
C I V I L  A E R O N A U T I C S  B O A R D  

n i g h t  NO. 5112 of  S e p t ~ ~ b c r  2 9 ,  scheduled bei;l:cen i-louston, pi'cxcis, mxj !(c-,r yo;->: 
I n t e r n a t i o n a l  Ai rpor t ,  wi.th stops st Dil las ,  Texas, aid tJzshington, D. C.,  dep.r:.i;d 
t he  Houston A i r p o r t  a t  2237.  
Leona VOH a t  2305 a t  an a l t i - t u d e  of 15,003 Zet3.t;. 
contact wi th  co:npany radio a t  2367. 

The f l i g h t  rcpo:*t,cd t o  San h i t o n i o  Cents- over. :.hr? 
It thcn  made. i t s  f i n a l  r a d i o  

The probable cause  of t h i s  accident;  was s t r u c t u r a l  f a i l u r e  of the l e f t  d . n g  
resulting from f o r c e s  genera ted  by uiiclvnpcncd propel le r  hOi i* l  mode. 

I n v c s t i p a t i o n  

The F l i g h t  
I_ 
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Flighi;  5’142 r c i p G 1 ’ t e ‘ d  to corpany radi.o :it 2251 :AS bloc!<ir,g out  of ; i o U S t O ; i  a t  
37, t ak ing  o f f  at; 112, t o  c r u i s e  a.t I.5,OCO f e e t  when s o  c l c a r z i ,  csti:;lat,ing ~ 3 i 1 . a ~  
a t  2325, arid t h a t  t h e  Cciiter had this il1for;catioli. 
542 r e p o r t e d  t o  S a n  I?n.tonio Cenicr  as t x i n z  o v a -  G ~ l f  Coast i n t e r sec t . i on  a t  9,003 
fee t .  The f l i g h t  was t h e n  issued i.Ls d e s t i n a t i o n  c lcara-xe  co !Ais X i l a s  iiii.por.i, 
v i a  d i r e c t  t o  Leona, d i r e c t  t o  Trinidad, d i r e c t  t o  Yorney, d i r e c t  t o  Dalliis, t o  
main ta in  15,000 fee t .  

A t  a?;>roxi.r.ntei;; 2?32 iilig>lJb 

Tkle f l i g h t  I T ~ S  c l e a r e d  to c l imb t o  i t s  c r u i s i n g  z l t i t i i i i z .  

The n e x t  t r ansmiss ion  from Plight ,  51~2 IJFLS t o  t h e  Sa? Antonio Center ,  glvl .ng t h e  
t i rne over  Leona as 05’ a t  15,030. 
F l i g h t  542 t o  change over and inonttoi- t he  Fort, Idortin f requency of  120.8 mcs. a t  
t h i s  tj.me. The f l i [ ;h t  acknowledged. 

San Antonio Center acknowledged, and r eques t ed  

S h o r t l y  t h e r e a f t e r  F l i g h t  5112 con tac t ed  conipmy r a d i o  x i t h  a mes-- 
maintenance, adv i s ing  t h a t  t h e  g e ~ ~ e r a t o r s  were then  OK b u t  t h a t  t h e r e  had been 
i n s > i f f i c i e n t  t imc f o r  niaintcnancc t o  i n s u l a t e  t h e  t e rmina l  s t r i p  on !:o. 3 propeller 
a t  Houston and it would like t o  have it done i n  Dallas. 
a l s o  s a i d  i t  would [:i.ve the corrvninication c e n t e r  a Dallas estitnate 03 2 s .  This  
was then  f’ollor~ed by one o t h e r  item f o r  maintencame, which -&as t h a t  ?Io. 3 sump 
pump was i .noperat ive.  This  was the f i n a l  tranr,miss.i.on from the  f l i g ! l t  nnd bias 
logged as completed a t  23O‘i. 

f o r  

At,  t h i s  t.im *,e fl i : ;ht  
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. .  The r o u t e  frorn 'Iou:;i;on Lo Iln?.lns was 60 :iii.les o r  more eas t  of  an x e a  In W~:LC!.I 
n iT. S. \r!eatllcr % r e m  f o r e c a s t s  c a l l e d  for sevcrc thur;derstor.: a c t i v i t y .   or - L I , i s  

r o u t e  t h e  a v i a t i o n  area .forecast,,  i s s x d  a t  lss2 by thc i i .  S. Weathw 5i;-.eaii ;% 
San Antonio, i n d i c z t e d  sca t* t c red  clouC:,s ai; lr,GOO t o  5,000 f ee t  and a brokei: c c i l i n g  
a t  10,000 f e e t  i n  t h e  v i c i n i . t y  of a few i s o l a t e d  d i s s i p a t i n g  c ~ r n d . o n < ~ h s ,  m o s t l ; r  
over  extreme southern  Texas, until 21.00 and broken to s c a t t e r e d  clouds zbove 10,COO 
f e e t  elsetrhere on the routc?. Addi t iona l ly ,  the f o r e c z s t  i n d i c a t e d  t h a t  low s t : -h tus ,  
s c a t t e r e d  t o  broksn a t  1,500 f e e t  w i t h  i t s  tops  a t  5,000 feet d o n g  t he  coas';, vas 
expected t o  sp read  inl.a.nd ,and lower t o  brolten t o  o v e r c a s t  1,000 to 2,000 f e e t  b , ~  
2200 l o c a l l y  800 .to 1,000 feet, o v e r c a s t ;  v i s i b i l i t y  f i v e  miles  in f o g  over i n t e r i o r  
s e c t i o n s  a f t e r  0200 Septexbcr  30, 1959. 

' 

During t h e  ear ly  evening of  Septembcr 29, 1959, w a t h a r  r c p o r t s  shot; t h s t  GV?Y 

s o u t h e a s t e r n  Texas t h e r e  Was generally 1/10 t o  5/10 of  a l t o c m m l u s  clouds L t  1.2,Oi'O 
f e e t ;  6/10 t o  9/1.0 of  c i r r u s  c locds  above 20,000 f e e t ;  a d  a few isolatml d i s s i p a t i n g  
cumulonimbus wi th  bases around 11,000 fee.t. A sinall area of  l o c a l l y  heavy thundcr- - 
storms, which developed ncar San Angelo a t  1500 and moved e a s t - s o u t : i e ~ s t : J ~ r ~ ,  had 
reached t h e  v i c : l n i t y  of K e r r v i l l e  and Fredericksburg,  Texas, by 2200 decrezs ing  t o  
10 t o  1s mi.les i n  diameter  and was d i s s i p a t i n g  i n  t h e  v i c i n i t y  of B l a c o ,  Texss, 
around 2200. A t  2200 s ign i f i . can t ,  bu t  i s o l a t e d ,  radar echoes were r epor t ed  s o u t h e a s t  
of Shreveport ,  Louis iana,  and t h u n d e r s t o r m  :dwe Visi5lc froia Lufkin,  Tesns  . A t  
t h e  same time, 1il:htn.i.ng from the thunderstorm area near n l jnco  bras v i s i b l e  from 
Wac0 and Aust in .  College S t a t i o n ,  Tyler a d  Gregg CounLy wei-e clear xi th v i s i b i l i t y  
15 miles, while 1I011sto:i i-epor.teci only h igh  t h i n  cirrus c louds  abcve 20,000 feet. 
Dallas had sca.ttered cI.o:itls a t  1.2,GOO f e e t  i n  addi t ior ;  t o  t h e  1-1i.gh thin c i r r u s  dcc!;. 
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Witnesses 

A l l  passengers aboard t h e  a l rcyaf t  \ h e n  i t  Liri-ivd a t  Dnllas froni Chicnjo 
as t r i p  61/29 who could be c o n k c t c d  by iel.eplione wcre l a t e r  ques t ioned .  
unusua l  i n c i d s n t s  rdiich coa ld  be d i r c c t l y  re la ted  t o  t h i s  a c c i d e n t  \;ere revealc2. 

No 

Every knom r.rit,ness t h o  e i t h e r  hoard the a j r c r n f t  a t  t h e  t ime o f  d i f f i c c l t j r  
o r  observed t h e  f i r e  in thc :  sky  tias i n t e r r o g a t e d .  Stateinents  were obtairled f'mx 
all who were cons idered  ablt: t o  c o n t r i b u t e  t o  t h e  i n v e s t i g a t i o n .  

Witnesses r epor t ed  1ir;aring v a ~ i o u s  noises  of d i f f e r m t  i n t e n s i t i e s  and cr' 
d i f f e r e n t  pi t,ches. Many 02 thc SOUIlds irere I.il;enec! Lo kno:Yn no i ses  suc11 as ;he 
"clapping of two boards toge the r , "  It t h e  sound of  thunder ,"  " t h e  r o u  of  a j e t  
plane breaking  t h e  sound barri  er, 'I %rhoosing screaming no i se ,  It 
o f  a bulldozer, I1  and l lawf i i l  explos ion .  

Ilcreaking no i se  
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The wreckage 1.72s s t rewn for. a t o t a l  d i s t m c 2  o f  13,90G f e e t  from t h e  f i rs t  
recoverexi item t o  the nose c r a t e r ,  : d t h  SCir.3 l a t e r a l  sprcac! of  t h e  d e 5 r . l ~ ~  due i n  
p a r t  t o  wi i i c l  effect,, t h e  l i g h t e r  p i e c e s  beii)g i:onci-al.ly sas t  ~f t h c  more dense 
ones. 

The d i r e c t i o n  betxeen t h e s e  was 31~1 degraes, magnel;ic. 

Two parts of h igh  dens i ty ,  and t h e r c f w e  sub jzc t ed  t o  only s l i g h t  trajc-ct ,ory 
I d ev ia t ion ,  r e r e  t h e  No. 1 propel le r  and gearbar; p x ! c q z  anli t h e  ?!o. li powerylant.  

A t  t h e  main area, 3.19 miles fron t:ie hi;:hway i n t e r s e c t i o n  i i l  3uff'alo and or1 
a b e a r i n g  of 92.75 degrees  from t h a t  i n t e r s c c i i o n ,  there wsre t h r e e  b a s i c  concentrn- 
t i o n s  of wreckage, one arour-d the nose crater,  one a t  t h e  c e n t e r  s e c t i o n  c r a t e r ,  azd 
one a t  t h e  tail cone. 
d e b r i s .  L igh t  material, such as paper ,  p l a s t i c ,  and i n s u l a t i o n  was found as f a r  
away as a ha l f -mi le  t o  t h e  n o r t h  and northeast , .  

