The rlght wheel of the landing gear 
struck a duct that crossed the end of the 
runway, breaking the upper s t ru t s  which 
pierced the top surface of the starboard 
wing. The a i rc ra f t ,  then a t  a 45O angle 
f r o m  the direction of the runway and a t  an  
appro-xunate speed of 2 5  mph, hit and com- 
pletely destroyed the house. 

Technical Jnvestigation 

The wreckage was examined a t  the s i te  
of the accident. F r o m  the readings and 
condition of the instruments andother pa r t s  
it was concluded thatthe a i rc ra f twas  oper -  
ating normally up to the t ime when i t  over -  
shot runway 02. 

Following d o r m a t i o n  given by the 
prlot-in-command in his repor t  on the 
accident, the technical cooperation of 
"Servicio s Aerotkcnicos Latino Americanos 'I 
was requested and obtained in o rder  t a  collect 
evidence regarding the hydraulic equipment 
of the aircraft .  The evidence showed that  
the equipment, in all its par t s ,  including 
brakes,was in perfect  operating o rder  when 
the accident occurred.  

Probable Cause 

The crew could not hold back the a i r -  
craf t  on i t s  landing run because of the 
ineffectiveness of the brakes  on an 
extremely wet runway. This condition w a s  
aggravated by the fact  that the a i rc ra f t  was 
operating with a lmost  maximum landing 
weight. 

Recommendation 

The investigators concluded that the 
landing runway of San Isidro de E l  General 
Airport does not meet  the minimum desirable 
conditions fo r  the operation of DC -3 o r  
s lmllar  a i rcraf t .  

In vlew of the foregoing, it i s  r ecom-  
mended that San Isidro Alrport  be closed to 
such a i rcraf t .  

ICAO Ref: AR/623 
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No. 41 

Transa i r  Ltd.. DC-3. G-AMZD. accident on Montsenv oeak. Suain.  

Circumstances 

The a i rc ra f t  departed Barcelona 
Airpor t  a t  1451 Z on a char te r  flight to 
Gatwick, England, with a crew of 3 and 
29 passengers.  I t  was cleared on a V F R  
flight plan and consequently i t s  contact 
with Barcelona Tower was limited to that 
required for  take-off. The a i r c r a f t  
crashed a t  1510 Z ,  25 m below the summit  
of LIontseny (1  712 m high). F i r e  broke 
out a s  a resul t  of impact with the ground, 
and al l  aboard were  killed. 

Investigation and Evidence 

The weather was good along the route 
except for the cloud-covered Montseny 
peak. As the flight was being ca r r i ed  out 
In accordance with V F R  the pilot should 
have refrained f r o m  flying through cloud 
without an  IFR clearance f r o m  A r e a  
Control. He was a lso  flying a t  a n  altitude 
that did not ensure  safe clearance of the 
mountain. Had he a l tered course  to the 

right o r  the left, he would have been able 
to pass  PvIontseny, since the weather was 
c lear  on both sides. 

The a i r c r a f t  was not following the 
usual route, since, had it  followed the IFR 
flight plan, i t  would have continued to climb 
towards Bagur and Cabo Creus  and f rom 
there  would have headed for Gatwick. 

I t  was inferred f rom examination of 
the wreckage that the a i rc ra f t  was climbing 
slightly a t  the t ime of the accident. 

The a i rc ra f t ' s  total destruction through 
zmpact and through the explosions of fuel 
'anks precluded any conclusions about the 
performance of i t s  equipment. 

Probable Cause 

F r o m  the foregoing i t  i s  to b e  
presumed that the pilot entered clouds 
unaware that a mountain, 1 712 m in height, 
lay ahead of him, 

ICAO Ref: ~ ~ / 5 9 4  
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No. 42 

Capital Airlines, DC-3, N 44993, accident a t  Charleston, West Virginia, on 
26 August 1959. Civil Aeronautics Board (USA) Aircraft  Accident Report, 

Fi le  No. 1-0051, re leased 11 April 1960. 

Circumstances reported. The visibility was good, there 
was no turbulence, and no noticeable 

The flight was a regular one f rom wind effect on the final approach. 
Pittsburgh, Pennsylvania, to Charleston, 
West Virginia. Aboard were  15 passen- 
g e r s  and 3 crew. Following a routine The Landing 

flight the a i rc ra f t  veered off the runway 
and crashed down a steep slope while the 
co-pilot was attempting a landing a t  the 
Kanawha County Airport  a t  Charleston. 
No one was injured, but the a i rc ra f t  
received major  damage. 

Investigation and Evidence 

The Aircraft  

The records  concerning N 44993 
indicated that it was airworthy a t  the time 
of the accident. 

Crew Information 

The captain had a valid FAA airline 
transport  pilot 's  certificate and ratings for 
the DC-3, DC-3s and DC-4. He had flown 
a total of 7 8 13 hours of which 4 8 15 were 
in DC-3 equipment. He had made nine 
landings at the Kanawha County Airport in 
the 30 days preceding the accident. 

The co-pilot held a valid FAA 
commer cia1 pilot 's  certificate with airplane 
single - englne land and instrument ratings. 
He had a total of 2 787 flying hours,  of 
which 741 were in the DC-3.  He had made 
six landings a t  Kanawha County Airport in 
the 30 days preceding the accident. His 
las t  co-pilot proficiency check and 
instrument certification was accomplished 
satisfactorily on 3 June 1959. 

On arriving in  the Charleston a r e a  
the co-pilot made a normal practice ILS 
approach and made the transition f rom 
instrument to visual flight after  pas sing 
the middle m a r k e r  beacon inbound to the 
field to complete the landing visually. 
He described the landing as-smooth and 
slightly tai l  low but with a slight skip. 
He sa id  both the captain and he immedi- 
ately applied forward p ressure  on the 
control column and the a i rc ra f t  appeared 
to stay on the ground . . . the flaps were  
then raised. The a i rcraf t  began an 
immediate sharp tu rn  t o  the left and full 
right rudder was then applied by him and 
the captain simultaneously. As the left 
turn  continued, full throttle was used on 
the left engine and the right brake was 
applied. 

The captain a lso  stated that on 
initial contact the plane veered about 
30 degrees to the left and the wings 
remained level. He said he imme&ately 
"reached for the right rudder" to straighten 
the a i rcraf t  on the runway but found that 
the co-pilot had applied full rudder. He 
said that a s  the a i rcraf t  touched the second 
t ime he eased the flaps up, applied forward 
p ressure  on the control column, and 
applied full right brake. According to the 
captain, these corrective measures  had 
no effect and he then applied full throttle 
on the left engine. 

Weather 
Both the captain and co-pilot stated 

Both pllots stated that the weather positively that the left brake was not used 
was substantially better  than had been a t  any time during the landing. 
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Despite the descriptions by the crew 
that this was a normal skip-type landing, 
the Board believed that i t  was ha rd  and 
that the airplane bounced. F i r s t ,  the 
tower operators saw the landing lights 
appear to tilt  upward abruptly . . . . . i t  i s  
evident that the movement of the lights 
was unusual enough to create  the impres -  
sion of a bounce. Second, the passengers t  
statements described a hard touchdown, 
a bounce, then a second contact with the 
runway. 

The preponderance of evidence was 
that the a i rc ra f t  did not begin to veer  off 
the runway until after  the second contact. 

A Martin 404 was standulg in run-up 
position near  the approach end of 
runway 23 as  Flight 587 was landing. 
The possibility of propeller wash f rom 
this a i rcraf t  having caused the DC-3 to 
veer  off the runway was considered and 
then dismissed.  The Martin was parked 
with the tail and, therefore,  the propeller 
wash, pointing away f rom the landing 
runway. Also, the pilot had completed 
his engine run-up and was waiting for  
N 44993 to land before taking the runway 
for departure.  Since the landlng was 
toward the southwest and the wind was 
f r o m  the south, any turbulent a i r  mass  
would have drifted away f rom the a r e a  
where control was lost .  The s l ips t ream 
f r o m  the Martin would have no effect on 
the DC-3. 

It was evident f rom the marks  on the 
runway that left brake was applied during 
the landing. Examination of the brake 
sys tems showed that there had been no 
malfunction m these systems whlch could 
have caused a brake to drag o r  bind and 
cause this mark.  It was, therefore,  
evident that the left brake pedal was 
depressed either by the pilot o r  co-pilot 

F r o m  all  evidence available, the 
Board believed that both brakes were  
applied during an  attempted recovery 
f rom a poorly executed landing. It seemed 
c lea r  that the a i rcraf t  contacted the runway 
and bounced. Shortly after  the second 
contact with the runway the crew lost 
control and the a i rc ra f t  s tar ted to veer  
off the runway. The effectiveness of the 
corrective action of right brake and right 
rudder was greatly reduced by the p r io r  
o r  simultaneous application of left brake.  
As a result ,  the rotational forces on the 
a i rc ra f t  a s  i t  deviated f rom a straight 
course  could not be overcome until i t  had 
veered f rom the runway. 

After the proper corrective actlon 
was taken, insufficient distance remained 
to prevent the airplane f rom going over 
the embankment. 

Probable Cause 

The probable cause of this accident 
was the loss  of directional control following 
a poorly executed landing. 

ICAO Ref: AR/621 
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No. 43 

Beechcraft, C-18-S, N 57139, crashed near  McGrath, Alaska on 1 September 1959. 
Civil Aeronautics Board (USA), Aircraft  Accident Report, F i l e  No. 2-1026, 

re leased 22 August 1960. 

Circumstances The Pilot 

The a i rcraf t  departed Kotzebue, 
Alaska, for  McGrath, Alaska a t  1315 hours 
Alaska standard time, with non-refuelling 
stops a t  Kiana and Tanana. At Tanana the 
pilot was briefed on en route weather to 
McGrath a s  well a s  on the route and termi-  
nal forecas ts ,  He departed Tanana at 
1957 hours, about an  hour before sunset, 
on a VFR flight plan. An emergency dis-  
t r e s s  call f rom the a i rcraf t  was f i r s t  
heard a t  2128 hours. There  followed sev- 
e r a l  communications between the 
Beechcraft and the McGrath ground station 
which issued navigational advice. At o r  
about 2214 hours, approximately 3/4 of a n  
hour after  d a r k  and during ra in  showers, 
the a i rcraf t  struck the ground violently in 
a steep sp i ra l  a t  a point about 26 miles 
f rom McGrath Airport. The pilot and the 
seven passengers aboard were  killed. 

Inve stieation and Evidence 

The Aircraft  

The las t  100-hour and periodic inspec- 
tion on the a i rcraf t  was on 25 March 1959 
a t  which t ime the a i rcraf t  was certificated 
a s  airworthy. No fur ther  maintenance 
entr ies  werk made in  the logbook. A s  of 
June 1959 about 19 hours  more  had been 
flown and had been entered in  the logbook 
since the inspection, however, several  
flights flown following the month of June 
were  not entered. Testimony during the 
investigation revealed that although cer t i -  
fied a s  airworthy there were  signs of con- 
siderable oil leaks. 

He held a valid commercia l  pilot1 s 
certificate with multi-engine land and sea  
ratings. As of June 1959 when he applied 
f o r  his las t  physical examination, he had 
flown a total of 6 500 hours  and more  than 
100 hours on this model aircraft .  Some of 
his piloting had been of a nature requiring 
instrument flight, however, he did not have 
an  instrument rating. 

Operator 

Although this flight was being conducted 
as a char te r  operation, no Alaskan a i r  taxi  
operator* s certificate, a s  required by 
Part 29 3 of the B oardl s Economic 
Regulations, had been issued to o r  applied 
f o r  by the operator, Bailey Enterpr ises ,  
Inc., an  Alaskan corporation. 

Fue l  - 
At Kotzebue the a i rc ra f t  was fuelled to  

i t s  capacity of 206 gallons of gasoline and 
7-1/2 gallons of oil were added. The 
ent i re  flight of 5 hours and 36 minutes 
f r o m  Kotzebue to the accident site was 
made on 206 gallons of fuel. 

G r o s s  Weight 

Upon departure f r o m  Kotzebue the 
g ross  weight of the a i rcraf t  was computed 
to  be  approximately 8 600 lb. The maxi- 
mum certificated g ross  weight of the a i r -  
craf t  i s  7 850. At the t ime of the crash,  
however, the a i rcraf t  was approximately 
450 lb under i t s  maximum gross  weight. 
At that t ime it was completely, o r  very 
nearly, out of fuel. 
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Behveen Tanana and McGrath, during 
the per iod  f r o m  1900 to 2300 hours,  con- 
ditions w e r e  a s  follows: broken to over-  
ca s t  cloud l a y e r s  b a s e d  a t  3 000 to 4 000 f t  
a m s l  along :he ent i re  roure; a l s o  pa tches  
of broken s t r a tus  occasionally forming 
nea r  1 500 ft; visibility was  a t  l ea s t  
10 m i l e s  except  when br ie f ly  r e s t r i c t e d  
to 2 m i l e s  i n  v e r y  light r a i n  o r  dr izz le ;  
tops of the cloud l a y e r s  ove r  Tanana w e r e  
14 000 f t  ams l ,  sloping to 6 500 o v e r  
XIcGrath; freezing level  o v e r  Tanana  was  
5 000 f t  a m s l ,  sloping to 3 500 f t  ove r  
LIcGrath. 

Surface winds along the route w e r e  
wes ter ly  of l e s s  than 5 kt ,  becoming 
northwesterly 10 kt a t  2 000 rt and nor th-  
e r l y  10 to 15 kt between 5 000 and 10000f t  
amsl .  Over  the nor thern  two-thirds of 
Lhe route occasional  Light icing would have 
been  experienced in the clouds above the 
freezing leve l  t o  11 000 f t .  Turbulence 
was  unlilcely except f o r  possible light 
turbulence n e a r  Tanana. Over  the r e -  
mainder  of the route  and in  rhe XIcGrath 
a r e a  light icing w a s  p re sen t  in the clodds 
and i n  precipi tat ion above the f reez ing  
level. 

The F i n a l  FLight ( s e e  F i z u r e  9 )  

The s e r i e s  of events  leading to the 
accident  could xot b e  definitely es'ab- 
lished. The  l a s t  t h ree -qua r t e r s  of a n  
hour  of flight w a s  in darkness ,  ove r  a wi ld  
and uninhabited reglon completely wiL50ut 
lights, and under an overcas t .  T h e r e  was  
no ADF i n  the a i r c r a f t  a s  ~t had been  r e -  
moved for  r e p a l r s  and the pilot was, 
therefore,  l imited to using the  low- 
frequency r ad io  ranges.  Under these  con- 
ditions navigation would have had to be  by 
dead  reckoning o r  by  reference  to low- 
f r e  uency ranges.  The pilot had nea r ly  9 2-1, 2 h o u r s  of fue l  upon leaving Tanana 
f o r  a flight which h e  es t imated  would take 
about 1-1/2 hours.  However, h e  b e c a m e  
los t  and  consumed considerable t ime  and 
fuel  before  reaching the genera l  vicinity 
of IIcGrath,  which i s  approximately 

166 mi l e s  ro the southwest  of Tanana, 
Based  on conse rva t i7 Je  consumption fig- 
u re s ,  the fuel  would ha-+-e been  complete-  
ly o r  v e r y  n e a r l ~  exhausted at the t ime  of 
?he acc ident .  Af ter  receiving t e r r a i n  
altitude information f r o m  McGrath the 
piiot ci imbed into the overcas:  to er-sure 
zround c learance .  Shor7l;- t ke rec - t e r  h e  
gave the messaze ,  "At 3 005  It, i n  the 
soup, . . . . Radar  will  have to get m e  
down," He had  cl imbed into a d v e r s e  
weather .  

The r e c o r d  :n&ca:es he nad some 
prac t lca i  ex2erlence with lns t rumenr  ilight,  
however, h e  was  not a b l e  to cope with -he 
c i rcumstances .  The  a i r c r b f t  went into a 
tight, fast ,  s teep  s p i r a l  f r o m  which, 
because  of his l imited ins t rument  experi - 
ence, the pilot was  unab le  to recover .  

A l l  m a j o r  componeEts of xhe aircra2: 
were  accounted f o r  a t  the s i te  of the acc i -  
dent which was  a t  a n  elevat ion of 1 800 f t  
asl.  Because  of the local ized wreckage,  :t 
was concluded that t he re  W 2 J  no  light 
fa i lure .  A brief  f i r e  following Impact  
sugges ts  that t he re  was  Little o r  r:o f ~ e l  
left in  the a i r c ra f t1  s tanks.  

The pilot had advised that h e  Lad seen  
the l ights  of JVIcGrath, He may ha7,re los t  
them as h e  descended and a hilltop have 
blocked h is  vision. I t  i s  unlikely that  he  
could have mistaken o ther  l ights  f o r  
?,IcGrath a s  t he re  w e r e  no c l u s t e r s  of 
lights bebveen h i m  and McGrath. 

The weather  encountered was  s l ~ b s t a r -  
:ially a s  forecas t ,  He should not, + h e ~ e -  
fore,  have been  hampered  by unexpected 
weather  conditions when nearing 3IcGrath. 

P robab le  Cause  

The pllot los t  cont ro l  of the a l r c r a f t  
while flying under ins t rument  flight condl- 
tions and was  unable to r e c o v e r  it. Other  
f ac to r s  contributing to the accident  w e r e  
poor flight planning, possible fuel  exhaus-  
tion and the pilotr s lack  of i n s t rumen t  
proficiency. 

ICAO Ref: AR/645 
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FIGURE 9 

PROBABLE FLIGHT PATH - - - - 
PROPOSED FLIGHT PATH 

r BEECHGRAFT N 57139 
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A4XICO (American Air Export and Import Company), Curtiss C 4 6 ,  N 5140B. 
acciaent a t  Dvess Air Force  Base. Abilene. Texas,  on 2 S e ~ t e m b e r  1959. 

Civil Aeronautics Board (USA), Aircraft Accident Report, 
File No. 1-0054, released 4 April 1960. 

Circumstances 

Tr ip  7002, an a i r  cargo flight, 
originated a t  Kelly Air Force  Base and 
was to proceed to Dyess Air Force  Base 
at Abilene and then on to Carswell  Air 
Force  Base. At approximately 163 1 hours,  
20 minutes af ter  caking-off f rom Dyess on 
a V F R  flight with 2 crew aboard, the 
flight advised Abilene, Texas,  Municipal 
Tower that i t  was returning to Dyess 
because of an emergency - the elevator 
controls were ~noperat ive ,  and the a i rcraf t  
was being flown on autopilot. Shortly 
thereafter ,  the captain requested GCA 
assistance.  During the attempted Landing 
at Dyess, the a i rcraf t  crashed on runway 
16, killing those aboard. 

Investieation and Evidence 

The Aircraft 

A No. 2 maintenance Inspection of 
N 5 140B had been completed on 2 September 
1959 by Associated Airmotive, Cnc. of 
San Antonio, Texas,  an approved repair  
statlon which performed under contract 
with Aaxico. Trip7002 was the a i rc ra f t ' s  
f i rs t  flight following that inspection. 

The Crew 

Both pilots were currently certificated 
and were experienced C-46 pilots. 

The Final Flight 

Having contacted Dyess Tower and 
reported the emergency, the pilot requested 
GCA assistance and was advised to switch 
to the GCA frequency. At approximately 
1645 GCA had positive radar  contact. The 
captain requested a straight-in approach 

to runway 16, which LS 13 500 feet in length. 
GCA ass is ted a s  requested wlth regard to 
alignment, elevation and distance informa- 
tion. A shor t  distance f r o m  the runway 
threshold and about 50 feet above the 
ground, the approach was discontinued, and 
the a i rcraf t  then proceed severa l  miles 
north of the base. The captain stated that 
he was going to t r y  and land the a i rcraf t  on 
elevator tab instead of autopilot a s  he could 
get better  control by using power and t r i m .  

The fllght manoeuvred with GCX 
assistance for a long final approach - about 
9 miles. The position of the a ~ r c r a f t  on the 
glide path was good, a close observer  noting 
that pitch controL was better  but s t i l l  jerky 
and overcontrolled. Touchdown was at 1713. 
It was a "wheel landingtf with the a i rcraf t  s 
speed greater  than normal  and with consider-  
able power. The wing flaps appeared to be 
extended between 10 and 20'. The touch- 
down was considered excellent by all 
observers .  The a i rc ra f t  rolled on the 
main wheeLs for the next 500 - 1000 feet 
without an audible power reductLon. It then 
skipped about 1 - 2 feet above the surface 
and again contacted the runway on the main 
gear only. This contact caused the tai l  to 
rotate downward and the a i rcraf t  "porpoised" 
leaving the runway nose-high. E reached 
4 - 6 feet, then descended slightly nose- 
down and again contacted the runway, this 
time with g rea te r  force on the main gear.  
The force amplified the downward tai l  
rotation causing a second, more  severe ,  
tlporpoise". At this t ime, power, est imated 
by several  observing pilots as f u l l  power, 
was applied. The a i rc ra f t  climbed in a 
steep nose-up attitude to 150 - 200 feet 
above the runway. There  it s tal led,  pitched 
down violently, and crashed on the runway 
in a nose-down angle in excess  of 4S0. 
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edge 
This 

The fuselage forward of the Leading 
of the wing was demolished by impact. 
section was torn  off and moved 

-425 feet ahead of the remaining a i rcraf t  
structure when the cargo broke loose and 
shifted forward with great  force.  The left 
wing was sheared off a t  the attachments to 
the fuselage, and the right wing remained 
attached only by control cables.  Both 
engines were torn  f r o m  the mounts. 

Technical Investigation 

As the captain had indicated an 
elevator control failure, the longitudinal 
control sys tem was immediately examined 
It was found that the aft o r  bearing end of 
the link assembly was disconnected f rom 
the clevis in the elevator control tail 
section assembly.  The bolt (AN 5-12 
specification) ,which normally connects the 
link assembly and the clevis,was missing. 
The components which comprise the link 
assembly-clevis attachment were  un- 
damaged. St ress  analysis data and tes ts  
by the National Bureau of Standards showed 
that the strength of the AN 5-12 bolt was 
greater  than the strength of several  other 
components which comprise  the link 
assembly-clevis attachment. This con- 
clusively proved that i f  an AN 5-12 bolt 
had been in place in the attachment, high 
impact forces could not have sheared the 
bolt without badly damaging the com- 
ponents. . . on this evidence the Board 
concluded that the AN 5-12 bolt which 
normally secures  the link assembly-clevis 
attachment was not in place when the a i r -  
craf t  crashed.  

During a s e a r c h  of the tai l  a rea ,  a 
bolt of the same s ize  and specification a s  
the missing one was found on the right side 
of a sheLf of a bracket aft of and above the 
link assembly and clevis attachment and 
separated by a bulkhead containing 3-1/2 
inch lightening holes. The bolt did not have 
a washer,  castellated nut, o r  cotter key on 
i t ,  and no such i tem which would fit the bolt 
was recovered. It had been recently used 
and though unidentifiable with the specific 
link assembly f rom N 5140B i t  had markings 
which showed that it had been installed in 

an assembly with the same dimensions as 
the clevis forks and bearing bore of that 
link assembly. Rather than believe that this 
recovered bolt had been left in the tail durin 
previous maintenance, the Board was of the 
opinion that this was evidence that the bolt 
was the one holding the attachment together 
immediately prior to the accident. In view 
of inflight jostling, and forward and aft 
forces at the time of the accident, it was 
quite possible that the bolt could have reache 
the location where it was found. 

F r o m  analysis and conclusions, it was 
determined that the bolt had not been proper: 
secured nor had this condition been detected 
during an inspection two hours before the 
accident. The bolt had, therefore,  worked 
out of the attachment and loss  of control 
followed. The effect of this disconnect 
condition would be the loss of al l  longitudinal 
control except that obtained through use of 
the elevator t r i m  tab sys tem and that which 
could be obtained by manipulation of engine 
power. Under this condition the autopilot 
could not be used for pitch control; however, 
both the manual control sys tem and the auto- 
pilot sys tem could be used normally to 
furnish la tera l  and directional control. 

Various radio transmissions of the 
captain were then discussed a s  their meaning 
were not entirely c lear .  It was finally agree 
that they were a l l  subject to a single inter-  
pretation - the captain had elevator control 
when the autopilot was engaged. In the light 
of circumstances and physical evidence the 
most reasonable interpretation was that a l l  
pitch control was lost except that which 
conld have been obtained f rom power and 
t r i m  and that this condition uras not al tered 
by using the autopilot. 

It was c lear  that the captarn did use 
the autopilot but not that i ts  use res tored 
the lost elevator control which was initially 
reported. It was believed that the pilot used 
the autopilot fo r  la tera l  and directional 
control in combination with power and t r i m  
for pitch control. 

The fact that longitudinal control was 
not provided by the autopilot was clearly 



ICAO Circular  6 2 - ~ ~ / 5 7  17 5 

suggested when the captain was using the 
autopilot and transmitted,  "Am going to 
t r y  dropping my gear  pre t ty  soon to s e e  if 
I can maintain ta i l  t r im.  Also, when he 
sa id ,  "Have to make a pass  o r  two and get 
my power and t r i m  figured out on this 
thing. l f  

Following the f i r s t  approach the 
pllot transmitted,  "1 m going to t r y  to 
land on elevator tab instead of autopilot. 
I get a little better  control using poker  and 
t r i m .  " Out of context this t ransmiss ion 
could indicate the pilot had o r  thought he had 
pitch control on autopilot. In context with 
the other t ransmiss ions  and in considera- 
tion of the emergency,  it was the Board's  
judgement that the pilot meant he was 
discontinuing use of the autopilot and the 
power and t r i m  combination. It meant he 
would use manual control for la tera l  and 
directional control and power and t r i m  for 
control In the pitch axis.  

Operationally, without normal elevator 
control, landing the a i rc ra f t  using power 
and t r i m  would be a most  difficult task.  
During the approach the pitch control would 

lack "feel" normally obtained through the 
yoke. Over control would be unavoidable 
because of the jerky and Lagging response 
of the a i rc ra f t  to power and t r i m .  Fur the r ,  
these difficulties would be increased greatly 
because the manner of control  reauired 
increased hand movements and would entall 
a sudden depar ture  f rom orthodox pro- 
cedures .  Once the a x c r a f t  was on the run- 
way the slightest :rregular:ty m the runwa)- 
or wrnd gust could cause 1: to bounce or 
"porpoise". Consideryhg a l l  the operational 
c i rcumstances ,  to prevent the bounce f rom 
becoming a "porpoise" o r  to damp the "por- 
poise" using power and t r i m  would be ex- 
t remely difficult. In n e w  of the foregoing, 
the Board was of the opinion that the re  were  
no operational factors that caused or contrrb- 
uted to the cause of this accident. " 

Probable Cause 

The probable cause of the accidcnt 
was loss  o i  elevator control  because oi an  
improperly secured bolt,  a condition m h ~ c h  
was undetected because of an  inadequate 
inspection. 

ICAO Ref: ~ R / 6 2 2  
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.Mooney M-18, N 4174, accident near  Butler, Pennsylvania, on 7 September 1959. 
Civil Aeronautics Board (USA) Aircraft  Accident Report, File No. 2-102(. 

re leased L1 June 1960. 

Circumstances Analvsis 

The flight was to be a local VFR 
proficiency flight of approximately 
20 minutes. The a i rcraf t  took off a t  
1415 b u r s  eas tern  daylight t ime and 
climbed to 1 500 ft northwest of the a i rpor t  
where several  "lazy -eightt' manoeuvres* 
were executed. At about 1430 hours the 
a i rcraf t  was seen in straight and level 
flight on a southerly heading. A loud 
crack was heard and par t s  separated f rom 
the a i rcraf t .  It then went into a spin and 
crashed 1-112 miles west of the 
Culmerville Airport  near Butler ,  fatally 
injuring the pilot. 

Investieation and Evidence 

The Aircraft  

The Mooney a i rc ra f t  i s  a single- 
engincd, single-place, low-wing mono- 
plane. Production of the Model 18 ceased 
in 1956. 

N-4 174 had a valid airworthiness 
certificate which had been issued on 
5 January 1959. I ts  l a s t  100-hour inspec- 
tion was on 26 August 1959 and since that 
date i t  had flown only s ix  hours. 

The Pilot 

Several a i rcraf t  pa r t s  were found 
back along the flight path and confirmed 
the observations that an  inflight s t ructura l  
failure had occurred.  The right side of 
the horizontal stabilizer was found 2 600 ft 
northwest of the main wreckage si te;  the 
right elevator was found 1 100 ft northwest; 
and the fin and rudder,  plexiglass, and a 
piece of right wing plywood were  found 
350 ft northwest of the wreckage. 

Evidence indicated that the initial 
inflight failure occurred when the glue 
joint of the No. 2 r i b  separated allowing 
the trailing edge member of the right 
horizontal stabilizer to pull out. Airload 
bowed the elevator down in the middle, 
i t s  inboard and outboard hinges remaining 
intact. A s  the  elevator was bowed down- 
ward and the la tera l  distance between the 
inboard and outboard hinges decreased,  a n  
abnormally high downward loading was 
consequently imposed on the stabil izer,  
failing i t  downward a t  i t s  at tach point. It 
is probable that a s  the stabilizer separated 
f rom the a i rc ra f t  the outboard elevator 
hinge failed and the elevator remained 
attached to the a i rc ra f t  momentarily until 
the inboard hinge a lso  failed. This was 
indicated by the location of the stabilizer 
far ther  f r o m  the wreckage than the elevator. 

He held a valid Federal  Aviation 
Agency commercial pilot's certificate 
with a rating for single-engined land 
a i rc ra f t  and a n  instrument rating. He had 
flown a total of 900 hours ,  1 hour 
40 minutes of which had been on N-4174. 

The immediate resul t  of the loss  
of the stabilizer was a violent nosedown 
pitching of the a i rc ra f t ,  which failed the 
right d n g  spar  downward in two places. 
Following th is  the a i rc ra f t  rolled rapidly 
to  the right and the vert ical  fin separated. 

* An advanced fhght training manoeuvre which comhines the dive, the turn,  and the 
cl imb..  . . it does not impose excessive o r  a b n o r m l  loads on the a i rc ra f t  when 
properly executed. 
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The a i rcraf t  then fell nearly vertically 
to the ground. 

The generally poor condition of 
glued wood joints found throughout the 
a i rcraf t  appeared to be a resul t  of poor 
production techniques. Although deterio- 
ration f rom weathering was noted in some 
which had failed, it was not believed to 
have been of such a degree a s  to cause 
separation with little o r  no wood fai lure.  
The design practice of using glued butt 
joints without gussets o r  the equivalent was 
considered poor. In the l a t e r  models 20 
and 20A of the a i rc ra f t  this  problem is 
overcome because the stabilizer and wings 
a r e  completely covered with plywood and 
this surface a c t s  a s  gusset  for the 
structure.  

Similarly, poor production tech- 
niques were noted in numerous welds 
throughout the a i rcraf t .  Because of poor 

severa l  had failed in the 

weld deposit or  a t  the juncture of the weld 
deposit and the parent  metal. The weld 
should, i f  properly made,  be the strongest  
point in the tubular member and loads 
exceeding design strength of the pa r t  
should fail it a t  a point adjacent to the weld 
ra ther  than through the weld i tself .  

Probable Cause 

The probable cause of the accident 
was an inflight s t ructura l  fai lure brought 
about by the separation of a n  improperly 
glued wood joint. 

Corrective Action 

As a resul t  of recommendations 
made by the Board to the Administrator of 
the Federa l  Aviation Agency following this  
investigation, the la t ter  issued an a i r -  
worthiness directive to cor rec t  deficiencies 
existing in production techniques and 
design practices.  

