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C L V T L  A E R O N A U T I C S  B O A R D  
A I R Z F W T  ACCIDENT REPORT 

TRANS W3RJ 3 A 1’ HLlfJES I” I N C  , , LOCKHFED CONSTELLATION MODEL, 049, 
N 86511, MIDWAY AIRPORT CHICAGO ILLINOIS 

SEPTEMBER 1, 1961 

SYNOPSIS 

Trans World A i r l i n e s  F l i g h t  529, a model 049 Loikheed Cons te l l a t ion ,  

N 86511, ;rash-.d aboat nine miles  west of Midway A i r p o r t ,  Chicago, i l l i n o i s ,  

on September 1, 1961, af, 0205 c - d  t,, k i l l i n g  a l l  78 occupants.  

The f l i g h t  o r i g i n a t e d  a t  Boston, Massachusetts,  d e s t i n a t i o n  

San F ran - i s lo ,  S a l i f o r a i a ,  with in te rmedia te  s t o p s  s c h e d d e d  a t  N e w  York, 

New York; F i t r s b w g h ,  Pennsylvania; Chicago, Tllinois; Las Vegas, Nevada; 

and Los Angeles, C a l i f o r n i a ,  The f l i g h t  t o  Chicago was r o u t i n e .  

A scheduled crew change was made a t  Chicago and t h e  f l i g h t  departed 

t h e r e  a t  0200 :.d.+..-Approximately f i v e  minutes l a t e r ,  dur ing  good weather,  

while clinibing on t h e  intended course,  t h e  a . i r c r a f t  experienced loss of 

b o l t  i s  v i t a l  t o  the  2ont ro l  of t he  a i r c r a f t  and must t h e r e f o r e  have been 

l o n g i t u d i n a l  c o n t r o l  and crashed ,  

c r a f t  was cornplrtely des t royed .  

Invt.st8igst,ion dis:losed t h a t  

from t h e  e l e v a t o r  boost  mechanism 

b o l t  vas not i n  p lace  at t h e  time 

A l l  occupants d i ed  i n s t a n t l y  and t h e  a i r -  

a 5/16 inch  AN-175-21 n i c k e l  s t e e l  b o l t  

vas miss ing ,  There was evidence t h a t  t h e  

of impact The proper posj- t ioning of t h i s  

i n  p l ace  u n t i l  i n m d i a t e l y  p r io r  to the  loss of ecntrol. 
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The Board determines that the probable cause of  this accident  was the  

l o s s  of an AN-175-21 nickel s tee l  b o l t  from the parallelogram linkage o f  

the elevator boos t  system, resulting i n  loss of control  of t h e  a i r c r a f t .  
. -  
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Inves t iga t ion  

A t  approximately 0205 Ll September 1, 1961, a Trans World A i r l i n e s  

Lockheed Cons te l l a t  ion 049, N 86511, c r a s h e d  approximately - nine  miles  west 

of Midway Airpor t ,  Chicago, I l l i n o i s ,  fol lowing takeoff  from Midway Ai rpor t .  

The crew of 5 m d  a l l  73 passengers were f a t a l l y  in ju red .  

TWA F l i g h t  529 was a scheduled f l i g h t  o r i g i n a t i n g  a t  Boston, Massachusetts, 

w i t h  in te rmedia te  s t o p s  a t  New York, P i t t sburgh ,  Chicago, Las Vegas, Los Angeles, 

and te rmina t ing  at  San Francisco, Cal i fornia .  

Discrepancies noted p r i o r  t o  t h e  Boston depar ture  were an inoperable  

white  naviga t ion  l i g h t  l oca t ed  i n  t h e  a i r c r a f t ' s  t a i l  cone, and a leaking  

f u e l  d ra in  valve on t h e  No. 3 main f u e l  t ank  sump, 

were co r rec t ed  by t h e  ground crew p r i o r  t o  t h e  f l i g h t ' s  depar ture  from Boston. 

One carry-over discrepancy from t h e  previous f l i g h t  was a malfunction of t h e  

cabin r e f r i g e r a t i o n  system during ground opera t ion .  Since t h i s  was not  con- 

s ide red  necessary t o  t h e  s a f e t y  of f l i g h t ,  it was c a r r i e d  over t o  prevent a 

de lay  at  Boston. 

during climbout u n t i l  reaching 6,000 feet ,  a t  which t i m e  t h e  cabin was pres-  

su r i zed  t o  t h e  f i e l d  e l eva t ion  of t h e  next s top .  

These two d iscrepancies  

Because of t h i s  discrepancy, t h e  cabin was unpressurized 
I 

This  procedure was repeated 

a f t e r  each en rou te  s t o p \ t O  

The flight from Boston . 
a r r i v e d  t h e r e  at 0118. 

c o o l  t h e  cabin f o r  

t o  Midway Airpor t ,  

passenger comfort. 