I n  a d d i t i o n ,  t h e r e  ;;as a wide s c a t t e r  of a i rcraf t  p a r t s  m d  

The material a t  and >;est of t h e  nose c r a t e r  vas, wi thou t  except ion,  i d e n t i f i e d  
as f u s e l a g e  and fuse lage-conta ined  conponents from t h e  nose t o  fuselage s t a t i o n  570. 
This  d e b r i s  covered a n  area of abou t  20,000 square fee t  o f  open, plowed ground. 
The nose c r a t e r ,  about  four feet, deep, vas a t  t h e  eas te rnmost  end of  t h e  a rea ,  and 
t h e  f u s e l a g e  rnaterial was fanned out, westward f o r  a d i s t a n c e  o f  200 f e o t .  
mately 90 pcrccn t  of t h e  forward f u s e l a g e  was i n  crushcd s e c t i o n s  of t u o  f ee t  squa re  ' 
or less. 

Approxi- 

The second c o n c c n t r a t i o n  was approximately 200 f e e t  n o r t h e a s t  of t h e  nose c r a t e r  
and in a heavy growth of  s c r u b  oak. 
c e n t e r  s e c t i o n ,  r i g h t  wing f r a p e n t s ,  t h e  ?io. 3 p o w r p l a n t ,  rear cabin  s t r u c t u r e ,  
and components r e l a t e d  t o  t h e s e  p o r t i o n s  of t h e  a i r f r m e .  
h e r e  a t  the t ime o f  impact was 320-340 ciegrecs as i n d i c a t e d  by t ree  breaks  and ground 
furrows. 

The m a t e r i a l  in t h i s  v i c i n i t y  c o n s i s t e d  of t h e  

The d i r e c t i o n  o f  t r a v e l  

The t a i l  s e c t i o n  was l o c a t e d  250 f c c t  north;:es:. or' t h e  ccntcr  s e c t i o n ,  h i t ! ]  the 
ruddcr and e l e v a t o r  c o n t r o l  cables l y j  ng ac ross  t h e  t o p s  of t he  i n t e r v e n i n g  t r e e s .  

The t rees  betwcen t h e  three areas \,rere und i s tu rbed  excep t  a t  l o c a l l  zed p o i n t s  
where l o o s e  objects had passed through the  branciies. 

The cockci  t of  t h c  a i r c r a f t  wa:, almost  t o t a l l y  d m o l i s h z d .  T h o x  p o r t i o n s  
rhich were recovered lime found a t  t!ie bobton: of t h c  c r a h r  made by t h e  n x e  of 



Damage t o  thi! x i r f rme  hzd h e n  so g r c z t  t h a t  no a i r c r a f t  sys.';em, as such, 
surv ived .  
systems components t o  .the c<i..ent, t h i ; t  fu;iction;il. checks : J ~ C  generally ixpossib1.c. 
A s  a result, a c ~ n s i d o ; ~ a b l e  a:lo:;?t o f  t im \.;;IS devoted t o  iden t i fy iq : ,  l i s t i n g  a i d  
descr ib i r ig  t h e  dainaga m c c i v e d  by systems conIponctnts. J t  was deemed x i v i s a b l e  t.0 
d i s a s  seinble c e r t a i n  coiE?o:ients thought  c zpsbl.c of y i e l d i n g  u s e f u l  in f orma-t i on and, 
i n  a few i n s t a n c e s ,  f u n c t i . o n d  checks wrc: possib1.e and were perfomled. 

In adc3~t3.o~; i~iipx L aid f i r e  had destroyed o r  dm,ged inbividuzd- 

'The f o l l o t n n g  a i rc raf t  s y s t e x s  > ; e x  excixtned t o  t h e  e x t e n t  possib1.e: hydrau l i c ,  
e lec t r ica l ,  rad io ,  a i r  conciitioiiing, instrument and a u t o p i l o t ,  c o n t r o l  s u r f a c c  
boos te r ,  a i r  s ta r t ,  f i r e  ex t inguishxent ,  o:cjgen, f u e l  and x y t i - i c i n g .  

No i n d i c a t i o n  o f  o p c a t i o c a l  d i s k r e s s  ims found through ex-mi-nati  on of  t he  
hydrau l i c  and e l c c t r i . c i L  sys.tcrn coz~onents ' .  
had been involved i n  .considerable firs an3 i t  was disrnaitled t o  pcr i2i t  inspecti .on 
of t h e  brake assmbly. 
expected 'from c:ccessive brnlcing act.:i.on. 

T k  l e f t  i n b o u d  1i;ai.n h :d i f ig  l d l e i i  

140 abnormal h e a t  p t t e r n s  were no-ted such as n i g h t  be 

Evamination of  

No. 1 V I P  
NO. 2 VliF 

No. 1 VfW 
xo. 2 VIIF 

No. 1 VIIF 
No. 2 V;IF 

No evidence of  f i r e  o r  ove rhea t ing  was noted  dur ing  i n s p e c t i o n  o f  t h e  
recovered  r a d i o  con~;?onents, a l l  of  which had scfi'cred ex tans ive  h i p a c t  daniage. 

t r a n s r r i t t e r s  and r e c L i v c r s  r evea led  t h e  fo1:Lowing e s t i m t e d  se ttir,'il;s: 



- 7 -  

The l o a d  s(, i , : ;or vas S U ~ S C ~ U C ~ ~ ~ ~ Y  exarni.ned by t h e  fu'a.t.ioniL 13ireau of Si rxdx-ds  . 

whose r e p o r t ,  str:t.!::;, i n  part, "'i'he hreak in t h e  s t r anded  wire i n  t112 se::ssr wit 
was probably  causatl by several c y c l e s  of r e v e r s e d  bending, :rather t,hm by a s ingle  
t e n s i l e  o r  bendi.ng load .  I f  .'--... ~.~ 

The l e f t  a i r  compressor ns:;cmbly gf t h e  a i r  start system was rscovered at t h e  
l e f t  wing impact s i t e .  
r e s i d u e  remained rrhich r e a d i l y  ljrolta 'and f lakad  army when t h e  assembly 1:;~s .=er?,oved 
for  shipment.  
no evidence of f i r e .  
nacelle and s t i l l  r e t a i n e d  an  a i r  charge of unlcnor..n anount, which was relcased as a 
safety measure before reinoval of t h e  wreckage. 
a l s o  recovered.  
It  was s1 i l ;h t ly  dented 
was no evidence  of f i r e .  

The compressor had been consumed by f i r e ;  only  an asn 

The r i g h t  conipressor assembly was deaol i shed  by impact but shc;,xl 
Both o r  t h e  r igh t  air  b o t t l e s  remained i n t a c t ,  in t he  Xo. 4 

Both of  t h e  l e f t  air b o t t l e s  \:we 

Tkzri: 
The second b o t t l e  was still i n  p o s i t i o n  i n  No. 1 n a c e l l e ,  

One was found s e p a r a t e d  from t h e  ifring s t r u c t u r e  a t  t h e  i n p a c t  s i t e ,  
t h e  air l i n e s  had been t o r n  o f f  a t  t h e  f l anges .  

The f i r e  b o t t l e s  of t h e  No. 3 n a c e l l e  had n o t  been d ischarged  e lec t r ica l ly  
b u t  t h e y  had boen brolceii by i ~ n p a c t  f o r c e s  and conta incd  no ext ingui .shing agent,. 
The b o t t l e s  from t h e  No. 2 nacelle had been involved  i n  f i r e  and both  dischai-ge 

These were  exanlined by t h e  manufacturer who concluded 
that  t h e  outboard u n i t  probably was d ischarged  as a result of thermal  d i scha rge  of 
t h e  a c t u a t i n g  c a r t r i d g e  and t h a t  t h e  inboa rd  c n i t  w a s  d i scharged  through t h e  
safety d i s c  by excess ive  pressure r e s u l t i n g  f rox  t h e  f i r e ,  t h e  a c t u a t i n g  c a r t r i d g r -  
be ing  subsequent ly  d ischarged  by a c t i o n  of the f i r e .  
of t h e  ex t ingu i sh ing  system were recovered  and t h e i r  intcrncr l  p o r t i n g  was determined 
t o  have been nori;ial. 

. heads had been f i r e d .  

Both r o t a r y  s e l e c t o r  i r s l ves  
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Powerpl ant s 
-_I_ 

1. O i l  syslernr, f o r  s i g n i f i c a n t  colita11l:ination. 

2.  P r o p c l l c r  rcc1uction geai' and accessory d r i v a  systems for gca r  anti/or 
b c a r i n e  f a i l u r e s .  

3. Torqiiemc Lers  for r o t a t i o n a l  interference, 

4. Power scc ti  on i-oio:*s f ' o ~  ovc:1.-t,i.mi~ci.at~ir~ i c d i c s t i o n s ,  bLnr in,; f a i lu re s  
' o r  r o t o r  f s i l u r c s .  

5.  Fuel purnps and f u o l  controls .fo:, f a i l u re s .  
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The l o > . w  i f L ~ ~ k i i . i g  inboard o f  wing s t a t i o n  No 137 showed L=v-ici;lnce o f  u p w r d  
bendin,,: 1d.t.h the  bending being  s l i g h t  i n  t h e  area of  t h e  No. 1 p l . d <  and being 
p r o g r e s s i v e l y  more pronounced toward planks ~dos.  8 and 9 .  

The l o v c r  planlci.ng s t i f f e n e r s  >:ere w x r e l y  cc lmn-buckJed  a t  e-vsry bay f r o n  
pl.anlc LJo. 1 t o  Xo. 9 .  T h e  rear  plank wis I'SI' shaped, be ing  h o r i z o n t a l  frox x i n g  
s t a t i o n  NG. 65 t o  approximately wing s t a t i o n  N O .  75,  c u r l i n g  shsrpI.y upxard 
through wing st,,ztion L!o. 85, and t u r n i n g  dorm t o  h o r i z o n t a l  a t  zppi-oximately wing 
s t a t i o n  iJo. 90. 

