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A t  2319, A p r i l  6, 1958, a C a p i t a l  A i r l i n e s  Viscount ,  N7437, crashed and burned 
nea r  T r i - C i t y  A i r p o r t ,  Free land ,  Michigan. 
were k i l l e d .  

A l l  4.4 passengers  and t h e  3 crew members 

C a p i t a l  A i r l i n e s  F l i g h t  67, a r e g u l a r l y  scheduled f l i g h t  between New York, New 
York, and Chicago, I l l i n i o i s ,  was making f i n a l  approach a t  Free land  by v i s u a l  r e f e r -  
ence t o  t h e  ground when t h e  a c c i d e n t  occurred.  
approach t h e  a i r c r a f t  was flown beyond t h e  extended c e n t e r l i n e  of t h e  runway and i t s  
bank was steepened cons ide rab ly  t o  e f f e c t  real ignment .  The a i r c r a f t  was observed t o  
r e t u r n  t o  l e v e l  f l i g h t  and p i t c h  s t e e p l y  t o  t h e  ground. Weather obse rva t ions  a t  t h e  
time i n d i c a t e d  a c e i l i n g  of approximately 900 fee t ,  r a t h e r  s eve re  gus ty  s u r f a c e  
winds, and moi s tu re  and tempera ture  c o n d i t i o n s  conducive t o  a r a p i d  accumulat ion of 
i c e  on t h e  airframe. 
been i n o p e r a t i v e  a t  t h e  t ime of t h e  acc iden t .  

While making a l e f t  t u r n  t o  f i n a l  

The s t a l l  warning device  of t h e  a i r c r a f t  i s  be l i eved  t o  have 

The Board de te rmines  t h a t  t h e  probable  cause of t h i s  a c c i d e n t  was a n  undetected 
a c c r e t i o n  of i c e  on t h e  h o r i z o n t a l  s t a b i l i z e r  which, i n  conjunct ion  wi th  a s p e c i f i c  
a i r s p e e d  and a i r c r a f t  c o n f i g u r a t i o n ,  caused a l o s s  of p i t c h  c o n t a .  

A s  a c o r r e c t i v e  measure t h e  Board brought t o  t h e  a t t e n t i o n  of t h e  C i v i l  Aero- 
n a u t i c s  Admin i s t r a t ion  t h e  n e c e s s i t y  of having t h e  s ta l l  warning device  on Viscount 
a i r c r a f t  f u n c t i o n  p rope r ly  a t  a l l  times. 
taken  by t h e  FI1A. and t h e  c a r r i e r  t o  ensure ,  i n s o f a r  as i s  p r a c t i c a b l e ,  t h a t  t h i s  
dev ice  f u n c t i o n s  as i s  requ i r ed .  

Accordingly,  c o r r e c t i v e  a c t i o n  i s  be ing  

Furthermore,  t h e  inadequac ies  i n  t h e  wind observ ing  equipment were drawn t o  
t h e  a t t e n t i o n  of t h e  Weather Bureau  and more modern equipment has  now been i n s t a l l e d .  

The l a c k  of night- t ime v i s i b i l i t y  check p o i n t s  i s  a problem which i s  not  pecul -  
iar t o  t h e  T r i - C i t y  A i r p o r t  a t  Free land .  
ga rd ing  t h i s  problem have r evea led  t h a t  t hey  hope t o  overcome t h e  problem t o  a l a r g e  
e x t e n t  by i n s t a l l i n g  au tomat ic  runway v i s i b i l i t y  measuring equipment a t  a l l  a i r p o r t  
weather  s t a t i o n s .  
f i v e  y e a r  p lan .  

Discuss ions  wi th  t h e  Weather Bureau re- 

T h i s  v i s i b i l i t y  program i s  p a r t  of t h e  Weather Bureau ' s  c u r r e n t  

* T h i s  r e p o r t  i s  a r e v i s i o n  of t h e  Board 's  r e p o r t  of  A p r i l  15,  1959, and r e -  
f l e c t s  new evidence adduced and eva lua ted  s i n c e  t h a t  da t e .  A l l  new f a c t u a l  material 
i n  t h e  r e p o r t  i s  under l ined ,  
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INVESTIGATION 

The F l i g h t  

F l i g h t  67 of A p r i l  6 was scheduled between LaGuardia A i r p o r t ,  New York, and 
Chicago, I l l i n o i s ,  w i th  i n t e r m e d i a t e  s t o p s  a t  D e t r o i t ,  F l i n t ,  T r i - C i t y  A i r p o r t  
( s e r v i n g  Saginaw, Bay C i t y ,  and Midland) ,  Michigan. 
on t h i s  f l i g h t ,  was flown from Cleve land ,  Ohio, t h i s  d a t e  and, because of weather  
and f i e l d  cond i t ions  a t  LaGuardia, was landed a t  Newark A i r p o r t ,  Newark, New Jersey .  
Accordingly,  F l i g h t  67 was rescheduled  to o r i g i n a t e  a t  Newark i n s t e a d  of La Guardia. 

N7437, t h e  a i r c r a f t  t o  be used 

The f l i g h t  depa r t ed  Newark a t  1916, 1 hour and 16 minutes  l a t e ,  w i th  a crew of 
Cap ta in  W i l l i a m  J. H u l l ,  F i r s t  Officer Earle M. Binkley,  and Hostesses  Ruth M. 
Denecke and Sue Anne Wessell. 
The t r i p  t o  F l i n t  was flown i n  accordance wi th  an  IFR ( ins t rument  f l i g h t  r u l e s )  
Clearance  and was r o u t i n e ;  t h e  aircraft  landed t h e r e  a t  2237. A/ 

Hos te s s  Wessell was among t h o s e  deplaning a t  D e t r o i t .  

F l i g h t  67 depar ted  F l i n t  f o r  T r i - C i t y  A i r p o r t  a t  2302 and was t o  be  flown i n  
accordance wi th  an  IFR c l e a r a n c e  a t  a c r u i s i n g  a l t i t u d e  of 3,600 f e e t .  
of d e p a r t u r e  t h e  g r o s s  takeoff  weight  of t h e  a i r c r a f t  was 57,091 pounds, which was 
well  under t h e  'a l lowable gross t a k e o f f  weight.  
l o a d  was p rope r ly  d i s t r i b u t e d .  

A t  ' t h e  time 

According t o  company r e c o r d s  t h e  
There  were 4.4 passengers  on board. 

A t  2306, f o u r  minutes  after t a k e o f f ,  t h e  f l i g h t ,  pursuant  t o  c l ea rance  i n s t r u c -  
t i o n s ,  r epor t ed  t o  F l i g h t  tower t h a t  it was a t  3,600 fee t  and was d e p a r t i n g  t h e  
F l i n t  o u t e r  marker. 
a t  T r i - C i t y  and was adv i sed  that i t  was 2315. 
c l ea rance :  "ARTC ( A i r  Route Traff ic  Con t ro l )  c l e a r s  C a p i t a l  67 t o  hold n o r t h  of t h e  
Saginaw omni range,  one minute p a t t e r n ,  r i g h t  t u r n ,  ma in ta in  3,600 f e e t .  
f u r t h e r  c l ea rance  2320, change t o  company frequency f o r  t h i s  c learance. l l  
c l ea rance  was acknowledged and, as p e r  i n s t r u c t i o n s ,  t h e  f requency was changed t o  
t h a t  of t h e  company a t  D e t r o i t .  
c l ea rance  t o  t h e  f l i g h t :  
A i r p o r t .  
v e r i f i e d .  

A t  t h i s  t ime t h e  tower reques ted  t h e  es t imated  time of arrival 
F l i g h t  67 was then  g iven  t h e  fo l lowing  

Expect 
T h i s  

A t  2310, C a p i t a l  a t  D e t r o i t  r e l ayed  t h e  fo l lowing  
"ARTC clears F l i g h t  67 f o r  approach a t  Saginaw ( T r i - C i t y )  

Report  t ime on t h e  ground t o  Saginaw rad io ."  These i n s t r u c t i o n s  were 

The f l i g h t  then  c a l l e d  Saginaw ATCS ( A i r  T r a f f i c  Communication S t a t i o n )  and 
was g iven  t h e  l o c a l  2300 weather  obse rva t ion  and t h e  runway i n  use, No. 5. 
C i t y  A i r p o r t  does not  have a t r a f f i c  c o n t r o l  tower. 
r e p o r t e d  as: 
showers; temperature  34.; dewpoint 33; wind nor th-nor theas t  18, peak g u s t s  t o  27 
knots ;  altimeter 29.48; comments--drizzle ended and snow showers began a t  2225. 

The T r i -  
The 2300 Saginaw weather  was 

Measured c e i l i n g  900 f e e t ,  ove rcas t ;  v i s i b i l i t y  3 miles; l i g h t  snow 

A t  2316 T r i p  67 advised  Saginaw r a d i o  t h a t  i t  was over  t h e  a i r p o r t .  A s h o r t  
t ime la te r ,  ground w i t n e s s e s  observed t h e  l i g h t s  of t h e  a i r c r a f t  when it was on 
t h e  downwind l e g  of t h e  t raff ic  p a t t e r n .  
onto base  l e g  and a t  t h i s  t ime t h e  l a n d i n g  l i g h t s  of t h e  a i r c r a f t  were observed t o  
come on. During t h i s  p o r t i o n  of t h e  approach t h e  a i r c r a f t  was f l y i n g  benea th  t h e  
o v e r c a s t ,  es t imated  t o  be 900 fee t ,  and appeared t o  be descending. 
f i n a l ,  T r i p  67 f lew a s h o r t  d i s t a n c e  beyond t h e  extended c e n t e r l i n e  of t h e  runway 

The. a i r c r a f t  was seen  t o  make a l e f t  t u r n  

When t u r n i n g  on 

A l l  t imes h e r e i n  a r e  c e n t r a l  s tandard  based on t h e  24-hour c lock.  



t,lie tiirii w a s  seeti I o  s t eepen  1 ' 0 ~ 8  rcaligrurlent wi th  t h e  runway. Soon after.  t h i s  
[lie a i r c r a f t  was observed to  l e v e l  of'f' and then Lo descend s t e e p l y  and s t r i k e  t h e  
gi.C;und. A l a r g e  t' i L'I: irrurietiicttely e rupted .  A v a i l a b l e  emergency equipment was alerted 
:lad brought to tile cravii s i t e .  The operat ,ors of t h i s  equipment observed t,hat t h e r e  
W:LS some de lay  i l l  mihirig ei 'l 'ective use of such equipment due i n  p a r t  t o  its inac-  
\>e ; s ib i l i t , y  at, t h e  tAmc of' t h e  a c c i d e n t  and i n  p a r t  t o  t h e i r  unsuccessfu l  a t t e m p t s  
io i n i t i a l 1 3  get ii O J I - I  L I  ii-ig. 

T l i e  Wreckage 

I n v e s t i g a t i o n  disclosed t h a t  t h e  a i r c r a f t  s t r u c k  t h e  ground i n  a n  open corn- 
Yield muddied from a p r e v i o u s  r a i n .  
d i r e c t l y  i n  t h e  l i n e  of' l ' l i g h t  and 14.8 f e e t  behind t h e  p o i n t  of impact. 
no marks on t h i s  t ree  made by t h e  a i r p l a n e  dur ing  i t s  descent .  The wreckage s i t e  
was 2,322 f e e t  from Lhe approach end of runway 5, almost d i r e c t l y  i n  l i n e  w i t h  t h e  
runway. Line of  s i g h t  from t h e  main wreckage t o  t h e  end of runway 5 a t  i t s  c e n t e r -  
l i n e  was 4-51 degrees ,  The e n t i r e  wreckage was confined i n  a n  area almost  e q u a l  t o  
t h e  l e n g t h  and sp:Ln of t h e  a i r c r a f t .  I t  w a s  determined t h a t  t h e  a i r c r a f t  s t r u c k  
t h e  ground on i t s  nose and t h e  l e a d i n g  edge of t h e  r i g h t  wing, wi th  t h i s  wing suf- 
f i c i e n t l y  forward so  t h a t  i t s  l e a d i n g  edge was p a r a l l e l  t o  t h e  ground. The a n g l e  of 
impact was approximately v e r t i c a l .  