ICAO Ref: ARl633 
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Danfoss Aviation Division, Tipsy Nipper, 00-DAK, accident  
a t  Shnderborg Aerodrome ,  Denmark,  on 12 September 1959. 
Report  r e l eased  by the Direc tor  of Civl l  Aviation, Denmark.  

C i r cums tances  P r i o r  to the subject  flight the pilot 
had been briefed on the a i r c r a f t  and i t s  

The pilot took off a t  1540 hour s  ~n flying cha rac t e r i s t i c s .  However, the t ime 
good weather  conditions f r o m  ~ B n d e r b o r g  allowed f o r  instruct ion on the a i r c r a f t  
on a fami l ia r iza t ion  flight. Severa l  t u rns  appeared  to be compara t ive ly  s h o r t  cons ider -  
of 360° were  c a r r i e d  out ove r  and nea r  t he  ing the f ac t  that he  until then had only flown 
ae rodrome .  The banks were  cons ider -  K. 2. III a i r c r a f t  and w a s  not a v e r y  
able  and the a i r c r a f t  lost  height. At  a experienced pllot. 
height of approximately 100 m the  a i r c r a f t  
overflew the wes tern  pa r t  of the ae rod rome  Reconstruct ion of the Fl ight  
in a south to north d i rec t ion  and made a 
na r row r ight  turn  of 7200 which ended in Following a n o r m a l  take-off the a i r -  
the c r a s h .  The pilot was killed, and the c r a f t  cl imbed to 300 m on heading 140 - 150'. 
a i r c r a f t  was  destroyed.  There  was  no f i r e .  Northeast  of the a e r o d r o m e  the a l r c r d t  

made  one o r  two 360° tu rns  to the left with 
Lnvestigation and Evidence a bank of about 4 j 0  whereupon i t  continued 

the flight to the lef t  of the ae rod rome .  When 
A delegation f r o m  the Belgian c iv i l  r ight  over  the public enc losu res  n e a r  the 

aviation author i t ies  and manufac tu re r s  southern boundary of the a e r o d r o m e ,  the 
and accompanied by representa t ives  f r o m  a i r c r a f t  made  another  one o r  two left 360° 
the Danish civi l  aviation author i t ies  visi ted tu rns  under cons iderable  banking, a t  the 
the a e r o d r o m e  on 15 September to look s a m e  t ime waving i t s  wings. 
into the c i r cums tances  of the accident .  

The Ai rc ra f t  

The a i r c r a f t  had a valld Certificate 
of Airworthiness.  It  had left the fac tory  
only two days  before the accident  and had 
flown only nine hours.  A t  the t i m e  of the 
accident  the weight of the a i r c r a f t  was  l e s s  
than the max imum pe rmis s ib l e  and the 
cen t r e  of gravi ty  was within the specified 
l imitat ions.  

This  caused  the a i r c r a f t  to lose  height 
but, levelling off a t  a height of 100 - 150 m ,  
i t  continued the flight on heading 3600 ove r  
the wes t e rn  p a r t  of the ae rod rome .  Reachrng 
the nor thern  boundary of the a e r o d r o m e ,  the 
a i r c r a f t  banked slightly to the Left, as Lf 
commencing a tu rn ,  but immedia te ly  there-  
upon, turning to the r ight ,  the a i r c r a f t  
dropped i t s  nose  and the angle of bank w a s  
increased  to 50 - 60° whereby the a l r c r a f t  
turned  into a r a t h e r  s teep  r ight  sp i ra l .  

The Pilot When the a i r c ra f t  in  th is  way had 
turned  3600, i t  appeared  as though the  pilot 

The pilot, aged thirty-four y e a r s ,  had t r i ed  to r e s t o r e  i t  to n o r m a l  position but 
commenced flying training in June 1958. fa i led  to do so ,  and the s t eep  r ight  s p i r a l  
He held a valid Danish private pilot 's was  continued until the a i r c r a f t  s t ruck  the  
l icence - h i s  flying exper ience  totalling ground a t  a n  angle of 40 - 4 j 0 ,  on a heading 
about 70 hours.  of 360' and under a bank of 10 - 15'. 
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:Jed~cal Aspects At a bank of 30° the force  i s  1. 15 g 
At a bank of 40° the force  i s  1.3 g 

The pilot's latest medical exarmna- At a bank of SO0 the force  i s  1 .  55 g 

t ~ o n  with a view to renewal of licence was At a bank of 60° the force  i s  2.0 g 
undertaken on 20 May 1959. This examina- At a bank of 70° the force i s  2.9 g 
tion revealed inter a k a  that systolic and 
diastolic blood p ressures  were respectively 
120 and 80 - 90. The result  of the examina- 
tion was approved without comments by the 
Danish Directorate of Civil Aviation on 
2 June 1959. 

A post-mortem certificate showed 
that the deceased was a very well-fed man, 
that his hear t  was ra ther  smal l  in propor- 
tion to the weight of his body and in places 
unusually thin-walled and that he suffered 
f r o m  pronounced ar ter ioscleros is .  

On the basis of the port-mortem 
certificate and the endorsement on the 
death certificate by the medical officer, 
reading: "The cause of death i s  a rupture 
in the hear t  where a l so  changes in the 
coronary a r t e r y  were found, wherefore 
the possibility of a sudden indisposition 
during the flight cannot be ignored", the 
Directorate of Civil Aviation calculated 
the g-forces on the pilot when subject to 
varying banks. 

It was not possible to determine 
whether the rupture in the heart  occurred 
while the pilot was piloting the a i rcraf t .  
The possibility of a sudden death f r o m  
heart  attack must,  therefore,  be Left out 
of consideration. However, the possibility 
cannot be precluded that the pilot- during 
the flight, having been exposed to g-forces 
perhaps right up to 2.9, may have been 
suddenly indisposed. 

His very unorthodox flying a t  a very 
low height over  the aerodrome would seem 
to suggest that he  may have been subject 
to a sudden indisposition during the turns  
he made over the public enclosures. 

Probable Cause 

On the basis of the resu l t s  of the 
post-mortem examination i t  cannot be 
precluded that the pilot in the course  of the 
flight may have become subject to a sudden 
indisposition so that the a i rc ra f t  during the 
las t  phase of the flight was partially out of 
control. 

ICAO Ref: ~ R / 6 0 8  
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Via la3  Aerea  SZo Paulo,  Scandia, PP -SCV,  accident  a t  V d a  C la ra  City, 
SZo Paulo.  Braz i l .  on 23 September  1959. Summarv Filing k'orm dated - 

15 December  1959 r e l eased  bv The  Minis t rv  of Aeronautics .  Braz i l .  

Ci rcumstances  and a l l  1 o passenge r s  aboa rd  the a l r c r a i t  
were  krlled, and the a i r c r a f t  was c o m -  

About one and one-half mznutes a f t e r  pletely des t royed,  
take -off f r o m  the  SZo Paulo Aerodrome  on 
a scheduled flight to Rio d e  Jane i ro  the Probable  Cause  
a i r c r a f t  was seen  f lymg a t  a low al t i tude 
and (at approximately 1849 h r s  loca l  t ime)  
~t f inal ly collided violently with the ground The  cause  of the  accident  could not 
and caught f i r e .  The  4 c r e w  m e m b e r s  be determined.  

ICAO Ref: rUG/ACC/REP/GEN/No. 8 - Braz i l  
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No. 48 

Reeve Aleutian Airways, Inc., Douglas C-54B-DC, N 63396, accident on Great  
Sitkin Island, Aleutian Chain, Alaska on 24 September 1959. Civil Aeronautics 

Board (USA), Aircraf t  Accident Report, Fi le  No. 1-0059, released 30 August 1960. 

Circumstances 

Flight 3,  a scheduled flight between 
Anchorage and Shemya, was to  make 
intermediate stops a t  Cold Bay and Adak, 
Alaska. Following a routine t r ip  to  Cold 
Bay it took off from there  a t  1419 hours  
Alaska standard time on a n  IFR flight 
plan. Five crew and eleven passengers  
were aboard. At 1650 it reported i t  was 
100 miles northeast of Adak, a t  4 500 ft ,  
on top and in the c lea r ,  estimating i t  
would be over the Adak low frequency 
range at 1725. The flight was c leared to 
the Adak low frequency range,  to  maintain 
VFR on top, and to call  Adak approach 
control on 126. 18 M c / s  when 30 miles  out 
for landing instructions. It advised the 
company a t  1715 that i t  was cancelling i ts  
IFR flight plan and was proceeding VFR. 
Two minutes la ter  the flight t r ied  to 
communicate with Adak approach control. .. 
"Adak approach control f rom Flight 3, 
126. 18. " Approach control 's  attempts to 
reach the flight following this message  
were unsuccessful. It was la ter  learned 
that the a i rcraf t  had crashed a t  about 
17 17 hours on Great  Sitkin Island, killing 
a l l  occupants. 

Investigation and Evidence 

Great  Sitkin Island is  composed of 
volcanic rock which r i s e s  f rom the ocean 
to a height of 5 740 ft. 

The wreckage was located on the 
northeast side of the island a t  a n  elevation 
of 2 100 ft  on a 30-degree slope. It was 
determined that a t  impact the a i rc ra f t  was 
making a right climbing turn  and that i t  
s truck the mountain when heading 285O 
magnetic. 

All landing gears  were re t racted 
when the accident occurred. An exami- 
nation of the propeller  domes of Nos. 1 
and 2 propellers showed that the blades 
of these propellers were  positioned 18O 
and 23O, respectively, f rom their low- 
pitch stops. These readings indicated 
that the engines were developing power 
a t  impact. 

Readings of a l l  instruments recovered 
were  determined to be unreliable. No 
evidence was found which indicated that 
a malfunction of the a i rcraf t  o r  i t s  compo- 
nents had occurred o r  that f i re  had occurred 
pr ior  to impact. 

Examination of the company's mainte- 
nance records  showed the a i rcraf t  to be 
in an airworthy condition for this flight. 

It was further determined that the 
pilot, co-pilot and flight engineer were in 
their  respective seats with their safety 
belts buckled, and that a l l  passengers  
were seated with their seat  belts fastened 
a t  impact. 

Weather 

Great  Sitkin Island was completely 
obscured by clouds of an orographic forma- 
tion above the 1 500-foot level. Clouds 
surrounding the island were in two layers.  
The upper layer was thin with i ts  top a t  
7 000 ft and i t s  base somewhat below this 
level. The lower layer had i t s  top a t  
4 000 ft and a base a t  1 500 ft. Each layer  
virtually created an  overcast  condition 
with very small  breaks ,  if any, in the 
lower deck. Both layers  converged over 
G r e a t  Sitkin Island resulting in a solid 
cloud condition. There  was no fog, 
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precipitation, or  turbulence of any conse- 
quence immediately adjacent to the route 
involved. 

The C a ~ t a i n  

He held an airl ine t ranspor t  pilot 's 
certificate with DC-3, DC-4, Sikorsky S43 
and Curtiss C-46 type ratings. His last  
proficiency check was on 14 September 1958, 
and his  las t  FAA f i rs t -c lass  medical exam- 
ination was on 26 lMarch 1956. He had 
flown a total of 12 853 hours of which 1 278 
were in DC-4 equipment and had flown this 
route for several  yea rs  while employed by 
Reeve Aleutian Airways. 

The captain was also the company's 
chief pilot and, therefore,  had cer ta in  
company responsibilities which included - 
proper accomplishment of a l l  pilot en route 
and proficiency checks when due, the maln- 
tainlng of al l  records  pertaining to fl:ght, 
and the maintaining of records  pertaining 
to the currency of pilots' medical cert if l-  
cates. 

Examination of the records  showed 
that he and two other captains were  over- 
due for  their proficiency checks. Other 
records  in  the company fi les indicated that 
the captain had taken each succeeding 
physical examination required af ter  
26 March 1956. However, the re  were no 
Federal  Aviation Agency o r  designated 
medical examiners '  r ecords  found to 
substantiate them. 

During subsequent inquiries made i t  
was disclosed that the captain suffered 
from glaucoma and cerebrovascular 
d isease ,  however, i t  was not possible to 
p e r h r m  an  autopsy to find out to what 
extent he  had been affected. This type of 
d isease  may lead to total immobilization, 
part ial  immobilization and disturbance of 
memory,  judgement and reasoning. Poor 
judgement, one of the resul ts  of this 
d isease ,  may have caused him to  attempt 
to proceed visually under conditions in 
which better  judgement would have caused 
him to be  more  cautious. 

h FAA representatrve testified tnat 
periodic spot checks of the ccmpany's 
records  had been made and nothing was 
found to indicate that they were  not in order .  
3 e  fur ther  testified that if a pilot was asked 
~f ne had a vahd medical cert if icate and he 
replled "yes", the FAA inspector was not 
required to actually inspect the certificate 
for validity. The Board believed that if a n  
FAA inspector had asked for the captain 's  
medical certificate to examine it,  during the 
three years  it was not current ,  the lack of 
i ts  validity would have been discovered. 

The Flight - Discussion 

Throughout the flight from Cold Bay 
to the las t  reporting point, a l l  reporting 
points were reached approximately when 
estimated. F r o m  this fact i t  must be 
concluded that the captain could have easily 
computed his position a t  the time he can- 
celled the flight plan and should have known 
approximately how far he was f rom the only 
obstacle of any proportion along the course.  
Since Great  Sitkin Island is  5 740 ft  in height 
and a t  the t ime was obscured f rom the pilot 's  
view by converging cloud layers  a s  well a s  
the orographic formation surrounding the 
mountain, and since the flight was cruising 
IFR on top a t  4 500 ft,  i t  i s  obvious that a 
change of course  o r  altitude had to be made 
to avoid it. If the captain had elected to 
continue IFR, under the existing weather 
conditions, he would have had to change 
course ,  climb and maintain VFR on top, 
o r  request  an amended c learance fo r  a n  
altitude assignment of a t  leas t  8 000 f t  ( the 
minimum en-route altitude). To do this 
would have taken very  little extra  t ime and 
this should not have been a deciding factor 
because the airplane was to r e m a s  over- 
night in Adak and no other uses  were  
scheduled for it. The captain did not elect  
to take any of the above courses  of action. 
but instead decided to cancel h i s  LFR flight 
plan and proceed VFR. 

At the t ime this decision was made, 
the a i rc ra f t  was computed to be approxi- 
mately 35 nautical mi les  f rom i t s  destina- 
tion and about 9 nautical mi les  f rom Great  
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Sltkin Island. Due to the lack of precise 
information, i t  i s  not definitely known 
what the cloud coverage was where the 
descent was begun; however, it i s  believed 
that i t  was slightly better  than that inclose 
proximity to Great  Sitkin Island. It i s  
logical to assume that a pilot with this 
captain1 s experience and background would 
not deliberately descend into a solid cloud 
condition after  stating that he was going to 
proceed VFR. He mus t  have thought that 
he could descend to a safe altitude below 
the clouds in accordance with visual flight 
rules and proceed in this manner to his 
destination. 

Since the a i rcraf t  was apparently in 
clonds just p r io r  to impact, the Board 
concluded that the pilot, for  reasons 
unknown, did not continue to  maintain 
visual reference to the extent necessary  to 
navigate successfully through hazardous 
terrain. 

It a lso  concluded that the pilot did not 
know h i s  exact position when he began the 
descent and thought he was e i ther  to the 
right o r  left of course  o r  beyond the moun- 
tain. 

Probable Cause 

The probable cause of the accident was 
the captain's failure to maintain flight in 
accordance with visual flight ru les  during 
a descent over hazardous terrain.  

Corrective Action 

As a result  of the accident, a l l  
approaches into Adak a r e  now to be made 
in accordance with instrument flight rules.  
Photographic copies of each pilot's medical 
cert if icates a r e  to be made upon the pilot 's 
receipt  of the certificate and placed in the 
file. 

ICAO Ref: AR/641 
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No. 49 

Saudi Arabian Airl ines,  DC-4, HZ-AAF, made a wheels-up landrng a t  
Jedda, Saudi Arabia on 25 September 1959. Report released by 

the Director General  of Civil Aviation, Saudi Arabia. 

Circumstances 

The a i rc ra f t  took off a t  1404 hours 
on a special flight f rom Jedda to Ryiad 
carrying a crew of 5 and 67 passengers .  
Following landing gear re t rac t ion,  the 
a i rcraf t  began to climb rapidly a t  a n  
abnormal r a te ,  and the crew were  unable 
to force the control column forward to r e -  
sume a normal flying attitude. Full for-  
ward t r i m  was applied and a s  the a i rc ra f t  
approached a s ta l l ,  the power was reduced 
to lower the nose. The a i rc ra f t  s tal led 
and then descended at  almost  a 90' angle. 
Power was reapplied, and the control 
column was pulled al l  the way back by a l l  
the crew members  in the cockpit and the 
a i rcraf t  recovered f rom the dive a t  a very  
low altitude and then began to cl imb again 
and approached another stal l .  Power was 
again reduced to aver t  a s ta l l  and the 
a i rcraf t  was turned to the left in an  at tempt 
to re turn  to the runway. Still another s ta l l  
was averted by reducing power and a s  a 
return to the runway was impossible the 
captain landed the a i rc ra f t  with the landing 
gear re t rac ted in an  open spot a t  the north 
end of Jedda aerodrome.  There  were  no 
fatalities, however, the a i rc ra f t  sustained 
major damage. 

Investination and Evidence 

F r o m  statements of the crew and 
ground observers  i t  was est imated that 
the a i rc ra f t  reached a height of 800 - 
1 000 ft during the initial cl imb before i t  
stalled. It recovered f r o m  the s ta l l  a t  a 
height of 100 - 200 ft above the ground. 
The second climb reached a height of 
approximately 500 ft before a par t ia l  s ta l l  
occurred and then the a i rc ra f t  continued 
a t  a very  low altitude until contact with 
the ground was made,  

Aircraf t  History 

The a i rc ra f t  received a ze ro  t ime 
overhaul e a r l y  in 1958, was t e s t  flown and 
then returned to Jedda in September to 
routine a i r l ine  operation. At 200 hours 
flying time (2nd maintenance inspection) 
the gust  lock was writ ten up a s  too stiff to  
unlock f r o m  the f loor,  o r  unlock position. 
The gust lock handle and the latch assembly 
were  checked and signed off a s  operating 
normally,  and the a i rc ra f t  returned to 
air l ine ope ration. 

In March 1959 on another maintenance 
inspection the gust  lock handle was writ ten 
up a s  "hard to lock down". Correct ive  
action was taken. 

In September 1959 during a subse- 
quent inspection a s  the tai l  s h d  fair ing 
was rusted around the attached s c r e w s  
and skin washers ,  i t  was decided to remove 
the complete tai l  skid assembly,  and route 
the assembly and fair ing to the shops fo r  
r epa i r  and back to  the a i rc ra f t  f o r  instal-  
lation. 

I n s ~ e c t i o n  a f t e r  the Accident 

After the accident i t  was revealed 
that the elevator would not move pas t  the 
neutral  o r  nose down elevator position. 
It was a l s o  noted that the control unlock 
a r m  was not proper ly  locked down in  i t s  
respective position, which is flush with 
the cockpit f loor,  but r a i sed  to an angle 
of approximately 15O. Fur the r  checking 
revealed that the tai l  skid fair ing,  cable 
and spring assembly was instal led on the 
elevator control  locking assembly.  With 
the above conditions the re  i s  enough spr ing 
action inser ted  on the elevator locking 
assembly in the ta i l  section to  flip the 



186 ICAO Ci rcu la r  62 -AN157 

e levator  control  lock a s sembly  to a locked 
neut ra l  position, and no fo rward  movement 
of e leva tors  o r  nose down control  of the 
a i r c r a f t  i s  possible.  When the control  
unlock a r m  was a t  a n  angle of 15O, with 
the inco r rec t  instal lat ion of the tar1 skid 
fair ing spr ing  connected to the elevator  
locking assembly ,  the elevator  down 
t r ave l  was blocked a t  the neut ra l  position. 
Ai lerons ,  rudder  and aft movement of 
neut ra l  positlon were  no rma l  when the ta i l  
sk id  spr ing  was at tached to the elevator  
control  lock assembly .  

C o r r e c t  locking procedure  for  
locking flight controls  on DC -4 a i r c r a f t  i n  
neut ra l  position i s  to unlatch the control  
lock  handle f r o m  the locked position on 
the cockpit floor. When the handle i s  
r a i s e d  to  approximately 60° the a i le rons  
will  lock and between 7 5  - 80° the eleva-  
t o r s  and rudder will lock a lmos t  s imul-  
taneously. 

Statements  of Crew Members  

During the hearing the captain s ta ted  
that  a f t e r  secur ing  the tape f r o m  the gust  
lock into i t s  receptac le  above the wind- 
shield he checked that  all controls  had full 
f r e e  t rave l .  

Crew Information 

All the c r e w  were  well qualrfied in 
the type of a i r c r a f t  involved, the only 
d iscrepancy noted was that  the co-pi lot 's  
l a s t  physical  exammation was 7 July 1958. 

Probable  Cause  

The flight mechanic fai led to place 
the gust  lock in  the fully s ecu red  position 
to unlock the cont ro ls  p r i o r  to take-off,  
and the spr ing  holding the fair lng on the 
ta i l  sk id  was inco r rec t ly  at tached to the 
elevator  control  lock mechanism.  This  
spr lng  tension caused  the elevator  gust  
lock to lock the elevator  f r o m  down t r ave l  
when the gust lock was not in the fully 
s ecu red  control  unlock position. 

The flight mechanic s ta ted  that 
normal ly  a f t e r  the run-up was completed A contributing fac tor  was  that nei ther  

and prior to  off the check list he the captain n o r  the flight mechanic checked 
s e c u r e d  the gus t  lock in  the controls  visual ly o r  manually to  s e e  that  the gust  
unlocked position by depress ing  i t  with lock was  in  the secu red  position to unlock 
h i s  foot until he hea rd  the latch cl ick into the prior take-0ff. 
position. The captain would g r a s p  the 
tape  f r o m  the gust  lock control  and l e t  i t  
r e t r a c t  slowly into i t s  receptac le  above 
the windshield. He s ta ted  that he followed 

Recommendation 

th is  procedure  during this flight and It was recommended that Saudi 
thought he had hea rd  the securing latch Arabian  Air l ines  include in  the i r  cockpit 
c l ick  into position. He did not make  e i ther  p rocedures ,  p r i o r  to take-off, a visual  
a v isua l  o r  manual  check to  de termine  a n d / o r  manual  check of the gust  lock 
whether  the gus t  lock was fully s ecu red  control  t o  ensu re  that  i t  is fully s ecu red  
and  the secur ing  la tch  was fully engaged. i n  the control  unlock position. 

ICAO Ref: AR/605 
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No. 50 

U .  S. Ove r seas  A ~ r l i n e s ,  I nc . ,  C-54-G, N 4000.4, acc:dent n e a r  
the U. S. Naval A l r  Statlon, Jacksonvll le ,  F l o r ~ d a ,  on 15 October  1959. 

Ciml  Xeronaut lcs  Board  (USA), A i r c r a f t  Accident  Repor t ,  
F i l e  No. 1-0067, r e l ea sed  20 September  1960. 

N 4000A had just taken off f r o m  
Jacksonvil le  U. S. Naval A i r  Station on  a 
scheduled U ,  S.  Navy cont rac t  ca rgo  flight 
to the Mar ine  Corps A i r  Station, 
C h e r r y  Poin t ,  North Caro l ina ,  when ~t 
advised the F A A  lmeson A i r p o r t  d e p a r t u r e  
cont ro l  a t  Jacksonvllle that ~t was  havrng 
trouble with No. 4 engine. Power  was 
then lo s t  on engrne No. 3 followed by No. 2 .  
At approximately 21 05 hour s  e a s t e r n  
s tandard  t ime ,  1. e. elght minutes  a f t e r  
take-off, the a i r c r a f t  was di tched in a 
s m a l l  l ake ,  caught f i r e  and sank  in 10 i t  
of wa te r .  The two pl lots ,  the only 
occupants ,  we re  seriously mju red .  

Investigation and Evidence 

Fl ight  Pe r sonne l  

The captaln held a cu r r en t ly  effective 
a i r m a n ' s  cer t r f ica te  with a i r l i n e  t r a n s p o r t  
and o ther  app rop r i a t e  ra t ings .  He  had 
flown a total of 12 166 h o u r s ,  including 
7 303 on C-54 type a r r c r a f t  of whrch 6 500 
were  g o w n  a s  captain. He had completed 
240 flying hour s  in C-54-B s e r i e s  a i r c r a f t  
and 233 hour s  in C-54-E and G a i r c r a f t .  
His last previous fllght was  in a C-54-E 
s e r i e s  a i r c r a f t .  

The  co-pilot had flown a to ta l  of 
9 025 hour s  of which 255 hour s  w e r e  1n 
C-54's .  During the previous 30 days  h e  
had flown approximate ly  70 hour s  in C-54 
a i r c r a f t .  He  had flown a total  of 209 hour s  
m 6-54-B s e r i e s  a i r c r a f t  and  about  
47 hour s  in C-54-E and G s e r i e s  a i r c r a f t .  

Weather  

The r eco rded  weather  a t  the t i m e  of 
the acc ident  was: broken  clouds a t  2 500 f t ,  
10 000 i t  ove rcas t ;  visibility t h r e e  m l l e s  
ur fog and smoke ,  However,  accord ing  to 
s ta tements  of the captain followrng the 
acc ldent  the ac tua l  weather  was  s ca t t e r ed  
clouds wlth visiblllty unlrmited and the  
moon fully vis ible .  

The C-54, Fuel  Se lec tor  Pos l t lons  

U .  S .  Ove r seas  Air l ines  ope ra t e s  
both 6 and 8-fuel-tank C-54's.  which have 
different  fuel  s e l ec to r  posrt ions.  The 
6-tank s y s t e m  h a s  a two-position wlng tank 
se l ec to r ;  the marn  tank posi t ions a r e  f o r -  
ward  and the off positlons a r e  r e a r w a r d .  
The 8-tank fuel  sy s t em,  whlch N 4000A 
had,  has  t h r e e  tank se l ec to r  posi t lons;  the 
a w u l i a r y  tank posi t ions a r e  forward ,  the 
main tank posi t ions a r e  cen t r e ,  and  the 
off posi t ions a r e  r e a r w a r d .  

The Fl ight  

Following the pre-flight engine s t a r t  
and  engine run-up,  the a i r c r a f t  took off at 
2057 f r o m  runway 090 on  a n  I F R  flight 
plan, having been  c l ea red  d i r e c t  to 
Jacksonvil le ,  Victor  3 to Brunswick,  
Georgia ,  to  main ta in  5 000 it and  c l imb 
on runway heading to  1 500 it until f u r the r  
advised .  

The  c r e w  s ta ted  that following take-  
off the g e a r  r e t r ac t i on ,  power reduct ion,  
f lap r e t r ac t i on  and rad io  comrniuzications 
w e r e  routine. Upon reaching  about  1 400 f t  
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the No. 4 engine surged.  No. 4 throt t le  
was re ta rded  and again advanced but su rg -  
ing continued and the manifold p r e s s u r e  
fell  off. A check of the ins t rument  panel  
revealed that a l l  ins t ruments  were  no rma l  
except the No. 4 fuel p r e s s u r e  and fue l  
flow which fluctuated. No fuel  warning 
light was observed .  The use of ca rbu re t -  
t o r  hea t  and select ion of the low and high 
fuel boos ter  pumps did not improve  the 
conditions . 

At 21 01, the a i r c r a f t  advised the 
FAA Imeson Airpor t  depa r tu re  control  
a t  Jacksonvil le  i t  was having trouble with 
No. 4 engine and requested permiss ion ,  
which was  approved,  to c i r c l e  e a s t  of 
Jacksonvil le  Naval A i r  Station a t  1 500 f t .  
The flight then requested a r a d a r  vector  
back to Jacksonville Naval A i r  Station and 
the pilot was Instructed to t u rn  to a head- 
ing of 2750 The following c learance  was 
then glven to N 4000A: "c leared  to Navy 
Jacksonville low frequency range ,  main-  
tain 1 500 f t ,  stand by this  frequency."  
Neither  the c learance  no r  the r a d a r  head- 
ing was acknowledged. At 2105 the r a d a r  
blip of the a i r c r a f t  d isappeared .  

Following lo s s  of No. 4 engine, the 
pilot initiated a left turn  toward the 2750 
heading suggested by depa r tu re  control .  
During the turn  the No. 4 cyl inder  head 
t empera tu re  dec reased ;  the cowl f laps 
were  then closed,  and the captain had just 
decrded to feather  the propel le r  when the 
No. 3 engine began to surge .  Featherrng 
was then de fe r r ed ,  and the captain cal led 
fo r  M E T 0  power. This  power could not 
be obtained a s  No. 3 engine continued to 
s u r g e .  Five seconds l a t e r  No. 2 engine 
began surging.  During the emergency the 
co-pilot reached over and checked the 
position of the fuel s e l ec to r s ,  but the cap- 
tain did not r e m e m b e r  whether they w e r e  
moved f rom the i r  positions. 

The a i r c r a f t  descended rapidly and 
h i t  s eve ra l  t r e e s  during the subsequent 
ditching at tempt.  I t  hl t  the water  with 
wings level  and in a tail-low attitude on 
a 250 heading. 

Analysis  

Analysis  of all evldence indicated 
that  the accident  resu l ted  f r o m  fuel ex- 
haustion due to  positroning the fuel tank 
se l ec to r s  to vir tual ly empty tanks p r io r  
to take-off. The 25 to 50 gallons of fuel 
in  each  auxi l ia ry  tank were  sufficient to 
take off and r e a c h  the accident  s i te ,  and 
the No. 1 fuel  tank contained slightly m o r e  
fuel  than the o the r s .  I t  was a l s o  obvious 
that the co-pilot did not move the fuel 
s e l ec to r s  during the emergency,  a s  
considered possible by the captain,  but 
mistakenly considered himself  to be in a 
6-fuel-tank a i r c r a f t  and believed, there-  
fo re ,  that  the forward  fuel s e l ec to r  posi- 
tions were  c o r r e c t  for  the ma in  fuel tanks 
and m e r e l y  made  s u r e  that  they were  posi- 
tioned to the forward  detents  a s  found. 

The flight c r ew suspected imprope r  
o r  contamlnated fuel but that a r e a  was 
thoroughly explored and completely e l imi-  
nated by the various labora tory  analyses  
of fuel s amples  and investigation of a i r p o r t  
fuel handllng and dispensing.  The main  
fuel tanks were  filled to a total of 951 gal-  
lons ,  but the four auxi l ia ry  fuel tanks w e r e  
not. Only 25 to 50 gallons of fuel remained 
in  each  of these  tanks a s  rndicated by the 
gauges when checked by the previous flight 
c r ew.  

W h l e  rt was not unreasonable fo r  the 
captain to have considered the posslbillty 
of imprope r  fuel  as a r eason  fo r  the lo s s  
of power, the Board believed i t  should not 
have been accepted to the exclusion of fuel  
s tarvat ion.  Fluctuation of fuel p r e s s u r e  
and fuel  flow should have a l e r t ed  the cap- 
tain to the ac tua l  difficulty, par t icu lar ly  
m vlew of the surgrng of the englnes and 
the fact  that the fuel boost pump did not 
remedy the condition, and the fact  that the 
low cylinder-head t empera tu re s  el iminated 
the possibility of the p re sence  of jet fuel. 
Switching fuel  s e l ec to r s  to another  tank 
should normal ly  be one of the f i r s t  a c t s  of 
a pllot a f t e r  a sudden d e c r e a s e  of fuel 
p r e s s u r e  and fuel flow. In addition, the 
captain had four o r  m o r e  mlnutes  to ana-  
l y se  h is  problem before impact .  
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Probable Cause 

The probable cause of the accident 
was incorrect  fuel system management, 
resulting in a power loss in three  engines. 