The upper p l ank ing  p i e c e s  i n  t h e  No. 2 t ank  area were, i n  gena ra l ,  jaggedly 
r e c t a n g u l a r  wi th  t h e  l o n g  dinlension spanwise. 
br idged a r i b  cap, and thoso which d i d  u s u a l l y  conta ined  a p l a i k  1a.p j o i n t .  
plank ?!o. 9 from wing s t a t i o n  !lo. 75 t o  wing s t a t i o n  No. 101 showed t h e  s m a  Itstt 
shape as d i d  t h e  lower p l ank  b u t  t o  a less pronounced degree. I n  c o n t r a s t  wit11 t h e  
lower p lank ing  t h e  s t i f f e n e r s  of t h e  upper planks had s e p a r a t e d  a long  o r  very c l o s e  

O n l y  a few p i e c e s  of  p l ank ing  
Upper 

( 3 t h e  r a d i i .  

The f r a c t u r e  f a c e s  of  lower bring plank No. 3 at wine s t a t i o n  No. 65 l e f t ,  
showed evidence of  hr;vi.ng r e c o n t a c t e d  each o the r  a f t e r  t h e  f r a c t u r e  occurred.  
Wicroscopic examination d i s c l o s e d  at l e a s t  t h r e e  c y c l e s  of  r e c o n t a c t .  Two o f  
t h e s e  were evidenced by c o n t a c t  s c r a t c h e s ;  t h e  t h i r d  by a z i n c  chromate d e p o s i t ,  

The IJing s t a t i o n  No. 83 c l o s i n g  r i b  of t h e  l e f t  l e a d i n g  edge conta ined  metal- 
to-metal  s c r a t c h e s  a t  n ine  p o i n t s .  
microscopic  examination showed t h r e e  t o  four changes of  d i r e c t i o n  a t  t h r e e  
d i f f e r e n t  points. 

These marks were predominant ly  v e r t i c a l ,  but  

S u b s t a n t i a l l y  t h e  e n t i r e  s e c t i o n  of t h e  l e f t  wing that; f e l l  separn-Le from t h e  
a i rcraf t  showed evidence or" vary ing  f i r e  damage. 
lower pl,m!cing o f  t he  No. 2 fuel  t a n k  was of a random conr^iguratio;i  such t h a t  one 
piece or s e c t i o n  wonld e x h i b i t  severe exposure t o  f i r e  or h e a t  w h c x a s  i t s  na t ing  
p i e c e  wouM n o t .  The z i n c  chromate i n  s e c t i o n s  of t h c  i7,aps a f t  of and i-nboard of 
t h e  No. 2 n a c e l l e  and i n  s e c t i o n s  of t h e  f i l l e t  a r e a  b e h x n  wing m d  f-iselcize haci 
been b r o m e d  by exposure t o  heat ;  however, t h e  p a t t e r n s  once aga in  I J Z ~ ~  rando:n and 
showed lack of contAnuit,y. 
o f  wing l e n J i n / ;  cr!i;c. 
r e t r a c t c d  p o s i t i o n .  

The f i r e  p a t t e r n  on t h e  upper and 

This same gencral. f i r e  pa t te rn  was evidcnL O i l  p i e c e s  
The l e f t  win[{ fl.np jack sei-ews ):ere found i n  -;he f u l l y  
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The forward a:LI,nch ::rea o f  Lht: i!o. 1 Q5; uppm i.nboa.rd lonp:-or? shoxed a 
t e n s i o n  f a i l u r e  fol.1 owcd bjr recon-tar: t. of t h c  fi*zicture f a c e s  a u r i n g  a r:ould-be 
compression load .  

The e l e c t r j c a l  connec-Lors and t h i r  vnri.n[; a t  t h e  No. 1 n a c e l l e  f i rewal l  :;<:re 
fa i led  i n  mu1tipl.e directions of bend:i ng. 

Inden ta t ions  were found -i.n the  nnce1l.e shroud r d ~ i c h  were msde by the  anti - 
swirl assenib1.y clamp, partAcu1arl.y i n  -the area of  the c l m p  b o l t s .  There were 
i n d i c a t i o n s  here o€ not l e s s  .than sevcn contnct,:; of' t h e  lxsses  wi t11  t h e  n a c e l l e .  
There were due) mul.ti;-lls clariI13 marlts around .tile s h r o u d  biit l e s s  pronouiiceci thnr, 
those  a t  t h e  clanq) spl  i t , - l i nc .  

All pane1.s and s t r u c t u r e  of t h e  No. 2 QEC anti n a c e l l e  were acconnted f o r  arid 
inc luded  the l and ing  gear  door and :;tal*ter compressor sect i .on.  This e n t i r e  s e c t i c n  
wi th  t h e  excepti .on of  t h e  outbonrd : ; tarter C C J ~ ~ I ' ~ S S ~ Y  hous-i.nz sliowe:! evidcnce of 
having bocri sub j o c t d  to f i r e  and i i c c ~ t  orpos-~:ri:.  
aluminum d e p o s i t s  wss found i,hrou[:hoii t, thi. nncc1l.c art?a; however, r,o:ie o f  the 
dep0si.t; s h o ~ ~ c d  cvi.doncc: of  haviiip; b m n  bl.oi:-n b;; x i  rij.rstr::;m. . 

A c o n s l d w a b l o  m o m t  o f  mol.ten 
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f o r  t h c  mo;;t part, was roducod t o  crushed rubb le .  
recovcred '  arid i d c n t i f i o b l e  
o r  soo t .  

A thor0ui.h e x a d n a t i o n  of t'ne 
p a r t s  f1.m t h i s  arca showed no evidence of' h s a t ,  f irs ,  

The rear  fuselage, t h e  c c n t e r  s e c t i o n ,  i nc lud ing  t h e  r i g h t  uing-Co-c:il:g s tc t icJn  
Mo. 320, and. t h c ;  re:.c pcji-.t83.m of 30.  3 en,{in.=. s t r u c k  t h a  g.rom-d w.;.th gre:..t fo rce .  
Tho roar h i i , f *  i;f t h o  1 o w c ; r  ccn.Lw sccLioii p1:tnlcLng r~r!~&id i n t c , c t ,  'I'he TOST, 01' 
t h e  c e n t e r  s e c t i o n  box area was reclucad t o  hand-sizsd f r c p e n t s .  The p l m k i n g  ~ n d  
f r o n t  spar of the: r i g h t  wing stub were s h a t t e r e d  wi th  only the  lower plrin,l:ing 
material xi:icilinin:; in l a r g e  s e c t i o n s .  
t r i b u t e d  ovcr  a wide a : ' ~ t ~  but  t h e  i.ndiv':iJual panels were r e l a t i v e l y  f r e e  of severe  
impact, na rks  and  c rush ing  e f f e c t .  
r i g h t  s i d e  of t h e  fuse!.ap, in t h e  c e n t e r  secti .cn,  r i g h t  wing s tub ,  o r  t h e  i n t e r i o r  
of t h e  f u s e l a g e .  

The f u s e l a g e  s i d e  and t o p  pzrincls were d i s -  

There was no evidence of f i r e  01- soot  on t i le 

The e x t e r i o r  swface:; of t h e  l e f t  f u s e l a g e  paie1.s revozled  cGnsider&ble eviiioncc 
of i n f l i g h t  f i r e  e f f ec t s .  
l e f t  s i d e  a f t  of  f u s e l a g e  s t a t i o n  No. 659 had been su r faca  d i s t o r t e d  in tht:  f o m  
of interseci ; i .ng , t r e n c h e s  and v a r i a b l e  s i z e  r e c t a n g u l a r  r a i s e d  areas o r  i s l a n d s .  
The s e v e r i t y  of  t h e  wixdow d i s t o r t i o n  inc reased  p rogres s ive ly  toward t h e  aft end of 
t h e  fuse l age .  Th i s  t y p s  of 3 u r f a c e . d i s t o r t i o n  i s  a co:mon c h a r a c t e r i s t i c  of t h i s  
p l a s t i c  when i t  i s  exposed t o  above n o i m l  heat j -ng e f f e c t s  e i t h e r  by d i r e c t  f lame 
impingement o r  by r a d i a t e d  h e a t .  
t empera ture  a r e  a l l  v a r i a b l e s  which w i l l  cause d i s t o r . t i o n  p a t t e r n  changes,  i . e . ,  
depth  of t r ench ing ,  s i z e  of i s l a n d s ,  snd dagree  of edge roughness.  

The b i z x i a l l y  s t r e t c h e d  p l e x i g l a s s  cabin  windows on t h e  

The exposure t h e ,  type  of h e a t  and a p p l i e d  

Lockheod A i r c r a f t  Corpora t ion  conducted t e s t s  t o  a t tempt  t o  determine t h e  na tu ru  
of c o n t r o l l e d  v a r i a b l e s  which would cause 'similar type  of d i s t o r t i o n  of p l e x i g l a s s  
samples as evidcnced by t h e  fuse l age  windows. 
l a b o r a t o r y  t e s t s  and observed h e a t  e f f e c t s  on t h e  a i r p l a n e  was achieved in s c v e r a l  
i n s t a n c e s ;  howevcr, it i s  noted  t h a t  t h e  c a n t r o l l e d  t e s t  cond i t ion  d i d  not  neccs- 
s a r i l y  r e p r e s e n t  t h e  e x i s t i n g  a i r b o r n e  c o n d i t i o n s  at ' t he  t h e  of o c c u n a n c e .  The 
fo l lowing  i s  a quoted s ~ m a r y  of Lockheed's Report  No. U+,281, da ted  2/15/60: 

Reasonable c o r r e l a t i o n  between 

'' 

111. The su r face  h e a t  e f fec ts  observed on t h e  cab in  windows were caused by 
f lame impingement r a t h e r  t han  by r a d i a t e d  hea t .  

112, , Time d u r a t i o n  of t h e  h e a t  eqosui 'o  on window No. 18 was between 6 and 
10 seconds. 