A l a r g e  t r e e ,  approximately 65 f e e t  h igh ,  was 
There were 

The main wreckage, c o n s i s t i n g  of t h e  major p o r t i o n s  of t h e  f u s e l a g e ,  empennage, 
ahd wings, was found l y i n g  i n  a n  i n v e r t e d  p o s i t i o n .  Most of t h e  a i r c r a f t  was con- 
sumed by t h e  i n t e n s e  f i r e  which fol lowed ground impact. There was evidence t h a t  
s e v e r a l  minor e x p l o s i o n s  had occurred.  'These explos ions  were caused by t h e  i g n i t i o n  
of  i s o l a t e d  pockets  of f u e l  which were formed af ter  t h e  a i r c r a f t  s t r u c k  t h e  ground. 

I t  was apparent  t h a t  t h e  nose of  t h e  a i r c r a f t  s t r u c k  t h e  ground w i t h  cons ider -  
a b l e  f o r c e .  The lower h a l f  of t h e  nose s e c t i o n ,  i n c l u d i n g  t h e  nose wheel bay, was 
compressed by impact f o r c e s  i n t o  a mass one-fourth of i t s  o r i g i n a l  s i z e  and w a s  
b u r i e d  i n  t h e  ground. 

The upper sact;c,n, \d!Lich i n c l u d e s  t h e  f r o n t  e n t r a n c e ;  t h e  a i r s ta i r  door;  bag- 
gage r a c k s ;  t h e  cockpi t  ai'ea, i n c l u d i n g  c o n t r o l  columns, instrument  p a n e l s ,  r a d i o  
r a c k s ,  p i l o t  seats, e t c . ,  was severed from t h e  a i r c r a f t  and cont inued a l o n g  t h e  l i n e  
of f l i g h t .  Various p a r t s  of t h i s  s e c t i o n  were found a t  d i s t a n c e s  ranging  from 35 t o  
60 fee t  from t h e  i n i t i a l  point of impact. 
craf t ,  from t h e  windshield rearward t o  s t a t i o n  337, were found a p p r o x k a t e l y  85 f e e t  
from the  p o i n t  of impact.  

P o r t i o n s  of t h e  upper s k i n  of t h e  a i r -  

The e n t i r e  wreckage was found n o t  only w i t h i n  t h e  s t a t e d  small area but  a i r -  
c r a f t  components were approximately i n  t h e i r  normal p o s i t i o n s  r e l a t i v e  t o  t h e  s t r u c -  
t u r e  of t h e  a i r c r a f t .  Both wings were s e v e r e l y  damaged by f i r e  and a g r e a t  d e a l  of  
t h e  wing s t r u c t u r e  was melted.  
burned ou t  i n  p l a c e s .  The e n t i r e  wing s p a r  webbing was gone except  a t  wing s e c t i o n  
a t t a c h  p o i n t s .  The upper s k i n  of t h e  wings, which was l y i n g  a d j a c e n t  t o  t h e  ground 
because of  t h e  up-side-down p o s i t i o n  of t h e  a i r c r a f t ,  i n  some i n s t a n c e s ,  was prac-  
t i c a l l y  all t h a t  was l e f t .  The push-pul l  rods ,  a p a r t  of t h e  c o n t r o l  system of  t h e  
a i r c r a f t  were n o t  i n t a c t  because p o r t i o n s  of t h e s e  r o d s ,  which are  made of aluminum, 
had melted.  The f l i g h t  c o n t r o l s  i n  t h e  t a i l  sec t l ion  were i n t a c t  and f u n c t i o n e d  
normally when t e s t e d .  
afiy evidence of t h e i r  mal func t ioning  p r i o r  t o  impact. 

The bottom s p a r  caps of t h e  wing were completely 

Examination of all of t h e  damaged cont , rols  f a i l e d  t o  r e v e a l  
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Nost, of t h e  i t istrument gauges were so badly damaged i t  was impossible  t o  o b t d n  
t.eaJings, :ind tile gauges which could be read were of l i t t l e  sigrijf ' icance.  

T i l e  fuse1:~ge was b s d l y  damaged and l i t t l e  could be gained from i t s  examination. 
All seats fi*om t h e  main c a b i n  area had been t o r n  out  and were d i s t r i b u t e d  throughout  
the e n t i r e  wreckage area. Seat be l t s ,  which were found, indicat,ed t h a t  t h e s e  b e l t s  
liad baeri f a s t e n e d  a t  t h e  t i m e  of impact. 
t h e r e  was l i t t l e  damage except  from e x t e r n a l  f i r e  on t h e  r i g h t  s i d e  caused b y  burn- 
i n g  l'uel. 
t h e  l e f t  on impact wi th  t h e  ground. 
up-side-down. The l e f t  h o r i z o n t a l  s t a b i l i z e r  and e l e v a t o r  were e s s e n t i a l l y  un- 
damged except  for. some wr inkles .  
c r a f t  s t r u c t u r e  back t o  t h e  rear e n t r a n c e  door.  
damage was conTined t o  t h e  r i g h t  s i d e .  

From t h e  rear p r e s s u r e  bulkhead rearward 

The t o p  one- th i rd  of t h e  v e r t i c a l  f i n  and rudder  was bent  90 d e g r e e s  t o  
T h i s  damage was caused when t h e  a i r c r a f t  tu rned  

There was cons iderable  f i r e  damage t o  t h e  h i r -  
From t h i s  p o i n t  rearward f i r e  

The nose g e a r  and the main landing  g e a r  were determined t o  be i n  . the llDown'l 
p o s i t i o n  a t  t h e  time of  impact.  

The nose g e a r  Dowmic switch,  a p a r t  of  t h e  s t a l l  worning ( s t i c k - s h a k e r )  c i r -  
c u i t r y ,  was found mounted i n  i t s  normal p o s i t i o n  on t h e  a f t  s i d e  of t h e  nose s t r u t  
wi th  i t s  wires s t i l l  a t t a c h e d .  The rubber  boot t h a t  covers  t h e  wires over  a d i s -  
tance  of approximately f o u r  inches  from t h e  swi tch  had been p a r t i a l l y  burned away. 
However, t h e  rubber  boot  over  t h e  swi tch  plunger  was s t i l l  i n  p o s i t i o n  and was un- 
dm.aged. 

P r i o r  t o  checking t h e  swi tch  e l e c t r i c a l l y ,  a number of a c t u a t i o n s  of t h e  plunger  
were made b u t  no a u d i b l e  o p e r a t i o n  of t h e  swi tch  was heard nor  could c o n t a c t  of t h e  
p o i n t s  be f e l t .  Subsequent i n s p e c t i o n  d i s c l o s e d  t h a t  a l though t h e  o p e r a t i n g  p lunger  
was i n  t h e  withdrawn p o s i t i o n  t h e  rocker  o r  armature subassembly, which s u p p o r t s  t h e  
movable swi tch  c o n t a c t s ,  was i n  t h e  p o s i t i o n  i t  assurres when t h e  o p e r a t i n g  p lunger  
i s  dapressed.  T h i s  p o s i t i o n  permi t ted  t h e  switch c o n t a c t s  a s s o c i a t e d  w i t h  t h e  s t d l  
warning c i r c u i t  t o  be i n  c o n t a c t  a t  a l l  times r e g s r d l e s s  of plunger  p o s i t i o n .  
e l 2 c t r i c a l  checks d i s c l o s e d  no c o n t i n u i t y  between t h e s e  c o n t a c t s ;  however, d u r i n g  
sLksequent checks by t h e  examining group and t e s t s  conducted by t h e  Nat iona l  Bureau 
cf Standards  c o n t i n u i t y  ciid ex i s t  between t h e  closed c o n t a c t s .  

I n i t i t i l  

The swi tch  con';id2LS i n  q u e s t i o n  are  riormally open i n  f l i g h t  and are c l o s e d  upon 
landing  by movement of' t h e  o p e r a t i n g  p lunger ,  whereupon t h e  s t a l l  warning systerr- i s  
randered i n o p e r a t i v e .  L'pon becoming a i r b o r n e  t h e  plL;T.ger i s  witharawn F e r m i t t i n g  
t h e  rocker  subassembly t o  be r e t u r n e d  by s p r i n g  f c r c e ,  thereby opening r;he conLacts 
1 id arming t h e  s t a l l  w.Lraing c i r c u i t .  

I t  was found t h a t  t h e  rocker  would r e t u r n  tG nGrina1 when t h e  lower magnet was 
rsco3ie. i  b u t  would remain i n  t h e  depressed  p o s i t i c n  w!!en opera ted  wi th  t h e  magnet 
r e i n s t i a l l e d .  A sim;lar beiiavior was noted wi th  t k e  two swi tch  magflets intsrci-iangzi.  
Lip.;r: r e s t o r i n g  t h e  magnets t o  t h e i r  o r i g i n a l  p o s i t i c n s ,  t h e  switck opera ted  proper ly  
h z i  cont inued t o  d o  so.  I t  was a l s o  determined tki: t h e  seilsing u n i t  cf t h e  s t a l l  
w s r n i n g  system W ~ S  i r i s t d l e d  A p r i l  22, 1357, and :.as nc5 c s l i b r s t e i  p r i o r  t o  t h e  
a:: 7 I i 3 : I C .  . -  
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In d t l i L j o r i  Lo the cxrminal, i o l i  ot '  Llie nose gear swi tch ,  t,he N:LC.ionltl Bureau of' 
Sttliid;Lrds i'oticiuct,ed s h I , i c  and tlytiamic a c c e l e r a t i o n  t e s t s  on four. s i m i l a r  swi tches  
:tiid tlie Les t  r e s u l t s  i r i d i ca t e  tJle extreme improbab i l i t y  of the  nose gea r  swi tch  
m : i l l ' r m c t  ion having been Lhe resii l t ,  of c r a sh  impact.  

All f'oiir engines  ; ~ i i d  I,heir r e s p e c t i v e  p r o p e l l e r s  were forwctuj c~f' the  wing s p a r s  
i i i  :L s t r ' r ~ i g h t ,  l i n e  and were i n  about  t h e i r  normal p o s i t i o n s  re luLive  t,o t h e i r  re -  
s p e c t i v e  a t t ac l i  p o i n t s  011 Lhe a i r c r a f t .  Nos. 2, 3, and 4 engines  were bu r i ed  i n  t h e  
ground t o  a depLki of' aboiii, f i v e  f e e t .  No. 1 engine had s t r u c k  a. g r a v e l  p i l e  and had 
pene t r a t ed  i n t o  t h e  ground t o  a l e s s e r  depth .  A l l  engines  l a y  i n v e r t e d  nose down 
with t h e i r  r e a r  p o r t i o n s  angled 45 t o  70 degrees  wi th  r e s p e c t  t o  t h e  h o r i z o n t a l .  
The engines  separa ted  from t h e  a i r c r a f t  a t  t h e i r  r e s p e c t i v e  mount f e e t  and ad jacen t  
s t r u c t u r e ,  and as a r e s u l t  of impact f o r c e s  were damaged i n  vary ing  amounts. 