Remedial Action 

As a resul t  of this accldent the com- 
pany has blocked off the No. 2 and No. 3 

tank selectors f rom the auxiliary posi- 
tions on a l l  8-tank a i rc ra f t .  Also, a large  
placard has been placed directly m front 
of the fuel tank se lectors  in all C-54  a i r -  
craft  stating whether the a l rc ra f t  has a 
6- o r  8-tank fael system. The C - 5 4  
checklist has  a l so  been revised to require  
a response af ter  MAIN TANKS of "Full 
Forward" on the 6-tank system, and 
"Centre Position1' on the 8-tank system. 

ICAO Ref: AR/649 
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No. 51 

Boeing Airplane Company, Boeing 707-227, N 7071, c r a shed  and burned 
in the Stillaguamish R ive r ,  10 m i l e s  nor theas t  of Arlington, Washington, 
on 19 October 1959. Civil Aeronautics  Board  (USA), A i rc ra f t  Accident 

Report ,  F i le  No. 2-1754, r e l eased  20 June 1960. 

C i r cums tances  

The a i r c r a f t  was on s. demonstrat ion 
and acceptance flight p r i o r  to it being 
de l ivered  to a  cus tomer .  The flight t ime 
was  a l so  being used to  t r a i n  a i r l ine  p e r -  
sonnel on the a i r c ra f t .  While the 
ins t ruc tor -p i lo t  was executing a "Dutch 
Roll",  the ro l l  bank angle of the a i r c r a f t  
reached 4 0  to 60° ,  which i s  in excess  c~f 
the l imitat ions for  demonst ra t ion  of this  
manoeuvre.  * D u r ~ n g  an  improper  r ecove ry  
a t tempt  by the p i lo t - t ra inee ,  s t ruc tu ra l  
fa i lures  occu r red  which resul ted  in violent 
gyrat ions of the a i r c ra f t .  Control  was 
ihen regained,  and i t  was de termined that 
t h ree  englnes had separa ted ,  and the a i r -  
c r a f t  was on f i r e .  An emergency landing 
was at tempted,  but the a i r c r a f t  s t ruck  
t r e e s  and landed shor t  of the intended 
landing a rea .  Of the 4 c r e w  and 4 passen-  
g e r s  aboard ,  a l l  c r ew m e m b e r s  were  
fatal ly injured. 

Investigation and E v ~ d e n c e  

Crew Information - 
The ins t ruc tor -p l lo t ,  a  t e s t  pilot,  

held a  FAA ai r l ine  t r anspor t  pilot 's 
cer t i f ica te  with a  rating in the B-707. Of 
5 015 flying hour s  flown, 369 w e r e  in the 
707 a i r c ra f t .  He  was fully qualified to ac t  
a s  instructor-pi lot  on th is  a i r c ra f t .  

The pi lot- t rainee,  employed by 
Braniff Airways in 1936, became  a captain 
in Apr i l  1938 and was promoted to check 

pilot in January  1958. He held a v a l ~ d  
FAA ai r l ine  t r anspor t  pi lot 's  cer t i f ica te  
with ra t ings  in the DC-3,  DC-4, CC-6 ,  
DC-7 and L-188 a i r c r a f t ,  and had floxvn 
a total of 23 563 hours .  He had completed 
the Boeing Airplane Company pilot 'cra~ning 
ground school c o u r s e ,  which consisted of 
160 hours  of instruct ion.  Thrs  was h ~ s  f i r s t  
training flight in prepara t ion  for  checkout 
on the a i r c ra f t .  

The Ai rc ra f t  

N 7071 was a new model  of the 
Boeing 707 s e r i e s  a ~ r c r a f t  on which FAX 
type cert i f icat ion flight t e s t s  had j u s t  been 
completed. F ina l  cert i f icat ion was await- 
ing verif icat ion of these t e s t  r e su l t s  and 
the a i r c ra f t  meanwhile was being operated 
on a n  exper imenta l  cer t i f ica te  of a i rwor  - 
th iness .  

The "Dutch Roll" - Explanation 

The t e r m  applies  to a  wallowing 
motion cha rac t e r i s t i c  of swept-wing a i r -  
c r a f t .  Pur ing  this motion the a i r c r a f t  
ro l l s  r ight  and left around the longitudinal 
ax is  while yawing rlght and left around the 
ver t ica l  axis .  Angle of bank and deg ree  
of yaw a r e  dependent upon the amount of 
fo rce  applied in  initiating the Dutch Roll. 

Normally the motron i s  caused  by 
turbulent  a i r  o r  l a t e r a l  overcontrol .  The 
low l a t e ra l  d i rec t ional  damplng of swept- 
wing des ign  allows the motron to continue 
a t  slow indicated a i rspeed .  

* The Boeing Airplane Company's  training manual  r e s t r i c t s  the Dutch Roll manoeuvre  
to a  d e s i r e d  maximum rol l-bank angle of 15" and an  absolute maximum of 2 5 " .  
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Compensating for the Dutch Roll 
may be made by simply keeping the wings 
level. When the airplane i s  rolling in one 
direction o r  another, the ai leron should 
be used to stop the ro l l  and keep the wings 
level. 

-4nother method i s  to apply c r o s s -  
control. For  example, if the a i rc ra f t  i s  
Dutch Rolling, left rudder and right 
ai leron should be applied when the nose 
has  s tar ted to swing f rom left to right 
with control forces  slowly relieved a s  the 
a i rcraf t ' s  yaw angle diminishes. 

Rudder application must be app l~ed  
in the right direction o r  the Dutch Roll will 
be further aggravated. If there  i s  uncer- 
tainty a s  to the rudder required,  applica- 
tion of ai leron only is  recommended for 
recovery. 

The damping in the lateral-direc- 
tional mode is  lowest when the angle of 
attack is  high, so that a t  low indicated 
airspeeds with flaps up o r  down, the 
Dutch Roll will seem to be more  pro- 
nounced. At high indicated a i rspeeds  the 
natural yaw-damping fo rces  minimize 
or  tend to zero out any Dutch Roll tend- 
encies. 

The purpose of Dutch Roll familiar-  
ization i s  to introduce to the pilots, who 
a r e  generally not acquainted with swept- 
wing airplanes,  this inherent character-  
istic peculiar to the design. 

The Flight 

Shortly before depar ture ,  a n  IFR 
flight plan for the flight was cancelled, 
and the flight proceeded according to 
visual flight ru les  for approximately 
4 hours and 15 minutes. The trainee,  who 
was making his f i r s t  flight in the a i rcraf t ,  
was in the left-hand seat  and the instruc- 
tor-pilot was in the right-hand one. 

Following take-off, a s e r i e s  of 
manoeuvres were  f i r s t  demonstrated by 
the instructor,  then executed by the 
trainee - included were  Dutch Rolls in a 

clean configuration. The a i rc ra f t  was 
slowed to 155 kt and 40" of flaps were  
lowered. Recoveries were  then made by 
+he trainee f rom fur ther  Dutch Rolls made 
in this configuration. During these rol ls ,  
initiated by the instructor,  angles of bank 
greater  than 25"  were allowed to develop 
although the instructor was aware  of the 
bank-angle restr ict ions and was a l so  
reminded of them during the flight. As the 
recoveries to this point had been made f rom 
the left (nose-left position), the instructor 
suggested that a recovery now be made f rom 
the right. He initiated another Dutch Roll 
in which the angle of bank was quite large.  
(Survivors estimated 'he a i rcraf t  rolled 
40 to 600)  Before attempting recovery,  
the trainee allowed the a i rcraf t  to complete 
several  oscillations in each of which +he 
roll-bank angle reached 40 to 60". The 
trainee initiated recovery while the right 
bank was st i l l  increasing. . . he applied 
full right ai leron control while the right 
wing was st i l l  moving downward. The 
a i rcraf t  immediately yawed heavily to the 
right and rolled rapidly right, well beyond 
a 90" bank. Immediately following appli- 
cation of the right ai leron and ear ly  in the 
vaw-roll movement of the a i rcraf t .  the 
instructor took the controls and applied 
full left aileron. The a i rc ra f t ' s  rolling to 
the right was stopped after  the wings had 
passed the vert ical  and then rolled back 
left even more  rapidly and violently than 
to the right. During these rol ls  the su r -  
vivors saw the thrust  levers  snap, the 
cables go slack,  and they heard sounds 
which couId have been the engines separat-  
ing from the a i rcraf t ,  Movements de- 
scribed a s  spins and snap rol ls  followed. 
The a i rcraf t  rotated left, and the ra te  of 
roll  finally slowed almost to a stop with 
the a i rcraf t  in an inverted nosedown 
attitude. The left ro l l  continued and 
recovery was made to an  upright position 
with the a i rc ra f t  in a medium dive. A 
normal pullout was made during which it 
was noted that there  was no thrust  on 
engines Nos. 1, 2 and 4,  and the thrus t  
levers  and s t a r t  levers  were  completely 
slack. In fact engines NO. 1 and NO. 4 
had broken away, and there  was a la rge  
f i r e  in the No. 2 engine area .  The  a i r c r a f t  
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continued its descent on a southeasterly 
heading down Deer Creek (see Figure 11) 
and made a gradual right turn to a heading 
of 230'. It was then almost at  treetop 
level. It continued for about one mile, hit 
treetops and crashed in the Stillaguamish 
River bed approximately half a mile short 
of a large open field, which undoubtedly 
had been the intended landing area. 

Damaee to the Aircraft 

Three of the four powerplants, with a 
major part of their pylons attached, had 
separated from the aircraft  in flight. 
They were found 1 to 1-112 miles north- 
west of the main wreckage. Engines 
Nos. 1 and 4, with their nacelles, broke 
from the airplane in outboard directions. 
The No. 2 engine, with i ts nacelle, broke 
partially outboard but appeared to have 
rotated downward and rearward during its 
separation from the aircraft. No. 3 engine 
remained with the aircraft  until impact. 
There were little or no indications of in- 
flight fire damage to engines Nos. 1, 3 and 
4. However, the cowling which fell with 
the No. 2 engine showed evidence of heavy 
smoke and sooting prior to impact. 

The damage found on al l  four engines 
was +he result of impact or  minor ground 
fire. No evidence of operational dis t ress  
or malfunction prior to impact with the 
ground was found. In addition, indications 
were that all  four were rotating very slowly, 
if a t  all, a t  the time of the accident. 

It was determined that the flaps were 
extended approximately 28" at impact. 

The forward portion of the fuselage 
was almost completely destroyed by 
impact and the intense ground fire which 
followed. The aft fuselage, where the 
survivors were located, broke off just to 
the rear  of the trailing edge of the wing 
and skidded out into the middle of the river. 
It was badly damaged by inflight f i re  and 
ground impact, but was intact and not 
subjected to the ground f i re  which 
consumed most of the other wreckage. 

A section of the left wing tip. 16 ft 
long, was severed when it contacted t rees  
on the north side of the river and came to 
rest  across  the river 50 ft before the f i r s t  
of the gouges which were dug in the ground 
by the remaining wing structure. 

There was extensive inflight fire 
damage to the left wing in the area of No. 2 
engine, to the entire left side of the aft 
fuselage, and to the left side of the 
empennage. 

Analvsis 

There was little question that the 
violent gyrations of N 7071 which followed 
the improper Dutch Roll recovery attempt 
resulted in the separation of the three 
engines and the inflight fire.  A safety 
factor is designed into the nacelle support- 
ing structure so that, in the event of 
abnormal loading, it will fail before 
destructive loads a r e  transmitted to the 
aircraft  wing. Separation of engines from 
the aircraft  i s ,  therefore, expected when 
the aircraft  is  subjected to high abnormal 
loadings such a s  occurred in this case. 

It was equally clear that the Dutch 
Rolls being performed reached angles of 
bank far in excess of the limitations 
established by the company. The Board 
could find no reason for the instructor- 
pilot's initiating the final Dutch Roll so  
violently. No training advantage could be 
gained by conducting these manoeuvres a t  
the extreme angles of bank reached. He 
certainly should have been aware of this, 
and he was, admittedly, aware of the 
company's restrictions. In addition, it 
was surely less than prudent to permit a 
pilot with no previous experience in the 
airplane to attempt a recovery from this 
extreme manoeuvre. 

The severity of the gyrations to 
which the aircraft  was subjected developed 
loads greater than the design strength of 
the nacelle pylon structure. After the 
three engines were lost and while the flaps 
were still extended 40', the airplane was 
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committed to land. The flaps may have 
been ra ised to  the 28" position intention- 
ally so that full  outboard aileron effec- 
tiveness would be available during the 
landing. It i s  possible that in this config- 
uration, with power available from the 
No. 3 engine, the airplane could have 
flown a t  leas t  long enough to reach a 
suitable a i rpor t  for a c r a s h  landing. 
However, the intense f i r e  which i s  
believed to have come from a ruptured 
fuel line, was threatening the left wing 
and made an  immediate landing mandatory. 

Lateral  control with flaps down at  
leas t  28" i s  provided by the following: 
Outboard ailerons. 40%; outboard spoi lers ,  
30%; inboard ailerons,  1570; and inboard 
spoilers,  1570. The outboard ailerons a r e  
moved by means of a cable bus arrange- 
ment actuated by movement of the inboard 
ailerons. As the f i re  gradually destroyed 
the inboard left ai leron and the flight 
control components in that a rea ,  the out- 
board ailerons were lost. Loss of 
electrical  power cut  out the auxiliary 
hydraulic system which operates the 
inboard spoilers and the rudder boost. 
When the left inboard aileron was consumed 
the only la tera l  control remaining to keep 
the heavily damaged left wing up came 
from the right inboard aileron (7- 1 / 270) 
and possibly the right outboard spoilers 
(30%). Lift on the left wing was seriously 
impaired because of the loss of approxi- 
mately 35 sq ft of upper surface which 
was burned through, the additional f i r e  
damage to the flaps which reduced t h e ~ r  
effectiveness, the extra  drag from the 
No. 2 pylon stub, and the spoiler effect 
on the upper wing surface caused by 
ruptured skin over the fuel vent channels. 

This drag,  coupled with any appre- 
ciable thrust  f rom the No. 3 engine, would 
force the left wing down. In view of the 
limited aileron control available, consid- 
erable right rudder would be required to 
induce a yaw to the right to ass i s t  in hold- 
ing the wing up. However, w ~ t h  the rudder 
boost inoperative, there would not be 
sufficient rudder control available to 
induce enough yaw to counteract these 
forces.  It i s ,  therefore,  apparent that 
the No. 3 engine was shut down prior to 

rmpact so a s  to be able to keep the wings 
level with the minimum amount of control 
available. T h ~ s  is  a lso  supported by the 
fact that the engine had almost stopped 
rotating a t  impact. 

When the a i rc ra f t  h ~ t  the t r ees  on 
the north bank of the rLver and a 16-foot 
section of the left wing was severed,  the 
control available was insufficient to  
maintain the wings level. As i t  c rossed  
the r ive r ,  the a i rc ra f t  rolled rapidly to 
the left to a bank angle of approximately 
55" and crashed on the south bank. 

Changes following the Accident 

Subsequent to the accident Boeing 
re-emphasized the roll-bank angle 
limitations and deleted demonstration of 
the manoeuvre with flaps down because 
recovery can be demonstrated equally 
well in the clean configuration. In addition, 
the Dutch Roll training has been moved 
back in the training programme so that 
trainees will be more  familiar  with the 
character is t ics  of the airplane when the 
manoeuvre i s  demonstrated. 

The company has incorporated a 
full-time boosted rudder system in the 
a ~ r c r a f t .  In addition, it has  increased 
the vert ical  stabilizer a r e a  and has  added 
a ventral  fin. These changes a r e  antici- 
pated to substantially increase the low 
speed control character is t ics  of the a i r -  
craft.  

Flight Recorder 

N 7071 was equipped with a flight 
r ecorder ,  however, it was not in operation 
during this flight. Civil Air Regulations 
require  the flight recorder  to be in use 
during scheduled passenger operations 
only. 

Probable Cause 

The probable cause of this accident 
was the structural  fai lures induced during 
an improper recovery attempt f rom a 
Dutch Roll which exceeded the angle-of- 
bank l imi ts  prescribed by the company. 

ICAO Ref: ARI635 
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No. 52 

Pacific Air Lines,  Inc , Douglas DC-3, N 67589, accident at  Santa Maria ,  
California. on 26 October 1959. Civil Aeronautics Board {USA), Aircraft  

Accident Report, F i l e  No. 1-0066, released 30 August 1960. 

Circumstances Exammation oi  the wreckage showed 
that No. 5 cylinder of the left engine had 

Flight 308 was scheduled between failed and this occurred only seconds a f t e r  
Los Angeles and San Francisco,  California take-off. Proof of the t ime of the fa i lure  lay 
with stops at  Oxnard, Santa Maria and in the fact that engine and cowl p a r t s  beloxg- 
Paso Robles. While at  Santa Maria an  oil ing to this engine were  found on the take-off 
leak f rom the left engine was brought to runway after  the accident. The t ime  of the 
the c r e w ' s  attention,- however, i t  was not failure was important because it indicated 
considered sufficient cause to interrupt  that it occurred ve ry  soon af ter  take-off 
the flight. The a i rc ra f t ,  therefore ,  before any appreciable a i rspeed and/or 
proceeded to take off f rom runway 30 a t  altitude had been gained, and, the re fo re ,  
2016 hours with 17 passengers and 3 c rew narrowed the field of possible correct ive  
on board. A few seconds after  the f i r s t  
power reduction following take-off, a loud 
explosion was heard and f i r e  was s e e n  in 
the left engine. The left propeller  was 
feathered, the engine was shut off, and 
appropriate power was applied to the right 
engine. The a i rc ra f t  was a t  an approximate 
altitude of 550 feet m s l ,  o r  300 feet above 
the ground. Shortly after  this the f i r e  was 
observed to be out;  however, the a i rc ra f t  
began to buffet. The buffeting became s o  
severe  that the a i rc ra f t  lost  altitude and 
the captain had to make an emergency 
landing (at approximately 20 18 hours 
Pacific standard t ime)  about 1 -1/2 miles 
north of the a i rpor t .  The co-pilot was 
killed, the captain was seriously injured,  
and the passengers received injuries of 

action which could have been taken by the 
crew. This engine's  ring cowl was badly 
deformed a s  a resul t  of the fai lure and a 
section of it was displaced upward and 
rearward.  The Board believed that the 
deformation of the cowling disturbed the 
airflow over  the cen t re  s e c t ~ o n  and the 
empennage sufficiently to cause  both s e v e r e  
buffeting and a ser ious  d r a g  condition. 

P r i o r  to impact the right engine had 
been functioning normally.  

It was determined that a l l  th ree  blades 
of the left propeller  were  positioned a t  a 
blade angle of 730 at  the time of impact. To 
be fully feathered the blade angle should have 
been 88O. 

varying degrees .  The a i rc ra f t  was 
substantially damaged. The blade angles of the right propel ler  

were  a t  approximately 23 o r  240, indicating 
Investigation and Evidence that this engine was delivering power a t  

i m ~ a c  t. 
The a i rc ra f t  had s t ruck the ground 

in a left-wing-low attitude and had c a r t -  Maintenance of the Alrcraf t  
wheeled to the left on i ts  nose. In s o  doing 
the left elevator s t ruck a 12 000-volt N 67589 was based a t  Los h g e l e s  
line. and, therefore,  was under the supervision 

of International Flight Service  with regard  
A11 of the a i rc ra f t  s t ruc tu re ,  power- to maintenance. It had been given a 125-hour 

plants, and propellers were  found either inspection 25 o r  30 hours  p r io r  to the subject  
near  the main wreckage s i t e  o r  on o r  flight. 
adjacent to runway 30. 
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Several complaints had been made 
and were entered on the flight record of 
this aircraft about oil leaks on its left 
engine - these extended over the period 
19 to 26 October. The owner of Inter- 
national Flight Service testified that his 
organization had done everything it could 
to find and stop the oil leaks under the 
limitations of their contract. The night 
before the flight was scheduled,the engine 
was washed down and corrective action 
taken; the cowling was then left off over- 
night in order to be able to see any oil 
which may have leaked during the night. 
None was found the next morning and the 
engine was then run until it was hot to see 
if oil might leak under this condition. 
Again no leak was found and, accordingly, 
the cowling was put on and the aircraft  
was made ready for flight. The engine was 
considered airworthy by the owner of IFS. 

Maintenance facilities of the company 
in San Francisco were very good. How- 
ever,  in Los Angeles this was not the 
case. Proper records were not kept (e.g. 
no recent daily inspection forms were 
found for this aircraft  after the accident), 
and pilots complained that an inadequate 
supply of parts was maintained. The owner 
of IFS testified that although the company 
did not always furnish them with the 
required inspection forms, all  inspections 
were made a s  required and all work was 
performed by capable certificated 
mechanics in the same manner it would 
have been done i f  they had had the forms. 

Analysis 

The question arose,  should N 67589 
have been dispatched a s  a scheduled flight 
on the day of the accident in the light of 
i ts history of oil leaks ? 

The company had knowledge of the 
trouble wlth this engine from two sources - 
i. e . ,  engine and aircraft  records that a re  
maintained in San Francisco and which 
should be kept up-to-date daily, and from 
a message which was sent by International 
Flight Service to the company from 
Los Angeles which clearly requested that 
the aircraft  be returned to the main base 
(at San Francisco) because of an oil leak 
that could not be stopped. Knowing that oil 
leaks a re  often the forerunner of serious 
engine trouble, the Board believed that both 
the Se mice company and the Airline should 
have taken definite steps to determine that 
the engine was airworthy before allowing the 
aircraft to be used on a scheduled flight. 

Since this was not done, the Board 
believed that when the crew found the oil 
leak a t  Santa Maria to be of a magnitude 
sufficient to cause the concern of a fellow 
company employee, the aircraft  should have 
been delayed until the source of the trouble 
was determined. 

As a result of this accident, the 
company decided to send its own maintenance 
personnel to Los Angeles to perform all 
future work on company aircraft. 

Probable Cause 

Following the failure of the left engine, 
the left engine's ring cowl was deformed 
causing a buffeting and drag condition which 
made sustained flight impossible. A 
contributing factor was the scheduling of 
the aircraft by the company when there 
should have been reasonable doubt con- 
cerning the airworthiness of an engine. 

ICAO Ref: A . ~ / 6 4 2  
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No. 53 

Olyrnplc Xlrways ,  DC-3, SX-BAD, c r a s h e d  n e a r  the vlllage of Xvlon 
Attiki,  Greece ,  on 29 October 1959. Report  r e l eased  by the Minis te r  

of Communicat ions and Publ ic  Works. Greece .  

C i r cums tances  

Fl ight  214 departed Athens a t  
150 1 hour s  e n  route  to Thessalonlki ,  c a r -  
ryrng 3 c r e w  and 15 pas senge r s .  It was 
ins t ruc ted  to cl imb to 3 000 f t  on  a t r a c k  
of 240° and then to c l imb on cour se ,  having 
been c l ea red  to fly a t  9 000 f t .  At approx-  
imately 1520 hour s  i t  ca l led  Tanagra  Con-  
t ro l  and repor ted  reachrng flight leve l  90 
over  Mount P a r n l s  and in visual  me teo r  - 
ological conditions. Th i s  was the l a s t  
contact with the a i r c ra f t .  I t  c r a s h e d  a t  
approximately 1525 hour s  following l o s s  
of control.  All aboa rd  w e r e  killed. 

+he cu r ren t s  due to the mountain resu l ted  
in a n  upcurrent  movement  on the upwind 
s ide  and downward movement on the l e e -  
ward side.  Repor ts  do not suggest  any 
f o r m  of mountain wave. The exlsting 
weather  condltlons w e r e  not cons idered  to 
be  a p r i m a r y  cause  of the accident .  

The Flight  - Genera l  

It  was calculated that  the a i r c r a f t  
passed  to the wes t  of  mount P a r n l s  peak a t  
approximately 1523: 52 hours  and a t  a n  
al t i tude of 8 100 f t .  

The  last contact  with the qround s e r v -  
Investigation and Evidence Ices  should have taken place at approxi -  

mate lv  1523: 5 hour s  - the t ime of 1515 hour s  
The a i r c r a f t  had been maintained in 

accordance  wlth the approved s y s t e m s  and 
procedures  and was a i rwor thy  a t  the t lme 
of the accident .  

The  captain had flown a total of 
7 294 hour s  on DC-3 a i r c r a f t  of which 
4 305 had been as captain. The  co -pilot 
had a total  flying t lme  of approximate ly  
4 50 1 hour s  of which 106 were  as co -pilot 
on DC -3's of Olympic Airways .  

The  weather  conditions i n  the a r e a  a t  
the t i m e  of the accident  w e r e  a s  follows: 
su r f ace  winds souther ly  20 - 30 kt ,  gusty; 
upper winds southwest 40 - 65 kt; slight 
r a in  on Mount P a r n i s ;  visibility was  
g r e a t e r  than 9 km outside the clouds; 
clouds - s t ra tocumulus  2 - 318; c loudbase  
3 - 4 000 ft;  a s m a l l  l a y e r  of a l t o s t r a tus  
6 - 718 at 9 000 ft; numerous  d is turbances  
below 6 000 f t ,  weak d is turbances  in the 
higher al t i tudes.  The  d is turbances  were  
m the f o r m  of up and downcurrents  towards  
the leeward  side.  The  changes of shape in 

repor ted  by Tanagra  was cons idered  m c o r  - 
r e c t  a s  a t  that  t l m e  the a i r c r a f t  was  a t  
3 000 f t  southwest of Athenai Cen t r a l  
Airpor t  and i t  was  not possible fo r  i t  to 
communicate with Tanagra  on  119. 7 ,  v e r y  
high frequency,  due to  the intervening 
mountain. The t ime 1520 hour s  repor ted  
by Athenai Approach Control  appea red  to 
be m o r e  accu ra t e  and c l o s e r  to the m o s t  
probable hour  of 1523: 5. 

The d ls tance  between the point where  
the a i r c r a f t  was a t  the l a s t  repor t ing  t h e  
and the ve r t i ca l  t r a j ec to ry  f r o m  the point 
a t  which the a i r c r a f t  fe l l  could be covered  
normal ly  within approximately one  minute. 

I t  was concluded that  the malfunctioning 
of the  a i r c ra f t ' s  engine took place between 
15231 5 and 1524: 5 while i t  was  flying within 
Tanagra  Approach Contro l  a t  8 100 - 
8 700 ft. 

F r o m  the evidence avai lable it w a s  
found that  e i ther  the rapidi ty with which the 



198 ICAO C i r c d a r  62-AN/ 37 

engine trouble developed did not allow the 
captain to fea ther  the propeller  before the 
englne was completely destroyed,  o r  the 
feathering system did not functlon 
properly. 

An unusually loud noise a t t rac ted the 
attentionof severa l  persons  to the a i rc ra f t .  
They saw a p a r t  of the left wing and other 
pa r t s  of the a i rc ra f t  falling. Some of the 
la t ter  were  blown apar t  by the strong 
prevailing wind as they fell.  Immediately 
thereafter  the a i r c r a f t  turned 1800 and 
s tar ted  diving and spinning until it 
disappeared behind the Armenia hil ls .  

The Wreckage 

The main p a r t s  of the a i rc ra f t  were  
found on the east-northeast  side of one of 
the hills of the Drampalla hill range,  which 
i s  2. 5 k m  south-southwest of the village 
of Avlon and 35.5 km on bearing 3 530 f r o m  
Athenai Central  Airpor t  (and on the north- 
e r n  side of Mount Pa rn i s . )  This a r e a  i s  
rocky, bushy and has  a 112. 5 incline. 

Examination showed that  the a i r c r a f t  
hit the ground a t  a ve ry  s teep angle and 
a t  a high speed spinning to the left about 
its longitudinal axis. 

None of the p a r t s  which became d e -  
tached f r o m  the a i rc ra f t  ur the a i r  and 
which were  found away f r o m  the main 
wreckage bore signs of f i r e  o r  explosion. 
These pa r t s  were  the left  wing, a p a r t  of 
the left ai leron,  p a r t  of the right elevator 
and the left propeller .  

The following were  found in the a r e a  
of the main wreckage: the empennage with 
pa r t  of the fuselage, the r ight  wing, the 
engines, the right propeller  and a few 
par t s  of the fuselage. The left middle and 
forward pa r t  of the fuselage were  com- 
pletely destroyed by the impact and the 
f i r e  that followed. 

An intense f i r e  s tar ted  f r o m  thepoint 
of f i r s t  impact and spread forward and to 
the left of this  point to a distance of a p -  
proximately 60 m.  The f i r e  was so intense 

that the rnajorlty of par ts  wlthrn the a r e a  
were destroyed. These mcluded mstrumente,  
controls and electrical sys tems.  

Left Wing 

The detached pa r t  of the left wmg 
represented 6070 of the surface of the whole 
wing, Examination of the spa r  and s t r lnger  
broken surfaces  rndlcated that fa i lure  oc - 
cured due to combined bending and torsional 
loads. There  were no signs of fatigue o r  
explosion. On impact wlth the ground the 
wing had suffered little damage. 

On this portion of the wing there  were  
five cuts approxmate ly  parallel  to each 
other and to the longitudinal axis  of the 
wing and going through the upper and lower 
wing surfaces.  Along the cuts a l l  the r ibs  
connecting the beams in a r e a s  corresponding 
to the cuts were sheared.  The pa r t s  of the 
sheared r ibs  attached to the s p a r s  were all 
deflected to the left. Character ls t lc  of the 
cuts was that the s k ~ n  presented a classical  
case  of shearing by a f as t  moving object. 
The edges of the skin a t  various pa r t s  of 
the cuts bore  t r a c e s  of black paint s iml lar  
to that used on the r e a r  surface of the pro - 
peller  blades. 

Left Propel ler  

It was found rntact with i ts  hub, dome 
and blades. The blades were  found a t  the 
extreme fine pitch posrtion and the rotating 
cam was against i ts  f lne pitch stops. 

On a l l  blade surfaces ,  f r o m  the middle 
portion to t h e n  t lps,  there  were charac-  
ter is t ic  t r aces ,  the centre  of curvature of 
which appeared to be the axls  of the p ro -  
pel ler .  

The forward portion of the propeller 
shaft,  150 mrn long, was found in the pro  - 
peller  hub. Laboratory t e s t s  conducted 
on the shaft portlon found on the propeller  
indicated that the break surfaces  bore no 
sign of fatigue, but fa i lure  was due to t o r -  
sional overs t ressmg.  In accordance with 
the above, the remainder of the propeller  
shaft on the englne would protrude 70 m m  
forward of the reduction gear.  
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F r o m  the shape of grooves on the 
blades of the propeller  i t  was concluded 
that the rotating propeller ,  subsequent to 
i ts  detachment, contacted the protruding 
par t  of the propeller  shaft which remained 
with the engine. The appearance and 
t races  of the grooves mdicated that the 
shaft was not rotating. 

The par t  of the propeller  shaftwhich 
remained w t h  the engine was not found. 

Left Engine 

It  was serrously damaged f rom impact 
and the f i r e  that followed. The par t  of 
the reduction gear  with the constant speed 
unit and the accessory drives was not 
found on the engine, nor was i t  found in 
the a r e a .  