113. The f law tempera ture  in t h e  r eg ion  of window No. 18 was a p p r o x j m t e l y  
2, OOOOF. " 



One o t h e r  n a t t e r  shoil.tl. bo  mnt,ic;r.ed. Gn t h e  ground a t  I!ouston and s h o r t l y  
before d e p a r t u r e ,  F i r s t  Off icer  1!0 l l~~. :C! .  r c ; z . z h x i  t o  a representat ive of t h e  engine 
manufacturer  (Allj.son-Genorii1 14otor.s) , Vkis :.b?.rcf t .!,rim up funnjr. If There wzs 
no fur ther  d i s c u s s i o n  on t h e  irittcjr nor  I J ; ~  i t  m d e  ai i-i;c;n of r eco rd  i n  t h e  aiy- 
c ra f t ' s  logbook. 
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(~ Braniff  Ai rways  accepted d e l i v e r y  of t h e  a i r c r a f t  a t  t h e  f a c t o r y ,  Burbank, 

C a l i f o m i s ,  cn %pteiC<[JC!!l. 18, 1951. jAccep tmce  hzd been preceded by a t o t a l  of 
t h r e e  prodvc1,ion t s s t .  f l i g h t s  L I : ~  one x c e p t , m 1 ~ e  flight. 

IJpon arrival of !! 170% at; tkie G r m i f : '  Airways Base a t  Callas,  T B X ~ S ,  an accept -  

A f t e r  t h e  Lccoptance i r i spec t ion  N 9'/05c 
ance ins?esi,.:Lcjn W ~ S  c<jr\duCted inco rpora t ing  t h e  oyerF.tions of Nos. I, 2 ,  3 and 4 
rraintcnance m d  in:;;;action procedures .  
cpera ted  app~-oximate:ly 122 hours i n  scheduled t r n i n i i i g  f l i g h t  ( t o t a l  tkna  wzs 
132 hours  and 33 minu tes ) ;  therefore  t h e  f i rs t  o r  No. 1 inspeci;ion due: at 205 hours  
had n o t  been perforiix.d. A s  a resu1.t on2.y praf l igh i ;  s e r v i c e  checks LTC! ncliiroutine 
i t ems  were accorr,pl.isi.;ed du r iqg  t h e  t e n  days of ope ra t ion .  

The only areas of chronic  d i f f i c d l l c s  v i t h  N 9705: u p p c a r d  t o  have been with 
t h e  r a d i o ,  naviga t iGca1  equipment a n d  t h e  gene ra to r  m l f ' u i c t i o n i n g  durir ,g Lhe last 
few f l i g h t s .  T h i s  l a t t e r  gene ra to r  r r i l func t ion ing  wzs r epor t ed  t o  have b e m  cor rec t ed .  

S e v e r a l  i n c i d e n t s  t o  o t h e r  E l e c t r a s  were investi.gai;ed. These c o n s i s t e d  of: ( 2 )  
p o s s i b i l i t y  of excess ive  fuel.  t m k  p r e s s u r e s ;  ( b )  review of a r e p o r t  concerning a 
l a i d i n g  g e a r  t i r e  f a i l u r a  c a w e d  by exce:jsive brake  tempera tures  t h a t  r e s u l t e d  i n  an 
oxplosion of t h e  t i r e  zpproxircately 30 minutes  a f te r  t d w o f f .  Th i s  caused excess ive  
darnage. t o  t h e  n n c c l l e  s . t r u c t u r e s ;  ( c )  l o s s  of an in t e rmed ia t e  t a i l  p i p e  cover  in 

( l i g h t ;  (d )  review of s t a r t e r .  bottle co:apressor d i f f i c u l t i e s .  (Th i s  l a s t  i t em kas 
m e n  a ch ron ic  d i f f i c u l t y  f l . cs twise  and t h s  I!o. 2 coxprossor  in t h e  No. 3 n b c e l l e  
had been de -ac t iva t ed  i n  N 9705C ai; t h e  D n l l s s  TermLml some two hours  p r i m  t o  t h e  
f i n a l  f l i g h t ) ;  and ( e )  a n  over-all.  genei.al moni tor ing  of L-188 d i f f i c u l t i e s  f o r  any 
c o r r e l a t i o n  wi th  t h c  findings t o  d a t e .  

A11 areas i n v e s t i g a t e d  r e s u l t e d  i n  nega t ive  f i n d i n g s .  All squawk i t ems  dur ing  -* 

f a c t o r y  f l i g h t  t e s t s  wore s igned  off as co r rec t ed .  A l l  maintenance items on t!i::Ls 
a i r c r a f t ,  i nc lud ing  sll chocks and i n s p e c t i o n s  as w e l l  as  c o r r e c t i o n  of a l l  i tems  
p e r t a i n i n g  t o  a i r w o r t h i n e s s  appear ing  i n  t h e  f l i g h t  l o g  (squawks) had, accord ing  
t o  cornpmy reco rds ,  bcan comp3.ied with by ' a raniff  personnel  i n  f u l l  accordance wi th  
p re sc r ibed  anti approvod methods. 

B r a n i f f  Airways :iEiritain:j a s p e c i a l  t e c h i c 3 1  group t o  nionitor t h e  Lockheed 
L-188 ope ra t ion .  
v i d u a l  a i r c r a f t  chro:iolofiicd records .  j!o s i g r i i f i c a n t  e n t r i e s  were found. 

A f o l d o r  i s  kept f o r  cach i i i i 'crdf t  as a ifieclns f o r  keeping i n d i -  
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Crash I n j u r y  Rescnrck 

Traumatic  injuries t,o occupxi t s ,  som of ul:cm had fallen f r c e  of t h e  a i r c r a f t ,  
were scve rc  mci oxti.n:;iv;: a n d  v i t h  much n i u t i l a t i  on. 

Examination of tissuc: f o r  c icbon monoxide level \.!g:j m d e  f'rorn n i n c  b d i e s ,  one 
of which was that of F i r s t  O f f i c e r  i~01l~we1.1. It a d  seven o t h e r s  showed czrbosy-.  
hemoglobin 
opinion i s  t h a t  this i.s not an .inctipaci:,ntirig q w n t i 1 . y .  @ne of t h e  n ine  showcd a 
13 percen t  concent;:.citio:i, i..ncli.catin:: po:::;i t.jle <.iih:~l:;i~.fin of' sr i io!~~ laden  air prior 
t o  dea th .  

saturat , ion of' the  h l c ; ~ d  and t i s s u e  a.1; less than  ten perccn t .  ?4ec?icul 
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o p e r n t i n ~  i n  t h e  c l e a r  a t  t h e  t ime of t h e  a c c i d e n t ,  w e l l  removed f r o 3  t h e  c l o v c s t  
s i g n i f i c a n t  corivcct,ive a c t i v i t y ;  and t h s  necessary  me teo ro lcg ica l  parpimeters f o r  
t h e  f o r m t i o n  of c l e a r  a5.r tu rbu lence  were no t  p re sen t  ( i . e . ,  v e r t i c a l  o r  h o r i -  
zon ta l  wind ::hear, s t r o n g  j e t  s t ream, sharp  lipper t rough) .  The s u b j e c t  of p i l o t  
and f l i g l i t  enf;inoer coiopetmce cannot be considerod a f a c t o r ,  for a l l  t h r e e  were 
w e l l  qua l . i f icd  and experienced airmer, dc:;pi.te havir,g l e s s  than  100 hours  i n  
E l e c t r h s .  ?;lscj, the pass ib i .Q. i ty  ci' crud i n c z p w i t  s t i o n ,  zvcn i n  s r d l  degree, by 
m y  t o x i c i t y  i s  \.ii,.thout f'o&ciat.icn m d  is not even suspected. 
was virtuc~1.1y ncw and had not  meded hpprec iab le  , m i n t e n m c e  w w k ;  t ha t  which had 
been nccoiapli shod had been : j i e n d  o f f  i n  accordance 'with estab3 i:;hcd p r a c t i c e s .  
C o l l i s i o n  o r  t h r w t e n c d  c o l l i s i o n  with cmother aircraft or object, has  t e e n '  r u l e d  
out  and t h e  f l i g h t  was be ing  Ravigated proper ly .  

T ~ O  a i r c r n f t  i t s e l f  

Laywitnesses  are o f t e n  i n  e r r o r ,  p a r t i c u l a r l y  i n  t h e i . r  a t t empt s  t o  recount  
t ime l a p s e s ,  t h e  exac t  sequence of cven t s ,  o r  a l t i t u d e s .  It i s  d i f f i c u l t ,  even ' 

t o  a t r a i n e d  observer ,  t o  r e c a l l  r c c u r a t e l y  t h e  o rde r  of ,an unan t i c ipa t ed  r a p i d  
success ion  of events .  There Ss i n  t h i s  acc iden t ,  however, one cond i t ion  which 
fixes t h e  sequence and e s t a b l i s h e s  t o  soae e x t e n t  a t h e  boundary between two 
i m p o r t a t  e lements  of observa t ion :  (I) t h e  sound, v a r i o u s l y  desc r ibed  as " j e t  
n o i s e ,  I t  ltlow f l y i n g  t i i r c r a f t ,  I t  Ilunsynchronieed motor," aqd ( 2 )  t h e  observe t ion  as 
IIa l a r g e  orange bal l .  of f i re . I l  S i x  wi tnesses  were indoors  when s t a r t l e d  by a noise  
of s d f i c i e n t  i n t e n s i t y  t o  g e t  them t o  look  o r  go ou t s ide .  

C e r t a i n l y ,  some of t h e i r  obse rva t i ens  cannot be  r e c o n c i l e d  such as t h e  whi te  
l i g h t  seen  by one wi tness ;  no r  do  t h e  va r ious  t imes  between even t s  check out w i t h  
any high  degree  of accuracy.  
heard  a n o i s e  which was fo l lowed by a b a l l  of f i r e .  

However, a l l  of t h e  witnesses who were indoors  first 

S e v e r a l  w i tnes ses  gave reasonably good d e s c r i p t i o n s  of o b j a c t s  s i l h o u e t t e d  
between them and t h e  b a l l  of f i r e .  T h i s  information c o r r e l a t e d  well  t o  f i x  t h e  
geographic  p o s i t i o n  and an approximate a l t i t u d e  band f o r  t h e  f i r e b a l l .  
p l o t t e d ,  t h e  a l t i t u d e s  of s i g h t i n g  v a r i e d  from 17,000 f e e t  t o  about  24,000 f a e t .  
Whi l e ' t ho  v a r i a t i o n  he re  i s  wide, it does i n d i c a t e  t h a t  t h e  f k e b a 1 . 1  was a t  h igh  
a l t i t u d e  and probably no lower than  t h e  15,000 f e e t  reported on t h e  r a d i o  by t h e  
crew. 

Vhen . 