The in t e rmed ia t e  c a s e s  of a l l  engines  were broken p e r m i t t i n g  t h e  s e p a r a t i o n  of 
t he  t u r b i n e  end components. These p a r t s  were found l y i n g  reasonably c l o s e  t o  t h e  
remainder of t h e i r  r e s p e c t i v e  engines .  
lowing impact. There was no powerplant f i r e  damage of t h e  na tu re  a s s o c i a t e d  wi th  
i n f l i g h t  f i r e .  
t o  impact could not  be determined. 

All engines  were damaged by ground f i r e  f o l -  

Engine c o n t r o l s  were severed I n  such a manner t h e i r  p o s i t i o n s  p r i o r  

A l l  t u r b i n e  s h a f t s  were broken as were t h r e e  of t h e  second s t a g e  impe l l e r  
s h a f t s .  Main r o t o r  s h a f t  b e a r i n g s  as well as o t h e r  b e a r i n g s  throughout t h e  engines  
d i d  not  show any s i g n s  of o p e r a t i o n a l  d i s t r e s s .  Lubr i ca t ion  had been adequate  i n  
each i n s t a n c e .  The observed damage was c o n s i s t e n t  wi th  t h a t  caused by a x i a l  loading  
t o  which t h e s e  p a r t s  were sub jec t ed  a t  impact. The high p res su re  t u r b i n e  b l ades  and 
t h e  nozzle  guide vanes of a l l  f o u r  engines  were s p l a t t e r e d  a t  random wi th  b i t s  of 
molten meta l .  

E:igine a c c e s s o r i e s  were f u n c t i o n a l l y  t e s t e d  o r ,  i f  t h i s  was imposs ib le  because 
A l l  appeared t o  have been capable  of damage t o  them, were disassembled and examined. 

of normal ope ra t ion  p r i o r  t o  impact. 
t h e s e  were found pos i t i oned  t o  " f u l l  i n c r e a s e  t r i m . I l  Sepa ra t ion  of t h e  t u r b i n e  sec- 
t i o n s  from t h e  remainder of t h e  engines  r e s u l t e d  i n  many combustion chambers coming 
detached.  
c e s s o r i e s  d i d  not  r e v e a l  any c o n d i t i o n  which i n d i c a t e d  maloperat ion p r i o r  t o  impact. 

Three f u e l  trim a c t u a t o r s  were recovered and 

The ensuing d e t a i l e d  examination of t h e  damaged engines  and t h e i r  ac -  

The f o u r  p r o p e l l e r s  were imbedded i n  t h e  ground ad jacen t  t o  t h e  nose s e c t i o n s  
of t h e i r  r e s p e c t i v e  engines .  The p r o p e l l e r  s h a f t s  of t h e  f o u r  engines  were bent  
gene ra l ly  downward wi th  No. 1 being  a l s o  bent  s l i g h t l y  t o  t h e  r i g h t .  Assoc ia ted  
wi th  t h i s  bending was a buckl ing  of t h e  s h a f t  f l anges .  Bending of t h e  p r o p e l l e r  
b l ades  was predominantly rearward. The most severe  bending occurred t o  t h e  b l a d e s  
which were uppermost as r e l a t e d  t o  a normally pos i t i oned  engine when r o t a t i o n  
ceased.  The p r o p e l l e r  ope ra t ing  p i s t o n  p o s i t i o n s  were e s t a b l i s h e d  as soon as t h e  
p r o p e l l e r s  were removed from t h e i r  imbedded p o s i t i o n s .  
t h e  fo l lowing  b l ade  a n g l e s ;  No. 1 p r o p e l l e r ,  28 degrees ;  No. 2 p r o p e l l e r ,  35 degrees ;  
No. 3 p r o p e l l e r ,  31.5 degrees ;  and No. 4 p r o p e l l e r ,  25 degrees .  These b l ade  a n g l e  
p o s i t i o n s  were a l l  i n  a range above t h e  f l i g h t  f i n e  p i t c h  s t o p  p o s i t i o n  e s t a b l i s h e d  
a t  24 degrees  of b l ade  a n g l e  p i t c h .  There was no i n d i c a t i o n  t h a t  a f a i l u r e  o r  mal- 
f u n c t i o n  occurred t o  any of t h e  p r o p e l l e r s  p r i o r  t o  impact.  

These p o s i t i o n s  r ep resen ted  

The four-bladed Roto1 p r o p e l l e r s  vary i n  p i t c h  from 0 t o  about 56 degrees  i n  
normal ope ra t ion .  T h i s  i s  accomplished by means of a cons t an t  speed un i t  (governor)  
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which i s  intercorlnec ted  w i t h  !,he t h r o t t l e  t o  provide 8 s i n g l e  cockpi t  C O r i t r o l  Ie>/ur. 
f o r  each engine.  I n  f l i g h t  t h e  minimum blade  ang le  i s  l i m i t e d  t o  24 degrees  GJ :m 
in f ' l i gh t  f i n e  p i t c h  s t o p .  A ground f i n e  p i t c h  range, 0 t o  24 degrees ,  preverlts  w- 
c e s s i v e  t u r b i n e  t empera tu res  a t  low power and c r e a t e s  a d e s i r a b l e  aerodynamic; drcq 
t o  r e t a r d  t h e  a i r c r a f t  when on t h e  ground, thereby reducing landing  run.  Numerous 
safeguards  have been inco rpora t ed  i n  t h e  p r o p e l l e r  c i r c u i t r y  t o  prevent, t h e  pro- 
p e l l e r s  from going i n t o  t h e  ground f i n e  p i t c h  range whi le  i n  f l i g h t .  Among t h e s e  
a r e  seven swi tches  t h a t  m u s t  make c o n t a c t  be fo re  t h e  p r o p e l l e r  b l ades  can go i n t o  
t h e  ground f i n e  p i t c h  range.  These are: A manually opera ted  c i r c u i t  arming swi tch ;  
two swi tches ,  one each on t h e  r i g h t  ana l e f t  main landing  gea r  o l eo  struts; and four 
swi tches ,  one a c t u a t e d  by each t h r o t t l e ,  t h a t  a r e  c losed  when t h e  t h r o t t l e s  a r e  below 
t h e  l4,ZOO r.p.m. p o s i t i o n .  I n  a d d i t i o n ,  two warning l i g h t s  a r e  provided t o  i n d i c a t e  
when t h e  aforementioned swi tches  have a l l  made con tac t .  
f i t t e d  wi th  a swi tch  t h a t  i s  a c t u a t e d  when t h e  p r o p e l l e r  b l ades  move i n t o  t h e  ground 
f i n e  p i t c h  range the reby  i l l u m i n a t i n g  a n  i n d i c a t o r  l i g h t  f o r  t h a t  p r o p e l l e r .  

Also, each p r o p e l l e r  i s  

The Witnesses  

During t h e  i n v e s t i g a t i o n  a number of eyewitnesses ,  l o c a t e d  on and around t h e  
a i r p o r t ,  were in t e rv i ewed .  
saw, i n  g e n e r a l  i t  was as  fo l lows:  None a c t u a l l y  saw t h e  contour  of t h e  a i r c r a f t  i n  
t h e  darkness ,  b u t  some d i d  s e e  i t s  l i g h t s  and heard t h e  n o i s e  of t h e  engines .  They 
s a i d  t h a t  t h e  a i r c r a f t  was f irst  seen on t h e  downwind l e g  of t h e  t r a f f i c  p a t t e r n  t o  
runway 5 and t h a t  t h i s  l e g  was flown c l o s e  i n  a t  a n  a l t i t u d e  of 600 f e e t  o r  h ighe r  
above t h e  ground. They f u r t h e r  s t a t e d  t h a t  as t h e  a i r c r a f t  turned on base  the  land-  
ing  l i g h t s  came on and t h e  a i r c r a f t  cont inued on base beyond an  extended c e n t e r l i n e  
of the  runway where a s t e e p  l e f t  t u r n  was made f o r  real ignment .  
p i l o t  and o t h e r  w i t n e s s e s  t e s t i f i e d  t h a t  t h e  a i r p l a n e  was banked 50 t o  60 degrees  
dur ing  t h i s  t u r n .  The wi tnes ses  then  descr ibed  a r o l l o u t  of t h e  t u r n  2/ fol lowed 
b j  a p i t chove r  and a nose-down s t e e p  descent  t o  t h e  ground. 
some t h a t  immediately a f t e r  t h e  r o l l o u t  of t h e  t u r n  the  a i r c r a f t  nosed up s l i g h t l y  
sccompanied by a surge  o f  power. 
were t h e  n a v i g a t i o n ,  l and ing ,  and t a x i i n g  l i g h t s .  
l i g h t s  were no t  seen. 
r e f l e c t i o n  from t h e  f i r e  l i g h t e d  t h e  scene and t h e  t a i l  of  t h e  a i r c r a f t  could be 
sesn momentarily i n  a somewhat upr ight  p o s i t i o n .  The weather a t  the  t ime of  t h e  
hzz i5ent  was desc r ibed  by t h e s e  wi tnes ses  as f r e e z i n g  d r i z z l e  and s t rong  wind g u s t s .  
Stxe s a i d  t h a t  pronounced g u s t s  occurred while  t h e  a i r c r a f t  was i n  t h e  l and ing  p a t -  
t,ern. Wi tnesses  were asked t o  p a r t i c i p a t e  i n  an exper inent  whereby they were p laced  
SL t he  p o s i t i o n  from which they observed t h e  a i r p l a n e  t h e  n igh t  of t he  a c c i d e n t  i n  
c r d e r  t o  watch t h e  f l i g h t  of a similar Viscount over a € l i g h t  p a t h  be l i eved  t o  be 
i . - a L  cf N7437. The purpose of t h e  experiment has t o  determine as nes r  as p o s s i b l e  
t n e  probable  f l i g h t p a t h  and a l t i t u d e s .  The a1:itl;de ~f t n e  a i r c r a f t  immediately 
r r - c r  LO t h e  p i t c h o v s r  was es t imated  t o  be beGL,een 40C an3 600 f e e t .  

While they were not  i n  complete agreement as t o  what they 

A l i c e n s e d  comnercial  

It  was a l s o  thought  by 

The l i g h t s ,  which were seen i n  vary ing  combinations,  
The wing i c e  l i g h t s  or cab in  

Some wi tnesses  s a i d  t h a t  a f t e r  t h e  a i r c r a f t  s t r u c k  t h e  ground, 



d i f f i c u l t i e s  should be explored and eva lua ted .  Accordingly,  t h e  manufacturer  was 
asked by the Board t o  conduct c e r t a i n  f l i g h t  and s imulated f l i g h t ,  t e s t s .  These 
t e s t s  inc luded  the  de t e rmina t ion  of' e x a c t l y  when t h e  s t a l l  warning ( b u f f e t )  occurs  
dur ing  an  approach t o  a s t a l l  from l e v e l  a t t i t u d e  and i n  a t u r n .  These were t o  be 
accomplished wi th  the  s t i c k  shaker  both  o p e r a t i v e  and i n o p e r a t i v e .  
inc luded  those wi th  c e r t a i n  p r o p e l l e r  f l i g h t  l ocks  removed and o t h e r s  showing the  
ei ' l 'ect  of wing i c e  on t h e  s t a l l i n g  speed of t h e  a i r c r a f t .  