A sectlon of the plstons of No. 6 cyl-  
~ n d e r  m t h  a single gudgeon pin bearing, 
the gudgeon pm and the smal l  end of the 
connecting rod, was found detached and 
near  the engine. It was totally deformed 
with spherical shaping of i t s  surfaces.  
The clearances of gudgeon pin bearings 
were in the range of 2 - 3 m m  aroundthe 
whole diameter.  I t  was concluded that 
following the initial separation of a section 
of this piston the remainder continued to 
reciprocate inside the cylinder, hence the 
spherical shaplng of i t s  surfaces.  

All the auxiliary connecting rods of 
the front row of cylinders, except No. 2 ,  
which was detached completely f r o m  i ts  
knuckle pin on the mas te r  rod,  were 
broken a t  various points, between the 
small  and big ends. The big ends of all 
these auxiliary rods left t r aces  of fr ict ion 
on the surface of the cavity of the mas te r  
rod bearing on which they were  normally 
connected. 

Laboratory examination of the broken 
surfaces of the mas te r  and auxiliary con- 
necting rods did not disclose any signs of 
fatigue. 

The two halves of the forward mas te r  
rod bearing were  found separated insrde 
the crankcase. 

The lower pa r t  of the forward mas te r  
rod antifrictlon bearing bore,  a t  one end, 
signs of melting due to the ground f i re .  
Lack of lubrication was not apparent. 

The crankcase was internally damaged 
m many par t s  and bore several  signs of 
detachment of metal  due to the contact with 
the broken connecting rods  and other loose 
pa r t s  thrown about by the rotating balance 
weight. The greates t  deformation and 
failure took place in  the a r e a  of the twelfth 
cylinder. 

It was concluded that the upper pa r t  
of the forward mas te r  rod bearing was 
wedged, following a strong impact, between 
the balance weight and the crankcase in the 
a r e a  of the twelfth cylinder. 

The r e a r  mas te r  rod bearing did not 
show any signs of distortion, no t race  of 
over -tightening, overheating o r  lack of 
lubrication. 

F r o m  a n  examination of a l l  bearlng 
p a r t s  of the crankshaft and connecting rods ,  
i t  was ascertained that the lubrication s y s -  
tem was functioning properly. 

ExaminatLon of the recovered pistons 
showed that they were not subjected to p r e -  
ignition o r  detonation. 

Measurement of the r e a r  connecting 
rod lengths and main bearing attach-bolt 
lengths indicated that they were  withln the 
specified limlts. 

Phases  of the engine failure 

It appeared mos t  probable that the 
malfunction originated f r o m  the f racture  of 
No. 6 piston. 
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The configuration of the recovered 
portlon of the piston constituted a typical 
case  of fai lure orlginatlng f r o m  the f r a c  - 
tu re  of one of the gudgeon pin bearings 
and resulting in the splitting of the piston 
:nto two large  sections. 

The two sectlons of the plston recip-  
rocated f o r  a few moments within the cyl- 
mder.  Subsequently, the sectiononwhich 
the f ractured gudgeon pin bearing was, 
found i t s  way between the combustion 
chamber and the remainder of the piston 
section st i l l  attached to the connecting rod, 
preventing the la t ter  f r o m  reaching the 
top dead centre. Thus, the f i r s t  piece 
was pressed against the combustion cham- 
ber dome of No. 6 cylinder and created a 
c i rcular  imprint  detected during the labo - 
ra tory  examination. Due to the abnormal 
axial force ,  No. 6 connecting rod sustained 
buckling, resulting in permanent deforma- 
tion. 

It is a character is t ic  of the construc- 
tion and the adjustment of R 1830 engines 
that when No. 6 pieton 1s a t  about the bot- 
tom dead centre,  the front crankshaft 
balance weight i s  adjacent to the piston 
skirt .  The clearance between the two 
moving par t s  i s  approximately 2 mm. The 
clearance between the inner surface of 
the balance weight and the body of the 
connecting rod i s  about 5 mm. Due to the 
deformation of No. 6 connecting rod and 
i t s  consequent shortening, the clearance 
between the piston and the balance weight, 
when the piston was a t  the bottom dead 
centre,  as well as the distance of the inner 
surface of the balance weight f r o m  the 
main body of the connecting rod became 
negative. Thus, the balance weight during 
i t s  rotation struck the piston sk i r t  and the 
connecting rod and caused permanent 
deformations o r  f ractures .  This c o r r e  - 
spondingly irnpo sed tension loads on the 
bearing bolts on the side of No. 6 con- 
necting rod's  big end connection. 

F r o m  this moment the  engme performed 
another turn o r  pa r t  of a turn  untll the 
balance weight swept the upper pa r t  of the 
bearlngs and wedged ~t between the balance 
weight ur the a r e a  of No. 12 cylmder and 
caused the abrupt breakmg of the engine. 

No conclusive evidence was found 
durmg the laboratory examination to the 
effect that f racture  of the mas te r  connecting 
rod was the initlal cause of fai lure.  

The mas te r  connecting rod appeared 
to have failed last .  The possibility that i t  
continued reciprocating fo r  a certain perlod 
of tlme af ter  the f rac tu re  of the auxlllary 
connecting rods was accentuated, judgmg 
f r o m  the t r aces  of fr ict ion of the auxlllary 
connectmg rods on the surface o r  the 
recesses  around the mas te r  rod bearing. 

The sequence of the fal lure mlght have 
been the following: 

One of the bolts holding the two front 
mas te r  rod bearing half shells  may have 
failed. As a result  the bearlng assembly 
would not have the requlred degree of 
tightenmg. On the other hand, the loss  of 
25% of the retaining bolts probably rendered 
this unlt unable to withstand loads normally 
applied on the mas te r  rod. Consequently, 
the second bolt on the front mas te r  rod 
bearing failed and created a considerable 
gap in the bearing, resultmg In i ts  opening 
following operation on an  elliptical path. 
This caused the fai lure of the mas te r  con- 
necting rod together with the auxrliary 
connecting rods of the front row. 

There  were  no indications to justify 
the assumption that the initial cause of 
fai lure of the missing bearing retaining 
bolts was prolonged operation of the engines 
a t  high power settings, overloading of the 
mas te r  connecting rod bearing due to p r e -  
ignition o r  detonation, o r  incorrect  torqumg 
of the bolts during assembly.  

After the breaking of the retaining 
bolts the two pieces of the bearing were 
separated and dropped into the crankcase.  
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The Path of the Propel ler  

The kinetic energy of the propeller 
could not be completely absorbed by i t s  
shaft and was converted to dynamic energy 
causing the torsional f racture  of the shaft. 
The maximum krnetic energy which the 
axis could absorb was 175 kgm while that 
of the propeller with a probable rpm of 
1 260 wasabout 67 000 kgm. Consequently, 
the kinetic energy of the propeller  a t  the 
moment of the sudden breaking of the 
engine was so much higher than the energy 
the axis could absorb that following the 
shearing of the shaft the propeller continued 
to rotate a lmost  with the same number of 
revolutions a s  before the separation. 

M t e r  the separation of the axis  the 
propeller travelled forward due to the 
same angle of at tack which remained unal- 
tered. Then, due to lack of hydraulic 
p ressure ,  the blades assumed the fine 
pitch position and the propeller  in the f o r m  
of a disk with considerable aerodynamic 
res is tance was exposed to the relative 
wind. During a relative motion of the air- 
c r a f t  and  the propeller ,  while the la t ter  
f e l l  vert ically due to gravity, itapproached 
while rotating, the pa r t  of the engine r e -  
maining on the propeller shaft. Thus, 
while it was about 470 m m  below the shaft, 
the r e a r  surface of one blade struck the 
shaft, followed by a second and a third 
blade. When the vert ical  drop reached 
584 m m  the f i r s t  blade struck again and at 
a vert ical  drop of 854 mm, the second 
blade s t ruck fo r  a second time. 

These successive impacts deviated 
the propeller  to the left  and upwards. 
Mathematical calculation of the path of the 
propeller  was not possible due to many 
factors. F r o m  the resul ts  only it was 
concluded that the centre of the propeller  
af ter  the successive impacts on the broken 
propeller shaft ended in a position higher 
than the left wing. The propeller ,  
rotating a t  a considerable number of 
revolutions and proceeding f rom the 
leading edge of the left wing backwards, 
caused five through-cuts f r o m  the upper 
to the lower surface of the wing. 

Detachment of the wina 

The wing consisted of the covering 
skrn, the s p a r s ,  the r ibs  and the s t r ingers ,  
which made up a s t ructure  capable of 
withstanding composite torsional and bending 
aerodynamic loads. 

The r ibs  prevent the application on the 
s p a r s  of shear  loads, which a r e  created a s  
a result  of the torsional loading. They 
a s s i s t  in the cor rec t  distribution of the 
loads imposed on the s p a r s  and covering 
skins. 

Following thei r  destruction, a s  in the 
present case ,  there  was no system ~f to r  - 
sional resistance,  the s p a r s  were  deformed 
and consequently thei r  res is tance to bending 
was reduced. 

Thus, the wing could not bear the usual 
loads imposed on it and separated while 
the a i rc ra f t  was flying a t  8 100 - 8 700 f t .  

The aerodynamic condition created 
af ter  the separation of the wing and the 
preceding detachment of the propeller r e  - 
sulted in instantaneous rolling of the a i r  - 
craf t  to the left about i t s  longitudinal axis .  
b y  correction was beyond the capability 
of the a i rc ra f t ' s  control system. 

During this phase of the rolling the 
left  propeller  probably s t ruck  the right 
elevator and cut a par t  of it. The a i rc ra f t  
became uncontrollable, went into a spi ra l  
dive and s t ruck the ground. 

Following examination of the engine 
and propeller  it was concluded that there  
were no indications justifying overspeeding 
a s  a pr imary cause of the accident. 

However, it was possible that af ter  
the appearance of malfunctioning in the 
engine small particles of metal  may have 
found their  way through the oil into the 
constant speed unit causing it to lose  its 
ability to control the revolutions of the 
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propeller  and overspeeding may have 
occurred.  If so ,  the overspeeding should 
have been of smal l  duration and intensity. 
However small  the overspeeding mayhave 
been, the feathering of the propeller would 
have been more  difficult if attempted. 

Probable Cause 

The accident was caused by the failure 
of the gudgeon pin bearing of No. 6piston 

of the left engine, which resulted in the 
abrupt breaking of the engine. 

Contributing factors  

Inertia of the propeller a t  the moment 
of the breaking of the engine caueed fail- 
u re  of the propeller shaft. 

The broken propeller ,  rotating, caused 
serious cuts on the left wing. The la t ter  
then separated and loss  of control followed. 

ICAO Ref: AR/613 
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No. 34 

Wheeler  A i r l i n e s ,  Douglas  DC-4,  C F - I L I ,  a c c i d e n t  n e a r  S t .  C leophas ,  P. Q . ,  
on 4  November  1959. Acc iden t  r e p o r t ,  No. 825, r e l e a s e d  by the  D e p a r t m e n t  

of T r a n s ~ o r t .  Canada .  

C i r c u m s t a n c e s  

F l i g h t  1658 took off a t  2244 h o u r s  
e a s t e r n  s t a n d a r d  t i m e  f r o m  Runway 10 a t  
Slontreal  A i r p o r t  f o r  Hal l  L a k e ,  Nor thwes t  
T e r r i t o r i e s ,  a n d  c l i m b e d  on a  heading of 
010' to 6 000 ft when i t  a d v i s e d  tha t  i t  had 
changed c o u r s e  t o  O O O O .  Subsequent ly ,  
a t  2259 h o u r s  the  a i r c r a f t  r e p o r t e d  r e a c h -  
lng 9 000 i t .  T h r e e  and  a  half m i n u t e s  
l a t e r  the  flight contacted M o n t r e a l  C e n t ~ e  
and adv ised  tha t  i t  w a s  descending  on a n  
e m e r g e n c y  wlth a  f l r e  In No. 2  eng lne ,  
~ v h i c h  could not be  extinguished. At  2307 
a  f inal  transmission w a s  r e c e i v e d  s ta t ing  
that  the  a i r c r a f t  had l o s t  i t s  l e f t  wing, 
 as in a  spin and  going s t r a i g h t  in .  I '  

The  a i r c r a f t  b r o k e  up in the  a i r  a n d  
c r a s h e d  on f a r m  land ,  f o r m i n g  a  w r e c k a g e  
p a t t e r n ,  whlch c o v e r e d  a n  a r e a  a p p r o x i -  
mate ly  1 - 1 / 4  m i l e s  by 3 / 4  of a  m i l e .  
The  five crew. m e m b e r s  w e r e  a l l  k i l led in 
the acc iden t .  

Inves t i ea t ion  a n d  Evidence  

The  A i r c r a f t  

X 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  had 
been i s s u e d  for  C F - I L I .  i t  h a d  flown a  
tota l  of 30 357 h o u r s  and  10 015 h o u r s  
s ince  ~ t s  l a s t  m a j o r  o v e r h a u l .  Al l  eng ines  
w e r e  n e a r i n g  t i m e  fo r  m a j o r  o v e r h a u l s  
but w e r e ,  a s  f a r  a s  could be a s c e r t a i n e d ,  
opera t ing  s a t i s f a c t o r i l y  up t o  the  t l m e  of 
the  acc iden t .  

A t  t i m e  of take-off t h e  a i r c r a f t ' s  
weight,  r e p o r t e d  a s  73 594 l b ,  w a s  
a p p r o x i m a t e l y  200 l b  below t h e  m a x i m u m  
p e r m i s s i b l e .  T h e  c e n t r e  of g r a v i t y  w a s  
e s t i m a t e d  t o  have  b e e n  within l i m i t s  a t  
take-off a n d  a l s o  a t  t h e  t i m e  of the  a c c i d e n t .  

A s  t h e  r e t u r n  fl lght w a s  to  have 
c a r r i e d  p a s s e n g e r s ,  s e a t s  w e r e  ins ta l l ed  
excep t  w h e r e  the f re igh t  p r e v e n t e d .  A 
l a r g e  spool  of copper  c a b l e ,  which c o m -  
p r i s e d  the m a j o r  i t e m  of the  f re igh t  l o a d ,  
w a s  s e c u r e d  on i t s  s i d e  in the  f o r w a r d  
m a i n  cab in  by cha ins  to the  t i e  down lugs  

The  C r e w  

T h e  p i lo t - in -command a n d  f i r  s t  a n d  
second  o f f i c e r s  held va l id  A i r l i n e  T r a n s p o r t  
L i c e n c e s  and  had  c o n s i d e r a b l e  flying 
e x p e r i e n c e .  The  p i lo t - in -command had 
flown a  tota l  of 15 000 h o u r s .  Of t h i s  to ta l ,  
244 h o u r s  had  been  flown In the  p r e v i o u s  
90 d a y s  a n d  of t h e s e  137 had been on DC-4  
a i r c r a f t .  

Weather  

A w a r m  f ron t  l a y  a  s h o r t  d i s t a n c e  
sou th  of Llontreal .  T h e  f r o n t a l  s u r f a c e  
s loped upward  o v e r  Mont rea l  and  the  rou te  
of the  a i r c r a f t .  Above t h l s  s u r f a c e  winds 
would shift  f r o m  sou th  to sou thwes t  with a  
c o n s i d e r a b l e  i n c r e a s e  in  veloci ty .  T h e  
winds encounte red  by t h e  a i r c r a f t  would 
depend on w h e r e  i t  c r o s s e d  t h i s  f ron t  on 
~ t s  a s c e n t  out of .Montreal. 

The  o b s e r v e d  wea ther  a t  h lon t rea l  
A i r p o r t  a t  2300 EST w a s  c loud 1 300 ft 
s c a t t e r e d ,  2 500 ft s c a t t e r e d ,  cei l ing 
5  000 ft o v e r c a s t ,  v i s ib i l i ty  4  m i l e s  in  
l ight  r a i n  and  fog, wind SSE a t  14 mph.  
E s t i m a t e d  upper  winds were :  
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The fo recas t  c u r r e n t  a t  the t i m e  of 
the accident  was  that i ssued  a t  1900 hours  
EST for  the Ottawa-.Montreal reg ion ,  valid 
until 0700 hours  EST on 5 November.  

E a s t e r n  sect ions:  ceiling 4 000 to  
7 000 f t  ove rcas t ,  lowering to a ceiling of 
800 to  2 000 ove rcas t  with pa tches ,  200 - 
500 f t  ove rcas t  in precipi tat ion;  visibi l i ty 
f r o m  4 - 8 mi le s ,  lowering in  precipi tat ion 
1 - 3 miles  in light r a in  and fog, with a 
chance of 314 to  1 mi l e  in l ight  r a in ,  light 
snow and fog. 

Resul t s  of Examination of the Wreckage 

After  considerable investigation in 
o rde r  t o  el iminate such  poss ib i l i t ies  a s  
explosion, sabotage,  ma jo r  s t ruc tu ra l  
fa i lure ,  obvious malfunction, e r r o r  o r  
fai lure on the p a r t  of e i ther  the pilot o r  
the a i r c r a f t ,  the following information 
emerged  f r o m  a n  analys is  of field data 
f r o m  the ground distr ibut ion of wreckage 
components: 

The a i r c r a f t  was flying on a t r a c k  
18a0 t rue ,  a t  a n  altitude es t imated ,  a t  the 
t ime of breakup,  to l i e  in the lower pa r t  
of the range 1 750 ft minimum to  4 000 ft 
maximum. 

The lef t  wing and engines separa ted  
f r o m  the a i r c r a f t  f i r s t ,  followed a lmos t  
immediately by separa t ion  of the tai lplane.  
Damage and paint rnarkrngs on the tai l -  
plane indicated that  it was s t r u c k  by the 
wing. The  separa t ion  of the le f t  wing 
repi-esented a n  ini t ial  s tep  in the a e r i a l  
dis integrat ion.  

F i r e  in the No. 2 engine nacel le  
preceded the l o s s  of the wing, causing 
p r imary  s t ruc tu ra l  damage,  including the 
complete l o s s  of the front  and r e a r  s p a r  
caps  and top wing skin over  a n a r r o w  
spanwise band behind the engine f i rewall .  
This  f i r e  sp read  along the fuel l i nes  within 
the leadicg edge of the wing between No. 1 
and 2 engines.  S t ruc tura l  damage i s  
es t imated  to have reduced the ul t imate 
s trength of the wing (under the ac tua l  
operat ing conditions) by about 500Jo, while 

reducing the wing bending and tors ional  
s t i ffness by possibly 20%. However, the 
main spa r  of the  wing which, because  of 
the l o s s  of other  p a r t s  of the wing s t ruc -  
t u re  would b e  forced  to c a r r y  ma jo r  loads ,  
failed a t  points r emote  f r o m  any effect of 
heat damage by the f i r e .  This  fa i lure  i s  
es t imated  to have o c c u r r e d  under a 
minimum load of approximately 1. 8g, 

, a r i s ing  f r o m  a manoeuvre of the a i r c r a f t  
and /o r  a gust  loading. 

Calculated t r a j ec to r i e s  of p ieces  of 
wreckage suggest  that the a i r c r a f t  was  in 
a slightly nose down at t i tude a t  the instant 
of breakup.  It  is improbable  that  fa i lure  
of the wing could be  sa t i s fac tor i ly  explained 
a s  a gust encounter alone.  It i s  believed, 
therefore ,  that the res idual  wing s t rength  
was exceeded by manoeuvre a n d / o r  gus ts  
in moderately turbulent  a i r .  

It was not possible to say p rec i se ly  
where the f i r e  s t a r t ed ,  however, the a r e a  
of initiation could be fa i r ly  well-defined 
a s  being c lose  to a conjunction of flexible 
hose l i nes  and a n  e l ec t r i ca l  cable ;  c lose  
to and aft of the inner  r ing behind No. 4 
cyl inder .  

The following fac ts  were  de termined:  

a )  A f i r e  of relat ively s m a l l  
proport ions must  have exis ted  
p r i o r  to the c r e w  being a w a r e  
of i t  o r  taking ac t ion  to 
extinguish it .  Two points tend 
to prove this: 

i) Examination of the genera tor  
of No. 2 engine indicated 
that  in terna l  insulation 
must  have been burned 
f r o m  a n  externa l  sou rce  
which then allowed a n  
e l ec t r i ca l  sho r t  c i rcu i t  t o  
take p lace ,  thus indicating 
that  the f i r e  had reached 
g rea t  intensity p r io r  to the 
c rew shutting down the 
engine. This  they were  
able  to do and  fully fea ther  
the engine. 
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ii) .A hole was found in the 
steel braid of one of the 
flexible hose l ines ,  which 
was the resul t  of an  
electr ical  short  and must 
a l so  have taken place 
prior to shutting down the 
engine . 

5) The crew made proper selec- 
tion of the f i re  extinguishers 
and activated them. 

c) A crack,  which was proved 
metallurgically to have been in 
existence some t ime pr ior  to 
the accident, was found in the 
exhaust manifold in the a r e a  
opposite to the No. 4 cylinder 
exhaust outlet. A hole about 
2-112 inches by 1-112 inches 
was found in the manifold a t  
this  point. The exhaust mani- 
fold wall thickness in the a r e a  
was found to be .009", 
compared to D35" i n  its origi-  
nal form. It was not possible 
to  determine when the hole in 
the manifold had occurred.  

d) During the investigation, it was 
found that Wheeler Airl ines 
were covering electr ical  cables 
within the engine nacelle and 
forward of the firewall with a 
transparent  plastic tubing of a 
polyethylene type. Another of 
their  a i r c ra f t  was found to 
exhibit heat damage on such a 
covering in a n  a r e a  a t  one t ime 
suspected of being the origin of 
the f i re  in CF-ILI. In finding 
the reason for this  condition, 
it was ascertained that on 
severa l  Arctic stations it i s  
the practice to prewarm the 
engines by means of Herman 
Nelson heaters .  These direct  
a s t r e a m  of hot a i r  into the 
engine nacelle and onto the 
flexible hose l ines.  I t  was 
deter mined that temperatures  
encountered with these heaters  

were sufficient to cause damage 
to the polyethylene sleeving 
such a s  to give a l l  the marks  
of active burning. 

e) It was found that most  of the 
damage to the No. 2 engine by 
a i rborne  f i re  was t o  flexible 
hose l ines.  

f )  A heat-affected zone on the 
inner ring assembly was 
established in the exhaust 
collector ring f rac ture  a r e a .  

g)  During the investigation, it was 
found that Wheeler pilots had 
on many occasions used MET0 
(maximum power except for 
that permissible for take-off 
which is higher) for their climb 
away f rom Montreal. The ra te  
of climb of CF-ILI on the day 
of the accident would seem to 
indicate this  power setting must 
have been used throughout the 
climb in order  for the a i rcraf t  
to have obtained the 9 000 ft 
altitude in something under 
15 minutes. 

h) It was observed that No. 1 
engine had been fully feathered, 
presumably because the f i r e  
prevented fuel f r o m  reaching i t .  

The possibility exis ts  that the f i r e  
extinguishers may have put the f i re  out 
within the forward engine nacelle, but 
there  i s  no doubt that it had, by that t ime,  
progressed beyond the firewall.  Because 
such late action was taken by the crew, 
i t  i s  possible the f i r e  warning sys tem did 
not work. Evidence was obtained indi- 
cating it had been safisfactorily tested on 
the three  flights previous to the one 
resulting in the accident, however, a long 
history of f i re  warning sys tem troubles 
was found. 
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Labora tory  Work on Flexible  Hose Lines  
and Polyethylene Sleeving 

Cons iderable  exper imenta l  work was  
conducted to de t e rmine  the f lammabil i ty  
cha rac t e r i s t i c s  of flexible hose  l ines  and 
polyethylene s leeving.  T e s t s  were  made 
on hose of nea r  the s a m e  condition and  of 
the s ame  type a s  that  on CF-ILI.  The 
following conclusions were  made  a s  a  
r e su l t  of these  tes t s :  

1. No change was found in the bas ic  
f lammabil i ty  c h a r a c t e r i s t i c s  of 
t he se  hose l i ne s ,  compared  to 
new d r y  hose .  

2.  Two of the r ep re sen ta t i ve  
a s s e m b l i e s ,  namely the cowl 
flap ac tua tor  l ine and  the hydrau-  
l i c  pump p r e s s u r e  l i ne ,  we re  
found to be inadequate for a i r -  
borne s e rv i ce .  The cowl ac tua tor  
l ine  leaked a t  a  p r e s s u r e  of 
750 p s i .  At  3 000 ps i ,  a  s teady 
flow of fluid emanated  f r o m  one 
end fitt ing. (The  use  of a  single 
w i r e  b ra id  hose  for  the hydraul ic  
pump p r e s s u r e  l ine  was  i nco r r ec t  
for  a  3 000 p s i  application). This  
a s sembly  leaked  fluid through 
the c a r c a s s  of the hose a t  
I 250 ps i .  The  appropr ia te  
hydraul ic  s y s t e m  on th i s  a i r c r a f t  
ope ra t e s  a t  3 000 ps i .  

3 .  T e m p e r a t u r e s  higher  than 1600F 
shor ten  the l i fe  of a l l  rubber  
compounds designed for  s y s t e m s  
which ope ra t e  in the r ange  f r o m  
-65OF to  + 160°F. Deter iora t ion  
effects  a r e  cumulat ive a n d  the 
r a t e  of de te r iora t ion  i n c r e a s e s  
with t empera tu re .  The  u s e  of 
Herman  Nelson h e a t e r s  in  the 
manner  p rac t i s ed  by the opera tor  
would have a de ter iora t ing  effect  
on hose  a s s e m b l i e s  f r o m  the  
b l a s t  of hot air. The r a t e  of 
de te r iora t ion  would probably not 
be known o r  apprec ia ted  by the 
ope ra to r .  

4 .  The use  of po1,:ethylene fo rward  
of the f i rewall  carAot be en t i re ly  
d i smis sed  a s  a  contributing cause  
to conflagrat ion,  even though i t s  
l abora tory  ignition t empera tu re  
was found to be about 1 1 0 0 ~ ~ .  
Sustained t e m p e r a t u r e s  lower 
than this  can cause  ignition. 

Probable  Cause  

A f i r e  of undetermined or ig in  s t a r t ed  
in No. 2 engine nacel le  during the c1irr.b 
and developed to the s tage  where  f i r e  
extinguishing equipment was inadequate to 
extinguish it .  

The  following a r e  cons idered  to be  
p r i m a r y  contributing fac tors :  

1. The de t e r io ra t ed  condit:on of the 
exhaust  col lector  r i n g ;  

2 .  The probable de te r iora ted  
condition of the flexible w i r e  
b ra id  hose  a s s e m b l i e s ;  

3 .  The  probable u se  of high power 
during the cl imb;  

4 .  The  poss ib le  f a i l u r e  of the  f i r e  
detect ion and  warning s y s t e m  to  
i n fo rm the pilot of the ex is tence  
of a f i r e  before  i t  had penet ra ted  
the f i rewal l  and ignited the fuel 
feed s y s t e m  and  oil  tank to the  
r e a r  of No. 2 engine. 

During the r ap id  letdown, s t r e s s e s  
were  imposed on the weakened lef t  wing by 
manoeuvre  a n d / o r  gus ts  which were  
sufficient to  s eve r  the lef t  wing s p a r .  No 
subsequent  ac t ion  by the pilot could have 
brought the  a i r c r a f t  safely to  the  ground;  
nei ther  was  it poss ib le  to  de t e rmine  what 
effect a l e s s  r ap id  letdown would have had. 

ICAO Ref: AIG/ACC/REP/GEN/No.  1 - CANADA 
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No. 5 5  

Piper PA-22, N 9609D and Ohio Air Natlonal Guard, F-84F, 519360, collided m 
midair  near  Mansfield, Ohio, on 7 November 1959. Civil Aeronautics Board (USA), 

Aircraft  Accident Report, File No. 2-1753, released 26 August 1960. 

Circumstances 

The F-84F was the No. 4 a i rc ra f t  in 
a flight of four jets  making a low-altltude 
pass in close show formation a c r o s s  the 
Mansfield Airport  f r o m  north to south. 
The Piper was on a cross-country flight 
f r o m  Akron to Mansfield and re turn  
nonstop. At the time of the collision i t  
was in the Mansfield control zone 
proceeding in a northeasterly direction. 
The pilot of the P-per did not contact the 
Mansfield tower. The tower controllers 
cleared the jets for the low pass af ter  
scanning the ent i re  a r e a  for possible 
conflicting traffic but failed to see  the 
Piper.  The two a i rc ra f t  collided in the 
a i r  about 2 miles south-southeast of 
.Mansfield M;micipal Airpor t ,  ,Mansfield, 
Ohio. The two pilots of the Piper  received 
fatal injuries.  The pilot of the F-84F 
ejected f rom his  a i rc ra f t  and parachuted 
to the ground uninjured. Both a i rc ra f t  
were totally destroyed. 

Investigation and Evidence 

The a i r c r a f t  

A review of the records  of both a i r -  
craft  indicated that they had been main- 
tained in an  airworthy condition. There  
were no discrepancies or  carryover i tems 
affecting the airworthiness of ei ther.  

The Piper 

N 9609D departed Akron a t  1345 hours 
eastern standard time on a V F R  c ross -  
country training flight to Mansfield and 
re turn  nonstop. Thereairer it made no 
radio contacts with any communications 
facility. 

The F-84F 

It was an Ohio Air  National Guard 
single-place jet fighter, one of a four-ship 
formation training flight. 

The formation left Mansfield Airport  
a t  approximately 1330 hours,  on a local 
VFR flight plan, to perform various 
formation tactics and training a t  high alti- 
tude, followed by a formation jet penetra- 
tion and simulated instrument approach. 

The high altitude portion of the t r a i n ~ n g  
was completed followed by a descent in 
close show formation. Then the flight flew 
back towards the field. Ten miles  north- 
west  of the field, the leader of the formation 
flight called Mansfield tower and requested 
permission to make a low approach a c r o s s  
the field with the formation a lso  asking for 
landing instructions. The reason given fo r  
making the low approach was to benefit the 
pilot flying in No. 2 position. The leader 
said it was required a s  a part  of the instru- 
ment training and this pass  was to give 
said pilot experience in flying c lose  forma-  
tion a t  slow speed. 

At this time the formation was on a 
heading of 170' a t  3 500 f t .  The airspeed 
was 300 kt ,  and the four a i rc ra f t  were  in 
close fingertip formation with the element 
(a i rcraf t  Nos. 3 and 4) on the right. 

When permission was granted fo r  the 
pass ,  the leader stated that he descended 
to 2 600 ft. One mile f r o m  the field the 
leader called the tower and was again 
cleared for the approach. He took the 
formation a c r o s s  the field a t  2 600 f t  
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(1 300 ft above field elevation), still on 
the 170° heading-and at a speed of 300 kt. 
The southern boundary of the airport was 
passed, and he started a gentle climb and 
left turn to avoid an area of reduced visi- 
bility over Mansfield. At this time, the 
No. 2 man, flying on the left, advised him 
that No. 4 man had had a collision.. . the 
flight was then at 2 800 ft, indicating 
280 kt  and in a 30° left bank. 

The leader later stated that in forma- 
tton flight a s  other members of the flight 
do not have much opportunity to look 
around in close formation, they depend on 
their leader for separation from other air- 
craft and he looks out for other aircraft .  

Tower personnel stated that they 
recalled only one transmission from the 
F-84F when that aircraft  was 2 miles 
north of the field. Before clearing it, 
both controllers scanned the entire area 
for other traffic. 