Using a speed of sound of 1,080 fce t  p e r  second, which i s  t h e  s tandard-day 
average between sea l e v e l  and 15,000 f o e t ,  it can be shown t h a t  from a simultaneous 
n o i s e  axid l i g h t  at 15,000 f e e t ,  an observer  d i r e c t l y  below womld h e a r  t h e  sound 
about  11: seconds af ter  see ing  t h e  l i g h t .  
h e a r  t h e  sound f o r  an a d d i t i o n a l  six seconds.  
even s t r o n g  winds will mako only n e g l i g i b l e  d i f fe rences  in t ime.)  
t i n u i n g  noise ,  t h e n ,  had t o  occur  U, o r  more seconds p r i o r  t o  t h e  appearance of t h e  
f i r e b a l l ,  p l u s  t h e  time i n t e r v a l  between t h e  wi tnes s  obse rva t ions  of n o i s e  and l i g h t .  

An observer  three miles away would no t  

The loud  con- 
(Normal temperatlrre v a r i a t i o n s  and 

Ana lys i s  of t h e  wi tnes s  s t a t cmen t s  shows t h a t  t h e  informat ion  provldcd by a 
ma jo r i ty  of tho  wi tnes ses  i s  reasonsbly  c o n s i s t e n t .  The average t5ne  from noise  
( a t  t h o  s n ~ r c e )  t o  t h e  appearance of thc  b a l l  0:' f i r e  was in t h e  o rde r  of 33 seconds,  
wi th  t h o  i n r g o s t  var . ia t ion  from t h e  averagi: being about e i g h t  second:;. 

The w i t n e s w s  who saw t h e  f i i - e b n l l  from i ncep t ion  ag ree  t h a t  t h e r e  was no pro- 
longed f i r e ,  buL r a t h e r  a small one which grew qu ick ly  i n t o  a l a r g e  orange of r e d  
ball and t h c n  disappeared i n  a few seconds. Severd.  w i tnes ses  observed t h a t  j u s t  



Under P o w e r p l m ~ - ~  ment,i.on w a ~  made of t h e r e  being no evidence of overspeeding. 
However, i n  vi.ew of the t o l e r a n c e  of both tho  engine :uid p r o p e l l e r  t o  overspeeding 
before  m y  physical.  evidence develop::, 20 percent  and 53 pe rcen t ,  r e s p e c t i v e l y ,  
l a c k  of' t h i s  evidence doe:.; no t  permit  concl.uding an  over:;peed of a. l e s s e r  amowit d i d  
not  occur.  IIowovc?~', i t ,  i s  d1 . f f i cu l t  t o  project .  :m overspeed as such j n t o  an  
acc iden t  of t h i s  k ind.  
poll .er  des ign  t o  protecl ;  ng:aj.nsL overspeeding and/or high drag:  
overspeed governoi-, (2 )  neg:itive t o r q u e  signal, (3)  s a f e t y  coupl ing ,  ( 4 )  hydral i l ic  
and mechrmicul l o w  p i t c h  S t q J 3 ,  (5 ; )  b e t a  fol lowup,  mid (6)  p i t c h  lock .  These 
features, some of which funct j -on e n t i r e l y  independentl.y, provide ri iult iple pi-otec- 
t i o n  a g a i n s t  powerplant induced d rag  of a degree which would present,  a i r p l a n e  
c o n t r o l  o r  s t r u c t r i r n l  loading  problems. 

The fol3.owing dev ices  ni*e incorpora ted  in t h e  engi.ne pro-  
(1) f u e l  c o n t r o l  

Also,  under p o w e r p l m t s  t h e r e  i s  men t ion  of p o s s i b l e  emergency procedures  
having been used on No. 3 powerpImt .  IIowever, t h e  evidence I n d i c a t i n g  t h a t  
emergency a c t i o n  may have been tnkeri w i t h  r e s p e c t  t o  K O .  3 powerplant i s  not  sup- 
por ted  by t h e  phyaicn l  contli.tion of t h e  eng.ine and p r o p o l l e r .  
was tho l u s t  t o  s e p a r a t e  from t h e  a i r p h n e ,  po:::;ibl.y a t  con tac t  * ~ i t h  t h e  grocad. 
That the o i l  shutof f  va lve  W R S  on1.y pn.rtial1.y c losed  i n d i c a t e s  t h e  Gperation was 
p r o m t w w l y  tormi.natetl, nlost Tikc:ly by a 1.0:;s of o1ectr.i c a l  power. 
t h a t  emergency rtct:i on wi th  resi>f:(:t t o  th1.s cn(;ine was i n i t i a t e d  just p r i o r  t o  o r  
dur ing  bredcup by oi.Lhcr t,ho CI'CL! 01' by ac.tSuaticn of' t h e  c o n t r o l  d u o  t o  d i s r u p t i o n  
by t h e  a i r p l a n e  broakup. 
acc ident  i s  no t  discernible. 

T h i s  powerplant 

I t  appears  

Any sign.i.Tlciuice of t.ho:;o val.ves wi th  r e s p c c t  t o  t h e  
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through the,  engino o t r u c t u r o  caus ing  g y r a t i o n s  of t h e  rear of t h e  engine w i t h h  
t h o  conf ineo  of tho  ad jacen t  s h r o u d h e  and duc t ing .  Sepa ra t ion  a t  t h e  a i r  i n l e t  
and cornpressor case  junc t ion  occurred in an upward and s l i g h t l y  t o  t h e  l e f t  d i -  
r c c t i o n  wi th  t h e  forward p o r t i o n  a l s o  r o t a t i n g  clockwise about a c e n t e r  f i v e  t o  
six i nches  ou t s ido  t h o  b o l t  c i r c l e  pos i t i oned  r a d i a l l y  about t h e  1 2 : O O  o lc lock  
po3tSon. 

amy ovidencc of r c p c t i t i v o  r o l t i t i v o  motion as s e p a r a t i o n  occurred.  The load ing  
necessary  t o  brjnp: about  t h j a  sopara tJon  could have occurred only a f t e r  t h e  QZC 
structural i n t e g r i t y  was d i s r u p t e d ,  rind p rope l l e r -gene ra t ed  l o a d s  t h a t  were intended 
t o  be absorbed by t h o  Lord mounts whjch support  t h e  r educ t ion  g e a r  assembly were 
i n s t e a d  t r a n s m i t t e d  rearward through t h e  i n t a c t  engine s t ructure .  

T h i s  oepnra t ion  occurred by t e n s i o n  f a i l u r e s  of t h e  l /4  - 28 cop crews 
' and p u l l o u t  of t h e  5/16 - 2.4 i n s e r t s .  A s t u d y  of t h i s  separation failed t o  r e v e a l  

I n t e r f e r e n c e  of t h e  first stage compressor b l ades  wi th  t h e  a i r  inlet  housing 
occurred on t h e  No. 1 engine of t h i s  a i r c r a f t  and on t h e  Nos. 1 and 4 engines  of 
t h e  E l e c t r a  .Snvolved i n  t h e  acc iden t  a t  Cannel ton,  Ind iana .  There was s e p a r a t i o n  
i n  f l i g h t  of some p o r t i o n  of t h e s e  t h r e e  engines .  
cannot be acccpted as c o i n c i d e n t a l  s i n c e  l i k e  circumstances p r e v a i l e d  i n  each case, 
It i s  be l i eved  t h i s  r o t a t i o n a l  i n t e r f e r e n c e  was caused by a i r  in le t ,  ca se  d e f l e c t i o n  
due t o  a b n o r m l  loads  being a p p l i e d  thrdugh t h e  engine torquemeter  housing and struts, 
Furthermore,  t h e s e  abnoma1  loads  fol lowed d i s r u p t i o n  of t h e  engine suppor t ing  
structure such t h a t  l o a d s  normally taken  out by t h e  f o m a r d  QEC Lord mounts and 
structure were, i n s t e a d ,  imposed on t h e  engine s t r u c t i r e .  It fo l lows  t h a t  t h e  b a s i c  
engine s t r u c t u r e  forward of t h e  cornpressor must have been i n t a c t  i n  o rde r  t o  t r a n s -  
m i t  prope3.ler genera ted  case  d i s t o r t i n g  loads .  
engine s t r u c t u r e  i s  m a t e r i a l l y  g r e a t e r  t han  t h a t  r equ i r ed  by t h e  C i v i l  A i r  Regula- 
t i o n s  f o r  i t s  suppor t ing  s t r u c t u r e .  T h i s  sugges ts  t h a t  s t r u c t u r a l  damage due t o  . 
overloads by whatever meals would be confined i n i t i a l l y  t o  t h e  suppor t ing  s t r u c t u r e .  
Thus, t h o  previous  conclus ion  t h a t  engine suppor t ing  s t r u c t u r e  d i s r u p t i o n  preceded 
t h e  engine s t r u c t u r e  d m g e  i s  f u r t h e r  s u b s t a n t i a t e d .  

These s h i . l n r  c i rcumstances 

The des ign  s t r e n g t h  of t h e  b a s i c  

No. 1 p r o p e l l o r  blado angle and markings on t h o  load  s i d e  of the  cornpressor 
ex tens ion  and s t u b  s h a f t s '  s p l i n e s  i n d i c a t e  power was be ing  produced when t h e  
s e p a r a t i o n  occurred.  

As s t a t o d  under l n v o a t i g a t i o n  no i n d i c a t i o n  of o p e r a t i o n a l  d i s t r e s s  was found 
through examination of t h e  h y d r a u l i c  and e l ec t r i ca l  system components. 
Examination of t h e  r a d i o  t r a n s m i t t e r s  and r e c e i v e r s  r evea led  no s i g n  of mal- 
func t ion ing ,  

Damage t o  t h e  c o n t r o l  s u r f a c e  b o o s t e r s  precluded es tab l i shment  of  boos t e r  
s e l e c t i o n ,  i . 0 . :  f1On" o r  t l O f f f t  o r  whothor t h e  a u t o p i l o t  had been in ope ra t ion  
p r i o r  t o  t h e  breakup of t h e  a i rcraf t .  
load senso r  probably f a i l o d  as t h e  result of a few ( p o s s i b l y  t h r e e  o r  f o u r )  cyc los  
of reversed  bonding, i t  1s not  known whether t h e  f a i l u r e  occurred p r i o r  t o  o r  US 

a result of t h o  acc iden t .  It  may well  have broken dur ing  t h o  Vio len t  shaking which 
could have proccded t h o  infli[;ht broakup. If t h o  f a i l w e  e x i s t e d  i n  f l i g h t  arid t h e  
aircrrift were being flown on u u t o p l l o t  t h o  tiutvrrlatjc o lova to r  t r i i n  f e a t u r e  would ba 
i n o p e r a t i v e  mid m y  chnngo i n  l o n g i t u d i n a l  t r i m  would be acconmodatcd by t h e  ttuto- 
p i l o t .  
limit of i t s  a u t h o r i t y ,  ouddoii release of t h e  a u t o p i l o t  would result i n  a r e l a -  
t i v e l y  m i l d  p i t chup  o r  pitchdoun, dopending upon t h o  d i r e c t i o n  of trim imbalance. 