Add i t iona l  t e s t s  

All f l i g h t  t e s t s  were conducted using a s tandard  type  Viscount 74SD a i r p l a n e  
e s p e c i a l l y  instrumented t o  record  t h e  wanted informat ion .  
t o  57,200 pounds and t h e  c e n t e r  of  g r a v i t y  p o s i t i o n  was 0.236 SMC ( s t a n d a r d  mean 
c h o r d ) .  
from 0.25 t o  1.0 were app l i ed  i n  a l l  s t r a i g h t  power-on stalls .  
i n d i c a t e d  t h a t  a s u f f i c i e n t  margin of a i r s p e e d  e x i s t e d  between t h e  s t i c k  shaker  
warning and t h e  a c t u a l  lt,gtl bbeak. 
as e x c s s  ttglt f o r c e s  were a p p l i e d  r e s u l t i n g  i n  an  extreme nose-up a t t i t u d e  and a 
r a p i d  d e c l i n e  i n  a i r s p e e d .  
o f f :  were made wi th  t h e  a i r c r a f t  i n  a 30-degree bank. Again s t i c k  shaker  warnings 
were adequate  f o r  s a f e t y ;  excess  "g" f o r c e s  were a p p l i e d  up t o  0 .5 .  S t a l l s  occurred 
i n  t h e s e  t e s t s  between 70 kno t s  t o  93 knots .  
t i v e  and prompt wi th  l i t t l e  loss i n  a l t i t u d e  as a r e s u l t  of t h e  s ta l l .  

The a i r c r a f t  was loaded 

Throughout t h e  t e s t s  12,000 r.p.m. was used and excess  lfg" f o r c e  c o n d i t i o n s  
These s t a l l  t e s t b  

A r a p i d  change i n  nose-up p i t c h  was experienced 

The t u r n i n g  f l i g h t  s ta l l  t e s t s  (bo th  power on and power 

I n  a l l  s t a l l  t e s t s  recovery was pos i -  

F l i g h t  t e s t s  were made wi th  t h e  i n f l i g h t ;  f i n e  p i t c h  s t o p  removed on t h e  inboard 
p r o p e l l e r s .  
a t  or nea r  ground f i n e  p i t c h  were covered i n  t h e s e  t e s t s .  The t e s t s  showed t h a t  t h e  
p r o p e l l e r  b l ades  remained a t  p i t c h  a n g l e s  above 22 degrees  w i t h  power s e t t i n g s  as 
low as 11,000 r.p.m. 60 pounds of to rque ,  and a t r u e  a i r s p e e d  of 90 knots .  
t h e  tests of overshoots  c l o s e  t o  t h e  runway a t  t r u e  a i r s p e e d s  vary ing  frortl 97 t o  
125 kno t s ,  t h e  a i r c r a f t  handled i n  a normal manner a t  speeds down t o  100 knots .  Be- 
low t h i s  speed t h e  f i n i n g  of t h e  p r o p e l l e r s ,  when t h r o t t l e s  were advanced, prevented 
a s u c c e s s f u l  go-around without  s t r i k i n g  t h e  runway. 

The b a s i c  c o n d i t i o n s  of overshoots  and slow f l i g h t  w i th  t h e  p r o p e l l e r s  

During 

The slow speed f l i g h t  t e s t s ,  w i th  t h e  same locks  removed, made a t  t rue  a i r -  
speeds down t o  95 kno t s ,  i n i t i a l l y  r e s u l t e d  i n  a very severe  yaw; t h i s  w a s  caused 
by only one p r o p e l l e r  reaching  0 degrees  p i t c h .  
reached 0 degrees  t o g e t h e r  t h e r e  was a n  extremely heavy nose-down p i t c h i n g  moment 
which r equ i r ed  g r e a t  c a r e  and t h r o t t l e  manipulat ion t o  e f f e c t  recovery ;  a loss of  
500 f e e t  i n  a l t i t u d e  was experienced.  

I n  ano the r  t e s t  when both  p r o p e l l e r s  

I n  o r d e r  t o  determine t h e  e f f e c t  of wing i c e  on s t a l l i n g  speed, wing t u n n e l  
t e s t s  were made using a 1/15th s c a l e  model. 
and p i t c h i n g  moment f o r  a range of i nc idences  up t o  and through t h e  s t a l l  wi th  f l a p s  
s e t  a t  0 ,  30, and 40 degrees .  These t e s t s  showed t h a t  t h e  presence of i c e  caused a 
loss of l i f t  and a n  i n c r e a s e  i n  drag ,  which f a c t o r s  produced a n  i n c r e a s e  i n  s t a l l i n g  
speed and a decrease  i n  time t o  s t a l l .  
i s t i c s  were cons idered  n e g l i g i b l e .  

Measurements were made of l i f t ,  drag ,  

Any o t h e r  changes i n  t h e  f l y i n g  c h a r a c t e r -  

Because i t  was be l i eved  p o s s i b l e  t h a t  t h e  nose-over and d ive  could have r e s u l t e d  
from a s t a l l  occur r ing  du r ing  t h e  t u r n ,  and because t h e  s t a l l  t e s t s  p rev ious ly  made 
by t h e  manufacturer  were a l l  made a t  l e s s e r  a n g l e s  of bank, t h e  Board l a t e r  r eques t ed  
$he CAA t o  conduct a d d i t i o n a l  s t a l l  t e s t s  more c l o s e l y  s imula t ing  t h e  c o n d i t i o n s  
desc r ibed .  These t e s t s  were made i n  England and a g a i n  a r e p r e s e n t a t i v e  of t h e  Board 
was p r e s e n t  as a n  observer .  The same model a i r c r a f t  as t h a t  involved i n  t h e  a c c i -  
d e n t  was used and it  was p rope r ly  instrumented t o  f u r n i s h  t h e  wanted informat ion .  
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Fourteen s ta l l s  were made. The a i r c r a f ' t  weighed 56,800 pomds at t h e  st,ar't 
of t h e  tes ts  and i t s  weight du r ing  t h e  f i n a l  t e s t s  was c a l c u l a t e d  t o  be 55,700 
pounds. 
remained cons t an t ,  t h e  l and ing  g e a r  was extended, e l e v a t o r  trim was 0 .6  d i v i s i o n s  
nose-down, and 11,600 r.p.m. was used. 
g r e e s  and t h e  s t i c k  shaker  was of f  i n  al.1 but  fou r  in s t ances .  

The c e n t e r  of g r a v i t y  was 0.236 SMC. During the  t e s t s  c e r t a i n  c o n d i t i o n s  

F lap  s e t t i n g s  va r i ed  between 20 and 40 de- 

Four of t hese  s t a l l  t e s t s  a r e  desc r ibed  i n  p a r t  so t h a t  a c l e a r e r  understanding 
may be had: 

WeiPht 

F laps  : 
Angle of bank: 
S t i c k  shaker  p o s i t i o n :  
Buf fe t  speed ( k n o t s ) :  
l1G1l b reak  speed ( k n o t s ) :  
IAS a t  s t a l l  ( k n o t s )  : 
A l t i t u d e  a t  s ta l l :  
A l t i t u d e  a t  recovery :  
Eleva tor  f o r c e  a t  ItGtl b reak:  
E leva to r  f o r c e  a t  s ta l l :  
Maximum I1Gl1 

56,800 pounds - - - - - - 55,700 pounds 

32 - 40 
L 60 
OFF 
127 
127 
127 
11,200 
10 , 700 
84. 
84 
2.2 

40 
0 
ON 
89.5 
82.5 
75 
12,000 
11,600 
30 
62 
1 

40 
L 4.5 
ON 
113 

107 
11,310 
11,300 
66 
72 

109 5 

1.5 

20 - 40 
L 60 
OFF 
132 
132 
12 7 
10,550 
10 , 300 
96 
73 
2.44 

I n  t h r e e  c a s e s  t h e  f l a p s  were changed t o  a new s e t t i n g  dur ing  t h e  s t a l l  at t h e  
onse t  of n a t u r a l  b u f f e t ;  t h i s  t empora r i ly  d e s t a l l e d  t h e  wings. Throughout t h e  t e s t s  
normal recovery a c t i o n  was i n i t i a t e d  a f t e r  each s t a l l  and t h e  a i r c r a f t  responded i n  
a normal manner. 

' I n  a d d i t i o n  t o  t h e  above tes ts  performed by Vickers-Armstrongs, L td . ,  t h e  fol- 
lowing o r g a n i z a t i o n s  a b l y  a s s i s t e d  i n  t h e  i n v e s t i g a t i o n  of  t h i s  acc iden t :  B r i t i s h  
Royal Aiixraft Es tab l i shment ;  A i r  I n v e s t i g a t i o n  Branch, B r i t i s h  Min i s t ry  of Trans-  
po r t  of C i v i l  Av la t ion ;  B r i t i s h  A i r  R e g i s t r a t i o n  Bosrd; Ecl ipse-Pioneer  D iv i s ion ,  
Bendix Av ia t ion  Corpora t ion ;  Borden Corpora t ion ;  and. t h e  Nat iona l  B u r e a u  of S tandards .  

I n  t h e  o r i g i n a l  f l i g h t  t e s t s  made i n  England f o r  t h e  c e r t i f i c a t i o n  of t h e  V i s -  
count 700 s e r i e s  a i r c r a f t  i t  was found t h a t  t h e  n a t u r a l  s t a l l  warning from b u f f e t i n g  
d id  no t ,  i n  some c o n f i g u r a t i o n s  and power s e t t i n g s ,  extend over  t h e  speed range  
r equ i r ed  by t h e  B r i t i s h  C i v i l  Ai rwor th iness  RequireKents. Accordingly,  a s t i c k  
shaker was embodied t o  comply wi th  t h e s e  s t a l l  warning requirements .  

When t h i s  a i r c r a f t  was c e r t i f i c a t e d  by t h e  CAY t h e  presence  of t h i s  s t a l l  
warning device  on t h e  a i r c r a f t  was accepted  and tne  a i r c r a f t  wzs found t o  conply 
with a l l  of t h e  a p p l i c a b l e  p r o v i s i o n s  of Part  LJ3 &nZ P a r t  10 of t he  C i v i l  A i r  Eegu- 
l s t i o n s  . 
Airpor t  and F a c i l i t i e s  

The T r i - C i t y  A i r p o r t  i s  l o c a t e d  tit Freeland., iv!i=higan, a t  a n  e l e v a t i o n  cf 667 
r'eet above sea  l e v e l .  I t  has  t h r e e  p v e d  rw-ways, :Le l o n g e s t  of which, No. 5-23, 
ls 5,662 f e e t  long.  
i i i ts .1sity c o n t r o l  of f i v e  b r i g h t n e s s  s t a g e s .  The c x e r  tho r u n w q s  a r e  l i g n t e i  t o  
i 1 5 s s e r  degree of i n t a n s i t y .  