The minimum altitude for  an ADF 
instrument approach i s  1 900 f t  (600 f t  
above the ground.) The controllers said 
that, based on previous observations of 
simulated instrument approaches, the 
flight appeared to be a t  this minimum 
aItitude but that the speed was considera- 
bly faster than normal. The normal ADF 
instrument approach i s  on runway 13, 
heading 1 30°, but this pass was made 
from north to south across  the airport 
and not aligned with any runway. 

The Collision (see Figure 14) 

It occurred a t  1416 hours, two miles 
conth of Mansfield Airport within the 
control zone. At that time the Piper was 
proceeding in a northeasterly direction 
and the jet in a southerly direction. The 
f l i  ht paths intersected a t  an approximate 8 78 angle. In addition. the F-84F was in 
an angle of left bank approximately 30° 
relative to the longitudinal axis of the 
Piper. These relative angles of impact 
were determined by evidence of deforma- 
tion and damage to the Piper Is wings, 
cabin a rea ,  engine and engine mounts and 

the F-84F's right wing, pylon tank, aft 
fuselage and empennage. 

Weather 

At the time of the collision the weather 
conditions were - 

"broken to overcast clouds at  
3 500 ft; visibility 12 miles; 
wind southeast 4 kt. " 

Analysis 

In VFR weather conditions, primary 
responsibility for  collision avoidance res t s  
with each pilot. In addition, it i s  expected 
that pilots will exercise extreme caution 
when operating in a control zone o r  in the 
vicinity of an airport. In this instance. 
the pilot of the Piper should have notified 
the Mansfield tower of his position in the 
control zone. While this i s  not required by 
Civil Air Regulations, i t  is ,  in the exercise 
of sound judgement, a good operating prac- 
tice to follow in an a rea  of traffic concen- 
tration. 

A study of the angle a t  which these 
aircraft  approached one another revealed 
that both of the pilots of the Piper and the 
leader of the F-84F formation had ample 
opportunity to see and avoid each other. 
It was assumed that the Piper was on a 
straight and level course for a t  least a 
minute prior to the collision. The sighting 
angle from the lead F-84F to the Piper was 
approximately 19O to the right of the nose. 
The sighting angle from the Piper to the 
F-84F formation was approximately 
74-1/2O to the left of i t s  nose. These 
computations a r e  based on relative speeds 
and the angle of impact and the sighting 
angle from either aircraft  would be constant 
up to approximately five seconds before 
impact. 

The Board could not accept the reasons 
given for the low pass by the jet formation. 
It did not believe that practice in slow 
flight in close formation could be given a t  
speeds of 300 kt. The low pass described 
by the pilots of the flight could not in any 
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way be considered simulated ins t rument  
approach training. The Board believed 
:hat the flight descended m the usual  
altitude a t  whrch a simulated l r s t r u m e n t  
approach i s  discontinued, i. e. 1 900 f t ,  
and not the 2 600  ft a l leged by the F-84F 
pilots. 

Comparison of the re la t ive  speeds  
of the F-84F1a and the P i p e r  indicated 
that  approximately one minute p r l o r  to 
the collision the P i p e r  was approximately 
three  mi l e s  f r o m  the tower in a south- 
wes ter ly  directron. At that t ime  the 
formation fllght was about 3 - 1 / 2  miles  
nor th  of the tower.  

The Board concluded that weather  
conditions were  not a fac tor  in  the acc i -  
dent. The F-84F flight l eade r  and both 
pllots of the Prper  had a responsibility 
to maintain a s t r l c t  lookout for  o the r  a i r -  
craft .  Although c losure  speed was hlgh,  
adequate opportunity existed to s e e  and 
avoid one another .  The Board ,  therefore ,  
concluded that  nerther  pilot was exerc ls ing  
the p rope r  deg ree  of c a r e  expected fo r  
collision avoidance. 

Also,  the F - 8 4 F t s  low pas3  was a 
close show f o r m a t ~ o n  demonst ra t ion  a t  
excess ive  speed  and was not a n  essent ia l  
pa r t  of the mls s ion  being pe r fo rmed ,  and,  
i n  fac t ,  s e rved  no useful purpose  in  the 
t raining curr icu lum.  

F u r t h e r ,  i t  was  concluded that  
National Guard supe rv i so ry  p e r  sonnel a t  
leas t - tac i t ly  were  aware  of and condoned 
the prac t ice  of the low p a s s  - this  was 
evident in  that  co r r ec t ive  act ion initiated 
a f t e r  this  accident  did not prohibi t  the 

manoeuvre Ln fac t ,  p a r t  of  the c o r r e c -  
:lve act ion was to requi re  that all low 
passes  a c r o s s  the field be made  in the 
landing direct ioz over the zctive runway. 

The pllot of the Prper  should also have 
d o r m e d  the tower cont ro l le r  when he 
penetrated the cont ro l  zone and opera ted  
in the vicinity of a n  a i r p o r t  where a concen- 
t rat ion of t raff ic  should be expected. 

F ina l ly ,  the Board  did not believe that 
the tower cont ro l le rs  conducted a thorough 
o r  effective scan  of the a r e a  fo r  conflicting 
traff ic  before thev issued a c learance  to the 
formation flight Had they done s o ,  they 
could have seen  the P ipe r  and would have 
been able to inform e i ther  ~ t ,  o r  the fo rma-  
:Ion, o r  both,  of the p re sence  of t raff ic  

As a resu l t  of thrs accident, the Board 
recommended to the Admirustrator  of tke 
Fede ra l  Aviation Agency that a l l  formation 
f l ights ,  except those involving simulated 
~ n s t r u m e n t  !ow approaches  and using a n  
o b s e r v e r  a i r c r a f t ,  be prohibited in  control  
zones a n d / o r  i n  the vicinity of joint-use 
civil a i r p o r t s ,  In addition, i t  was  r ecom-  
mended that  all a i r c r a f t  equipped with two - 
way radio be  r equ i r ed  to contact the control  
tower o r  o the r  communicat ions faci l i ty 
when entering a control  zone. 

Probable  Cause  

The probable cause  of this accident  
was the fa i lure  of the jet  formation £light 
l eade r  and the pilots of the P i p e r  to s e e  
and avo id  one  another  . 

A contributing f ac to r  was  the fa i lure  
of the tower personnel  to s e e  the P i p e r  and 
take appropr ia te  action. 

ICAO Ref: AR/643 
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No. 56 

Ariana Afghan Airways, DC-4, YA-BAG, crashed following take-off f rom Beirut 
International Airpor t ,  Lebanon, on 21 November 1959. Report released by the 

Minister of Public Works and Communications. Lebanon -4n accredited 
representative of Afghanistan participated in the Inquiry in  accordance 

with the provisions of ICAO Annex 13. 

Circumstances Neather 

Flight 202 was a scheduled flight Wind velocity 100" - 8 kt 
f r3m Frankfurt ,  Germany b Beirut - Visibility 20 mi les ,  no cloud 
Teheran - Kandahar and Kabul. It had 
a r r ived  at  Beirut a t  2330 hours GMT The a c c ~ d e n t  occurred during the 
( 20 November) where techmcal difficul- hours of darkness.  
t les  which delayed scheduled departure 
were looked ints The a i rcraf t  took q f f  
3n runway 18 about 20 hours after  a r r iva l  The Aircraft  

carrying 22 passengers and 5  crew Ap- 
proximately two minutes after  take-off, 
the Beirut tower controller  noticed a large  
f i re  on the hills of Aramoun south of the 
airport .  The a i rc ra f t  had crashed about 
2-112 miles f r o m  the endof  runway 18,  
killing 19 of the passengers and al l  c rew 
members  

Investigathn and Evidence 

Crew Infarmation 

The crew which brought the a i rcraf t  
f r o m  Frankfurt  handed over  to another 
crew a t  Beirut. The operating crew a t  the 
t ime of the accident consisted of two pilots 
both of whom held valid Afghan prlots ' 11- 
cences with appropriate ratings f o r  DC -4 
aircraft .  The captain had flown 3 162  hours 
with Ariana  over a three-year period; he 
had flown 406 hours  on DC -4 a i rc ra f t  (in- 
cluding six flights through Beirut)  during 
the s ix  months p r i o r  to the accident, The 
co-pilot had flown 2 939 hours with Ariana  
in a 2-1/2 year  period, including 185 hours 
on DC-4 a i rc ra f t  during the preceding six 
months. The captain had passed satisfac- 
tori ly a number of check flights on DC -4 
a i rc ra f t  but the re  was no record  of a night 
flying check on the type n o r  a route-check 
covering Beirut ,  

The a i r c r a f t  was constructed in 1944; 
~ t s  Afghan Certif icate of Airworthiness was 
dated 29 November 1938. The maintenance 
records  covering the period of eight months 
pr ior  to the accldent were  investigated; 
they indicated a programme of regular 
inspections of a i r f rame  and engmes. 

On a r r i v a l  a t  Beirut the captain of 
the a l rc ra f t  reported certain defects,  one 
of which was - I'No. 1 feathering button 
will not stay in on check1'. 

The Inspector responsible for  defect 
rectification and between flight inspection 
made a provisional investigation of this 
defect. He t r ied  the button twice, one 
operation of which was a complete feather-  
ing. A ground mechanic then continued 
the investigation during which seven fur ther  
operations of nea r  feathering were  ca r r i ed  
out  a t  various engine speeds. 

It was believed that the aforementioned 
handling of the engine may have had the 
following adverse  effects: 

- s t ra in  on the feathering motor; 
- heavy loads on bear-hgs and other  

engine par ts ;  
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- due to vibration, looserung o r  ever: 
shear lng  of such i t ems  a s  exhaust 
components ,  pipes o r  unions; 

- overheat ing effects on the engine 
genera l ly  due to the use  of l ean  
mixture  coupled with the lack  of 
sufficient cooling. 

On s ta r t lng  up the engines p r io r  to 
:ake-off, fumes  and smoke were  seen  to 
come f r o m  the engines,  however,  on  
cer ta in  DC-4 engines this i s  not abnormal.  
Three  surv ivors  s tated that they hea rd  no 
run-up of engines during taxying o r  p r io r  to 
take-off. 'Vitnesses s ta ted  that the engine 
noise on  take-off was unusual. A surviving 
passenger  notlced that f r o m  the moment 
the a i r c r a f t  left the ground i t s  flight 
s eemed  to be unbalanced - the wings were  
rocking f r o m  s ide  to side. 

The a i r c r a f t ' s  weight a t  take-off was 
32 128 kg which was under the maximum 
authorized weight of 32 140 kg. The re  
was no r e c o r d  of the position of cent re  of 
gravi ty  of the a i r c r a f t ,  but during subse-  
quent examination of the wreckage,  the 
e leva tor  t r i m  tab  was found to be in  the 
neut ra l  position. 

Wreckage and Technical  Investigation 

The wreckage was located on  the 
h i l l s  of Aramoun,  4 - 5 k m  south of Bei ru t  
International Airport .  The wreckage t r a i l  
was on  a heading of 210" and sp read  o v e r  
a distance approximately 5 00 m in  length. 
All i t e m s ,  except for  the p rope l l e r s ,  were  
located in a pa t te rn  broadly consistent  
with the i r  respect ive positions i n  the air- 
craft .  

T r a c e s  found indicated that  the air- 
c r a f t  f i r s t  hi t  the tops of two g roves  of 
t r e e s .  Cuts on  the t r e e s  indicated that  
No. 1 propel le r  was  revolving without 
driving power,  while No. 2 and 4 were  
under power. P rope l l e r  No. 3 passed  
o v e r  a n  a r e a  where no t r e e s  were  growing. 
A r e a s  of f i r e  were  noticed a t  the impact  
positions of No. 1 and 2 engines. 

At the moment of impact  with the 
t r e e s  the a i r c r a f t  had 5 "  bank to s ta rboard .  
All indications were  that the a i r c r a f t  was 
flying horizontally. Because of the lmpact  
and subsequent  f i r e  the a i r c r a f t  a lmos t  
completely disintegrated.  

F i r e  fighting equipment used and i t s  
effect iveness 

The c r a s h  a r e a  was not a c c e s s ~ b l e  
to any type of ground equipment. Helicop- 
t e r s  would have been useful.  F i r e  t rucks  
were  able  to r each  the road position n e a r -  
e s t  to the a r e a  in  10 minutes. F r o m  the re  
on the t rucks  lef t  the road and proceeded 
a t  slow speed  through v e r y  rough t e r r a i n  
fo r  another  10 minutes.  The f i r e  c rew 
were  t rying to get  the l r  equipment a s  close 
a s  possible to the scene  of the c ra sh .  
However,  due to the t e r r a i n  the c rews  had 
to leave their  vehicles  behlnd and to pro-  
c e e d o n  foot for  about 3 / 4  of a n  hour.  The 
r e scue  t e a m  c a r r i e d  the su rv ivo r s  on their  
backs to  the ambulances .  I t  was impossible 
to use  s t r e t c h e r s  o v e r  that a r e a .  

Technical  Observat ions 

The engines were  completely de-  
s t royed ( except for  a c c e s s o r y  p a r t s )  which 
made the determination of the i r  condition 
impract icable.  All propel le r  blades were  
r ecove red ,  a l l  blades bent in the s a m e  
manner ,  in the s a m e  sense  of rotat ion,  
except  No. 3 propel le r  which was the l ea s t  
damaged and possibly a t  a h igher  pitch 
setting than the o the r  three .  

Assuming tha t  the position of the 
mixture  cont ro ls ,  cowl f lap s e l e c t o r s ,  
rudder  t r i m  t ab  and handwheel, and tacho- 
m e t e r s  could be cons idered  a s  good evidence 
i t  appeared  that  the c r e w  had decided to 
shut down No. 1 engine. This  should be 
re la ted  to the evidence f r o m  the cuts  in the 
t r e e s  that No. 1 engine was not revolving 
with driving power. 

No. 1 engine may have possibly been 
o v e r s t r e s  s ed  during the  repea ted  feathering 
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checks; in :h is  case ,  fallure may ha..-e 
occurred after  the f i rs t  reduction of 
power. 

The reading on 30. 1 tachometer 
( zero rpm) can be explained if i t  i s  
assumed that propeller So.  1 was wind- 
milling and deriving i ts  rotation only 
through the forward speed of the a i rcraf t .  
'+Then this propeller struck the t r ees  and 
the rocks on the ground, i t s  rpm dropped 
rapidly and the tachometer likewise before 
major disintegration of the a i rc ra f t  oc-  
curred.  

A s t ructural  failure in the a i r  .vas 
ruled out a s  a possible cause of the 
accident - al l  disintegration was caused 
by impact. 

Findings 

1. No emergency occurred pr ior  to 
2oh 03 36" 2. 

Immediately thereafter  ( i. e. , 1 - 1 /2  
minutes af ter  airborne t ime) a f i re  
indication occurred on No. 1 engine 
and the crew s tar ted engine f i re  
emergency procedure which was 
interrupted by the crash.  

Comments 

P. A. A. me zhamcs a t  Beirut but 
no co rreccive action taken since the 
fault did not r ecur  then. 

2 )  The fea+hering pump was defective 
due to maltreatment by the P. A. A. 
mechanic s 

3) Neither of the pilots pressed the 
feathering button. 

A reconstruction of events preceding 
the accident and the location of the c r a s h  
( 2 "  west of the extended runway centre 
line) and the line of the wreckage - 210°T - 
compared to the runway heading of 177" T 
indicate that the a i rc ra f t  had flown in 
approximately a straight line f r o m  take- 
off until about twenty seconds before the 
crash.  The 33" difference could have 
been achieved, in a ra te  one turn ,  in 
eleven seconds; but the evidence would 
suggest that the l a s t  9 seconds of the turn 
were  completed with only 5 "  - 10"  of bank 
and a rate of turn  of only one degree pe r  
second. P r i o r  to No. 1 -engine &ing - 
closed with the mixture control i t  is 
assumed the a i rc ra f t  was in a normal ra te  
one turn ( 3' p e r  second) with 15 - 20" 
bank to starboard. The likely effect of 
cutting No. 1 engine in such a turn ,  
assuming the reaction of an  average pilot - - A 

a t  night, "on instruments", a t  high power 
and 125 kt IAS, would be a reduction of 
bank and ra te  of turn,  f o r ,  a t  any ra te  a 

Normally the f i r s t  action in engine few seconds. On the basis of the fore-  
f i re  procedure i s  ta feather the propeller. going it is estimated that during the 
There a r e  three  alternative explanations 9 seconds before impact the a i rc ra f t  
a s  to why the propeller was not feathered: turned from 201 to 2100, and that during 

the preceding 11 seconds, it turned f r o m  
1) The pilot pressed the feathering 177" to 201 ". The s ta r t  of the turn,  a s  

button and went to the next i tem of reconstructed above, coincides with the 
his dr i l l ,  and (unobserved by him) call from ~i~ ~ ~ ~ f f i ~  control givhg the 
thebu t ton jumpedou tdue toa fau l t  airbornetime;itseemsthereforethat 
in the hold-in mechanism o r  circuit.  this R / T  call prompted the pilot to start 
Such a fault was reported by the his turn. 
captain who flew the a i rcraf t  f r o m  
Ankara to Beirut. Feathering On the bas is  of tes ts  in a DC-4 
checks had been ca r r i ed  out by cockpit to ascer ta in  the time taken on  the 
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( rncompleted) f i re  dr i l l  and calculations 
based on ground speeds of 118 kt ,  and 
121 kt, the t ime of the c r a s h  was fixed 
between 51 and 58 seconds after  2003 hours 
GMT, ( i .  e .  , approximately 1-1 12 minutes 
after  airborne t ime) . 

There was a choice of two explana- 
tlons a s  to why the captain flew straight 
ahead for more than eighty seconds after  
becoming airborne,  instead of turning 
af ter  about thirty seconds, a t  a height of 
300 ft. He either 

a )  forgot the t e r ra in  layout, o r  

b)  was distracted by some unusual 
occurrence.  

Probable Cause 

The accident was attributed to a 
combination of 

1. a navigation e r r o r  - in that the pilot 
did not right turn out a s  ea r ly  a s  he 
should have, either because he 
forgot o r  because he was distracted 
by some unusual occurrence;  and 

2. a f i r e  indication ( o r  possibly a f i re)  
in No. 1 engine which induced the 
pilot to s t a r t  f i r e  emergency action 
with a resulting reduction in the ra te  
of turn  and the ra te  of climb. 

ICAO Ref: AR/611 
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No. 57 

Shortly after  taking-off on a t e s t  
flight f rom Maiquetca Airport  the pilot 
reported that a state of emergency existed 
aboard the a i rcraf t .  During an at tempt to 
r e tu rn  to the a i rpor t ,  the a i rc ra f t  crashed 
at 11 11 hours  after  hitting Playa Grande 
hllltop, which borders  the airport .  The 3 
crew were killed, and the a i rc ra f t  was 
destroyed. 

Investigation and Evidence 

The pilot and co-pilot had valid 
licences at  the time of the accident, how- 
ever ,  it was noted that the flight engineer ' s  
licence, which had been issued on 1 Decem- 

an at tempt a t  initial reduction of power 
while st i l l  on the runway, the por t  engine 
s tar ted  racing,  although the overspeed was 
not ext reme enough to cause  engine break-  
down. The damage was then offset by the 
pilot 's re-application of take-off power to 
the s tarboard  engine. With power in both 
engines, a left tu rn  was made,  apparently 
before reaching the runway threshold in a 
shor t  take-off and the a i rc ra f t  was able to 
cl imb to a height of 700 - 750 f t  on a down- 
wind leg westbound. Upon initiation of o r  
durlng the downwind leg turn,  the abnormal  
flight conditions became m o r e  cri t ical .  
At this t ime and altitude ~t would have been 
impossible .to reach the threshold of runway 
26 In a glide without power. It was, there-  
fore ,  essent ia l  to keep the s tarboard  englne 

be r  1958, was only valid until 13 October on a maximum power setting, not only to 
1959. gain altitude but a l so  to maintain the a i r -  

craf t  on i ts  path. The unequal distr ibution 
As of 1 December 1959 the a l rc ra f t  of power and the paras i t ic  d rag  made ~t 

had flown a total of 17 821 hours ,  2 758 of impossible for the c r e w  to c o r r e c t  the 
which had been flown since i ts  las t  over-  turn  made by the a i r c r a f t  and at tempt a 
haul. ditching. Loss  of power in the s tarboard  

engine resulted a s  it was subjected to  high 
The Flight 

It should be noted that the crew 

power for over  150 seconds while o p e r a b g  
on cylinders which were  subsequently found 
to be oversized. The a l r c r a f t  pancaked 

having declared an emergency on board and a t  a high ra te  of descent ,  with f laps and 
having spoken with the tower on severa l  landing gear  retracted.  
occasions,  failed to r epor t  the specific 
cause which led to the d isas ter .  Thus, The si te of the a c c ~ d e n t  was 2 k m  
the evidence was mere ly  circumstantial  west  of the threshold of runway 08. Playa  
and had to be  complemented by appropriate Grande hill i s  approx~mate ly  110 m above 
assumptions. One of these assumptions sea  level and l ies 320 m to the north of the 
s e e m s  to be  sufficiently substantiated by site. 
reconstructed data and on this  bas is  the 
following has  been evolved. The weather conditions did not 

contribute to the accident,  which occurred 
The a i rc ra f t  took off normally wlth on a c l e a r  and cloudless day. 

take-off power on both engines. Durlng 
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Inspection of the Wreckage 

Following the accident the propellers 
were  dismantled, and it was noted that 
neither one was in the feathered pitch a t  
the t ime of impact. A breakdown inspec- 
tion of the engines revealed no internal 
malfunction. The records  of the las t  
overhaul showed that the cylinders of the 
port  engine were  0.010" oversized and 
those of the starboard engine 0. 020". The 
left governor was in an  unusual condition. 
Gear  teeth were  broken, and some pieces 
were  stuck in the rack - this condition may 
have developed either on initiation of the 
flight o r  following the accident. Also, a 
check of the governor 's  control  record  
failed to provide any reliable indication of 
i t s  total hours  of service.  This led to the 
suspicion that uncontrolled overspeeding 
had occurred,  and that  for this reason,  
the pilot was unable to feather the propel- 
l e r .  

Discussion 

The flight was character ized by 
lack of control over the a i rc ra f t  ei ther 
because of: 

1. difficulties with the control 
surfaces ;  o r  

2.  loss  of power in the engines 

Pre-flight checking and take-off 
operations performed pr ior  to the 
accident removed any suspicion of mal-  
function of controls or  control surfaces.  
The a i rcraf t  had made severa l  turns ,  and 
no control fai lures were noted by the 
control tower opera tors ,  who followed the 
flight. 

Analysis of the circumstances led 
the Commission to believe that the a i r -  
c ra f t ' s  inability to maintain cruising speed 
through loss of power, he re  assumed to 
have occurred,  happened in two stages:  

1. the malfunction which caused 
the emergency originated in 
the port  engine; 

2 ,  the power required to keep the 
a i rc ra f t  in the a i r  had to be 
supplied then by the starboard 
engine. 

The lat ter  engine furnished the 
required power and enabled the a i rcraf t  
to cl imb 700 ft a t  take-off power. How- 
ever ,  conditions adversely affecting the 
flight - parasit ic  drag,  due to the 
uncontrollable functioning of the part  
engine, and attempts a t  gaining altitude - 
combined with the fact that the starboard 
engine contained oversized cylinders,  
gradually drained away the power required 
to maintain cruising speed. 

Probable Cause 

The accident was caused by an 
overspeeding propeller  followed by 
fai lure of the s tarboard  engine. 

Recommendations 

It was recommended that an  automatic 
emergency frequency be established and 
that other frequencies should cease  
operations while the emergency frequency 
is  in use. 

It a lso  was recommended that f r e sh  
c rews  be assigned to t e s t  flights. 

ICAO Ref: AR/617 



ICAO Ci rcu la r  62-AN/ 57 2 19 

No. 38 

Allegheny Airlines, Inc . ,  Mart in 202, N 174A, accident  near  Will iamsport ,  
Pennsvlvania on 1 December  1959. Ci;.il Aeronautics  Board  (USA). A i rc ra f t  , , 

Accident Repor t ,  F i l e  No. 1-0080, r e l eased  8 November 1960. 

Ci rcumstances  

Flight 371 was scheduled between 
Philadelphia,  Pennsylvania and Cleveland,  
Ohio with s tops  a t  Har r i sbu rg ,  Wil l iams- 
port ,  Bradford  and E r i e .  It proceeded 
routinely to Will iamsport  where  it -&as  
observed in an  approach to the a i rpc - t  
While on final approach it made a lest t ~ r n  
and d isappeared  into clouds and snow 
showers  on a southerly heading toward 
Bald Eagle Mountain, about 1. 3 mi l e s  

tori ly.  Both were  de termined to have 
been in operat ion at the t ime of the 
accident .  

The re  was no  control tower in ope ra -  
tion a t  the t ime of the accident .  Contact 
with the a i r p o r t  was through the commu-  
nicator  in the Williamsport (FSS) radio  
facility. On 5 December ,  four days a f t e r  
the  acc ident ,  a control tower a t  Wil l iams- 
po r t  Airpor t  commenced opera t ions .  

south of the Williamsport A i rpo r t ,  where The Approach to Will iamsport  
it c r a shed  a t  a ~ ~ r o x i m a t e l y  0947 hour s  
e a s t e r n  standard t ime ,  killing the c r e w  At  0923 the flight r epor t ed  to 
of 3 ,  one additional c r e w  member  and 21 Will iamsport  rad io  that  i t  was making 
of the 22 revenue pas senge r s  aboa rd .  360' t u rns  five minutes south of the 

Will iamsport  low frequency range  a t  a n  
Investigation and Evidence 

C r e w  Infor mation 

The  captain of N 174A had flown 
9 790 hour s ,  1 180 of which were  a s  cap- 
tain on Mart in 202 equipment. P r i o r  t o  
the flight of 1 December  he had had a r e s t  
period of approximately 9 hour s .  

The co-pilot had flown 1 1 5 3  hours ,  
approximately 93 of which had been a s  
co-pilot on Mart in 202 a i r c r a f t .  

A i r ~ o r t  and Ground Faci l i t ies  

Will iamsport  A i rpo r t  h a s  o d y  a low 
frequency (385 kc) rad io  range  for  i n s t ru -  
ment  approach to the field. This  low 
frequency range  approach ut i l izes a low 
frequency radio  beacon (266 kc) and  a 
m a r k e r  beacon. These  fac i l i t ies  were  
checked on the day following the accident  
and w e r e  found to be operat ing sa t i s fac-  

altitude of 3 500 ft,  VFR and reques ted  an  
ins t rument  c l ea rance  to the Will iamsport  
A i rpo r t .  Wil l iamsport  rad io  responded 
by giving the 09 17 Will iamsport  weather  
observat ion followed a t  0927 by c l ea rance  
for  the flight d i r ec t  to the Will iamsport  
low frequency range and to  maintain 
4 000 ft.  One minute l a t e r  New York 
Cent re  ins t ruc ted  Will iamsport  r ad io  to  
advise  the flight to repor t  nor th  of Victor  
Airway 232 which it did a t  0931. The a i r -  
c r a f t  was then c l ea red  for  an  approach to  
the Will iamsport  A i rpo r t ,  to  r e p o r t  on 
the ground, or  cancelling IFR. The flight 
had been dispatched IFR but the captain 
elected to depa r t  VFR because  of the 
existing VFR weather  en  route .  Allegheny 
company policy is to dispatch a l l  flights 
IFR unless  load conditions o r  n a v i g a t i o ~  
faci l i t ies  r equ i r e  a VFR re l ease .  At this  
t ime  the flight repor ted  over the Will iams- 
por t  low frequency range ,  leaving 4 000 f t  
and commencing a n  approach.  -4t 0935 
the Will iamsport  0934 weather  observat ion 
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was given to the flight a s  being: 1 000 ft 
sca t tered,  precipitation obscuration 
2 000 ft; visibility 1-112 miles  in light 
snow; wind west a t  4 kt; a l t imeter  setting 
30.26 incles. Allegheny minima for this 
approach to the Williamsport Airport  a r e  
900 ft ceiling and 1-1/ 2 miles visibility. 

At 0941 the flight repor ted  over the 
low frequency range on final approach. 
At this  t ime it was advised of the surface 
wind and a l t imeter  setting and that the 
runway l ights wer.e on high brilliancy on 
runway 9-27. It acknowledged all these 
t ransmiss ions .  At 0942 it repor ted  in 
range to the company on company frequen- 
cy. The company advised that i t s  al t im- 
e te r  setting was 30.25 inches and request-  
ed the a r r iva l  and departure t imes  of the 
flight a t  Harrisburg.  Flight 37 1 acknowl- 
edged the al t imeter setting but did not 
relay the t ime information requested. 

At about 0945 hours the flight was 
seen over the a i rpor t ,  too high, however, 
to effect a landing. After this initial 
approach to the field the a i r c r a f t  flew 
over the field and made a right turn for a 
circling approach to  runway 27. As this  
c i rc le  was completed, the a i rc ra f t  was 
seen to ro l l  out of i t s  right turn and into 
a left turn and proceed in level flight in a 
southerly direction. It then disappeared 
into snow showers and clouds. A short  
while after  a loud explosive-type noise was 
heard. One observer believed that when 
the a i rc ra f t  began this left turn  i t  was 
about 114 of a mile f r o m  the end of runway 
27 and a t  an  altitude of approximately 
400 f t  above the ground. 

At approximately 1120 hour s the 
wreckage of the a i rc ra f t  was sighted on 
Bald Eagle Mountain, a t  an  elevation of 
1 150 ft  m s l  on a 17S0 magnetic heading 
f rom,  and about 1-113 miles south of, the 
approach end of runway 27. 

Technical Investigation 

Both engines and both propellers 
were examined a t  the scene of the accident 
a s  the t e r r a i n  made i t  impossible to 

remove them intact for study. Impact 
damage to both engines was relatively light. 

The propeller blade angles a t  impact 
and the relatively uniform breakage of the 
propeller blades-were consistent with 
appreciable power being produced a t  
impact. 

There  was no evidence to indicate 
inflight fai lure of any of the components 
of the power units. 

Examination of the flight contr 01s , 
wings, tail surfaces  and control surfaces 
failed to show any evidence of inflight 
malfunction or failure. 

The pilot compartment and the 
instrument panels were  subjected to exten- 
sive impact damage and subsequent heavy 
ground f i r e ,  and many of the instruments 
were  completely destroyed. 

Par t icular  attention was paid to 
direction-indicating instruments.  

The captain's mas te r  direction 
indicator (MDI) was found with the compass 
ca rd  in position and seized in the relatively 
intact front end housing. The indicated 
heading was approximately 262O. The 
repeater  indicator f rom the co-pilot's panel 
was found in a badly burned condition, but 
relatively undamaged by impact. Its com- 
pass  ca rd  was held f irmly by the heat- 
distorted front end assembly and indicated 
a heading of approximately 880. It has 
been demonstrated that the compass c a r d  
of the repeater  indicator is subject to 
random displacement when i ts  electr ical  
power has been removed. An unsuccessful 
attempt was made to determine the heading 
information being transmitted electrically 
to the repeater  indicator by the MDI a t  the 
t ime of impact. 