Although t h e  broken l e a d  at t h e  e l e v a t o r  

With t h o  a i i t op i lo t  ho ld ing  t i p i i n s t  an out-of- t rhn cond i t ion ,  up t o  t h e  
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T h i s  would iiot, crc:ito a hazard or place  t h e  aircraft i n  ill1 a t t i t u d e  fron which 
recovery woald be d i f f i c u l t .  

1. T n f l i g h t  f i r e  was confined t o  t h e  extro:cc -ht)oarCi p c r t i o n  of t h e  left 
wing, caus ing  hea t  damage t o  t h e  l e f t  w:inc?ov:; r e n ~  or" t h e  wing t r a i l i n g  edge .and 
soo t ing  of t ! ~ e  l.ef t rear  fuse lage .  

2. The No. 2 fuel. t ank  skowecl no evidefice of i n L o r n d .  p ressure  o r  exp1osi.cn 
and t h e  planlcing f r agxa t s  were birrncti tnd soc tcd  i n  ii random pat tc-rn.  

3 .  The l e f t  jnnboard leading cdgc, t h e  lower planking and t h a  rear spar shcv- 
ed t h a t  t h e  l e f t  wing fCailed a t  t h e  inboard onc;-third Gf t h e  Xo. 2 t a l k  i n  upwiird 
bending and noseup t o r s i o n .  The r e l a t i v e l y  sinall f r a g m n t s  of t h e  uppar p la rk ing  
i n d i c a t e d  a s t r o n g  probability of fa i lure '  r e su l . t i ng  f r m  a high p o s i t i v e  lord. 

4. The wing s t a t i o n  No. 83 c l o s i n g  r i b  of t h e  l e f t  l ead ing  edge showcd 
meta l - to-ne ta l  s c r a t c h e s .  Microscopic examination d i s c l o s e d  t h r e e  t o  f o u r  ChLYges 
of d i r e c t i o n  in t h e s c  pradominmt ly  v e r t i c n l  marks. 

5. The f r a c t u r e  f a c c s  of' l o w w  wing planl: No. 3 a t  wing s t a t i o n  No. 65, l e f t ,  
showed evidence of having r econ tac t ed  ench o t h e r  after t h e  f r a c t u r e  occurred.  
Microscopic cxaminati on rcvca l  cd a t  least, t h r o e  cycle:; of  rccontncl, .  

6.  The forward a t t a c h  p o i n t  of t h e  No. 1 QEC upper outboard longeron showcd 
hoavy coinprosxior. loading  prior t o  fuilure snd  f u r t h c r  di:;closcd rnul t iplc  direc-  
t i o n s  of l o c a l  bonding i n  tho  s o v c r d  longoron u~lembers. 

7. The fon ra rd  a t t a c h  a r c a  of t h e  KO.  1 QXC Upper inboai-d longeron revea led  
a t e n s i o n  f a i l u r e  followcti by a r e c o n t a c t  of t h e  f r a c t i u c  fncos  i n  a would-be 
compression l o s d .  

8. The e l e c t r i c a l  connec tors  and t h e i r  wiring a t  t h e  So. 1 n a c e l l e  f i r e w a l l  
were f a i l e d  i n  mult , iple d i r e c t i o n s  of bcnding. 
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' 12. The No. 1 eng ine ' s  first s t a g e  cornpressor b l ades  rubbed t h e  i n s i d e  of 

the  air  i n l e t  housing. 

13. Examination of  t h e  s t ruc ture  f o r  f a t i g u e  produced conp le to ly  nega t ive  
results. 

In reforcnce Lo tho l o c a l i z a t i o n  of the l e f t  inboard wing f i r e ,  a3 rtentionod, 
it seerns p r c p c r  t o  p r c s e u t  t h e  fo l lowing:  
t i n u o u s  fii-e o r  h e a t  p a t t e r n  a c r o s s  t h e  rear p o r t i o n  of  t h e  wing, p a r t i c u l a r l y  
along t h e  spar,  the  back s i d e  of which i s  whi te ,  and t h e  upper t r a i l i n g  edge su r -  
face, t h e  under s i d e  of which i s  white .  T h i s  nater ia l  was c lean .  
beams, f l a p  s t a t i o n  No. 174. and f l a p  s t a t i o n  No. 106, showed some soo t ing ;  however, 
t h e  soo t  marks are n o t  cont inuous  a c r o s s  break  l ines .  
wing s t a t i o n  No. 72 was completely c l ezn .  
area wi th  t h o  c e n t e r  s e c t i o n .  
however, at my p o i n t  where t h e r e  was a f i r e  p a t t e r n  it could be shown t h a t  it d i d  
n o t  exis t  p r i o r  t o  t h e  breakup of t h e  f l a p  and most of t h i s  f i r e  occurred in t h e  
area where t h e  f l a p  vas t o r n  through as a result of wing fa i lure .  Inboard  of t h e  
s t a t i o n  No. '72 f l a p  beam t h e r o  was evidence of  i n f l i g h t  f i r e ,  and such would be 
expected s i n c e  t h e r e  was a b a l l  of f i r e  pass ing  through t h i s  area a t  t h e  time of 
wing failure.  The only p o i n t  a t  which f i r e  o r  h e a t  can g e t  i n t o  t h e  f i l l e t  =ea 
on t h e  rear  p o r t i o n  of t h e  wing i s  through a small opening under t h e  f i l l e t  and 
above t h e  j u n c t i o n  p o i n t  of t h e  upper cap of the rear s p a r  t o  t h e  fuse l age .  
area was completely c l e a n  and showed no evidence of s o o t ,  f i r e ,  or hea t .  T h i s  
area, i n c i d e n t a l l y ,  i s  whi te  and would show soo t  very  r e a d i l y .  The only citner way 
t o  g e t  h e a t  i n t o  t h e  f i l l e t  area from outboard would be through t h e  l e a d i n g  edge 
and through a similar opening from t h e  l e a d i n g  edge i n t o  t h e  f i l l e t  area; however, 
t h i s  d i d  n o t  g e t  sooted  i n  any way. 
t h e  t r a i l i n g  p o r t i o n  of t h e  wing f i l l e t  makes a. scoop o r  funne l  capable  of ho ld ing  
s e v e r a l  g a l l o n s  of kerosene,  and ahead of t h i s  area t h e r e  i s  a p l s c e  where addi-  
t i o n a l  f u e l  could be t r apped  f o r  a s h o r t  p e r i o d  of t ime.  
t o  a more prolonged f i r e  than  might normally be cons idered  p o s s i b l e .  

A t  no p o i n t  can t h e r e  be found a con- 

Two of t h e  f l a p  

The inboard  f l a p  beam a t  
T h i s  beam went i n t o  t h e  main wreckage 

The f l a p s  themselves  had f i r e  p a t t e r n s  on them; 

T h i s  

It  was noted  du r ing  t h e  mockup pe r iod  t h a t  

T h i s  could c o n t r i b u t e  
.C 

Any comprehensive analysis  must c'onsider, a long  w i t h  t h e  p o s i t i v e  evidence in 
the wreckage, t h e  fo l lowing  nega t ive  p o i n t s :  

1. I n  t h e  07 r a d i o  c a l l  t o  t h e  c 0 q n . n ~  t h e  only maintenance i t ems  r e p o r t e d  
were an i n o p e r a t i v e  No. 3 sump pm.p and t h e  bonding of a t e r m i n a l  s t r i p .  
only t u o  minutes  p r i o r  t o  t h e  acc ident . '  

T h i s  was 

2.' There was no t u r b u l e n c e  along t h e  r o u t e  of t h i s  f l i g h t  a t  ope ra t ing  
a l t i t u d e s  . 

3. There was no r eco rd  of t h i s  a i rcraf t  be ing  sub jec t ed  t o  a hard  l and ing  
or  t o  <my apprec inb lo  tu rbu lence  du r ing  i t s  100-plus hours  s i n c e  manufacture.  
There could bo found only ono h c i d z n t ,  of any p o s s i b l e  rnaltrcatmcn?, of t h e  air- 
frame. T h i s  occurred on Septcnber  22, 1959, dur ing  a t r a i n i n g  f l i g l l t  wherein t h e  
p i l o t  ent0ri.d ;i secondary stall fo l lowing  an improperly executed s t a l l  recovery.  
Anjj likelihood of damrice r e s u l t i n g  from t h i s  maneuver has  been eva lua t sd  and d i s -  
missed under I n v e s t i ~ n t i o i i .  

4 .  According t o  ARI'C r e c o r d s  t h e r o  was no c o n f l i c t i n g  t r a f f i c  of a i r c r a f t  
ope ra t ing  on f l i g h t  plan. The U. S. Navy adv i sed  that t h e r o  were no a.ircraft 
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o p e r a t i n g  f ron  t h c  only Huvy f a c i l i t y  i n  t h o  a r c 2  and f u r t h e r  t h a t  no o t h e r  ;Java1 
com:nrfid hsd  aircraft  o p e m t i n g  i n  t h e  v i c i n i t y  of Buffalo.  The' Air Force repoytcd  
no l o c a l  f l i g h t s  froin Earksdnl-c, A i r  Forco  has^ bctwoen t h e  houi*s of  2200 and ,?!CO. 
Connal.l.J A i r  Force Base had a i r c r a f t  b t h e  area,  b u t  all had I m d e d  p r i o r  t o  t h e  
t ima of t h c  acc ids i i t .  Carswell A i r  Force Zase had t v o  KC-lSSts on XFR round 
r o b i n s  a t  ~ccic!ent  t ime.  
should have had ~1 r e c o r d  of this.) 