T h i s  runway i s  equlpped wich k-tgi.1 i n t e n s i t y  l i g h t s  having an 

These l i g h t s ,  toge;k=.r hiLh tk re sho ld  l i g h t s ,  s 
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r(it;LLing be:ic*o,i, atid :L l i g h l e d  I,etr:ikietlr.ori comprise t h e  ligh1,irig of t,”e landirig 
‘mu. LocaLeJ u t i  Lhc a i r p o r l  i s  a low f’requency n o n d i r e c t i o n a l  r a d i o  oeacon used 
f’c?r’ i\[)F’ :ipp120.it,tit?s, and t e r m i n a l  omn i L o r  omni approaches.  The a i r p o r t ,  does not, 
liave an air*pot*l ,  I r-nf’fic c o n t r o l  tower o r  a weather s t a t i o n .  We:ither. and o t h e r  i n -  
I’ormation i s  l’iirnished t h e  p i l o t , s  by a local CAA ATCS. C a p i t a l  A i r l i n e s  does not  
liave r a d i o  equipment a v a i l a b l e  a t  T r i - C i t y  A i r p o r t .  A l l  i n f  ormat, i on  t,he company 
wishes sent t o  i t s  f l i g h t s  m u s t  be t r a n s m i t t e d  by l c n g l i n e  t o  D e t r o i t  and t h e n  re- 
layed  to t,he Yl ight  or m u s t  be giver1 Llie f l i g h t  by t h e  ATCS o p e r a t o r  a t  T r i - C i t y .  
C:ipiLul A i r l i n e s  minimum c e i l i n g s  and v i s i b i l i t  ies for Viscount a i r c r a f t  making 
instrument, approaches t o  T r i - C i t y  A i r p o r t  are 500 f e e t  and 1-8 miles .  

The ATCS s t a t i o n  a t  T r i - C i t y  was opera ted  by one man a t  t h e  time of t h e  a c c i -  
d e n t .  T h i s  man was r e s p o n s i b l e  f o r  t a k i n g  and t r a n s m i t t i n g  hourly weather observa- 
t i o n s ,  main ta in ing  a guard on t h e  air-ground r a d i o  frequency,  b r o a d c a s t i n g  weather 
o b s e r v a t i o n s  and f o r e c a s t s  f o r  a s e l e c t e d  group of s t a t i o n s  twice  each h o u r ,  and 
o p e r a t i n g  t h e  a i r p o r t  f a c i l i t i e s  (VOR,  ADF, runway l i g h t s ,  e t c . ) .  
s t a n d a r d  c h a r t s  a t  t h e  T r i 4 , i t y  A i r p o r t  d i s p l a y i n g  v i s i b i l i t y  r e f e r e n c e  p o i n t s .  A 
t a b l e  of such r e f e r e n c e  p o i n t s  i s  a v a i l a b l e  and t h i s  r e l i e s  upon such f a c t o r s  a t  
i i ight  as automobile  l i g h t s ,  house l i g h t s ,  l i g h t s  on b a r n s ,  e t c . ,  i n  determining 
v i s i b i l i t y  d i s t a n c e s  between 3/16th of a m i l e  and 3j$ m i l e s .  

There are no 

C e i l i n g s  a re  dellermined a t  n i g h t  by means of a c e i l i n g  l i g h t  anu c l inometer .  
During t h e  day c e i l i n g  b a l l o o n s  and p i l o t  r e p o r t s  are  used f o r  t h i s  purpose.  

Wind v e l o c i t y  i s  determined by means of a n  instrument  using b o t h  a l i g h t  and 
a buzzer .  The number of  l i g h t  f l a s h e s  seen  o r  buzzes heard dur ing  a g iven  p e r i o d  
de termines  wind v e l o c i t y ;  wind d i r e c t i o n  i s  a l s o  noted by a f l a s h i n g  l i g h t .  
o r d e r  t o  a r r i v e  a t  a reasonable  d e t e r m i n a t i o n  of wind c o n d i t i o n s  it i s  necessary  
f o r  t h e  o p e r a t o r  t o  observe t h e  instrument  for a t  least  a minute.  
of equipment i t  is  impossible  t o  a c c u r a t e l y  measure peak v e l o c i t y  o f  wind g u s t s .  

I n  

Using t h i s  t y p e  

The Weather 

A t  t h e  t ime of t h e  a c c i d e n t  a low p r e s s u r e  c e n t e r  was moving a c r o s s  southern  
Michigan and had j u s t  moved eastward between D e t r o i t  and Toledo. 
approached T r i - C i t y ,  c e i l i n g s  were between 900 and 1,100 f e e t  wi th  v i s i b i l i t y  re- 
por ted  as be ing  t h r e e  t o  f o u r  m i l e s .  There was l i g h t  snow and a f r e e z i n g  d r i z z l e .  
S u r f a c e  winds were r e p o r t e d  from t h e  north-northeast  18 t o  27 knots .  A t  1930, t h e  
U. S. Weather Bureau i s s u e d  a “ f l a s h  advisory”  p e r t i n e n t  t o  t h e  time and p l a c e  of 
t h e  a c c i d e n t  f o r e c a s t i n g  low c e i l i n g s  and v i s i b i l i t i e s ,  r a i n  or snow, fog ,  p o s s i b l e  
f r e e z i n g  d r i z z l e  near  t h e  s u r f a c e  wi th  moderate and occasionally heavy i c i n g  i n  t h e  
c louds .  Company d i s p a t c h  d i d  n o t  c a l l  t h i s  advisory  t o  t h e  a t t e n t i o n  of t h e  crew. 
P i l o t s  of two o t h e r  C a p i t a l  A i r l i n e s  a i r c r a f t ,  which landed a t  Tri-City a s h o r t  
tirne p r i o r  t o  t h e  a c c i d e n t ,  r e p o r t e d  t h a t  b o t h  moderate turbulence  and i c i n g  condi- 
t i o n s  were encountered.  The c a p t a i n  of a C a p i t a l  C o n s t e l l a t i o n ,  which landed j u s t  
13 minutes  p r i o r  t o  t h i s  a c c i d e n t ,  t e s t i f i e d  t h a t  h i s  a i r c r a f t  had. approximately 
one i n c h  or more of  i c e  on i t s  wings on landing .  T h i s  c o n d i t i o n s  was n o t  r e p o r t e d  
t o  e i t h e r  t h e  company o r  CAA. 

A s  F l i g h t  67 

C a p i t a l  A i r l i -nes  does a l l  t h e  d i s p a t c h i n g  of i t s  a i r c r a f t  from Washington. On 
t h e  r o u t e  from New York t o  Chicago one d i s p a t c h e r  handles  t h e  f l i g h t s  as far as 
D e t r o i t  and from t h a t  p o i n t  on t h e  f l i g h t  i s  t h e  r e s p o n s i b i l i t y  of a n o t h e r  d i s -  
p a t c h e r .  C a p i t a l  A i r l i n e s ’  weather o f f i c e  i n  Washington i s  a s s o c i a t e d  w i t h  
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Li  ispit < t i  aiid o p e r a l e s  o r 1  t i  ; L r * i c L l y  ;Advisory b a s i s .  One f'orecasLor is errqlo,/wi f'or 
e ~ c h  s h i l ' t .  I L  i s  his duty to  prepaye and ana lyze  aurf'ace weather. ch*irts e.ier.j six 
haul-s covdri  rig t Le compuiy I s roulei;.  
weather Lreiids as lie comes 0 1 1  dut,y arid t he  f o r e c a s t e r  a t t e m p t s  t o  p o i n t  ou t  t o  t,he 
proper  dir;patcheik any s i g n i f i c a n t  weather developments which occur over h i s  r o u t e s .  
Tiit? :oIi;pariy I s welLher. of 'f ' ice does riot p rovide  any weather information d i r e c t l y  t o  
p i l o t s  b u t  worhs e x c l u s i v e l y  through t h e  d i s p a t c h e r .  
mation i s  a v a i l a b l e  t o  p i l o t s  when t h e  f l i g h t ' s  papers  a re  be ing  prepared.  

Eacf-i disp:i t-her i s  brief'eri on arit,i~;ipat,w,l 

All p e r t i n e n t  weather inf 'or-  

Wiiig F l a p  Operat ion 

Wing f l a p s  on VissounL a i r c r a f t  may be extended over  a range of 47 degrees .  T h i s  
is sczomplished by four f l a p  l e v e r  p o s i t i o n s  which r e p r e s e n t  r e s p e c t i v e l y  20, 32,  40, 
aild 47 degrees  of e x t e n s i o n .  
:lot extend f l a p s  beyond 20 degrees  a t  a i r s p e e d s  i n  excess  of 14.2 knots .  Full f l a p  ex- 
t e n s i o n  r e q u i r e s  approximately 30 seconds.  
l anding  g e a r  and l a n d i n g  l i g h t s  not  be lowered a t  speeds above 160 knots .  

~ompLttiYV-re-:orr~~,er?;lP~i approach speeds a r e  !'A - E n t e r  a i r p o r t  p s t t e r n  l 4 O K  ana 2G0 
1'15~s - t u r i i  or: :'.;rill. R - Extend g e a r  and 320 f l s p s  - reduce t o  120K and ' s t a b i l i z e  
spproazli . '  - Ex5ei:s 40° f ' l t tps - reduce t o  l l O K  ' ove r  t h e  f e n c e  speed . '  D - J u s t  p r i o r  
i o  toilchdown - 2.:t t h r o t t l e s ,  extend 4 7 O  f l aps . t f  

a r i e c t s  0: I c e  d c z r e t i o n  ori t h e  H o r i z o n t a l  S t a b i l i z e r  

The coinpany F l i g h t  T r a i n i n g  Manual recommends p i l o t s  

The manual f u r t h e r  recommends t h a t  t h e  

During t h e  i n v e s t i g a t i o n  of a n o t h e r  Viscount a c c i d e n t  i n  1963- 3/ new informat ion  
b e c m e  a v L i l a b l e  t o  t h e  Board regard ing  t h e  behavior  of aircraft  wi th  a concave b u i l d -  
LLP 03 i c e  on t h e  h o r i z o n t a l  s t a b i l i z e r .  
coilnt i c i n g  i n c i d e n t s .  

Included was informat ion  concerning two V i s -  

I n  oile case t h e  Viscount  opera ted  i n  a n  i c i n g  c o n d i t i o n  a n  es t imated  10 t o  12  

When clear  of c louds  no i c e  
Woen t h e  landing  f l a p s  were lowered 

F i L c z e z r a -  
t u r i  of 3'1 degrees ,  airframe a n t i - i c i n g  was not  used. 
L ~ S  v i s i b l e  on t h e  l e a d i n g  edge of t h e  wings. 
t o  40 d e g r e e s  a t  a r e p o r t e d  a i r s p e e d  of 135-140 knots ,  t h e  nose dropped ancl t h e  p i l o t  
was unsble  t o  arrest  t h i s  a c t i o n  wi th  t h e  e l e v a t o r  c o n t r o l .  
t o  3, d e g r e e s ,  c o n t r o l  r e g a i n e d ,  and t h e  a i r c r a f t  l a n d e j  s a f e l y .  
Lou-riown, a n  examinat ion of t h e  a i r c r a f t  revea led  t h a t  t h e  wings were c l e a r  of i c e  
cu t  2 conqave bui ldup  was observed on t h e  l e a d i n g  edges of t h e  t a i l p l a n e  ancl t h e  v e r t i -  
:;1 stabilizer. 

_ I  t ~ e  edges ex tending  3 inches  above t h e  horizc..i.tal t a i l .  

F l a p s  were r e t r a c t e d  
Four minutes  a f t e r  

T h i s  i c e  was about  3/4 inch  t h i c k  a t  t h e  c e n t e r  and 18 i n c h e s  t h i c k  
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(,he a i  t*ciBLtl'I, was inspec:Led a('l,c[* laticii ti!? 1 i f : f i i .  rjrrie i c e  was f'ouricl or1 t h e  wings and 
radome, t h e  p r o p e l l e r s  were c l e a n  and  ( l t s ,y ,  b u t  t h e  h o r i z o n t a l  a.rd v e r t i c a l  s t a b i l i z e r s  
l i d  tl c:oiic;tve bui ldup  of' r'ouzh rime ice. ' r l l i s  cup-shaped i c e  was approximat,ely 1 
i t i c ~ i  t h i c k  with horns  ex1,endi rig disgorm.ll,y upward and downward , approximately 1-1/2 
iilcl'cs i n t o  the  3irstre:im. 