The policy that Allegheny Airl ines 
followed on an instrument landing approach 
such a s  the one a t  Williamsport i s  that the 
approac t  will be flown by the captain while 
occupying the left seat. During such an 
approach, therefore ,  the captain in the 
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l e f t  s e a t  a n d  whi le  f ly ing in  a  r i g h t  p a t t e r n  
would h a v e  t h e  a i r p o r t  t o  h i s  r i g h t ,  a n d  h e  
-.vould h a v e  h a d  s o m e  dif f icul tv  in  keep ing  
1t in s igh t .  Ln a d d i t i o n ,  t h e  a i r c r a f t  on 
t h e  b a s e  l e g  s e g m e n t  o i  :he c i r c l i n g  
a p p r o a c n  .+&as i r , t e r m : t t e n t : ~  lr. s n o s  
s h o w e r s  o r  c l o u d s .  

I t  w a s  b e l i e v e d  t h a t  d u r i n g  the  b a s e  
l e g  t h e  c a p t a i n  r e l i e d  on t h e  MDI of the  
f luxgate  c o m p a s s  owing t o  t h e  w e a t h e r  a n d  
cockp i t  v i s ib i l i ty  restrictions t h a t  e x i s t e d .  
It w a s  b e l i e v e d  t h a t  the  f luxga te  c o m p a s s  
w a s  funct ioning,  a s  evidenced by t h e  f a c t  
tha t  the  c a p t a i n  h a d  s u c c e s s f u l l y  c o m p l e t e d  
a n  instrument a p p r o a c h ,  a n d  s u b s e q u e n t  
e x a m i n a t i o n  of t h e  f luxgate  showed  it  t o  b e  
o p e r a b l e  a f t e r  t h e  a c c i d e n t  

T h e  p o s s i b i l i t v  of a n  inadvertent 
a c t u a t i o n  of the  cag ln2  s ~ v i t c h  of t h e  f lux-  
:ate c o m p a s s  u a s  e x p l o r e d .  T h e  p u r p o s e  
of t h l s  cag lng  s w l t c h  1s to  rapidly e r e c t  
the  g y r o  in  the  t r a n s m l t t e r  unit  l o c a t e d  In 
the  l e i t  wing. T h l s  e r e c t l o n  s y s t e m  e r e c t s  
the  g y r o  t o  a  v e r t l c a l  pos i t ion  in r e s p e c t  
t o  the  a i r c r a f t  only ,  a n d  i s  independent  of 
t h e  ro l l ing-ba l l  type  e r e c t i o n  m e c h a n i s m  
~ n c o r p o r a t e d  in to  t h e  s y s t e m  which  e r e c t s  
the  g y r o  t o  a  v e r t l c a l  pos l t lon  r e l a t i v e  t o  
the  s u r f a c e  of the  e a r t h .  T h e  cag ing  of 
t h i s  g y r o  i s  n o r m a l l y  a c c o m p l i s n e d  on the  
g r o u n d  p r i o r  t o  i l igh t  a n d  wi th  the  a i r c r a f t  
In a l e v e l  position. 

F l i g h t  t e s t s  conduc ted  showed  t h a t  
the  cag ing  s w i t c h  cou ld  b e  a c t u a t e d  inad-  
v e r t e n t l y  by t h e  foot of a p e r s o n  occupyiqc,  
t h e  j u m p  s e a t  a n d  tha t  a  s e r i o u s  e r r o r  
cou ld  t h e r e b y  b e  induced  in to  t h i s  s y s t e m .  
On t h i s  p a r t i c u l a r  f l ight  the  jump s e a t  w a s  
occup ied  by a n  add i t iona l  m e m b e r  e m p l o y e d  
a s  a  co -p i lo t .  It w a s  c o n s i d e r e d  l ike ly  
t h a t  t h i s  h a p p e n e d  s i n c e  a t  t h i s  s e g m e n t  
of t h e  a p p r o a c h  t h e  c r e w  m e m b e r s  would 
b e  a t t e m p t i n g  t o  l o c a t e  t h e  l and ing  r u n w a y ,  
a n d  i t  is p r o b a b l e  t h a t  the  c r e w  m e m b e r  
in  the  j u m p  s e a t  would have  b e e n  l e a n i n g  
f o r w a r d  i n  a n  e f f o r t  t o  l o c a t e  t h e  r u n w a y  
a n d  would t h u s  h a v e  m a d e  s o m e  c o n t a c t  
wi th  the  r e a r  of t h e  p e d e s t a l  b e c a u s e  of 
i t s  p r o x i m i t y  t o  t h e  j u m p  s e a t .  A l s o ,  no  
g u a r d  w a s  p r o v i d e d  f o r  t h i s  s w i t c h .  

A c c i d e n t a l  cag ing  of t h e  f luxga te  
c o m p a s s  wi th  t h e  a i r c r a f t  or. a n y  s o u t h e a s t  
o r  s o u t h w e s t e r l y  head ing  would h a v e  
induced  a n  e r r o r  t o  the  r i g n t  which  would 
have  shown up on t h e  LID1 by ind ica t ing  t h e  
a ~ r c r a f t  w a s  t u r n e d  t o  t h e  r i g h t  i n  e x c e s s  
of ~ t s  a c t u a l  head ing .  

It w a s  b e l l e v e d  t h a t  the  c a p t a i n  w a s  
induced  t o  r e f e r  t o  h i s  i n s t r u m e n t s  o n  t h e  
b a s e  l e g  ot the  l and ing  a p p r o a c h  b e c a u s e  
of t h e  r e s t r i c t i o n s  to  v i s i b i l i t y  e n c o u n t e r e d  
a n d  by cockp i t  l i m i t a t i o n s  t o  h i s  f i e l d  of 
v i s i o n .  T h e  c a p t a i n  con t inued  h i s  t u r n  
in tending to  r o l l  ou t  on the  runway  head ing ,  
hut r e f e r e n c e  t o  t h e  LID1 Ind ica ted  t h a t  
he h a d  o v e r s h o t  h i s  heading s o  he  i m m e -  
d i a t e l y  t u r n e d  t o  the  l e i t  t o  a n  i n d i c a t e d  
head ing  of 270' A f t e r  r o l l i n g  ou t  on t h i s  
head ing  h e  w a s  unable  t o  s e e  t h e  i i e l d ,  
hh:ch .&as now t o  h i s  r ia ,h t ,  a n d  he  
zor.tlnued oc :or  a  few s e c o n d s  expecting 
r o  s e e  t h e  i i e ld  m o m e n t a r i l v .  O,.vinz t o  t h e  
rzduced e r r o r  of a p p r o x i m a t e l y  30° t o  t h e  
r i g h t ,  the  a i r c r a f t  w a s  now on a n  a c t u a l  
heading of a p p r o x i m a t e l y  190° a n d  the  
heading f o r  B a l d  E a g l e  Llountain.  T h e  
a l r c r a i t  t hen  e n c o u n t e r e d  s o l i d  i n s t r u m e n t  
cond i t ions .  T h e  c a p t a i n  con t inued  h i s  
f l ight  o n  the  i n d i c a t e d  heading of 270° f o r  
a p p r o x i m a t e l y  12 t o  1 4  s e c o n d s ,  d u r i n g  
ivhich the  a i r c r a i t  w a s  c o n v e r g i n g  wi th  
the  n o r t h e r n  s l o p e  o i  B a l d  E a g l e  hlounta in .  
Dur ing  t h i s  t i m e  h e  noted t h e  d i s c r e p a n c y  
be tween  the  LID1 a n d  h i s  o t h e r  d i r e c t i o n a l  
i n s t r u m e n t s  a n d  c a g e d  the  i luxga te  c o m p a s s  
ln a n  e f f o r t  t o  d e t e r m i n e  h i s  c o r r e c t  
head ing .  Upon c o m p l e t i o n  of the  cag ing  
c v c l e  t h e  LID1 t u r n e d  t o  a head ing  of 
a p p r o x i m a t e l y  190°. At  t h i s  t i m e ,  j u s t  
p r i o r  t o  the  c r a s h ,  the  a i r c r a f t  w a s  t u r n e d  
t o  t h e  r i g h t ,  fu l l  t h r o t t l e  w a s  a p p l i e d ,  a n d  
g e a r  r e t r a c t i o n  w a s  in i t i a t ed .  B e f o r e  
t h i s  t u r n  cou ld  b e  c o m p l e t e d  t h e  a i r c r a f t  
c r a s h e d  in to  t h e  t r e e s  a n d  r o c k y  t e r r a i n  
of t h e  m o u n t a i n .  

T h e  p o s s i b i l i t y  of accoun t ing  f o r  t h e  
l e f t  t u r n  by the  c a p t a i n  hav ing  in i t i a t ed  a n  
abandoned  a p p r o a c h  w a s  a l s o  c o n s i d e r e d .  
F o r  t h i s  t o  h a v e  o c c u r r e d  t h e  induced  
e r r o r  i n  t h e  f luxga te  c o m p a s s  would h a v e  
t o  b e  t o  t h e  l e f t  in t h e  o r d e r  of 80' a n d  
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~ o ~ i d  nave beer, induced by acc identa l  
za j lng  of the  fluxgate c o m p a s s  while on a  
zo r theas t e r l y  o r  no r thwes t e r l y  heading.  
?irith such  a n  e r r o r  and  if the captain 
tu rned  t o  a n  approximate  heading of 100' 
to go back t o  the L / F  r ange ,  the a i r c r a f t  
;5-ould then have been on a n  ac tua l  heading 
of 180°. Th i s  i s  compatible with the 
s t a t emen t s  of the ground wi tne s se s .  

Seve ra l  f a c t s  lndlcated that th i s  
3ossibi l i ty  did not o c c u r .  The a i r c r a f t  
s t r uck  the mountain a t  approximate ly  the 
s a m e  al t i tude that  i t  was  s een  a t  when 
deparr ing the a i r p o r t .  The landing gea r  
. \ a s  in the  dourn position except  for  the 
r ight  main gea r  which was in t r a n s i t  t o  
the up posi t ion.  The power i n c r e a s e  was  
initiated a t  the s a m e  t ime  the a i r c r a f t  was 
tu rned  t o  the r igh t  just  p r i o r  to  hitt ing 
the mountain.  It was bel ieved tha t  if In 
fact  the captain had ini t ia ted a n  abandoned 
app roach ,  a l l  of these  things would have 
heen s t a r t e d  immedia te ly  upon encoun- 
te r ing  i n s t rumen t  conditions a n d  that  the 
captain would a l s o  adv i se  by r ad io  that  
the approach  was  being abandoned.  

Human F a c t o r s  

The au tops i e s  of t he  c r e w  m e m b e r s  
e l imina ted  a l l  but one physiological  factor  
which could have contr ibuted to  th i s  
acc ident .  

The  finding of a t h e r o s c l e r o s i s  in 
t he  f irst  off icer ' s  co rona ry  a r t e r i e s  

r e q u i r e d  a  de ta i led  study of the  possibi l i ty  
of an  incapaci tat ion of t h i s  individual,  and  
poss ib le  i n t e r f e r ence  with the opera t ion  
of the a i r c r a f t  a t  a  c r i t i c a l  s egmen t  of i t s  
landing approach .  However ,  i t  w a s  
subsequent ly de t e rmined  that  t h e r e  was  
no evidence of incapaci tat ion of the f i r s t  
off icer  p r io r  to  the c r a s h  o r  that  inca-  
paci ta t ion was  a  fac tor  in th i s  acc ident .  

P robab l e  Cause  

The  probable cause  of th i s  acc ident  
was the cap ta in ' s  f a i l u r e  to  execute a  
t imely  abandoned app roach .  The  probable 
acc identa l  caging of the fluxgate c o m p a s s ,  
which would have r e su l t ed  in a n  e r r o n e o u s  
heading indicat ion,  was  cons ide red  t o  be 
a  l ikely contr ibut ing f a c t o r .  

Resu l tan t  Action 

Allegheny Ai r l i ne s ,  immedia te ly  
a f t e r  l e a rn ing  o i  the poss ib le  e i fec t  of a n  
acc identa l  caging of the fluxgate c o m p a s s ,  
ins ta l led  gua rds  on the four a i r c r a f t  in i t s  
f leet  which had s i m i l a r  fluxgate c o m p a s s  
caging swi tch  ins ta l la t ions .  

A recommendat ion  was  made  by the 
Boa rd  t o  the Admin i s t r a to r  of the  F e d e r a l  
Aviation Agency that  sui table  gua rds  be 
r equ i r ed  on a l l  a i r c r a f t  that  have fluxgate 
c o m p a s s  caging swi tches  l oca t ed  in a  
posi t ion which would p e r m i t  inadver ten t  
actuat ion.  

ICAO Ref: AR/654 
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No, 59 

Sociedad ~ e r o n d u t i c a  Medelxn S. A. , C-46A, HK-5 15, crashed into the sea  
between San AndrCs Island and Cartagena on 8 December 1959. Report 

released by the Director General of Civil Aviation, Colombia. 

Circumstances 

HK-515 was cleared a t  1600 GMT on 
an extra  flight f rom San AndrCs Island to 
,Medellh with an  intermediate stop a t  
Cartagena. Three crew and forty-two 
passengers were aboard the aircraft .  It 
was to report  a t  points PC-2, PC-1, 
Tango 2 and Cartagena ( see  Figure 17) .  
Only the PC-2 report  was received a t  
1657 GIMT, and i t  advised that the a i rc ra f t  
was in visual flight conditions a t  9 500 ft. 
No further contact with the a i rcraf t  was 
established. On 16 December i t  was 
learned that the right landing gear wheel 
assembly of HK-5 15 had been found near  
Mor6n Island, 14 miles eas t  of San Blas,  
Panami.  

lnves tigation and Evidence 

The Aircraft  

At the time of the accident the a i rc ra f t  
was airworthy and had been authorized to 
undertake mixed transport  flights. It had 
been repaired the day before the accident 
and had subsequently been tested by the 
pilot with satisfactory results .  No diffi- 
culties on the subject flight had been 
reported. 

The a i rcraf t ' s  weight and centre of 
gravity were within the l imi ts  a s  shown 
in  the Certificate of k rwor th inesa .  

The Crew 

The captain had a total of 3 5 12 hours 
flying on this type of a i rc ra f t ,  248 hours of 
which had been flown within the l a s t  90 days. 
He had made his f i r s t  solo flight a s  a pilot 
on a C-46 a i rcraf t  on 15 March 1959. 

The co-pilot had flown 7 405 hours on 
C-46 's; 229 of them had been flown during 
the las t  90 days. 

Weather 

F r o m  reports of pilots of other a i rcraf t  
and weather reports by the different stat ions,  
i t  was possible to establish that fair  weather 
prevailed along the entire route. 

The Wreckage 

Only the right landing gear wheel 
assembly and axle of the a i rc ra f t  and the 
brake sys tem were recovered. The shaft 
had failed due to impact with the sea  which 
caused the wheel attachment to break a t  a 
right angle a t  the level  of the root. 

The sea rch  and rescue operations were  
extended to 24 December,  however, a s  
nothing further was found they were sus-  
pended . 
Statements of Witnesses 

Residents of the a r e a  where the piece 
of wreckage was found believed that the 
accident si te lay within a n  a r e a  over  625 sq. 
mi. f r o m  Mordn Island northwards. 

The crew held fully validated licences They stated that there  was bad weather 
and valid medical certificates. in the a r e a  where the a i rcraf t  crashed. 

This together with the fact that the a i rcraf t  
had inadvertently drifted off the airways 
towards the coast  of Panama points to the 
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probability of s e r i o u s  malfunction i n  the 
a i r c r a f t  inc1udlr.o radlo f a i l u r e  - the 

Probable  Cause  
- 

p s i t l o n  r e p o r t s  ceased  af te r  P C - 2 .  The cause  of the acc ident  could not be 
de termined .  

ICAO Ref: AR/612 
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FIGURE 16  I M O R ~ N  ISLAND )- 

1 WHEEL O F  I 
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FIGURE 17 

SOCLEDAD AERON~UT;CA MEDELL&, C - . I ~ A ,  
ACCIDENT ON T H E  SAY ANDRES ISLAXD - CARTAGENA ROUTE 
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S o .  60 

Beechcraft ,  C-33, N 11339D and Wyom:cg Alr  Natronal Guard 
F-86L,  52-3662, mld-a i r  col l is ion nea r  Cheyenne, Wyoming, 

Municipal Ai rpo r t ,  on 15 December 1959. Civil Aeronautrcs Board,  (USA), 
A i rc ra f t  Accident Repor t ,  F i l e  No. 2-1774, r e l eased  22 August 1960. 

C i r cums tances  

On 15 December  1959, a t  1520 hours  
mountain s tandard t ime ,  a n  F-86L, flown 
by the wingrnan in a formation of two 
Wyoming A i r  National Guard F-86L1s,and 
a Beechcraft  C-35 collided a t  9 000 f t  m s l  
(2 850 f t  above the ground) about 4- 5 m i l e s  
south-southwest of the southern boundary 
of the Cheyenne Municipal A i rpo r t  wlthin 
the a i r p o r t  cont ro l  zone. The pilot of the 
F-86L ejected safely; however, the pilot 
of the  Beechcraft  was  fatally injured. 

Investieation and Evidence 

The Ai rc ra f t  and the i r  Crews  

The Beechcraft  had l a s t  been inspect-  
ed on 24 July 1959, and a l l  a i rwor th ines s  
d i rec t ives  had been complied with. 

I ts  pilot and p a r t  owner held a private 
pilot cer t i f ica te  with single-engine land 
rating i s sued  by the FAA on 29 June 1959. 
At the t ime  of the accident  the pilot had 
about 325 hour s  of flying experience.  

' F - 8 6 ~ .  55-3662, the one involved in 
the col l is ion,  had rece ived  i t s  l a s t  l ine 
maintenance and pre-flight inspection on 
15 December 1959, the day of the accident.  

It w a s  being flown by a captain,  who 
was  a n  a i r  training supervisor  employed 
by the 187th Fighter  Interceptor  Squadron 
of the Wyoming A i r  National Guard. Bes ides  
being a r a t ed  pilot on flying s ta tus  and 
possess ing  a 3-2 (white) ins t rument  c a r d  
i ssued  by the A i r  F o r c e ,  h e  held a com- 
m e r c i a l  pilot cer t i f ica te  with single-engine 
land and ins t rument  rat ings.  Of a total  of 
2 450 hour s  that h e  had flown, 1 250 w e r e  
in mi l i t a ry  a i r c ra f t .  Of these ,  160 w e r e  in  
the F-86L. 

F-86L, 32-9993 was  piloted by a 
i l r s t  l ieutenant, who was  a l so  a part- t ime 
r e s e r v e  off icer  and a member  of the 187th 
Fighter  Interceptor  Squadron. He w a s  a 
squadron pilot and was  a l so  employed a s  a 
professronal  pilot. He was  a ra ted  pilot on 
flylng s ta tus  and held a 3-2 (white) ins t ru-  
ment  c a r d  i ssued  by the A i r  F o r c e  as well  
a s  a c o m m e r c i a l  pilot cer t i f ica te  with single- 
engine, multi-engine and ins t rument  ra t ings .  
He had a total  of 1 400 hours  flying - 800 in  
civilian a i r c r a f t  and 600 in mi l i ta ry .  He 
had flown 500 jet hour s ,  of which 250 w e r e  
rn the F-86L. 

The Fl ights  

The Beechcraft  

It was  en route t o  Denver,  Colorado 
f r o m  St. Cloud. Minnesota with a n  en  rou te  
bus iness  and  fuelling stop a t  Dickinson, 
North Dakota. It took off f r o m  Dickinson a t  
1235 hour s ,  then the pilot filed a V F R  flight 
plan to Denver with the Dickinson FAA com- 
munications station. He proposed to f ly  t o  
Rapid City, South Dakota, d i r e c t  to Denver 
a t  8 500 ft. A t  1343 the pilot contacted 
Rapid City radio stat ing h e  was  a t  4 500 f t  
ove r  the ci ty,  VFR to Denver. A t  1515 he  
cal led Cheyenne radio  on 122. 1 MC/S 

requesting the winds aloft and identified h i s  
flight. He did not give h i s  position o r  
altitude. The cont ro l le r  gave h i m  the m o s t  
favourable winds - between 8 and 11 000 f t .  
The information was  repea ted  as reques ted ,  
and the pilot acknowledged. Nothing fu r the r  
was  hea rd  f r o m  the a i r c ra f t .  

The F-86L1s 

At 1420 hours  that afternoon the 
F -86Lt s  took off f r o m  Cheyenne on a tac t ica l  
evaluation flight and because of i t s  all- 
weather  nature,  following take-off the 
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iieutenant f lew pr1nc:pally by r e f e r e n c e  to 
. n s t rumen t s ,  the captaln flying a s  safety 
o b s e r v e r  ar,d positioning h i s  a i r c r a f t  
Sehind, slightly below and to the r igh t  of 
the l ieutenant 's .  At th i s  t ime  ~t w a s  the  
cap ta in ' s  respons ib i l i ty  a s  sa fe ty  pilot f o r  
:he flight to look out f o r  o ther  aircraft. 

After  the in te rcep t  phase ,  the  
lieutenant ca l led  Cheyenne tower  and 
reques ted  a p r ac t i ce  VFR-VOR je t  pene t ra -  
tlon and 1LS low approach .  * The a i r c r a f t  
was  c l e a r e d ,  w a s  advised  to main ta in  VFR,  
and to r e p o r t  leaving the VOR outbound a t  
20 000 f t  and when leaving the ou t e r  m a r k e r  
inbound to  the  ILS runway.  

The s imul ta ted  i n s t rumen t  f l ight  
port ion w a s  c a r r i e d  out ,  following which 
the l ieutenant  r e tu rned  to v i sua l  flight. The  
captain r ema ined  in the sa fe ty-obserper  
position a s  chase  pilot. A t  th i s  t lme  both 
iooked f o r  o ther  a i r c r a f t  but saw none. 

The lieutenant asked  f o r  a "s imulated 
f lameout  pattern**, a s  the f l ight  c r o s s e d  
the a i r p o r t  above runway 26. The r e q u e s t  
w a s  approved  by the tower ,  however ,  the 
captain in formed the lieutenant that  he  did 
not have sufflclent fue l  f o r  the manoeuvre  
p r lo r  to landlng. The re fo re ,  ~t w a s  decided 
not to make  the s imula ted  f lameout ,  but to 
proceed  to the in i t l a l  point***, en t e r  the 
lni t ia l  approach  (i. e .  tha t  port ion along the 
runway extended cen t re l ine)  and  land. I t  
a l s o  meant  that  the captain would join in 
c lose  format ion .  The tower  con t ro l l e r  
ove rhea rd  the t r ansmis s ion  and understood 
i t s  meaning. 

The tower cont ro l le r  watched the  low 
approach  and  s aw  the je t  f l ight  m a k e  about  
a 30' r igh t  t u r n  jus t  pa s t  the end of the 

runway,  tn conformity wlth a noise-abatement  
p rocedu re .  The f l ight  then continued outside 
the  t ra f f ic  pa t te rn  l lm i t s  In a left c l imbma - 
tu rn .  The con t ro l l e r ' s  a t tent ion was  then 
turned  to a T-33, In the t raff lc  pa t te rn  f o r  
landing. The next c a l l  f r o m  the  jet fl lght 
would be when ~t en t e r ed  the t a c t i c a l  pa t te rn  
a t  t he  ini t ia l  point f o r  runway 26. 

The left tu rn  was  continued to 11 0°, 
in te r rup t ing  i t  once on a headlng of about 
1800 to c l e a r  the tu rn .  The captaln c losed  
In the  t u rn  to  c lo se  format ion .  He took 
position on the  l ieutenant 's  r igh t  wing u lth 
h i s  a i r c r a f t  s l ight ly below the l eve l  of the 
l ~ e u t e n a n t ' s  with 4 to 5 f t  w~ng- t i p  s e p a r a -  
tlon. F o r e  and a f t  he  f lew the  "s la t  line". 
A s  the t u rn  p r o g r e s s e d ,  the  f l lght a cce l e r a t ed  
to 270 kt mdlca ted  airspeed. 

Because  prec ls lon ,  plannlng and  co- 
ord ina ted  smoo thnes s  w e r e  ~ m p o r t a n t  
cons idera t ions  In a s a t i s f ac to ry  pe r fo rmance  
of the evaluat ion,  the l ieutenant  planned to 
r e a c h  9 000 f t ,  270 kt  and  the 1 LO0 heading 
s imultaneously.  This  was  done,  and both 
pi lots  e s t ima ted  that  i t  o c c u r r e d  about 
30 seconds  before the collision. At this  
point the  l ieutenant  w a s  the fo rma t lon  leader  
and  the captaln was  the wingman. As flylng 
format ion  r e q u l r e s  the  wlngman Is undlvlded 
attention to the l e ade r ,  the respons ib i l i ty  to 
s e e  and avoid o ther  a i r c r a f t  w a s  en t l re ly  
that  of the  fo rma t ion  leader .  The lieutenant 
c l e a r l y  understood h i s  respons tb i l i ty  and  
believed that  he  had kept  a ca re fu l  lookout 
f o r  o the r  a i r  t raff ic .  

The l ieutenant  l a t e r  t es t i f ied  that  he  
r eca l l ed  stopping the  t u r n  about  1 80° to 
c l e a r  the a r e a ,  pa r t i cu l a r l y  i n  the d i rec t ion  
he  intended to continue. During the l a s t  
30 seconds h e  scanned the left  quadran t ,  

* The penetrat ion i s  a n  i n s t rumen t  p rocedu re  to t rans i t ion  je t  f i gh t e r s  f r o m  high al t i tude 
to the i n s t rumen t  landing sys t em.  Low approach  mean t  t he  plane would not  land a f t e r  
the  ILS but would go a round,  pass ing  ove r  the  landing runway.  The ILS a t  Cheyenne 
i s  f r o m  e a s t  to  west ;  the  runway is 2 6 ,  260°. 

** A pa t t e rn  used i n  t he  event  of a jet  power l o s s ,  commonly  r e f e r r e d  to a s  a "flameout". 
The pa t te rn  is p rac t i s ed  by n e a r l y  a l l  uni ts  using subsonic and t rans-sonic  f i gh t e r s .  

*** Thi s  i s  a location 5 m i l e s  e a s t  of runway 26. J e t  f i gh t e r s  p a s s  o v e r  the  location and  
es tab l i sh  a flight path f r o m  i t  along the  runway extended cen t re l ine  to the end of the 
landing runway,  The landing f r o m  th is  position i s  a 360° overhead  pa t te rn .  
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then straight ahead and then the right 
quadrant. At the same t ime he a lso  checked 
the captain's position. When he returned 
his vision forward he saw a n  a i rc ra f t  im- 
mediately in front of h im and made a violent 
pullup to avoid it. He had no t ime to warn 
the captain (in 52-3662) o r  to identify the 
aircraft .  He had looked in the a r e a  where 
the Beechcraft was located but had not 
seen i t ,  and except for brief altitude, a i r -  
speed and heading checks there w e r e  no 
duties requiring his attention within the 
cockpit. 

The captain testified that his attention 
was concentrated on the formation formup 
and thereafter on holding close position. 
He believed that heading, speed and altitude 
were  a s  the lieutenant described them. He 
a lso  believed that these factors  were  
constant for a t  least  the last  30 seconds 
before collision. He recalled a flash on 
his windscreen before impact but did not 
recognize the Bonanza. 

Weather 

At the time of the collision the weather 
conditions were: high thin c i r r u s ,  visibility 
90 miles. 

The Collision 

Analysis of the factual information 
and physical evidence led the Board to 
determine that the in-flight contact sequence 
began with the ~ e e c h c r a f t  on a heading of 
154O and the F-8 6 L  on a heading of 1 1 OO. 
The Boxianza was flying a t  a calculated 
t rue  airspeed of 139 kt and the F-86L a t  a 
computed t rue  airspeed of 3 12 kt. Initial 
in-flight contact occurred when the F-86L 
nose i t ruc tu re  contacted the fuselage of the 
Beechcraft just behind the right r e a r  cabin 
window. The sequence progressed as the 
nose s t ructure  above the wing of the F-86L 
penetrated and cut through the Beechcraft 
fuselage a t  a n  angle of 1 10° to the fuselage 
centreline measured clockwise f r o m  the 
nose. F o r c e s  attending the sequence 
sheared off the Bonanza fuselage aft of the 
swath line while the right wing of the F-86L 
most  probably passed below the plane of 
the wings of the Beechcraft. 

Because the colliding F-86L was in 
strarght and level flight during the sequence 
and because the wings of neither a i rc ra f t  
made contact, i t  was most apparent that the 
Bonanza was a l so  straight and level. This 
was substantiated by the lack of any vert ical  
deformation to the s t ructure  involved in the 
collision. These factors  caused the Board 
to believe that no evasive action occurred 
which would indicate the Bonanza pilot saw 
the F-86Lfs  during the collision closure. 

As part  of the Board's analysis a 
vector d iagram (see  Figure  18) was prepared,  
and the probable flight paths of the a i rc ra f t  
were  determined for  the 60-second period of 
closure pr ior  to the collision. F r o m  the 
study i t  was possible to determine the 
relat ive position of each a i rc ra f t  to the other 
a t  any given period. Similarly, i t  was 
posslble to a s s e s s  the opportunities afforded 
each pilot to have sighted the other 's  a i rc ra f t  
in o rder  to avoid the collision. 

The study showed that a t  the beginning 
of the 60-second period the colliding a i rc ra f t  
were  separated 3.48 statute miles.  At this 
t ime the Beechcraft was located 67O to the 
left of the nose of the jet formation leader 's  
aircraft .  It would have been slightly above 
the leader and visible to h i m  through the 
canopy glass ,  presenting a quartering r e a r  
profile. During the f i r s t  30 seconds, while 
the F-86Lts were  turning, the angular 
position of the C-35 gradually shifted to a 
position about 26O to the left of the nose of 
the leader ' s  a i rc ra f t  and to approximately 
eye level. During the final 30 seconds, with 
forrnation straight and level, the position of 
the Beechcraft would remain unchanged. 

The study a lso  showed that a t  the 
beginning of the 60-second period the F-86L 
formation was positioned 129O to the right 
r e a r  of the nose of the Beechcraft, o r  
approximately 40° to the r e a r  of the 90° 
position. The jets  would have been below 
the level of the Beechcraft. During the 
f i r s t  30 seconds the position of the jet 
formation would gradually shift forward 
until i t  was r s i t i o n e d  level  a t  a sighting 
angle of 110 to the right r e a r  of the nose 
of the C-35. During the final 30 seconds 
this position would remain unchanged. 
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Conclusions 

F r o m  the available evidence and 
analytical study of this accident i t  was the 
conclusion of the Board that an  overtaking 
situation occurred in which the F-86L 
formation overtook the Beechcraft f r o m  
i t s  right r ea r .  The Board concluded that 
during the 60-second period of closure the 
Beechcraft was positioned well within the 
forward visual quadrant of the jet forma- 
tion leader and that i t  presented an  
adequate profile fo r  visual detection within 
the distance which separated the a i rcraf t .  
The Board, therefore,  concluded that there  
was an adequate opportunity fo r  the jet 
formation leader to have seen the 
Beechcraft in t ime to have led his wingman 
off collision course ,  in accordance with the 
responsibility of an overtaking pilot. 

At a l l  t imes  during the 60-second 
period before collision the jet formation 
was positioned well to the right r e a r  of the 
Beechcraft. This position was as much as 
129O and was never l e s s  than 1 lo0. It is 
fundamental that a pilot's p r imary  re -  
sponsibility is to di rect  his attention to the 
most cr i t ica l  a r e a ,  which i s  the 180° 
quadrant ahead of his a i rcraf t .  While this 
i s  not intended to mean that a pilot should 
not sea rch  a l l  a r e a s  available to him, i t  
does mean that his greates t  effort should 
be in the direction of flight with rel iance 
than an  overtaking pilot will  s imi lar ly  
fulfil the same responsibility. Accordingly, 
the Board did not believe that the oppor- 
tunities afforded the pilot of the Beechcraft 
were  sufficiently adequate to have expected 
him to have seen the jets. 