(If th:::;e tvo had been in  t h o  Buf fa lo  are6 172, U T C  

5 .  'In all of t h o  e-xunination, testing; rind analysis of i;he f l i g h t  c c n t r o l  
systems, bocjst, a d  a u t o p i l o t ,  no phenomenon 'could be pi-oduced which would .pro-  
duce o r  l e d  t o  a s t r u c t u r s l  failure. 
after t h e  Canrieltcn a c c i d e n t .  ) 

(There was f u r t h e r  work done in t h i s  mt?n 

There  i s  onc: o the r  very .irnporl;ant consider;Ltlon. Thi.s i s  t h e  C a m e l t o n ,  
Ind iana ,  a c c i d e n t  of a sirnilm L'lectra,  which a l s o  e,xparienced ci wing fail.~.re 
( r i g h t )  and l o s s  of QEC u n i t s  t o  f o r a  2 sir1lil;r d e s t r u c t i o n  p a t t o r n  of t h e  BlLrfalo 
a c c i d e n t .  
s i m i l a r i t y  of cause,  t h e r e  a r e  i n d i c a t i o n s  of o s c i l l . a t o ~ y  motions of wing and cu t -  
board QEC s t r u c t u r e  i n  bo th  t h e  b u f f a l o  and C a n n d t o n  wreckages. 

\$hilo a m i r r o r  i r q o  type of p a t t e r n  i t s e l f  i s  no t  p o s i t i v e  proof of 

Fol lowing t h e  a c c i d e n t  a t  Cannel toa,  I n d i m a ,  Lockheed undertook a reeva lu-  
a t i o n  program in which t h e  e n t i r e  E l e c t r a  concept and des ign  was aud i t ed .  
enormous q u a n t i t y  of d a t a  was produced, t h e  ma jo r i ty  of which was nege t ive .  
s u f f i c i e n t  f o r  t h o  purpose of t h i s  r e p o r t  t o  s ta te  t h a t ,  insofar as c a u s a l  f a c t o r  
i s  concerned, only one area of t h e  program i s  s i g n i f i c a t .  
known as Ilwhirl mode,!' un o s c i l l e t i o n  which under certaix c o n d i t i o n s  can produce 
f l u t t e r .  

~n 
It i s  

T h i s  i s  t h e  phenonenon 

A l l  of t h e  f l u t t e r  t e s t s  and a n a l y s e s  made by Lockheed du r ing  t h e  or ig ina l .  
c e r t i f i c a t i o n  p rocess  and dur ing  r e e v a l u a t i o n  showed t h e  Electra t o  be f l u t t e r -  
f ree  d u r i n g  and even above n o r m 1  ope ra t ing  speeds and f u r t h e r  d i s c l o s e d  t h a t  t h e  
wing has a h igh  degree of dmlping. The tern rtdm~pingll aeais t h a t  i f  a motion i s  
imparted t o  t h e  s t r u c t u r e ,  t h e  motion w i l l  d i e  out  when t h e  e x i t i n g  f o r c e  i s  re- 
moved; t h e  dampixg f o r c e s  are t h o s e  which t a k e  energy away from t h e  o s c i l l a t i o n .  
A small amount of damping i s  from i n t e r n a l  encr&v abso rp t ion  i n  t h e  s t r u c t u r e  and 
in energy a b s o r b e r s  such as engine mounts. The most s i g n i f i c a n t  danping, however, 
i s  t h e  result  of aerodynamic f o r c e s  a c t i n g  i n  oppos i t i oc ,  t h u s  aSsorb2ng energy 
from t h e  o s c i l l a t i o n .  
dynarnic 'forces t o  be a d d i t i v e  t o  t h o  e x c i t i n g  f o r c e ,  t h e  o s c i l l a t i o n  grows, and 
t he  result i s  f l u t t e r .  

Conversely,  i f  a major change occurs  t h a t  allows t h e  aero-  

'Since t h e  E l e c t r a  wing i s  b a s i c a l l y  f l u t t e r  resistant, i n  ordc? t o  produce 
The p o s s i b l e  f o r c e  gcnel-ators f l u t t o r  t h e r e  must be an e x t e m r l  d r i v i n g  force.  

a r e  t h e  c o n t r o l  surTaces and t h e  prcpc l lc rs .  Ani lyses  i n d i c a t e d  t h a t  t h e  co i i t ro l  
su r f aces  would no t  produce wi.nG o s c i l l i i t i o n s  ol" suf ' f ' ic ient  a p i i t u d e  t,o proc?ucc a 
wing f a i lu re ;  co i i squen t Jy ,  f u r t h e r  a n a l y s i s  was cen te red  arcunc! t h e  propel le r ,  

The propcl lur : ,  Doing n o m d l y  :; t a b i l i z i n g ,  i t  uzs noccssary  t c  cons ide r  
abnorrml p r o p e l l e r  bchavior  , suc!i as ovcl*:;pi:E:ding zml wobbling, 
t es t s  conductcd dur ing  the r e e v a l t u t j  an p x ~ r ~ J 1  provsd t h a t  n wobbling o u t b o s d  
p r o p e l l e r  caused by wenkened n a c o l l o  and/or e n z i w  s t r u c t u r o  can iriduco wing 
o s c i l l a t i o n s .  

The s t u d i e s  and 
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S t r u c t u r a l  weakness o r  daln_Cigs d o e s  :lot chcn:;e t he  condition:j m d e r  which 
w h i r l  mode ~ q y  be i n i t i a t e d ,  b u t  i n  threa W C ~ Y S  i t  r;dcc:s t h e  phencrxnon e p o t m t , i i i  
danger : 



than  120 pc rccn t  of t h e  des ign  d i v e  speed of t h e  a i r c r a f t .  I f ,  hotrever, t h e  
s t i f f n e s s  i s  reduced, f o r c e d  o s c i l l a t i c m  heccmc more l i k e l y  dc:pending on urno~int 
of s t i f f n e s s  r*oduction and on CclEivalerit a i r speed .  Hore s p e c i f i c a l l y ,  t h e  d a t a  
show that  i f  the stif'fni:s;s j.s reduced t o  scae va lue  l e s s  t h m  8 x IOb i nch  pounds 
pe r  radixin, whi.rl. rr,odc cou ld  b e c c m  A dri .ving f o r c e  on t h e  \ l ing i n  t h e  crui:iillg 
speed range. 
could  develo;>, r(:ducc: i t s  frequency, and couplo  with the wing in t ~ ,  period of fro,u 
20 to 40 s e c r d s .  

Thc te:;t.:; f k r t h e r  showd  tl.ic?t whirl. node of c a t a s t r o p h i c  p r o p o r t i o n s  

1. C o l l i s i o n  w i t h  ano the r  a r i c r s f t  

2. S t r u c t u r a l  f a j  l u r o  due t o  i.urbuleilcc du r ing  t h i s  f l i g h t  

3 .  S t r u c t u r a l  f a i l . u r e  frm f a t i g u e  

4.  S t r u c t u r a l  ftli1ur.c as a r e s f i t  of boost and/or a u t o p i l o t  m l f u n c t i o n  

5 .  Sabotage 

The s h a t t e r e d  upper p lanking  of t h o  l e f t  inbohrd wing suggested a s t r o n g  
p o s s i b i l i t y  of f a i l u r e  due t o  cxccssivc p o s i t i v e  loading .  
o r  rear fuso lage  shoued no such c?vidoncc; howmc1', Lockhccd t e s t i f i e d  t h L t  a t  
275 KIAS (last, lcnoiiri airspeed) i h e  wing and t a j l   ere about e q u a l l y  c r i t i c a l  
under p o s i t i v e  loading .  There was f u r t h e r  tes t imony t h a t  above 275 kno t s  t h e  
wing becomes t h e  more c r i t i c a l  of t h e  two. 

The h o r i z c n t a l  t a i l  

T h i s  l e a d s  t o  the  premise t h a t  hich-load wing f a i l u r e  ( i f  i t  e x i s t e d )  occurred 
at an a i r s p e e d  i n  the  o r d e r  of  275 k n o t s  ( c r u i s e )  o r  h igher .  
f a i l u r e ,  wi th  boos t ,  a u t o p i l o t ,  and tu rbu lence  out  of the p i c t u r e ,  would have t o  
develop from a pi i l lup imneuver brought  on by c o l l i s i o n  avoidance o r  f o l l o u i n g  l o s s  
of c o n t r o l .  
subs to l l t i a t e  a t,heory of c o l l i s i o n  zvo idmce .  

Such a n  overload 

Since  t h c r e  was no known c o n f l i c t i n g  t r a f f i c ,  t h e r e  i s  no th ing  t o  



As mentioned e z r l i e r ,  t h e  lelr't wiag shcued indicc.tioiis of hig,:h p o s i t i v e  loaci. 
Th i s  i s  in complete c o n t r a s t  t o  t h o  r ig l i t  wing f a i l u r e  et C:x~nel-Lai. 
way t o  e s t a b l i s h  wi th  any d o p e 0  of  cor.Li;hty t h i s  d i f f e r e n c e  in wiuz f z i lu re  
p a t t e r n s ,  bu t  i t  is p o s s i b l e  t o  r a t i o n a l i z a  L: p c s z i b i l i t y .  
a p i l o t ,  when sub jec t ed  t o  e i t h e r  severe v i b r a t i o n ,  a runaway p r o p ~ l l ~ r  no i se ,  
o r  both,  i s  t o  s l o ~ ~  t h e  z i r c r a f t  down. I J x u d  cct,j.cn wouldbe t o  reduce po.Aler and 
t o  climb. Of t h e  two, cli ixbing i s  t h e  IUOX i i u c d i a t d y  e f f e c t i v o ,  p x r t i c d c c l y  
in  t h e  Electra ,  which talceu s e v o r a l  mjnukes t o  reduco spced fron 2'75 Lo 200 'knots 
by power r educ t ion .  Them i s ,  t h a ,  t h e  p o s s i b i l i t y  t h a t  in t h e  exc i t cnou t  cnd 
in h i 3  d e s i r e  t o  S l O i J  down qu ick ly ,  t h e  p i l o t  exe r t ed  back prcssure  suf ' f ic ien t  
t o  fa i l  t h e   ring earlier t h m  ii' f a i l u r e  had ros i i l t cd  T r c a  osci . l lr : i ; ion dam. 
T h i s  i s  not  t o  h p l y  t h a t  t h o  p i l o t  spp l i ed  a st,iclr f o r c o  capable  of f a i l i n g  a 
s t r u c t u r a l l y  sound wing, bu t  m t h e r  t h a t  h i s  a c t i o n  d i c t a t e d  d i r e c t i o n  and time 
of f a i l u r e .  