&ddiLioii:*lly, L l i e i ,~  I '  ~ v e  beeii Ll~i*ee a i r c r a f t  a c c i d e n t s  of' w h i c : h  one was a Vis- 
L.ot~nL,  which tlie Board i i : k s  determined were caused i n  whole o r  i n  p a r t  by an a c c r e -  
i ioi ,  of' i c e  on the IloriAoiiLal s i , x b i l i z e r  t h a t  d i s r u p t e d  t h e  a i r f l o w  over  and under 
r.he l i o r i z o n t a l  Lail s u r f a c e s .  

A s  a r e s u l t  of' Lhis l a t t e r  Viscount a c c i d e n t  t h e  Board reques ted  t h e  manufacturer  
t o  conduct wind t,unnel tes ts  Lo determine t h e  e f fec t  on v a r i o u s  handl ing  c h a r a c t e r i s -  
t i c s  of t he  ViscourlI, a i r c r a f t .  

These tests revea led  that, horn tyDe i c e  format ions  can be developed on t h e  lead-  
iw edge of a n  unheated a i r f o i l  i n  a n  ambient temperature range  of - 5 O C  t o  --10°C. I n  
t h i s  range t h e  Lests indicat,ed t h a t  t h e  t i m e  r e q u i r e d  t o  Droduce 1-1/2 inch  horn l e n g t h s  
was about  20 minutes  wi th  t h e  cont inuous maximum l i q u i d  water c o n c e n t r a t i o n  r e q u i r e d  
by t h e  B r i t i s h  C i v i l  Ai rwor th iness  Requirements (BCAR) o r  10 minutes  wi th  twice t h i s  
c o n c e n t r a t i o n  of' water c o n t e n t .  The BCAR c o n c e n t r a t i o n  i s  0.72 grams per  cubic  meter 
wi th  a mean water d r i p l e t  s i z e  of 20 microns.  

The m a n u f a c t u r e r ' s  wind t u n n e l  tests i n d i c a t e d  t h a t  horn type  i c e  of t h e  above 
magnitude on t h e  h o r i z o n t a l  s t a b i l i z e r  l e a d i n g  edge had a s e v e r e  e f f e c t  on t h e  handl ing  
c h a r a c t e r i s t i c s  of t h e  t e s t  v e h i c l e  under c o n d i t i o n s  where a l a r g e  a n g l e  of a t t a c k  was 
obta ined  on t h e  h o r i z o n t a l  s t a b i l i z e r .  

The a i r c r a f t  a n t i - i c i n g  s y s t e m  has  demonstrated a c a p a b i l i t y  t o  prevent  t h e  f o r -  
mat ion of horn type  i c e  or t o  shed t h e  i c e ,  w i t h i n  one minute of t h e  app l i c , a t ion  of 
h e a t ,  if i t  has been al lowed Lo f'orm beyore t h e  a n t i - i c i n g  i s  turned  on. 4/ 

P i l o t ' s  Experience 

, s p t a i n  H u l i  was a v e t e r a n  p i l o t  who had been wi th  C a p i t a l  A i r l i n e s  17 d e a r s .  
He huJ approximately 1,700 f l y i n g  hours  on Viscount a i r c r a f t  and a t o t a l  of more 
tha., 16,000 hours on a l l  a i r c r a f t .  He was known t o  be a c a r e f u l  and c o n s e r v a t i v e  
p i l o t .  

A l i s l y  s is  

From a l l  a v a i l a b l e  evidence t h e  Board b e l i e v e s  t h a t  t h e  a i rcraf t  s t r u c t u r e ,  i t s  
c o n t r o l  s u r f a c e s ,  and powerplants  were i n  proper  o p e r a t i n g  c o n d i t i o n  p r i o r  t o  t h e  
sr3sh. Although t h e  f l i g h t  c o n t r o l  l i n k a g e s  could n o t  be  examined i n  t h e i r  e n t i r e t y ,  

4/ With t h e  airframe a n t i - i c i n g  s y s t e m  o p e r a t i n g  normally,  t h e  complete heated 
yreas on upper and lower s u r f a c e s  can be  maintained c l e a r  of i c e .  Small i s o l a t e d  run- 
back i c e  acc re t . i ons  w i l l  occur behind t h e  hea ted  area. With one h e a t  exchanger i n -  
o p e r a t i v e  enough h e a t  i s  a v a i l a b l e  t o  keep t h e  l e a d i n g  edge c l e a r  of i c e ,  a l though a 
spanwise r i d p e  cf' i c e  w i l l  form. The amount of runback i c i n g  c o l l e c t e d  dur ing  t h e  
Lest produced no s i g n i f i c a n t  l i f t  d i s t r i b u t A o n  o r  hinge moment changes. 
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'i'iie Dowrrii,: switch t l i : i~ arms t h e  stall warning system when t h e  xircraf't i s  y i r -  
ho~* i i t :  was i'ound t o  be mulf'unctioning a f t e r  t h e  c ra sh .  Examination of' t h e  swiLch and 
:12c.elei*tlt,ioii t e s t  s conduc Led on similar swi tches  i n d i c a t e  s t r o n g l y  t,ht t h e  malf'unc- 
t iot i  e x i s t e d  p r jo i '  t o  1,Iie a c c i d e n t .  

1 1 1  the course of i t s  i n v e s t i g a t i o n  t h e  Board was provided t e s t  d a t a  by Vickers-  
Armst,rongs, L td . ,  concerning t h e  e f f e c t s  of  h e a t  upon t h e  Dowmic swi t ch ,  and i t  was 
suggested t h a t  t h e  mal func t ion  of t h e  s u b j e c t  switch could have been t h e  r e su l t  of' 
i t s  ba ing  heated i n  t h e  f i r e  t h a t  fol lowed i n p a c t .  The p h y s i c a l  evidence i n d i c a t e s  
t h a t  t h e  swi tch  was s u b j e t t e d  t o  c r a s h  f i r e  hea t ing ;  however, t h e  Board n o t e s  tkat 
t h e  behavior  of' swi tches  hea ted  i n  l a b o r a t o r y  tests does not  c o i n c i d e  w i t h  t h e  be- 
iikvior of t h e  subject switch.  The specimen switches e i t h e r  f a i l e d  t o  f u n c t i o n  a t  a l l  
af ter  h e a t i n g  o r  a t  b e s t  they f 'unctioned i n t e r m i t t e n t l y ,  whereas t h e  s u b j e c t  swi tch ,  
i 'ollowing removal and r e i n s L a l l a t i o n  of i t s  magnets operated r e p e a t e d l y  wi th  n o r m 1  
swi tch ing  a c t i o n .  

S i m i l a r  mal func t ioning  of Dowmic s w i t c h e s  has been experienced by C a p i t a l  A i r l i n e s  
in normal fled, o p e r a t i o n  wi thout  t h e  s w i t c h e s  having been s u b j e c t e d  t o  h igh  tempera tures .  
U r i e  such m x l f m c t i o n i n g  swi tch  was i n t e r c e p t e d  and examined by a CAB i n v e s t i g h t o r  as 
i t  was r e t x n e d  f c r  overhaul .  I t  had been removed as a n  tlinoperativell unit. T h i s  
swi tch  r e p e a t e d l y  f a i l e d  t o  open i t s  c o n t a c t s  when t h e  plunger  was r e l e a s e d  u n l e s s  
i t  was g i v s n  a s h s r p  blow w i t h  t h e  hand. 
in m y  way, t h e  swi tch  was found t o  o p e r a t e  normally and subsequent examination a t  
t h e  Nation21 B u r e a u  of S tandards  f a i l e d  t o  d i s c l o s e  ar,y apparent  reason f o r  i t s  
e s r l i e r  n a l f u n c t i o n .  

Later on, without  having tampered wi th  i t  

The s t i c k  shaker  i s  designed t o  warn t h e  p i l o t  of a n  impending s t a l l  and t h i s  
i s  accomplished by means o f  t h e  a b i l i t y  of  t h e  device t o  sense t h e  a n g l e s  of a t t a c k  
=,x-ing a n  xpproach t o  a s ta l l .  The d e v i c e  i s  f u r t h e r  designed t o  f u r n i s h  t h e  p i l o t  
cin sdequata  waraing under. a l l  f l i g h t  a t t i t u d e s  normally experienced dur ing  t r a n s p o r t  
f i i g h i .  Under t h e  c o n d i t i o n s  of f l i g h t  Capta in  H u l l  i s  b e l i e v e d  t o  have experienced 
Lhis n i g h t ,  had t h e  s t i c k  shaker  been o p e r a t i n g  t h e  wsrning should have been approxi -  
r:s;ely 1 5  k n o t s  b e f o r e  t h e  lfgl1 break .  
d . ~ b s e q u e n t  t o  t h e  p u b l i c  h e a r i n g s ,  t h e  tes ts  macle a t  banks of GO degrees  d i d  no t  
:he s t i c k  shaker  i n  o p e r a t i o n .  Therefore ,  t h e  above f i g u r e  i s  a n  approximation based 
ST. c .3 l cu la t ions  made fi-om a c t u a l  f l i g h t  t e s t  d a t a .  

. .  

During t h e  f l i g h t  tests which were performed 
have 

T l h e  cieteztor  u n i t  of  t h e  s t a l l  w a r n k g  syszex hz2 been rep laced  sometk,e p r i o r  
:. t h i s  f l i g h t .  I n  view cf Lhe f a c t  t h a t  t h i s  un i t  'vas not  c a l i b r a t e d  by f l i g k t  
t:s;i.!ig p r i o r  t o  the  fl:gkLt, t h e r e  i s  no assurance  that a n  adequate  st.211 warci-g 
'XI. .:is iiai;re been given,  ~ ~ e n  hhd the  D c w r ; . i ~  switch f mz t ioned  norm:illy. - -  
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1. There WCL'C  rio t r e n c h e s ,  c r a t e r s ,  o r  gouges i n  t h e  ground except  where t h e  
wl*ei:kage lay. 

2.  Tlie\.e w a s  no eviacilce of' ca r twheel ing ,  bouncing, o r  of' t he  a i r c r a f t  s t r i k i n g  
t lie ground wi Lli :I.IIY h o r i  zo :~Ct t l  v e l o c i t y  i 11 any manner which would produce wreckage 
s? ' :~:  t e r  o v e r  I 1:~r'ge a r e a ;  i n  f a c t ,  t,he wreckage was confined t o  a small area. 

3. The engines  were b u r i e d  i n v e r t e d  about  f o u r  or f i v e  fee t ,  i n  t h e  ground, Nos. 
1, 2, and 3 a t  a 45-degree a n g l e  and No. 4 a t  a 70-degree ang le .  

4. The r ight ,  wing l e a d i n g  edge had t renched t h e  ground next  t o  and ex tending  
from t h e  No. 4 engine f o r  a d i s t a n c e  equa l  t o  t h e  p a r t i a l  span from t h i s  engine t o  
t h e  wing t i p .  

5. The nose gea r  r ece ived  only minor damage and no impact marks were found on 
i t  except  on t h e  torque l i n k .  

6. The main l and ing  gea r  was found extended, locked,  and Lmdamagecl by impact.  

7. The forward floor beams, s t a t i o n s  22 t o  132, co l l apsed  t o  form a mass 30 
jriches deep; each of t hese  beams was d i sp laced  only two inches  h igher  t han  t h e  next  
Lsearward beam. T h i s  e n t i r e  mass was bur i ed  d i r e c t l y  under t h e  No. 132 bulkhead. 