The second action taken was to ra i se  the 
jet altitude minimum pr ior  to initial 
approach. This was a l so  done by the Air 
Guard unit. The Board believed that if 
there  i s  a concentration of traffic in the 
Cheyenne Airport  a r e a  between 3 000 and 
4 000 ft ,  action to utilize a higher altitude 
by the fighters should a lso  be effective in 
reducing collision exposure. 

Cheyenne Municipal Airport 

It has a conventional five-mile radius 
control zone and utilizes conventional left 
traffic patterns,  one for  light a i rcraf t  and 
the other fo r  heavy traffic. The f i r s t  is 
close in and the lat ter  i s  within three  miles  
of the centre  of the airport .  In addition, 
the F-86Lts use a tactical approach and 
360' overhead landing pattern. All of the 
patterns were  published and disseminated 
locally. The use of the a i rpor t  by the jet 
f ighters and the fact  that they made instru- 
ment low approaches was a lso  published in 
the Airman's Guide according to its publica- 
tion procedures. 

Communications 

The F-86L flight utilized UHF (ultra 
high frequency) communications and the 
Beechcraft was equipped with VHF (very 
high frequency) communications. The 
tower did not, nor does any tower normally, 
t ransmit  simultaneously on both VHF and 
UHF communications. The F-86L pilots 
and the Bonanza pilot, therefore,  could not 
overhear radio communications made with 
respect  to the other. 

Following this accident, the Ai r  R o b a b l e  Cause 
National Guard unit a t  Cheyenne requires  
that on missions which require  a safety The probable cause of this accident 
observer ,  the pilot performing this reapon- was that during an  overtaking situation the 
sibility will do so throughout the ent i re  jet formation leader failed to see the 
mission. This action is to enable a l l  pilots Beechcraft in t ime to lead his wingman off 
flying as a flight to  look f o r  other aircraft.  collision course. 

ICAO Ref: ~ ~ / 6 4 4  
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No. 61 

Aer  Lingus, Friendship a i rc ra f t ,  EI-AKA, accident a t  Renfrew Airport ,  Scotland, 
on 22 December 1959. Conclusions of the Investigating Officer a s  re leased by 
the Department of Transport  and Power, Dublin, Ireland - September 1960. 

Circumstances 

Shortly after take-off the port engine 
failed, and the a i rcraf t  had to re turn  
immediately t o  the a i rpor t  for an e m e r -  
gency landing. On the landing run the 
landing gear was re t racted to avoid pos- 
sible over running of the a i rpor t  boundary. 
Damage was sustained to the under p a r t s  
of the fuselage, the cabin floor and the 
starboard propeller .  Of the 37 passengers  
and 3 crew members  aboard,  only the 
hostess was slightly injured. 

Conclusions of the Investigating Officer 

The a i rc ra f t  was certified a s  a i r -  
worthy and had been properly maintained. 
The loading for  this flight was cor rec t  
and within the permissible l imi ts  of weight 
and balance. 

The captain and co-pilot held valid 
l icences and were qualified to undertake 
the flight. 

Preparations for the flight had been 
completed satisfactorily, and operational 
requirements had been complied with. 

The Flight 

On failure of the port engine just 
after  take-off, the pilots ca r r i ed  out 
correctly the required emergency proce- 
dures. The descent was commenced in the 
final approach a t  a speed sufficiently in 
excess of the approach speed demanded 
by the existing conditions (105 kt) to  make 
attainment of correct  height and speed a t  
the runway threshold extremely problem- 
atical. The high approach speed resulted 
in excessive height (100 ft) and excessive 
speed (probably to the extent of 10 kt) a t  
the runway threshold. These factors,  in 
conjunction with sub-normal deceleration, 
due to absence of "ground fine pitch" on 

the failed engine, and low braking efficiency, 
due to the very wet state of the runway, 
prevented the a i rc ra f t  being stopped within 
runway l imi ts .  The captain's decision to  
ra i se  the landing gear ,  in order  to  aver t  
the possibility of a more  ser ious  accident, 
was correct .  

Meteoroloeical Conditions 

Conditions a t  the t ime of the accident 
were very poor. They added substantially 
to the difficulties of an  asymmetr ic  landing. 
The effective cloud height was 800 ft, and 
the surface visibility was 1 300 yd in rain.  

Probable Cause 

Fuel contamination caused abrasion 
damage to pa r t s  of the fuel pump fitted to 
the port engine. This led to  failure of the 
pump drive shaft with consequent engine 
failure. 

Due to excessive speed during the 
final approach on one engine, and the wet 
state of the runway, the captain was unable 
to  stop the a i rcraf t  safely within runway 
l imits.  

Follow-UD Action 

After the accident and pending a 
detailed examination, which was subse- 
quently made by the fuel company con- 
cerned,  of the sources of the fuel supplied 
to Aer  Lingus, the overhaul life of fuel 
pumps in Aer  Lingus a i rc ra f t  was res t r ic t -  
ed, and a precautionary inspection system 
was instituted. 

The source of fuel contamination has  
since been discovered, and s teps  have been 
taken to prevent a recurrence of this trou- 
ble. This contamination was of an unusual 
type, which could not be detected by the 
detection methods in use up to that t ime. 

ICAO Ref: AIG/ACC/ REPIGEN/ No. 12 - Ireland 
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No. 62 

Garuda Indonesian Airways,  DC - 3 ,  PK-GDV, a c c ~ d e n t  n e a r  Pa lembang,  
Sumatra .  on 24 December  1959. R e ~ o r t  r e l eased  bv the Mints t rv  of 

C i r cums tances  Instrument readtngs ,  indicators ,  
handles and switches provided most ly  

The a i r c r a f t  depar ted  Talang Betutu unrel iable information.  
Airpor t ,  Palembang a t  0446 hour s  GMT a s  
scheduled Flight  330, en route to Pangkal  
Pinang on an  IFR flight plan. Approxi- 
mately 13 minutes a f t e r  take-off while s t i l l  
climbing i t  experienced trouble in i t s  right 
engine, and a n  at tempt was made to r e t u r n  
to Talang Betutu. However, the a i r c r a f t  
c r a s h e d  in a swamp a r e a  about 3 mi l e s  
f r o m  the a i r f ie ld ,  killing the pilot and 
ser ious ly  injuring the co-pilot.  The a i r c r a f t  
was destroyed.  

fnvestieation and Evidence 

A s  only a na r row path could be seen  
indicating the flight path of the r ight  wing 
and r ight  p rope l l e r ,  i t  was  d e t e r m ~ n e d  
that  the a i r c r a f t  had been descending a t  an  
angle of approximately 20" in a r a t h e r  
s teep r ight  bank. The r ~ g h t  wing then hit 
a t r e e .  Due to th is  impact  the a i r c r a f t  
then made a right-hand swing hitting a 
c lus t e r  of t r e e s .  The a i r c r a f t  completed 
this  swing through a total  a r c  of approxi-  
mate ly  180°, los t  i t s  speed and dropped 
down ver t ica l ly  to the ground. 

All  s t ruc tu ra l  f a i lu re s ,  f r a c t u r e s  
and d is tor t ions  were  due to impact .  T h e r e  
was no evidence of any explosion a n d / o r  
f i r e  nor was  t h e r e  any evidence of faulty 
a s sembly  o r  breakdown, which might  have 
caused  the accident .  

With r ega rd  to  the fuel sys t em,  
water  in the fuel o r  fuel contamination 
could not be de termined f r o m  ac tua l  tank 
inspection. However,  the r e c o r d s  were  
mspected,  and the c o r r e c t  procedures  
had been  followed with r e g a r d  to refuelling 
and dra inage  of fuel for  water  content.  

XO evidence was found of any 
malfunction in  the left engine and propel ie r .  
The propel le r  was Ln fine pttch and only 
,"-cry sltghtly bent,  indicating no power a t  
the t lme of impact .  

The nose sect ton of the r ight  engine 
had been  broken off a t  impact.  I t s  
propel le r  was  a l s o  tn flne pttch and show- 
mg no sign of power a t  t ime of impact.  
The f i l te r  i n s p e c t ~ o n  showed t r a c e s  of 
s ~ l v e r ,  lead,  s t ee l  and bronze.  Although 
the quantity found was s m a l l  and would be 
neg l~g ib l e  under no rma l  c ~ r c u r n s t a n c e s ,  
~t could be a n  indication of a n  tmpending 
~ n t e r n a l  fa i lure .  

The left-hand magneto was found to 
be in o r d e r ,  however,  the right-hand one 
could not be bench tested.  It had been  
damaged during the accident .  Fu r the r  
d i sa s sembly  of the magnetos and a n  inter-  
view with the co-pilot dtd not r evea l  any 
m o r e  information. No o ther  inspect ion o r  
tnvestigation was  possible on the r ight  
engine. 

The Flight  (See F igu re  19) 

The co-pilot test i f ied that the take-  
off was  no rma l ,  and the a i r c r a f t  cl imbed 
to a c ru is ing  altitude of 5 000 ft. During 
c l ~ m b - o u t ,  the co-pi lot ,  who was sitting 
in the left-hand s e a t ,  noticed that  the r a t e  
oi cl imb was  only 300 - 350 f t /miri  at 
a n  indicated a l r s p e e d  of 11 5 k t ,  when it 
should be 500 f t / m l n  a t  a g r o s s  aergnr  ot 
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27  200 lb ,  the maxrmurr. allowable. 
(Examination of the loadsheet revea led  
that a t  take-off,  maximum g r o s s  welght 
h a s  exceeded by 154 lb. The c e n t r e  of 
gravlty l lml ts  were  not exceeded. ) 

When the a i r c r a f t  r eached  a n  altitude 
of over  4 000 ft,  a t  approximately 13 
minutes out, the right-hand engine expe r i -  
enced roughness.  It was decided to r e tu rn  
to base .  METO power was applied on the 
left engine, and the right engine was s t i l l  
windmilling, but throt t le  and pitch control  
were  pulled back, and the mixture  was in 
tdle cut-off. 

The captaln took over the cont ro ls  
and the co-pilot s e t  the rad io  compass  and 
handled the radio.  Some t ime l a t e r ,  
durrng descent ,  a n  unsuccessfu l  a t tempt  
was made  to r e s t a r t  the r ight  engine. 
Elght to ten  minutes a f te r  r e t u r n  to base ,  
a t  a n  altitude of 500 - 800 f t ,  the a i r c r a f t  
broke  through the clouds but the c r e w  were  
s t i l l  unable to s e e  the airf ield.  The flight 
continued beneath the overcas t .  

The co-pilot rea l ized  that  the a i r -  
c r a f t  was  abnormal ly  low while he  was  
looking out f o r  a suitable place to  land in 
c a s e  of a forced landing and a l so  was 
watching the r ight  engine. He warned the 
captain of t r e e s  and the s t ick  was pulled 
back and the speed of the a i r c r a f t  was 
reduced to 70 - 65 kt. Before the impact  
the captain c losed  both thro t t les .  

Some passenge r s ,  the r ad io  opera tor  
and the s t ewardess  on duty testified that 
the a i r c r a f t  was  flying a t  a nose-up attitude 
f i r s t  and then down p r i o r  to impact .  

Weather 

P r i o r  to depa r tu re  f r o m  Talang 
Betutu, the fo recas t  for  the route t o  
Bangka was  not available. Based  on the 
m a p  avai lable,  the captain was told that 
t h e r e  was modera te  r a i n  and a thunder-  
s to rm.  

The ac tua l  weather  conditions a t  the 
t ime  of the accident  w e r e  showery condi- 
tions e a s t  of the airf ield in the direct ion of 

Bangka, visibility 3 NM, d a r k  clouds 
nor theas t  of the airf ield moving to the 
south, cloud bases  in the showers e s t i -  
mated  a t  1 500 f t ,  and sca t te red  clouds 
with b a s e s  of approximately 500 - 800 ft 
nea r  the airfield. 

Analysis  

The fac t  that the captain had filed 
fo r  a n  ins t rument  flight ru l e s  flight plan 
did not prevent  him f rom attempting to 
make vlsual  contact  a s  soon a s  posslble 
by descending to  a lower altitude. The 
investigation revealed that the weather  
was margina l  for  V F R  fllght. The c r e w  
and p a s s e n g e r s  test i f ied that the a ~ r c r a f t  
flew intermit tent ly through showery condi- 
t ions,  and vlsual  contact was made wher, 
the a i r c r a f t  was  low. 

It was believed that the captarn 
de l ibera te ly  made  the descent  to b reak  
clouds and did not t r y  to conserve  height. 

The elapsed t ime between rnitial 
descen t  a t  0500 GMT f rom 4 000 ft to 
500 f t  t o  fly below the clouds,  according 
to  the test imony of the co-pilot,  was  
approximately 10 minutes ,  which m e a n s  
that the a i r c r a f t  mus t  have descended a t  a 
r a t e  of 350 f t /min .  This  a g r e e s  wlth the 
test imony of the senior  tower opera tor  
that  a t  0510 GMT the a l r c r a f t  was visual  
f r o m  the tower a t  a n  altltude of between 
500 - 800 ft.  This  i s  a no rma l  r a t e  of 
descent  a t  the es t imated  g r o s s  weight. 
Even with a higher overload,  the r a t e  of 
descent  would have been l e s s  than 350 
f t / m i n  with an indicated a i rspeed  of 100 kt,  
left-hand engine in ,METO power, right- 
hand propel le r  in c o a r s e  pltch, w~lldmlll- 
mg. This  was confirmed by a t e s t  under 
s imulated conditions. 

It might  have been e i ther  LIETO power 
r p m ,  auto-r ich mix tu re ,  but l e s s  manlfoid 
p r e s s u r e ,  and windmilling c o a r s e  pitch on 
the right-hand power unit o r  METO power 
setting 02 the left and windmllling flne 
pitch on the right-hand power unit. 

The test imony of the co-pilot r ega rd -  
ing the 300 - 350 f t fmin  r a t e  of c l imb in 
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normal climb configuration after take-off 
with an indicated airspeed of 115 kt might 
have been a misreading of airspeed on the 
rate of climb indicator and/or a temporary 
indication. Assuming a rate of climb of 
300 - 350 ft/min at an indicated airspeed 
of 1 15 kt in normal climb configuration, 
the overload would have been more than 
2 000 lb. This is very unlikely. 

Several possible flight paths were 
considered by the Committee, but the 
most likely is shown in Figure 19. 

The captain continued to descend to 
a lower altitude after breaking clouds when 
he was able to clearly see and identify 
objects on the ground. This led the 
Committee to believe that the captain was 
not aware of the impending serious condi- 
tions. The right-hand propeller remained 
in unfeathered condition; whether this was 
caused by inability to feather or  no attempt 
had been made to feather, could not be 
determined. The co-pilot assumed that 
the captain wanted to preserve power until 
a later time. It was concluded that the 
captain of PK-GDV was still confident he 
would reach the airfield, when a t  051 1 

GMT he was talking to the captain of 
another aircraft  who was flying overhead 
the field. At this time the conversation 
was broken off.. . he then became aware 
of the situation. However, it was too 
late to take preventive action. 

The Committee concluded that the 
throttle handle of the left-hand engine was 
advanced during descent but not up to 
MET0 power, o r  that the statement that the 
right-hand propeller was on coarse pitch 
was not true. It also believed that the 
captain attempted to fly beneath the over- 
cast and expected to reach the airfield 
with sufficient height to make a straight- 
in approach to runway 29. 

Probable Cause 

The probable causes of the accident 
were failure of the right engine, a lack 
of precaution on the part  of the captain 
and marginal weather. A contributing 
factor may have been the overloaded 
condition of the aircraft, however, not to 
such an extent that it forced the aircraft  
tu descend to a dangerously low altitude. 

ICAO Ref: ARl646 



Probab le  Flight P a t h  

GARUDA INDONESIAN AIRWAYS, DC-3, PK-GDV, FIGURE 19 
ACCIDENT NEAR PALEMBANG, SUMATRA, ON 
24 DECEMBER 1959. 

Approx.  18 .5  NM 
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\PART. 

AIRCRAFT ACCIDENT STATISTICS 1959 

INTRODUCTION 

1. This sec t ion  of t he  A i r c r a f t  Accident Digest No. ll contains a de t a i l ed  ana lys i s  
of the s t a t i s t i c s  f o r  the  year 1959, a s  well  a s  a n  h i s t o r i c a l  record of se lec ted  data f o r  
the years 1925 t o  1960 inclusive.  Figures f o r  t he  years  subsequent t o  1951 were obtab.ed 
largely  from the  ICAO A i r  Tnnspor t  Reporting Forms G (Ai rc ra f t  Accidents; see pages 2L3 
and W) f i l e d  by contracting States. In order t o  a r r i v e  a t  a s  complete a p i c tu re  a s  
possible of accidents in vhich public a i r c r a f t  were involved, o the r  sources had t o  be used 
f o r  those countries which have not ye t  f i l e d  the  required report ing Form. 

2. The s t a t i s t i c s  shorn are  the best available to date but are s u b ~ e c t  to adjust- 
ment when additional Forms C are f i led.  

3. - CkkdT Passenger f a t a l i t y  r a t e  and t r a f f i c  on scheduled a i r  s e m c e s  1945 - 1960. 

TbSLE d Ember of passeGgers !ailed and passenger f a t a l i t j  rates on scheduled 
air services 1925 - 1960. 

4. Three tables are given f o r  the year 1959. The accident data has been recorded 
under the country in whrcn the m r l i n e  which suffered ar. accident is regu te red  aud ngt under 
the country uhere the accident took place. 'These tnree tables ~ v e  the followuy informahon: 

TABU B Passenger f a t a l i t i e s  occun;b. on scheduled F n t e m a t z o ~ d  and dooesbc - 
operations. 

TA3U C a i r c r a f t  accident s u c n o j  of aii operators engaged in public air transport. 

3UlI.E D &raf t  accident ,-j of dl opexitors engag-d ul public air t n a s p o r t  
by type of operation. 

5. There has been a ranarkable do~mirard trend m sassenger f a t a l i t y  ra tes  since 1945, 
indicating a steady improveaent in safe ty  of coze rc i a l  f l m o v e r  die pst  fourteen years. 
Despite ttie bcreased speeds, v e i d t s ,  range of the a l r c r a f t  f l o r a  today a d  the Fncreazed 
t r a f f i c  dersi ty on airnays a s  compared Mith over a decade azo, the rzsk of accident occurrence 
has lessened over the period largely through techmcal cimnges and icpmvements in prof~ciency. 

6. It is to be noted tmt a l l  accidait dab prior to 1952 are t o  be regarded as the 
best available data only, because of the f ac t  tnat  accideats were not so n d e l y  o r  f U l y  
recorded in those years. .lith tiis in mind, IT tile safety record is  extended to  conpre  the 
mar period (1925 - 1539), w i t h  the w a r  period (1940 - 1944), and the post-war period 

71945 - 1960)~ 1, h f ~ m d  that the average fa,, r a t e  per 1W -on passengez4 i lo~e t r e s  
has h p p e d  fmm 12 in the pre-war period, to 3 in tAe uar period, to 2.5 in the f i r s t  s l ~  yeers 
a f t e r  the w a r ,  and to  0.76 for  the next ten years. 

7. h o r n  a perusal of the chart and table &own on the following pages, ~t w i l l  be 
obsenred t r a t  prelimulary reports show that  t11e f a t a i i t y  r a t e  per passe%-raonetre on the 
scheduled senrices increased from 0.63 fo r  1959 to 0.77 fo r  1960, An increase of this khd is 
not lzrs emugh to lead to the csnclusion that  there has been a r e v e d  of overall  downward 
trend. The r a t e  of 0.77 fo r  1960 is only 25;; of the 3.09 of 1945. For the ninth consecutive 
year, the ra te  r a s  recliuned a t  l e s s  tnan one f a t a l i t y  per 100 million passengex4ilonetres f lom. 
Although the nmber of piissensr 'killed on scheduled f l i gh t s  over the period 1952 to  1960 ranged 
fmm a low of 356 persons in 1953 to a high of 857 p m o m  in 1960, the extent of the increase i n  
passenger t r a f f i c  ins core than offse t  the ci-e in the level  of pnsser&~rs h l l e d  thereby 
mmtaining the f a t a l i t y  rate belou t h e  w k  of oner 
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PASSENGER FATALITY R A T E  AND TRAFFIC 

SCHEDULED AIR SERVICES 1945 - 1960* 

Traffic in 
Fatality Millions 
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1945 46 47 4 8  4 9  50 51 52 53 54 55 56 57 58  59 1960 
NOTES: Fata l i ty  r a t e  equal:. n u m b e r  of p a s s e n g e r s  k i l l e d  p e r  100 m i l l i o n  - 

p a s s e n g e r - k l l o m e t r e s  f l o w n .  

* P c r l ~ r r i i n a r y  f i g u r e > .  

I N 1  F HNATIONAL, C I V I L  AVIATION ORCANIZAI ION STATISTICS SECTION (June  I V t ]  I !  
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T A B L E  i 

ldc %\ 
F r  c - 2  

4 0 . 0 C  

PASSENGER FATALITIES 1925 - 1960 

ON 
SCHEDULED AIR SERVICES 

.Millions of 
P a s s e n g e r -  
K ~ l o r n e t r e s  
p e r  Fatality 

Fa ta l l ty  Ra te  
p e r  100 
m ~ l l l o n  

P a s s - K m s .  

I 

P a s s e n g e r -  
Kllornetres  

Flown 
( m ~ l l t o n s )  
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of 

P a s s e n g e r s  
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E x c l u s ~ o n s :  The People ' s  Republlc of Chlna and USSR. 

i 
IKTERNAnCfW CIVIL AVIATION ORGAMZA'IION S T A N T I C S  SECTION J-r.2 . 4 ? ,  ) 
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1945 
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1951 
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1954 
1955 
1956 

1957 
1958 
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1960 ( p r e l i m ~ n a r y )  
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i 
I 

28 ! 4 
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3 1 3 3 
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13 3 

114 

247 
376 
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543 

556 
55 1 
443 
3 86 

356 
447 
407 
552 

507 
615 
615 
857 

3 .09  
2 .35  
3.11 
2.59 

2.32 
1.97 
1.27 
0 . 9 7  

0 . 7 7  

3 2 
43 
3 2 
3 9 

4 3 
5 i 
7 9 

104 

129 
116 

0 . 6 7  '.a' j 150 
0.78 129 

0 . 6 3  
0 .72  
0 . 6 3  
0 . 7 7  

160 
138 
158 
130 
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TABLE B 

CONTRACTING STATES OF ~ C A O  

PASSENGER FATALITIES OCCURRING ON 

SCHEDULED INTERNATIONAL AND DOMESTIC OPERATIONS 

W A R  1 9 2  

1 Y4gSihuent &ta m b a n  n o o . a r  under ur c o m t v  in W c h  the airline 1. m a t e d  and not c-+x.v r trre  a c c w  +ce. I 
I Under %bl Scheduled Opsrations" ara l is ted all oomtries vlth schsduled a i r l h e a  which had aircraft aocidenta m u l t i n g  in w e n g e r  

fa ta l i t im.  %me &ta h r e  been sagsgated an to thme fatal i t ies  occurring on a achduled international night m4/or a scheduled 
dasstio nmt. 

, 
INTERNATIONAL CIVIL AVIATION ORGANIZATION 

1 
STATISTICS SECTION (June 1961) 
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INTERNATIONhL CIVIL AVIATION ORGANIZATION STATISTIGS SECTION (June I Y b I )  
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fl kt. Imospl*te for n ~ h r  of WIly. .nd h o w  f l m .  

I N T E H N A l ' l O N A L  C I V I L  A V I A T I O N  O R G A N I Z A T I O N  
S T A T I S T I C S  S E C T I O N  (June 1961) 
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INSTRUCTIONS 

Reporting Perrod: This  f o r m  I s  to be fllcd crnnually by each Sta te  in r e spec t  of a i r c r a f t  
accidents  of o p e r a t o r s ,  r eg i s t e red  in the country ,  whlch a r e  engaged in public a i r  
t r anspor t .  

Flling Date: Th i s  f o r m  should be flled not l a t e r  than L months a f t e r  the end of the y e a r  
to whrch i t  r e f e r s .  

Notes; 1) Data f o r  rndlv~dual  o p e r a t o r s  a r e  requrred only In r e spec t  of tlrose o p e r a t o r s  - 
whoae a l r c r a f t  were involved In an  accident - r ega rd les s  of where the 
accident took place.  

2) The total n ~ ~ m b e r  of hours  flown by all  o p e r a t o r s  (whether involved in 
accidents  o r  not) should a l s o  be Inser ted  in the space  provided. The f o r m  
should be frled giving th is  informatron even if t he re  a r e  no accidcnts  to repor t .  

A i r c r a f t  Accident means  a n  occur rence  associa tcd  wlth the opera t ion of an  a r r c r a f t  
which takes  place between the t inie any  pe r son  boa rds  the a i r c r a f t  with the intention of 
flxght until euch t lme  a s  a l l  such pe r sons  have disembarked, in whrch; 

a)  any  person suffers  death  o r  s e r l o u r  injury a s  a resu l t  ot being Ln o r  upon the 
a i r c r a f t  o r  by d i r ec t  contact  with the a i r c r a f t  o r  anything attached there to ,  o r  

b) the a r rc ra f t  received substantial  danlage (Annex 13) .  

An accldent result ing in only minor  inJuriee o r  demaaes  need not be repor ted .  
A collision between two o r  m o r e  a i r c r a f t  should be repor ted  eepa ra te ly  f o r  
each o p e r a t o r  involved, and add~ t iona l  de ta i l s  should bc provided under  
'Remarks '  

Type of Operation: 
a)  'Scheduled International ' ,  'Scheduled Domestrc*,  'Non-Scheduled Internationalt  

and 'Non-Scheduled Domestrc '  operatrons re la te  to f l lyhts opera ted  f o r  the 
purpose of ca r ry lng  revenue load. 

b) 'Non-Revenue Flights '  r e l a t e  to posltionlng fl ights,  t e s t  f l ights,  t ra in ing 
fl ights.  e tc .  . 

c )  Data should be repor ted  in columns 3 to 12 opposite the type of opera t ion in  
which the a i r c r a f t  was engaged a t  thc  t ime of  the accident.  

d) Data should be repor ted  in columns 13 and 14  relat inu to the  total ac t iv i t iee  
of the opera tor  during the y e a r ,  subdivided Into the types  of opera t ion Indi- 
cated.  

P a s s e n g e r  Injury: Include the total  number  of passenger s  involved, both revenue and 
non-revenue. 

Crew Injury: Include hostessem, s t ewards  and supernumera ry  c r e w  in addltion to f l lght  
c rew.  

Othe r s  Injured: Include all pernona in jured o the r  than those aboard  the a i r c ra f t .  

Number  of Landings: If the  number  of landlngr cannot be a sce r t a ined  without difficulty 
.a e s t i m a t e  m a y  be given and a note Inser ted  under 'Remark.' indicating that  the  f igure  
Lo m e a t t n u t e .  

Hours  Flown: Repor t  to n e a r e s t  number  of whole hours .  Indicate under *Remarks1  
baoio uoed - such as 'block-to-block', 'wheels off-wheels on1. etc. .  
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PART 111 

"HAZARDS O F  THE WAKE" 

( a n  exce rp t  f r o m  Accident Prevent ion  Bulletin 60-9, 
dated 26 September 1960 of Fl ight  Safety Foundation, Inc. , New York. 

"Flight Safety Foundation recent ly  rece ived  a l e t t e r  f r o m  a buslnes s pilot In 
which he s ta ted  hls  company had es tabl i shed  a f i r m  poLicy to avoid a l l  take-oifs and  
landings when and where the re  existed the r e m o t e s t  possibi l i ty of hel icopter  prop  wash.  
Having nar rowly  escaped a s e r ious  landing accident  when h is  bus iness  t r a n s p o r t  was 
caught by the prop wash  of a landing commercial he l i cop te r ,  ?his  pilot had good r e a s o n  
to suggest  the establ ishment of such a pollcy. He a lso  fur ther  suggested that a l l  cont ro l  
tower o p e r a t o r s  adopt the ru le  until a r e s e a r c h  p r o g r a m  is ini t iated to es tabl i sh  be t t e r  
fac ts ,  and m o r e  rea l i s t ic  control  p rocedures  a r e  developed to avoid the haza rds  of the 
wake, in this  c a s e  - helicopter  wake. I '  

"In the light of t h ~ s  and many o the r  c a s e s  of "unexpected" turbulence f r o m  the 
wake of o the r  a i r c r a f t ,  the FAA was quer led  concerning the problem. Its rep ly  c a m e  
in the f o r m  of a C i r cu la r  L e t t e r ,  which had been sent  to a l l  F A 4  Regional Admin i s t r a to r s  
s eve ra l  months ago. Thls  C i r cu la r  Le t t e r  detai led the cause  and effect of t h rus t  s t r e a m  
turbulence and wmg tip Lrortlces of o the r  a i r c r a f t ,  and fu r the r  s ta ted  l t s  posi t ion,  to w ~ t :  
"We believe i t  i s  the pilots responsibi l i ty to be f ami l i a r  with not only the effect of a l l  
types of turbulence on a r r c r a f t ,  but a l so  the var ious  pilot techniques* that  can  be employed 
when turbulence i s  encountered o r  i s  suspected to ex is t  . . . . Also ,  due to the s o m e t i m e s  
anpredictable na ture  of the o c c u r r e n c e s  of t h rus t  s t r e a m  turbulence and wing t ip  v o r t i c e s ,  
such turbulence cannot always be ant icipated.  However,  a s  an advlsory  s e r v i c e  to p i lo t s ,  
cont ro l le rs  should caution them of  the possibility of encountering turbulence when it i s  
foreseen .  I '  The FAA added that this  s e rv i ce  does  not place a responsibi l i ty on  the 
control ler  to anticipate i t s  need in all c a s e s ,  and cautioned con t ro l l e r s  to be "a l e r t  to 
unexpected pilot act ion when turbulence of thls type i s  encountered.  " 

Vortex Haza rds  ( f r o m  Flight  Safety Foundation Bulletin 60-4, dated 22 April  1960) 

" We recently hea rd  of two incidents  which a lmos t  proved fatal.  Both 
o c c u r r e d  on  landing; one behind a Viscount ,  the o the r  behind a DC-8; and in both 
in s t anc i s  the a i r c r a f t  were  a considerable d is tance  behind the l a r g e r  a i r c r a f t ,  with a 
crosswind prevailing which both pilots a s s u m e d  would d iss ipa te  the vo r t i ce s .  Caught 
by the vo r t ex ,  one  of the "victimu a i r c r a f t  went  into a 4S0 ro l l  v e r y  c lose  to a snowbank. 
( T h i s  snowbank probably prevented the crosswind f r o m  sweeping away the vor tex .  ) The  
second a i r c r a f t  vict imized by a vor tex  rol led 90°. 

"At t e rmina l  a i r p o r t s  i t  s e e m s  advisable to land down the runway with plenty 
of speed when the re  i s  any danger  a t  a l l  of being affected by the vor tex  of a preceding 
airplane.  Resea rch  indicates i t  t akes  a t  l e a s t  t h r e e  minutes fo r  vor t ices  to d iss ipa te .  