Tkere i s  no 

The f i rs t  ?xpL;llse o f  

There renlalns ono po in t ,  t h e  element of Ilpi-ior which cannot bo 
s a t i s f a c t o r i l y  explained.  According t o  Loclrheed, t h e  s t i f f n e s s  f c c t o r  of t h e  
QEC m u s t  be s u b s t a n t i a l l y  reduced t o  produce an undmped w h i r l  modo, o r  p r o p e l l e r  
p recess ion .  T h i s  sugeo:jts damaged or f a i l e d  struct?ll'c, engine mounts, o r  engine 
s t ruc tura l  components. No such evidence was found. The No. 1 QEC and pouerp lan t  
were examined minutely f o r  f a t i g u e ,  u i t h  negatiGe resu l t s .  
f a i l u r e  was discovered  which could  be d e f i n i t e l y  considered dmrige p r i o r  t o  w h i r l  
modo, QEC failure, and h ipnc t .  Thero 1:; s e r i o u s  doubt uhcther such a datexminn-- 
t i o n  could  be rude  wi th  any degroe of riccurucy. For examplo, t h e r e  were s m e r a l  
pure t e n s i o n  arid compression fa i lwes 5n t h e  Q3C s-Lructuro which could  have 
occurred p r i o r  t o  ~ h i l * l .  mode o r  e a l y  in the prccoss ion .  Fur thernore ,  t h e r e  i s  
no th ing  i n  t h o  a i l - c r a f t ' s  rocen t  hl .s tory,  such as hard landings ci: t u rbu lence ,  
t o  i n d i c a t e  the  p o s s i b i l i t y  of p r i o r  d c u q o ,  nor  vas t h o m  on t h o  f i n d  fl.igkii, 
aa f a r  as can bo detorminod, an;. inc:i.doiit, leadirlg t o  s t r i i c t u r d  d:,:-..i;o p r i o r  t,o 
t h e  a c c i d e n t .  

No o t h e r  t ype  of 

Thore  was in t h i u  i r~o: ; t : ig~t , io : i  no p o s i t i v e  ii:dic:itim of t h o  cauze.  Po:. 

Once tho:!e 
t h i s  rcason ,  tin n t t u q L  has  bccn ~;ii,de i-n t h i s  r o p n r t  t o  c l i s i .ne . io  ciirtr;i.u p o s s i -  
b i l i t i e s  by n p p l i c a t i o n  of t h c  L v a i l L l L i t '  ovidencc: Lo e w h  of' thm. 
p o s s i b i l i t i e s  havo boon disposed of ,  tlio cjiily i.o:mining cnusnl  f a c t o r  f o r  which 
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t h e r e  i s  some known b a s i s  i s  t h e  cond i t ion  of w h i r l  mcdc. 
t h i s  acc iden t  was s u  

The p r o b a b i l i t y  t h a t  
.&.;sd i s  supported by t h e  following: 

1. So far  as is known, t h e  a i r c r a f t  was i n  s t r a i g h t  and l e v e l  f l i g h t  m d  
at  a n o m a 1  c r u i s e  speed wi th  no s e r i o u s  nechan ica l  prob1e:iis. 

2. n sound i d e n t i f i e d  as a supersonic  o r  high spead p r o p e l l e r  o c c w r e d  
30 seconds p r i o r  t o  f u e l  i g n i t i o n  (wing f a i l u r e ) .  

3 .  There was s t r u c t u r a l  d a m p  evidence compatible  s l i th  o s c i l l a t o r y  mcition 
of t h e  KO. 1 QEC atid t h e  l o f t  wing. 

4. F i r s t  stage compressor blades of No. 1 engine rubbed t h e  air i n l e t  
housing suppor t s  . 

5. 
w h i r l  mode. 

Tho probable  cause of a similar acc iden t  of anothor  S l e c t r a  was due t o  

If p r i o r  damage i s  a requ i r exen t  f o r  t h e  necessary  r educ t ion  in s t i f f n e s s ,  
it must be assumed t h a t  t h e  evidence of such d w g o  was e i t h e r  o b l i t e r a t e d  i n  t h a  
c r a s h  o r  never  e x i s t e d  in a d i s c e r n i b l e  form. 

Probable  Cause 

The Board de te rmines  t h a t  t h e  probable  c a s e  of t h i s  acc iden t  was s t r u c t u r a l  
fa i lure  of t h e  l e f t  wing r e s u l t i n g  from f o r c e s  genera ted  by undar!!pened p r o p e l l e r  
w h i r l  mode. 

BY THE C I V I L  AJRONAUTICS BOARD: 

/ s /  A L A N  S. BOYD 
Chairman 

/s/ ROBERT T. ”RPHY 
Vice Chairman 

/ s /  CHAN GU,WEY 
Member 



The Civ i l .  Acrcnact,ics I3our.d was n o t i f i e d  of' t h i s  acc iden t  L m c d i a t e l y  a f t e r  
occurrence.  An i r i v c s t i p :  '. ',JZS s t a r t e d  czt once i n  a c c o r c h c - e  wi th  t h e  proyrisions 
of t h e  Feda ra l  Aviclilcn Act 01' 1958. A pub1.i.c: hea r ing  was ordered t y  t h e  Sosyd a d  
he ld  in Bufl"r.lo, T6i:as, on October 21, 1959, 2nd in Dalles, Texas,  on Mzrch 9 and lG, 
1960.. 

B r a n i f f  Airways, I n c . ,  i s  an Oklahcina c o r p c r a t i o n  x i t h  i t s  p r i n c i p a l  o f f i c e  i n  
Dallas, Texas.  Tl,c c i i r r i e r  ho lds  a c e r t i f i c a t e  of pi ibl ic  convenj-ence and necessi t ,y  
i s s u e d  by t h e  C i 1 - S  1:eronnutics Board and an a i r  c a r r i e r  opdrLLt ing  c e r t i f i c a t e  
i s s u e d  by t h e  F e d e r d  Xvikt ion Agoccy. These c e r t i f i c a t e s  a c t h o r i z c  t h e  c a r r i e r  t o  
engage i n  2ir t r a n s p o r t a t i o n  of persons,  cargo  and inail w i th in  t h e  United Stcltes,  
i nc lud ing  t h e  r o u t e  involved. 

F l i g h t  P e y s o n n e l  

Capta in  ltlilson Zlza Stone,  age 47, was exlployed by Brani f f  a i rways on i i p r i l  22, 
Iie 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  wi th  a i r l h e  t r a n s p o r t  p i l o t  1939. 

r a t i n g  number 24487. 
SEL and L-188. 
68:39 were i n  Lockheed Electra aircraft .  

H i s  o t h e r  r a t i n g s  inc luded  Dc-3-4-6-7C, Convair 340-440, b Z L ,  
He had a t o t a l  recorded f l y i n g  time of 20,726 hours ,  of whi.ch 

He passed h i s  las t  FAA p h y s i c a l  examina- 
. ;ion September 21,  1759. 

F i r s t  Officer D a n  Hollowell ,  age 39, was employed by the'  comprJly on November 29, 
1948. 
418671 wi th  o t h e r  r a t i n g s  i n  DC-3 and Convair 340-440. 
of 11,316 hours  of which 95:30  hours  were i n  E l e c t r a  a i r c r a f t .  
p h y s i c a l  was passed on June 11, 1957. 

He he ld  a c u r r e n t l y  e f f e c t i v e  a i r l i n e  t r a n s p o r t  r a t i n g  c e r t i f ' i c a t e  number 
He had a t o t a l  recorded t i n e  

H i s  last  FAA 

Second O f f i c e r  Roland Longh i l l ,  age  29, was employed by t h e  company J u l y  16, 

He had a total recorded 
1956. 
1358795 and co:rme;.ci.al p i l o t  c e r t i f i c a t e  number. 1304GU. 
time of 3191:35 f l y i n g  hours  of which 83:03 were i n  E l e c t r a  a i r c r a f t .  

He he ld  a c u r r e n t  airman c e r t i f i c a t o ,  f l i g h t  engineer  c e r t i f i c a t e  number 

Hostbss  Alv i lyn  Harr i son ,  age 25,  was employed by t h e  coinpany December 29, 1953. 
She completed h e r  E i e c t r n  t r a i n i n g  June 4 ,  1959. Hostess Be t ty  R U S C ~ ,  age 24, W ~ S  

employed by t h e  coxpany on A p r i l  18, 1.956, ar.d cc,mplcted h e r  E l e c t r a  t r a i n i n g  
June 2 ,  1959. IIos.tess Leona \tJinklcr, age 25, was employed by the cospany on 
March 21, 1758, She completed he r  E l c c t r a  t r a i n i n g  June 4 ,  1959. 

Extra. crew Iccn2Lc.r Wendol.1. J o h  I d c ,  ;qc  3 5 ,  ws e;i:pl.oycc! by t h e  coinyiny J u l y  9,  
1951. 
mechanic s erigine ce r . t , i f i ca t e  nisiibcr 1287530 i s sucd  F o v m o e r  30, 1955. 

IIis po:;ition was Technica l  In:;t.ruot,or t o  !<ngi.ncer S p s c l s l i s t s .  !Ie had 



The Ai rc ra . f t  

A t  the tirrio of d c p a r t u e  from Hous'icr! It 3705C, a Lockheed > i d e l  L-188.1, had 
Thus ncne of tix p e r i o d i c  inspec- had a t o t a l  t i m o  of' 132 hours  and 33 minutes.  

t i o n s ,  the first of which vas t u  have becn a t  205 hours ,  had becono due. All of t,ha 
cusLoriary preflizht e e l v i c e  checks were pcr forned  during t h e  t e n  days t h e  aircraft 
was in use. The 
engines ~ e n e  r l l l i . son (tt d i v i s i o n  o f  Cc.nel-d. Xotors)  nodel 501-Dl3 m d  t h e  pro- 
p e l l e r s  were  boro Products  (also a d i v i s i o n  of General Motors), ~ o d o l  ~644UG-606. 

A l l  p i l o t  coxp la in t s  (squawks) had been signed off  as corroc ted .  