Tne f a c t  t h a t  t h e  a i x r a f t  was found i n v e r t e d  i s  expla ined  i n  t h i s  manner: 
Evidence i n d i c a t e s  t h a t  i t  s t r u c k  t h e  ground i n  a v e r t i c a l  or near  v e r t i c a l  p o s i t i o n  
and t h a t  t h e  r o t a t i o n a l  f o r c e s  p ra sen t  du r ing  t h e  descent  caused it  t o  cont inue  over  
o:i i t s  back wi th  t h e  engines  c o n t a c t i n g  t h e  ground a t  some a n g l e  beyond t h e  v e r t i c a l .  
T h i s  i s  s u b s t a n t i a t e d  by t h e  manner i n  which t h e  p r o p e l l e r  b l ades  were ben t ;  t h e  bend- 
i n g  downward of a l l  f o u r  p r o p e l l e r  s h a f t s ;  t h e  comparably l i t t l e  damage t o  t h e  nose 
gea r  s t r u t ;  t h e  c rush ing  downward of t h e  o u t e r  e i g h t  f e e t  of t h e  l ead ing  edge of t h e  
l e f f  wing i n t o  two separate, f o l d s ;  t h e  n a t u r e  of t h e  damage t o  t h e  windshield,  t h e  
forward VKF a n t e m a ,  arid +,he c o n t r o l  p e d e s t a l  and ?uselage sk in .  

Also, by e x t r a p o l a t i o n  of c e r t a i n  d a t a  taken  from NACA TN4158, "Acce le ra t ions  
i n  T ranspor t  Ai rp lane  Crashes ,"  agreement was found t o  e x i s t  between t h e s e  r e s u l t s  
and t h e  Board ' s  conclus ions  wi th  r e s p e c t  t o  t h e  a n g l e  of impact.  

I n  a n  e f f o r t  t o  determine t h e  cause of t h e  sudden p i t chove r  and s t e e p  descep t ,  
cons ide rab le  s tudy was g iven  t,o t h e  p r o p e l l e r s  and t h e i r  r e l a t e d  systems wi th  pa r -  
t i c u l a r  s i g n i f i c a n c e  p laced  on t h e  p o s s i b l e  movement of t h e  b l ades  below t h e  f l i g h t  
f i n e  p i t c h  s t o p s  du r ing  t h e  approach. It has  beeri determined t h a t  such a mal func t ion  
of one p r o p e l l e r ,  whereby t h e  i n f l i g h t  f i n e  p i t c h  s t o p  was withdrawn t h u s  permi5t ing  
t n e  b l a d e s  t o  move t o  a low p i t c h ,  would not i n i t i a t e  an  abrupt  maneuver such as 
occurred i n  t h i s  i n s t ance .  FurtheruLore,  t h e  e l ec t ro -hydrau l i c  s t o p  as w e l l  as i n -  
h e r e n t  p r o p e l l e r  operat , ing c h a r a c t e r i s t i c s  provide safeguards  which p r a c t i c a l l y  
e l i m i n a t e  t h e  chances of such a n  occurrence c r e a t i n g  a hazardous s i t u a t i o n .  
conclus ion  conf ines  t h e  s tudy t o  those  p o r t i o n s  of t h e  p r o p e l l e r  system t h a t  a r e  
zomnon t o  a l l  f o u r  p r o p e l l e r s .  

T h i s  

The c i r c u i t r y ,  which pe rmi t s  withdrawal  of t h e  i n f l i g h t  f i n e  p i t c h  s t o p s  a f t e r  
t h e  a i r c r a f t  i s  on t h e  ground, i s  so ar ranged  t h a t  a double f a u l t  mccst e x i s t  t o  
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,.L,.aL!~miplisti Lt1i.s l'uiict,iuii i t )  I ' l igtit, .  F'wLhermore, tile e x i s t e n c e  of' ~ 1 i c 1 1  a cicjuble f ' : L l 1 l L  

~ o u l d  be j iid.ic::*t,ed by w3ri1j.r1g l i g h t s  i i i  Lhe cockpi t  and precaut,ioriary IriexSilr*eS Lo 
,.:ouiiLei*ac 1, such a. devolopmerit, woii1.d have been a v a i l a b l e  t o  t h e  c iw .~ .  
:L Lest c i i * c u i t r y  Lo detez i ;  a si!igle f a u l t  i n  e i t h e r  t h e  p o s i t i v e  o r  nega t ive  s i d e  
oi' t!ie c i r c u i t  i.s provided.  Consequently,  i t  i s  considered t h a t  t h e  p r o p e l l e r  i n f ' l i g h ?  
I' irie p it.cli s t o p  c o n t r o l  c i r c u i t r y  p r o v i d e s  p r o t e c t i o n  agai .nst  i n f l i g h t  withdrawal  
~1' the s t o p s  t o  such a degree  t h a t  unwanted withdrawal d i d  not  occur i n  t h i s  insLance. 

In alddit,j.crl , 

Tlio inheret i t  p rope l le r -engine  o p e r a t i n g  c h a r a c t e r i s t i c s  are such t h a t  a c o n s i d e r -  
a b l e  ciegpee of' p r o t e c t  ioli agairisL insurmountable drag  d u r i n g  approrich i s  providsd.  
This i s  t r u e  i n  t h a t  t h e  p r o p e l l e r  i s  be ing  governed i n  accordanqe witk, engine power 
&*id :iir.speed tliroughout the approach. High drag  i s  developed on1.y a t  low a i r s p e e d s ,  
108 lxots 01' less, arid w i t h  t h r o t t l e s  completely r e t a r d e d .  
rex2i;i above t h e  i n f l i g h t  f i n e  p J t c h  s t o p  w i t h  as l i t t l e  as 11,000 r.p.m., w i i h  
power a p p l i e d .  I t  i s  b e l i e v e d ,  t h e r e f o r e ,  t h a t  t h e  i n h e r e n t  o p e r a t i n g  c h a r a c % e r i s t i c s  
01' t he  p r o p e l l e r  would precl-ade any h igh  drag  s i t u a t i o n  o c c u r r i n g  dur ing  the  f i n a l  
! J t d s e  of' a normal approach. T h i s  has been s u b s t a n t i a t e d  by b o t h  t e s t  f l i g h t s  ann 
propel ler .  wind t u n n e l  t e s t s .  

The b lade  a n g l e  would 

There is no q u e s t i o n  of +,ke c rewls  competence t o  fly Viscount a i r c r a f t .  Botr- 
3:ip.ilin and f irst  o f f i c e r  had c o n s i d e r a b l e  f l y i n g  t ine i n  V i s c o m t s ,  a ~ d  both were 
proper ly  G z r t i f i c a t e d  by t h e  CA4. A s  z t a t e d  before ,  Capta in  Hull was kiiowri Is1 those 
,:lese t o  i.irr1 and by t h e  CAA teJ be  a carefu l  and comiervat ive p i l o t .  

From t h e  witriesses i t  w ~ r s  l e a r n e d  that,  t h e  dchnwind l e g  of t h e  t r a f f i c  p a t t e r n  
W ~ S  f lown c l o s e  i n .  
i'lew beyoi7d t h o  extended c e n t e r l i n e  of t h e  rcnway and t h a t  a s t e e p  l e f t  turr i n  Lhe 
f'crrn of an f fS f f  was made fcr real ignment .  Witness observa t ions  i n d i s a t e  t h a z  t h e  
= t i r c r i f t  r o l l e d  o u t  of t h e  t u r n  t o  a l e v e l  a t t i t u d e  f o r  a few seccnds fol lowed by a 
r.omer.tary nose-high a t t i t u d e  and then  p j t c h e d  i n t o  a n e a r  v e r t i c a l  d i v e  t o  t h e  grourid. 

I t  was a l s o  revea led  t h a t  t h e  a i r c r a f t ,  when on t h e  base l e g ,  

If t , ;e t u r n  t o  t h e  f i n a l  approach was conducted a t  o r  near  tiie normal approach 
, .  spee2, L Y , ~  iisi,ger of w i q  s t d l  would be  g r e a t e s t  dur ing  t h e  steepest p c r t i o n  of t h e  

t,!ir~. Owe t h e  a i r c r a f t  - rol led leve l ,  b a r r i n g  any r a p i d  speed d e k e r i c r a t i o n ,  t h e  
s x l l  speed mrgi:i  would zgaili. i n c r e a s e  thereby  K k h i z i i i g  t h e  p o s i b i l i t y  of a s t a l l  
d t e r  that; p o i n t .  

Eva lua t i c r ,  of new evide!,.ce brought t o  t h e  a t t e n t i o n  of t h e  Board d u r i n g  t h e  i n -  
.Je;tigstion of r e c e n t  Viscount  acc ide r i t s  and incide25s h a s  revea led  t h a t  horn s h a p e i  
cr concave i c e  acc re t io9 . s  0:: t h e  l e a d i n g  edge of t k e  h o r i z o n t a l  s t ab i l i ze r ,  a t  spezir'i.2 
.= :ega~ive  wigleu of a t t : ick,  c m  iriduce a n  uncont ro l lab le  nose-dow:i p i t c h i n g  m m n t .  T h i s  
. / ; . e  Y .  of i c e  was repi-oduced i n  wind t m n e l  tes!.s cox;u:-,ed by Vickers-Armstrongs. 

;:is. i : ldicated t h a t  fron 1 G  t c  20 minutes  was xsbul l "ec i  LO establis: horn l i k e  i:2 f o r -  
1.c:~ of  t h e  c;:pe whirh c o s i d  cruse a k - f l o w  s s p r z , i c n  ever  t h e  h o r i z c n t d  s.tsSi2.i- 

,:e:'. 
2z.e 5x5 contit?ilous 1 i q : d d  water ccnoen5retio::. 

- .  . .. I t  
, .  

Differer,cea ir, tile s i r e  requi red  t o  produce :-?e i z e  v a r i e d  w i t k  t h e  wster droplor 
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e v e n t u a l l y  cause  a i r l ' l ow separat io: i  on t h i s  s u r f a c e .  Because t h e  shape of' t h e  i c e  as  
i t  i'orms on t h e  s t , a b i l i z e r  i s  c r i t i c a l  i n s o f a r  as f low s e p a r a t i o n  and l o s s  of l i f t  i s  
concerned, t h e  result,:; 01' t h e s e  tests could only be  cons idered  q u a n t i t a t i v e l y .  
i t  was found t h a t  horii type i c e  could form on t h e  l e a d i n g  edge of t h e  h o r i z o n t a l  
s t a b i l i z e r  a t  a g iven  :ingle of  a t t a c k  without  a f f e c t i n g  t h e  l o n g i t u d i n a l  c o n t r o l  
oi' the a i r c ra f t .  Yel,, when t h e  n e g a t i v e  a n g l e  of a t t a c k  i s  i n c r e a s e d ,  t h e  same ice  
format ion  call disrupt ,  Lhe a i r f l o w  on t h e  underside of t h e  s t a b i l i z e r  caus ing  a i r f l o w  
s e p a r a t i o n  and a loss of' downloading on  t h e  t a i l .  
compat ible  w i t h  a f l a p  s e t t i n g  of 32 degrees  a t  a cons tan t  speed, can produce a i r f l o w  
s e p a r a t i o n  and loss of n e g a t i v e  l i f t  on t h e  s t a b i l i z e r  when t h e  i'lap s e t t i n g  i s  i n -  
c r e a s e d  t o  40 degrees .  