* These  a r e  available in  "Hazards of the Wake" a n  a r t i c l e  or ig ina l ly  published by Flight  
Safety Foundation i n  J anua ry  1956. It includes exce rp t s  f r o m  two s tud ie s ,  o n e  by  
Douglae Ai rc ra f t  and the o t h e r  by Beech Aircraf t .  
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"Air traffic control personnel should be reminded that landing o r  taking-off 
behind a high performance a i rc ra f t  can be hazardous,  even if there is  a crosswind. 
Flight Safety Foundation will call  this to the attention of Air Traffic Control, and, if 
ATC c lea rs  you in o r  out behind a jet ,  we suggest you remind the tower of the dangers 
lurking in  a vortex. 'I 

JET WAKE ( f r o m  Business Pilots Safety Bulletin 56-201, dated 27 February  1956) 

atInvestigation of the turbulence in the wake of a jet a i rc ra f t  discloses facts  of 
importance to the safe navigation of light a i rcraf t .  This study was conducted by the 
Brit ish Ministry of Supply a t  the Royal Aircraft  Establishment a t  Farnborough. I f  

ItMost immediate source  of danger i s  the turbulent and long-lasting vortex 
created by the wing of a jet  a i rcraf t .  These vortices impose severe  rolling tendencies 
on tracking a i rc ra f t ,  in some instances so g rea t  they cannot be overcome by aileron 
control. " 

"This turbulence pers i s t s  a t  greater  distances behind the jet than generally 
presumed. AT  8 000 feet behind the a i rc ra f t ,  the strength of i t s  vor t ices  diminishes a 
bare 5070 of i te initial value. " 

"The turbulence created by the engines themselves,  ei ther reciprocating,  jet 
o r  turboprop, i s  relatively minor. The velocity of the blas t  f r o m  the jet engine drops to 
a negligible value a t  a distance of only 200 o r  300 feet  behind the tailpipe. " 
Flying the Wake 

"When flying a course which would bring your plane a c r o s s  the wake of a jet ,  
c r o s s  the jet path a t  a somewhat higher o r  lower altitude instead of just  well behind the 
jet itself. Remember ,  even a t  a distance of a mile and a half, i t s  vortex turbulence has  
diminished only 50%. 

"An air l iner  flying at a relatively slow speed,  i. e. , on approach,  also generates 
extremely turbulent wing vortices.  And a temperature  inversion near  the ground level 
will extend the length of t ime during which turbulence i s  hazardous. I t  

"When landing behind either large  o r  fas t  a i rc ra f t  in a crosswind, keep to the 
upwind side of the runway. The turbulence will tend to dr i f t  off the downwind side. I t  

Caution 

"Crossing the wake of heavier transport-type a i rc ra f t  flying slowly in approach 
and landing s tages ,  o r  crossing the wake of a jet too closely can be fatal. To a lightplane, 
the cr i t ica l  danger exists  several  mi les  behind the jet. " 

Additional References: 

Accident Digest No. 3 pages 188 - 189 
( "Turbulence caused by large  a i rcraf t"  - Ministry of Aviation ( UK) 

Information Circular  No. 1771 1952) 

Accident Digest No. 4 pages 173 - 175 
( "U. S. Safety Bulletin No. 187-53") 
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Accident Digest No. 9 pages 158 - 160 
(Hycon Aerial  Surveys, P-38L, N 69902, accident south of the Greater  
Pittsburgh Airport, Pittsburgh, Pennsylvania on 23 August 1957) 

Reference i s  made in this accident report  to a study, "Velocity and 
Pers is tence of the Trailing Vortices of an Airplaneti,  by Christopher 
C. Kraft, J r .  , Langley Aeronautical Laboratory,  NACA conference 
on some problems of a i rc ra f t  operation, 17 - 18 November 1954. 

This Accident Digest, No. 11, Summary No, 2 - . Swiss Aero Club, de 
Havilland Lenpard Moth, HB-OKO, accident near  Kloten Airport ,  
Switzerland, on 13 March 1957. 

This Accident Digest, No. 1 1 ,  Summary No. 6 - Piper  PA-22, N 2945P, 
accident near  Dover, Delaware on 23 September 1958. 
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PART IV 

Lis t  of Laws and Regulations of the Contracting States containing 
provisions relating to "Aircraft Accident I n ~ e s t i g a t i o n ~ ~  

( R e ~ l a c i n g  .-.. l i s t  in Digest No. 10) 

ARCEN TINA 

1952 oct. Resoluci6n N h .  100 (S. A. C. ) - Norman para  l a  inventiga- 
cibn d e  accidentes d e  aviacibn civil y d i rect ivas  generalem 
para  la  investigacibn. Ampliada e l  8 de enero de 1954. 

Decreto N h .  299 - Creacibn de  l a  Junta de Investigaciones 
de Accidentes de Aviacibn y competencia de  l a  Subnecre- 
tar ia  de  Aviacibn Civil y Comando en Jefe de  l a  Fuerza  
Ad rea  Argentina en la Inveetigacibn d e  Accidenten civiles y 
mil i tares  respectivamente. 

1954 enero 

Ley N h .  14. 307 - Cbdigo ~ e r o n & u t i c o  de  l a  Naci6n: 
~ i t u l o  XVIII. - Disposiciones va r ias  (Art. 208). 

julio 

Normas para  investigacibn d e  accidenter de aeronaves de  
propiedad particular. 

1957 feb. 

AUSTRALIA 

1947 Aug. The Air  Navigation Regulations, S. R. No. 1121 1947, or 
amended: Part XVI. - Accident Inquiry (Regs. 270-297). 

AUSTRIA 

1957 Dec. The Federal  A i r  Law, 1957: P a r t  VIII. - D) Investigation of 
civil a i rc ra f t  accidents. 

1958 March 

BOLIVIA 

1949 junio 

Ordinance No. 68 relating to  a i rc ra f t  accident investigation. 

Procedimiento para  e l  informe de  accidentes (Boletin Oficial 
N h .  2 - Sec. OP-100). 

Reglas Generales de Operaciones (Provisional): Accidentes 
de  Aeronaves, (02.46-02.52). 

1950 marzo  

BRAZIL 

1951 July Por ta r i a  No. 280 - Recommendatione relating t o  a i r c r a f t  
accident investigations. 



BURMA 

1934 

1949 August 

CANADA 

1960 Dec. 29 

CEYLON 

1950 March 29 

1955 May 4 

CHINA (TAIWAN) 

1953 Oct. 2 1 

COLOMBIA 

1948 marzo 

COSTA RICA 

1949 oct. 18 

CUBA 

1954 dic. 22 

CZECHOSLOVAKIA 
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The Union of Burma Aircraft Act, 1934 (XXII of 19 34): 
Section 7. - Power of the President of the Union to make 
rules for  investigation of accidents. 

The Union of Burma Aircraft Rules, a8 amended up to 
13 March 1956: P a r t  X. - Investigation of Accidents. 

Notice to Airmen No. 5/49 - Aircraft  Accident and Incident 
Investigations . 

Notice to Airmen No. 8/57 - Reporting of accidents and 
incidents involving aircraft. 

The Air Regulations, Order in Council P. C. 1960- 1775, 
(SOR/61-10): P a r t  VIII. - Div. 111. - Accidents and Board8 
of Inquiry. 

Air Navigation Act, No. 15/ 1950: P a r t  I. - Section 12 - 
Power to provide for investigation into accidents. 

Civil Air  Navigation Regulations: Chap. XVI. - Accident 
Inquiry (Regs. 260-271). 

Civil Air Regulations No. 102 - Accident Reporting and 
Investigation. 

Manual de  Reglamentos ejecutados por el Decreto N h .  969 
de 14.3.47 y el  Decreto N h ,  2669 de 6.8.47: Pa r t e  IV  - 
40. 13.0. - Accidentes. 

Ley General de AviaciGn Civil, N h .  762: Pa r t e  I. - 
Titulo I. Cap. 2. - SecciGn VIIS. Accidentes. 

Ley-Decreto N h .  1863 por la cual s e  crea la Comiei6n de 
Aeroniutica Civil, Organizacicin y Facultades: Art. 11, 17) 
hveetigaci6n de Accidentee. 

1947 

1956 Sept. 24 

Decree of Ministry of Interior on accident investigation, 
No. 1600147. 

Civil Aviation Law: Para.  45. - Investigation of Aircraft  
Accidents. 
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DENMARK 

1920 Sept. 11 Air Navigation Regulations: P a r a .  22 - Notifications in case  
of certain a i rcraf t  accident8 . 

ECUADOR 

1954 julio 8 Reglamento de  ~ e r o n i u t i c a  Civil del  Ecuador, N h .  7: 
Titulo 11. P a r t e  8. - Inveetigaciones y encueetas de  acci-  
denter de  aviaci6n. 

EL SALVADOR 

1955 dic. 22 Decreto N h .  201 1 - Ley d e  A e r o ~ u t i c a  Civil: Cap. XV. - 
De la Investigaci6n de  Accidenten Adreos (Art .  173-187). 

FRANCE 

1937 avsil  21 DCcret relatif b la d6claration d e r  accidents d'aviation. 

1953 fan. 3 Instruction interministCrielle relat ive b la  coordination d e  
ltInformation judiciaire e t  de  llenquete technique e t  adminir- 
trat ive en car  dlaccident survenu b un aCronef f ransais  ou 
6tranger s u r  l e  t e r r i to i re  de  la Metropole e t  l ee  t e r r i to i re r  
d loutre-mer .  

1957 juin 3 Instruction du Secrdtaire d lE ta t  aux T r a ~ w  Publics,  aux 
Transpor t r  e t  a u  Tourisme no 300 IGAC/SA, concernant l e r  
disporitions b prendre en c a s  d1irrdgulari t6 dlincident ou 
dtaccident dlaviation. 

GERMANY (FEDERAL REPUBLIC OF) 

1936 Aug. 21 Regulations concerning a i r  navigation, a s  amended: 
Sections 65 and 66. 

GHANA 

1937 Feb. 17 Aircraft  (Accident) Regulationr, No. 5 /  1937. 

GUATEMALA 

1948 oct. 28 Decreto Nbm. 563 - Ley de  Aviaci6n Civil: Capftulo X. - 
De l o r  r in i s r t ros  aeron&uticoa (Art. 116-121). 

HONDURAS 

1957 rept. 3 Decreto N&. 146 - Ley de  Aeroniutica Civil: Tftulo I. - 
Cap. LI. ~ i r e c c i e n  General  de  Aeroniutica Civil 
(Art. 6 d i )  Cap. XIV. 1nvertigaci6n de  Accidenter Agreon. 

INDIA 

1934 Aug. 19 The Indian Aircraf t  Act, 1934: Section 7. - Powers  of Central  
Government to make ru les  fo r  Investigation of Accidents. 

1937 March 23 The Indian Aircraf t  Rulee, 1937, as amended: P a r t  X. - 
Investigation of Accidents (Rules 68-77A). 
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IRAQ 
1939 

IRELAND 

1936 

ITALY - 
1925 

1942 

JAPAN 

1952 

LEBANON 

1949 

LIBYA 

Aug. 6 The Air  Navigation Law No. 41: Article 5 (h). 

The Ai r  Navigation and Transpor t  Acts 1936 to 19591 
No. 4011936: P a r t  VII. - Section 60 - Investigation of 
Accidents. 

Feb. 9 The Ai r  Navigation (Inveetigation of Accidents) Regulations, 
S.I. No. 1911957. 

Jan. 11 Decree Law No. 356 - Rules for  Air Navigation: Chapter VII. 

April  2 1 The Navigation Code, approved by Royal Decree No. 327 of 
30 March 1942: Second P a r t .  - A i r  Navigation - Investi- 
gation of Accidentr (Art. 826-833). 

July 15 Civil Aeronautics Law No. 231, a s  amended up to 
1 April 1954: Chap. 9 - Article 132. Investigation of 
Accidentr. 

Jan. 11 Aviation Law: Chap. 111. - Sub-chapter 2 - Landing of Air-  
craft ,  (Art. 39). 

The Civil Aviation Law No. 47: Part VI. - Accident Inquiry 
(Annex 13). 

MALAYA (FEDERATION OF) 

1953 Nov. 1 Air  Navigation (Investigation of Accidents) Regulations 
(L. N. 584153). 

MEXICO 

1949 dic. 27 Ley de  Aviaci6n Civil (Libro IV de la Ley d e  Via8 Generaler  
de Comunicaci6n): Cap, XIV. - De 10s Accidentes y de  l a  
BGequeda y Salvamento (Art. 358- 361). 

1950 oct, 18 Reglamento para  BGsqueda y Salvamento e Invertigaci6n de  
Accidenterr AQreos (en vigor a par t i r  de l  1 d e  enero de  1951). 

NETHERLANDS 

Act regulating the Investigation of Accidents to Civll Aircraf t  
(St. B. 1936, 522). 
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N E W  ZEALAND 

1948 Aug. 

1953 Nov. 

NICARAGUA 

1956 mayo 

NORWAY 

1923 Dec. 

1956 Sept. 

PAKISTAN 

1934 Aug. 

1937 March 

PARPLGUAY 

1954 enero 

1957 sept. 

PHILIPPINES 

1946 May 

1952 June 

PORTUGAL 

1931 Oct, 

ICAO Circular 62-AN157 

The Civil Aviation Act, 1948: Art .  8. - Power to provide for 
investigation of accidents. 

The Civil Aviation (Investigation of Accidents) Regulations, 
Serial  No. 15211953, (made in accordance with ICAO 
Annex 13). 

Decreto N h .  176 - Cbdigo de Aviacibn Civil: Titulo 11. - 
Cap. V, De la Investigacibn de  Accidentes A6reos. 

Civil Aeronautics Act, a s  amended up to 17 July 1953: 
Chapter XI. 

Royal Resolution - Regulations on aviation enacted by the 
Department of Defence, 15 October 1932, in  accordance 
with the Civil Aeronautics Act of 7 December 1923, and the 
Royal Resolution of 22 April 1932, a s  amended: VLII. - 
Aircraf t  Accidents. 

Regulations (Nr.  68) establishing a Commission fo r  the 
investigation of accidents. 

The Aircraf t  Act, No. XXII of 1934 (corrected up to 
25 October 1950): P a r a .  7. - Power of Central Govern- 
ment  to make rules for investigation of accidents. 

The Aircraf t  Rules (corrected up to 24 February 1956): 
P a r t  X. - Investigation of Accidents. (Amended on 
7 February 1956). 

Resolucibn N b .  54 pot la que s e  establece l a  definicibn 
"Accidentes d e  Aviaci6nf' y l a s  normas a s e r  cumplidas en 
tales casoe. 

Ley N h .  469 - C6digo ~ e r o ~ u t i c o :  Titulo XVI. - Acci- 
dentee ~ e r o ~ u t i c o s .  

The Civil Aviation Regulations: Chap. XVI. - Aircraf t  
Accident Investigation. 

The Civil Aeronautics Act of the Philippines, No. 776: 
Chap. V. - Section 32 - Power  and Duties of the Adminis- 
trator:  (1 I )  Investigation of Accidents. 

Decree No. 20.062 - Air  Navigation Regulations: 
Chapter VIII, 
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RHODESU AND NYASALAND (FEDERATION OF) 

1954 March 26 T h e  Aviation Act ,  No. 10/1954: Section 13. - Enquir ies .  

July 1 The  Air Navigation Regulations, F. G. N. No. 246/ 1954, as 
amended: Part 18. - Accidents. 

SPAIN - 
1948 m a r z o  12 Decre to  d e l  Minis te r io  d e l  A i r e  s o b r e  invest igaci6n de acc i -  

den te s  y auxilio d e  aeronaves .  

1960 julio 21 Ley N i b .  48 s o b r e  Navegaci6n Abrea: Cap. XVI. - De 10s 
acc identes ,  d e  la as i s t enc ia  y sa lvamento  y d e  10s hal lazgos.  

SWEDEN 

1928 Apr i l  20 Royal P roc lama t ion  No, 85 regard ing  applicat ion of t he  
Dec ree  of 26 May 1922, (No. 383) on A i r  Navigation. 
Amended up to  1953 - (Code of Law 42: 1953): Para. 28. - 
Notification of a i r c r a f t  accidents .  

Civil Aviation Regulations (BCL) - Operat ional  Regulations 
(D): A i r c r a f t  Accident Znquiry - ICAO Annex 13. 

SWITZERLAND 

1948 d6c. 12 Loi  fbdkrale sur la navigation a6r ienne  (ent rbe  en  vigueur 
l e  15 juin 1950): Ar t ic les  23-26. 

1959 oct.  2 Loi fbdbrale concernant  l e s  enquetes s u r  l e s  acc idents  
dl a 6 r  onef a .  

1960 a v r i l  1 Ordonnance concernant  l e s  enquetes s u r  l e s  acc idents  
d 'abronefs .  

THAILAND 

1954 Sept. 1 The Air Navigation Act, (B. E. 2497): Chap. 7. - Accidents  
(Sections 63 and 64). 

1955 June  5 Civi l  Air Regulations No. 3 - Airc ra f t  A c a d e n t  Inquiry. 

UNION O F  SOUTH AFRICA 

1923 May 21 T h e  Aviation Act  No. 16: A r t i d e  10. - Investigation of 
Accidents .  

UNITED ARAB REPUBLIC 

The Air Navigation Regulations, G. N. 2762/1949, as amended 
up to  22 June 1956: Chapter  29. - Investigation of Accidents  
(Regs. 29.1 - 29.7). 

1941 May 5 Dec ree  - Air Navigation Regulations: Ar t i c l e  10. 
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UNITED KINGDOM 

1949 Nov. 24 The Civil Aviation Act, 1949 (12 and 13 Geo. 6. Ch. 67): 
Part II. - Section 10 - Investigation of Accidents. 

1951 Sept. 5 The Civil Aviation (Investigation of Accidents) Regulations, 
S. I. No. 1653. Came into operation on 1 Oc tok  r ,  1951. 

1959 Aug. 6 The Air  Navigation (Investigation of combined mil i tary  and 
civil air accidents) Regulations, S. I. 1959, No. 1388. 
Amended by S.I. 1960, No. 1526. 

UNITED KINGDOM COLONIES 

Article 70 of the Colonial Ai r  Navigation Order, 1955, and 
Section 10 of the Civil Aviation Act, 1949, apply /ihe la t ter  
by virtue of the Colonial Civil Aviatlon ( ~ p p l i c a t i o n  of Act) 
Order,  1952, as a m e n d e g  to the undermentioned Colonies: 

Aden (Colony Protectorate) 
Bahama s 
Barbados 
Basutoland 
Bechuanaland Protectora te  
Bermuda 
Bri t i sh  Guiana 
Bri t i sh  Honduras 
Bri t i sh  Solomon Islands Protectora te  
Central  and Southern Line Islands - Malden 

Starbuck 
Vostock 
Caroline 
Flint 

Falkland Islands and Dependencies 
F i j i  
Gambia (Colony and Protectorate) 
Gibraltar  
Gilbert and Ellice Islands Colony 
Hong Kong 
Jamaica  (including Turks and Caicos Islands and 

the Cayman Islands) 
Kenya (Colony and Protectora te)  
Leeward Islands - Antigua 

Montserra t  
St. Christopher and Nevis 
Virgin Islands 

Malta 
Mauritius 
North Borneo 
St. Helena and Ascension 
Sarawak 
Seychelles 
S ie r ra  Leone (Colony and Protectorate) 
Singapore 
Sornaliland Protectora te  
Swaziland 
Tanganyika 
Trinidad and Tobago 
Uganda Protectora te  
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UNITED KINGDOM COLONIES (Cont 'd)  

Windward I s l ands  - Dominlca 
Grenada  
St. Lucid 
St. Vmcent  

Z a n z i b a r  P r o t e c t o r a t e .  

ADEN 

The Civi l  Aviat ion ( I n v e s t ~ g a t i o n  of Acc iden ts )  Regulat ions 
(G. N. 125/54) .  

BAHAMAS 

1952 Aug. 1 A i r  Navigation (Investigation of Acc iden ts )  Regulat ions.  

BARBADOS 

1952 -April 29 A i r  Navigation (Invest igat ion of Acc iden ts )  Regulat ions.  

BERMUDA 

1948 Dec.  18 

BRITISH GULANA 

1952 Aug. 18 

BRITISH HONDURAS 

1953 Dec.  19 

EAST AFKiCA 

1954-1959 

F I J I  - 
1952 May 1 

GAMBIA 

1937 May  1 

Nov. 1 5  

GIBRALTAR 

1952 Jan .  3 

HONG KONG 

1951 

A i r  Navigation (Invest igat ion of Acc iden ts )  Regulat ions.  

Air Navigat ion (Invest igat ion of Acc iden ts )  Regulat ions.  
No. 1911952. 

A i r  Navigation (Invest igat lon of -4ccidents)  Regula t ions ,  
(S. I. 111954). 

The Civi l  Aviation (Invest igat ion of Acc iden ts )  Regula t ions .  

Civi l  Aviat ion (Invest igat ion of Acc iden ts )  Regula t ions ,  
(L .N.  90/1952) .  

Air Navigation (Invest igat ion of Acc iden t s )  Regula t ions ,  
(No. 8 /37 ) .  

A i r  Navigat ion (Invest igat ion of Acc iden t s )  Regula t ions ,  
(No. 2) (No. 17/37) .  

Air Navigat ion (Invest igat ion of Acc iden ts )  Regula t ions ,  1952. 

Air Navigat ion (Invest igat ion of Acc iden t s )  Regulat ions,  
(G. N. ,4228151). 
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UNITED KINGDOM COLONIES (Cont'd) 

JAMAICA 

1953 March  24 + b r  Navigation (Lnvestlgation of -kccidents) Regulat ions,  
(G. N. 37/53) .  

LEEWARD ISLANDS 

1952 July 31 CivilAviation(InvestigationofAccidents)Regula~ons, 
(S. R. 0. 18/52).  

MALTA 

1952 Sept.  2 Civi l  Aviation (Investigation of Accidents)  Regulations. 

MAURITIUS 

1952 Sept.  4 Civil  Aviation (Investigation of Accidents)  Regulat ions,  
(G. N. 200152). 

NORTHBORNEOANDLABUAN 

1950 Jan. 

ST. LUCIA 

1948 Nov. 

ST. VINCENT 

1953 Jan .  

SARAWAK 

1953 

SIERRA LEONE 

1953 Dec. 

SINGAPORE 

6 A i r  Navigation (Investigation of Accidents)  Regulat ions,  
(S. 8/50) .  

27 A i r  Navigation (Investigation of Accidents)  R e p  la t ions ,  
(S. R. 0. No. 40148). 

8 A i r  Navigation (Investigation of Accidents )  Regulat ions,  
(S. R.O. No. 6/53). 

The A i r  Navigation (Investigation of Accidents)  Regulat ions,  
(G. N. S6154). 

30 Civi l  Aviation (Investigation of Accidents)  Regulat ions,  
(P. N. 114153). 

1953 Oct .  1 Civil  Aviation (Investigation of Accidents)  Regulat ions,  
(G.N. 301153). 

SOMALI LAND 

1951 Nov. 7 Civil Aviation (Investigation of Accidents)  Regulat ions,  
(G.N. 48/1951).  

TRINIDAD AND TOBAGO 

1954 Nov. 23 A i r  Navigation (Investigation of Accidents )  Regvdat~ons ,  
(G. N. 205154). 
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UNITED KINGDOM COLONIES (Contld) 

ZANZIBAR 

1937 Sept. 4 Air Navigation (Investigation of Accidents) Regulations, 
(G. N. 4111937). 

UNITED STATES O F  AMERICA 

1950 Sept. 15 Procedural  Regulations - P a r t  303 - Rules of practice in 
a i rc ra f t  accident investigation hearings,  ( a s  i ssued 
September 15, 1950, 15 F .  R. 6440; revised effective 
February 15, 1957, 22 F. R. 1026; P a r t  revised by 
Reg. PR-35, effective March 21, 1959, 24 F. R. 2224). 

1950 Sept. 15 Procedural  Regulations - P a r t  311 - Disclosure of a i rc ra f t  
accident inveetigation information. 

Procedural  Regulations - P a r t  399 - Statements of General  
Policy, a s  issued. effective May 25. 1955; Sec. 399.26 - 
Investigation of Accidents involving foreign a i rcraf t .  

Public Notice P N  13 - Request to Administrator of Federal  
Aviation Agency to investigate certain a i rc ra f t  accidents 
fo r  a temporary period, (as issued,  effective 
December 31, 1958, 23  F. R. 10492). 

1958 Aug. 23 The Federal  Aviation Act: Title I. - Sec. 103.01 Congres- 
sional Committee Report; Tit le III. - Sec. 313(c) Power  to 
Conduct Hearings and Investigations; Title VII. - Aircraf t  
Accident Investigation. 

URUGUAY 

Safety Investigation Regulations - P a r t  320 - Notification and 
Reporting of Aircraf t  Accidents and Overdue Aircraf t  (as  
issued,  effective February 28, 1959, 24 F. R. 1508). 

Public Notice PN 14 - Statement of Organization and Dele- 
gations of Final Authority ( a s  issued,  effective 
January 8, 1960. 25 F. R. 657, revoking Public No- 
t ices  PN 11 and 12, effective July 18, 1957and May 1, 1958): 
Section 1.2 - Functions of the Civil Aeronautics Board - 
(c)  Safety Activities; Bureau of Safety - Sections 5. 1 - 5.8;  
Sec. 7 . 2  - Functions of the General  Counsel; Sec. 7. 3 - 
Delegated authority of the General  Counsel - (A); Sec. 7 . 4  - 
Redelegation of authority; Sec. 7.6 - Redelegations of 
authority to Associate General  Counsel, Rules and Legis- 
lation. 

TITLE 22 - Foreign Relations - P a r t  102 - Civil Aviation - 
Subchapter K - Economic, Commercial  and Civil Aviation 
Functions: U. S. Aircraf t  Accidents Abroad; Foreign Air-  
craf t  Accidents involving U. S. P e r s o n s  o r  Property.  (As 
issued in Department Regulations 108.164, effective 
October 1, 1952, 17 F. R. 8207; Part 102 as republished, 
effective December 23, 1957, 22 F. R. 10871). 

1955 feb. 2 Decreto N'urn. 23.826 - Reglamento para  la Investigaci6n de  
Accidentes d e  Aviaci6n d e  Cardcter Civil, 
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VENEZUELA 

1955 abril 1 Ley de ~ v i a c i b n  Civil: Cap. X .  - De 10s accidentee y de la 
biisqueda y rescate. 

Y UGOSLAVLA 

1949 juin 1 DCcret gouvernemental relatif a l a  navigation abrienne, 
modifiC le  19 dCcembre 1951: IV. Vol (Article 28) .  

- END - 



IOiO TECHNICAL PUBLICATIONS 

The following summary gives the status, and also 
describes in general terms the contents of the vclnbtu 
series of technical Publications Lsstced by the Inter- 
national Civil Avia fion Organization. I t  does not include 
specialized publications that do not fall specifically 
.within one o f  the series, such as the ICAO Aeronautical 
Chart Catalogue or tire 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. 
The uniform application by Contracting States of the 
specifications comprised in the International Standards 
is recognized as necessary for the safety or regularity 
of international air navigation while the uniform appli- 
cation of the specifications in the Recommended Prac- 
tices is regarded as desirable in the interest of safety, 
regularity or efficiency of international air navigation 
Knowledge of any differences between the national regu- 
lations o r  practices of a State and those established by 
an International Standard is essential to the safety or 
regularity of international air navigation I n  the event 
of non~compliance 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. 

has invited Contracting States t o  notify any differences 
between their national practices and the PANS wKen the 
knowledge of such differences is important for the 
safety of air navigation. 

REGIONAL ,SUPPLEMENTARY PROCEDURES 
(SWPS) have a, status'slnilar to that of PANS in that 
they are appro ed by the Council, but only for applica- Y tion in the respective regions. They are prepared in 
consolidated fofm, since certain of the procedures apply 
to overlapping(regions or are common to two or more 
regions. 

The following publications are prepared by atrfhority 
o f  the Secretary General in accordance with the 
principles and policies approved by the Council. 

ICAO FI&D MANUALS derive their status from 
the International Standards, Recommended Practices 
and PAas from which they are compiled. They are 
prepared primarily for the use of personnel engaged in 
operations in the field, as a service to those Contracting 
States who do not find it  practicable, for various 
reasons, to prepare them for  their own tise. 

TECHNICAL MANUALS provide guidance and in- 
formation in amplification of the International Standards, 
RecommendM Practices and PANS, the implementation 
of which tliey are designed to facilitate 

AIR NAVIGATION PLANS detail requirements for 
facilities and services for international air navigation in 
the respective ICAO Air Navigation Regions. They are NAv'GATzON SERV- prepared on the authority of the Secretary General on ICES (PANS) are approved by the Council for  world- 
the bsis of r~ommendations of regional air mvistion wide application. They comprise, for the most part, 

,meetings and of the Council action thereon. The plans operating procedures regarded as  not yet having attained 
are amended periodically to reflect changes in require- a sufficient degree of maturity for adoption as Inter- 
ments and in the of implementation of the national Standardk and Recommended Practices, a s  well 
recommended facilities and services. as material of a more permanent character which is 

considered too detailed f i r  incorporation.in an Annex, ICAO CIRCULARS make available specialized in- 
or is susceptible to frequent amendment, for  which the formation of interest to Contracting States. This 
processes of the Convention would be too cumbersome. includes studies on technical subjects as well as texts of 
As in the case of Recommended Practices, the C o ~ d  Provisional Acceptable Means of Compliance. 
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E X T R A C T  F R O M  T H E  CATALOGUE 

I C A O  S A L A B L E  P U B L , I C A T I O N S  

ANNEX 

Annex 13 - Aircraft accldent lnqulry. 
September 1951. 16 pp. ..................................... 80 .15  

MANUAL 

Manual oi alrcralt  accident lnvestigatlon. ............. (Doc 6920-AN/855/3) .  3rd edition, 1959. 257 pp. $2.  75 

11  

ICAO CIRCULARS 

18-AN/15 - Aircraft Accldent Digest No. 1. .......................................... June 1951. 116 pp. $ 0 . 1 5  

24-AN/21 - Alrcraft Accldent Dlgest No. 2. 
1952. 170 pp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $ 0 . 8 5  

31-AN/20 - Aircraft Accldent Dlgest No. 3. 
1952. 190 pp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $1 .00  

38-AN/33 - Aircraft Accldent Dlgest No. 4. 
9 5 4 -  186 P P  .............................................. $2 .00  

39-AN/S4 - AWcraft Accldent Dlgest No. 5. 
1955. 186 pp. .............................................. $2 .00  

47-AN/42 - Aircraft Accldent Dlgest No. 6. 
1956. 237 pp. .............................................. $2.50 

60-AN/45 - Alrcraft Accldent Digest No. 7. 
1957. 245 pp. .............................................. $2 .50  

54-AN/49 Alrcraft Accident Dlgest No. 8. 
1958. 212 pp. .............................................. $2 .25  

56-AN/51 - Aircraft Accldent Dlgest No. 9. 
1959. 290 pp. .............................................. $3.00 

59-AN@ - Alrcraft Accident Dlgest No. 10. 
1961. 286 pp. .............................................. $3.00 

NB.-Cash remittance should accompany each order. 
Catalogue sent free on request. 

PRICE : $2.75 (Canadian) (~rmtreal) 
Equivalents at date of publication : 
Bangkok: 55.00 bahts Buenos Aires : 178.75 pesos 
Cairo: L, E. 1.200 Melbourne.: 24s. 10d. 
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