However, 

For example, a n  i c e  format ion  

I n  a d d i t i o n ,  t h e  t e s t s  r e v e a l e d  t h a t  wi th  r e d u c t i o n  of n e g a t i v e  l i f t  t h e r e  i s  a 
change i n  l i f t  d i s t r i b u t i o n  such t h a t  e l e v a t o r  hinge moments (and t h e r e f o r e  c o n t r o l  
column f o r c e s )  are i n c r e a s e d  more t h a n  normal as up e l e v a t o r  i s  a p p l i e d  t o  c o u n t e r a c t  
t h e  p i t c h o v e r .  Moreover, up e l e v a t o r  c o n t r o l  surface d e f l e c t i o n s  could i n c r e a s e  t h e  
f low s e p a r a t i o n  t o  t h e  p o i n t  of reducing  t h e  down load on t h e  s t a b i l i z e r  s t i l l  f u r t h e r ,  
r e s u l t i n g  i n  a s t e e p e r  nose-down p i t c h i n g  moment. 

A review of a l l  weather in format ion  p e r t a i n i n g  t o  t h i s  f l i g h t ,  i n  a d d i t i o n  t o  
r e p o r t s  by p i l o t s  of o t h e r  a i r c r a f t  o p e r a t i n g  i n  t h i s  area, i n d i c a t e s  t h a t  c o n d i t i o n s  
were conducive t o  a r a p i d  bui ldup  of a i r f r a m e  ice  a t  a l t i t u d e s  up t o  5,000 f e e t .  
While no d e t e r m i n a t i o n  could be  obta ined  of water d r o p l e t  s i z e  or l i q u i d  water con- 
c e n t r a t i o n ,  t h e  temperature  ranges  i n  t h e  atmosphere were w i t h i n  t h e  parameters  conducive 
t o  t h e  format ion  of s t a b i l i z e r  horn type  i c e .  
Viscount p i l o t s  r e v e a l  t h a t  such formations have occurred i n  as l i t t l e  as two t o  t h r e e  
minutes ,  

A c t u a l  i c i n g  encounters  experienced by 

The t e s t i n g  by t h e  manufacturer  i n d i c a t e s  t h a t  t h e  o p e r a t i o n  of e i t h e r  one of  
t h e  two h e a t e x c h a n g e r s p r o d u c e s  s u f f i c i e n t  h e a t  a t  t h e  t a i l p l a n e  t o  prevent  i c i n g  even 
under t h e  extreme c o n d i t i o n s  t e s t e d .  
a b u i l d u p  of horn type  i c e  w i l l  remove t h e  i c e  i n  one minute o r  less .  

It was a l s o  found t h a t  h e a t  a p p l i e d  f o l l o w i n g  

I t  could n o t  be determined if t h e  a n t i - i c i n g  system had been used d u r i n g  any 
p o r t i o n  of t h e  f l i g h t ,  p a r t i c u l a r l y  t h e  l a t t e r  stages, as t h i s  equipment was found i n  
t h e  "off't  p o s i t i o n  dur ing  t h e  i n v e s t i g a t i o n .  However, t h i s  i s  a n  approach c h e c k l i s t  
i t e m  and would normally be i n  t h e  l t o f f l '  p o s i t i o n  dur ing  a l a n d i n g  approach i f  a n  i c i n g  
s i t u a t i o n  d i d  no t  exist  or -if t h e  crew w a s  unaware of a n  a c c r e t i o n  of airframe i c e .  

The e x i s t e n c e  of airframe ice  i s  normally d e t e c t e d  through v i s u a l  o b s e r v a t i o n s  
by t h e  crew of any such informat ion  on t h e  a i r c r a f t  s u r f a c e s ,  p a r t i c u l a r l y  t h e  wing 
l e a d i n g  edge. I n  o r d e r  t o  see  i c e  format ions  dur ing  n i g h t  o p e r a t i o n s  t h e  use of i c e  
l i g h t s ,  which i l l u m i n a t e  t h e  wing l e a d i n g  edge, i s  r e q u i r e d .  I c e  w i l l  a l s o  accumulate 
on t h e  c o c k p i t  windshield under most i c i n g  c o n d i t i o n s  and i t s  formst ion  g e n e r a l l y  serves 
t o  a l e r t  t h e  crew t o  a n  i c i n g  s i t u a t i o n .  
hea ted  i n f l i g h t  sild w i l l  not  normally s u s t a i n  l a r g e  ice accumulat ions.  Therefore ,  t h e  
s e v e r i t y  of a n  i c i n g  s i t u a t i o n  may no t  be a c c u r a t e l y  measured by examination of any i c e  
c o l l e c t i o n  i n  t h i s  a r e a .  I n  a d d i t i o n ,  none of t h e  ground w i t n e s s e s  observed any opera- 
t i o n  of t h e  i c e  l i g h t s  p r i o r  t o  or dur ing  t h e  approach of N7437. 

However, t h e  Viscount windshield i s  c o n t i n u a l l y  

I n  view of  t h e  above and i n  conjunct ion  w i t h  t h e  weather c o n d i t i o n s  t h a t  e x i s t e d  
a t  t h e  t ime, i t  i s  e n t i r e l y  p o s s i b l e  t h a t  i c e  could have formed on t h e  wing and t a i l  
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s u r l ’ x e s  of’ t h e  a i r c r a i ’ t ,  w i th in  a s h o r t  per iod  of‘ t ime, undetectxd by the  crew. 

I n  conclus ion ,  t h e  Board b e l i e v e s  t h a t  horn type i c e  accunluluted on t h e  h o r i z o n t d  
s t a b i l i z e r  of t h e  a i r c r a f t  du r ing  t h e  l a t t e r  s t a g e s  of t h i s  f l i g h t .  
t h e  f i n a l  approach course  was completed t h e  f l a p s  were extended t o  t h e  4.0-degree p o s i -  
t io i l .  
of t he  t a i l  p lane  r e s u l t i n g  i n  a i r f l o w  s e p a r a t i o n  and a d r a s t i c  r educ t ion  i n  down- 
load ing  on t h i s  s u r f a c e .  
ex tens ion  of f l a p s  r e s u l t e d  i n  an  uncon t ro l l ab le  r o t a t i o n  about  t h e  l a t e r a l  a x i s  and 
a s t e e p  d ive  t o  t h e  ground. 

When t h e  t u r n  t o  

The i n c r e a s e  i n  f ’ lap  a n g l e  caused a n  i n c r e a s e  i n  t h e  nagatdive a n g l e  of’ a t t a c k  

T h i s ,  t o g e t h e r  w i th  t h e  p i t c h i n g  moment c r e a t e d  by t h e  

The only p o s s i b i l i t y  f o r  recovery from t h i s  s i t u a t i o n  would have been t h e  immedi- 
a te  r e t r a c t i o n  of f l a p s  a t  t h e  moment t h e  aircraft  began t o  p i t c h  down. 
i t  i s  ev iden t  t h a t  human c a p a b i l i t i e s  of percept ion ,  r ecogn i t ion ,  a n a l y s i s ,  and r e -  
a c t i o n  were i n s u f f i c i e n t  i n  t h e  t ime and space r e s t r i c t i o n s  of t h i s  a c c i d e n t  t o  e f f e c t  
recovery.  

However, 

Probable  Cause 

The Board de te rmines  t h a t  t h e  probable  cause of t h i s  a c c i d e n t  was a n  undetected 
a c c r e t i o n  of i c e  on t h e  h o r i z o n t a l  s t a b i l i z e r  which, i n  conjunct ion  wi th  a s p e c i f i c  
a i r s p e e d  and a i r c r a f t  c o n f i g u r a t i o n ,  caused a loss of p i t c h  c o n t r o l .  

Bi TKF: C I V I L  AERONAUTICS BOARD: 

/s/ ALAN 3. BOYD 
Cnairman 

/s/ ROBERT T .  MURFHY 
Vice Chairman 

/s/ CHAN GURNEY 
Member 

/s/ G. JOSEPH MIiIXTTI 
Member 

/ s /  WHITNEY GILLILLAND 
Member 



I n v e s t  ipa t i on  and Hearing 

The C i v i l  Aeronaut ics  Uoard WLS n o t i f i e d  of t h e  a c c i d e n t  on A p r i l  6, 1958, SOOE 
a f t e r  occurrence.  An i n v e s t i g a t i o n  was immediately i n i t i a t e d  i n  accordance w i t h  t h e  
p r o v i s i o n s  of S e c t i o n  702(a ) (2 )  of t h e  C i v i l  Aeronaut ics  Act of  1938, as amended. A 
p u b l i c  h e a r i n g  was ordered  by t h e  Board which was he ld  i n  two s e c t i o n s ,  t h e  f i rs t  i n  
Saginaw, Michigan, June 3 and 4, and t h e  second i n  Washington, D. C . ,  J u l y  8 a r d  9, 
1958. 

I 

A i r  Carrier 

C a p i t a l  A i r l i n e s ,  Inc . ,  was a Delaware co rpora t ion  and maintained i t s  p r i n c i p a l  
o f f i c e s  i n  Washington, D. C .  
and n e c e s s i t y  i s s u e d  by t h e  C i v i l  Aeronaut ics  Board t o  engage i n  t h e  t r a n s p o r t a t i o n  
of persons ,  p rope r ty ,  and mail. 
c e r t i f i c a t e  i s s u e d  by t h e  C i v i l  Aeronaut ics  Adminis t ra t ion .  

The co rpora t ion  he ld  a c e r t i f i c a t e  of p u b l i c  convenience 

It a l s o  possessed a v a l i d  air  c a r r i e r  o p e r a t i n g  

F l i g h t  Pe r sonne l  

Capta in  W i l l i a m  J. H u l l ,  age 43, was employed by C a p i t a l  A i r l i n e s  on A p r i l  9, 
He he ld  a c h r r e n t l y  e f f e c t i v e  airman c e r t i f i c a t e  w i th  a i r l i n e  t r a n s p o r t  and 1941. 

a l l  o t h e r  a p p r o p r i a t e  r a t i n g s .  
1,702 were i n  Viscount  a i r c r a f t .  
amina t ion  March 28, 1958. 
company's check p i l o t  November 30, 1957. 

He had a t o t a l  f l y i n g  t ime of 16,050 hours ,  of which 
He s a t i s f a c t o r i l y  passed h i s  last  CM p h y s i c a l  ex- 

H i s  last semiannual p ro f i c i ency  check was given  by t h e  

F i r s t  O f f i c e r  Earle M. Binkley,  age  27, was employed by t h e  company October 12 ,  
He he ld  a c u r r e n t l y  e f f e c t i v e  airman c e r t i f i c a t e  w i th  commercial, a i r p l a n e  1956. 

s ingle-engine  l a n d ,  and ins t rument  r a t i n g s .  
which 975 were i n  Viscount a i r c r a f t .  
f a c t o r i l y  taken  J u l y  23, 1957. 

He had a t o t a l  of 2,030 f l y i n g  hours ,  of 
H i s  last  CAA p h y s i c a l  examinat ion was satis- 

Hostess  Ruth M. Denecke, age 28, was emp1oye.d by t h e  company July 30, 1954. 
Hostess  Sue Anne Wessell was employed by t h e  company A p r i l  26, 1957. 

The A i r c r a f t  

Viscount  a i r c r a f t ,  model 700 D,  N74.37, was manufactured August 30, 1956, by 
Vickers-Armstrongs, Ltd.  
6MK510 engines .  
Roto l ,  Ltd.  

The a i r c r a f t  was equipped wi th  f o u r  R o l l s  Royce model R.D.A. 
The fou r  p r o p e l l e r s ,  model C .R. 130/4-20-4/12E, were manufactured by 