Chicago, w a s  r o u t i n e  and it 

- 1/ All t imes he re in  un le s s  otherwise noted are Cen t ra l  Daylight based 'on 
t h e  24-hour c lock.  
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The crew o r i g i n a t i n g  t h e  f l i g h t  at Boston terminated t h e i r  po r t ion  a t  

I Chicago. The new crew cons i s t ed  of Captain James H. Sanders, F i r s t  Off icer  

Dale Tar ran t ,  F l i g h t  Engineer James C .  Newlin, and Stewardesses 

Barbara Jane Pearson and Nanette G .  Fidger .  

The incoming cap ta in  and f l i g h t  engineer b r i e f e d  Captain Sanders and 

F l i g h t  Engineer Newlin on t h e  carry-over  discrepancy and it w a s  agreed t h a t  

t h e  a i r c r a f t  was airworthy.  A t  Midway, o i l  and f u e l  were added. T o t a l  f u e l  

on board at depar ture  was 3,240 ga l lons .  The g ross  takeoff  weight was 94,794 

pounds - wel l  below t h e  maximum allowable g ross  takeoff  weight of 96,000 

pounds, and t h e  c e n t e r  of g r a v i t y  was wi th in  al lowable l i m i t s .  

t o  Las Vegas was f i l e d  f o r  t h e  f l i g h t  i n  accordance with Instrument F l i g h t  

Rules (IFR) v i a  Victor  Airway 8 t o  Akron, Colorado, Vic tor  Airway 1512 t o  

Kremmling, Colorado, Victor  Airway 1522 t o  Moqon, Nevada, and Victor  Airway 

8-North t o  Las Vegas. The es t imated  t ime en rou te  was six hours and twenty- 

A f l i g h t  plan 

t h r e e  minutes, at  a+ue a i r speed  of 223 knots .  

When t h e  a i r c r a f t  departed t h e  passenger loading ga te ,  Captain Sanders 

was observed by  a TWA passepger agent t o  have been sea ted  i n  t h e  l e f t  s e a t .  

During engine runup, F l i g h t  529 was given i t s  air  t r a f f i c  c o n t r o l  c learance  

which was: "c leared  t o  t h e  Las Vegas Airpor t  v i a  Victor  6 Napervi l le ,  Vic tor  8 

f l i g h t  plan route ,  maintain 5,000 f e e t . "  The c learance  was acknowledged cor -  

r e c t l y  and TWA F l i g h t  529 departed on runway 22L at 0200, making a r i g h t  t u r n  

out of t r a f f i c .  

The 0200 Midway Airpor t  weather w a s :  s c a t t e r e d  clouds a t  10,000 f e e t ;  

high overcas t ,  v i s i b i l i t y  t h r e e  mi les  i n  haze and smoke; wind south e igh t  knots.  
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The Chicngo O'Hare Ah-port weather a t  0200 was: par t ia l  obscurat ion;  s c a t t e r e d  

clouds 15,000 f e e t ;  h igh  overcas t ;  v i s i b i l i t y  two and one-half mi les  i n  ground 
- 

fog and smoke; wind south s i x  knots .  . -  

Radar contac t  was. e s t a b l i s h e d  with -the f l i g h t  one minute and 34 seconds 

a f t e r  t h e  f l i g h t  acknowledged takeoff  c learance ,and  as t h e  a i r c ra f l ;  prGceeded 

outbound i n  a r i g h t  t u r n ,  A t  0204, F l i g h t  529 was observed on r ada r  by  t h e  de- 

p a r t u r e  c o n t r o l l e r  t o b e  f i v e  mi les  west of Midway Airpor t  proceeding on course ,  

Northwest A i r l i n e s  F l i g h t  lo5 was c l e a r e d  for t akeoff  on runway 22L a t  Midway, 

and took o f f  immediately. 

Ai rpor t  a t  t h i s  time and asked F l i g h t  lo5  if  he had seen a f l a s h .  

The ground c o n t r o l l e r  observed a f lash west of Midway 
I 

F l i g h t  lo5 

advised t h a t  t h e y  had seen a f l a s h  f i r e  and would f l y  over t h e  a r e a .  A s  F l igh t  

105 repor ted  over t h e  f i re ,  t h e  r ada r  range was noted t o  b e  n ine  mi l e s  west 

of Midway Airpor t  and t h e  r a d a r  r e t u r n  of WA F l i g h t  529 had disappeared from 

t h e  scope. It was l a t e r  determined t h a t  F l igh t '  529 had crashed a t  t h i s  s i t e  

and that  t h e  observed ground f i r e  was the  r e s u l t  of t h e  acc iden t .  
- 

A t  approximately 0204, American A i r l i n e s  F l i g h t  805, an air  ' f r e igh te r ,  a l s o  

observed t h e  f l a s h  as t h e y  were about t o  land  a t  Midway Ai rpor t .  

t h e i r  l anding  approach and proceeded t o  t h e  f i r e  area on a wes te r ly  course at 

They abandoned 

an  a l t i t u d e  of 2,000 f e e t  with t h e i r  l anding  l i g h t s  on. 
I 

A door-to-door i n q u i r y  by members of t h e  C i v i l  Aeronautics Board witness  
, 

group was acconpl ished over a l o c a l i z e d  a re& along t h e  probable f l i g h t p a t h ,  

r e s u l t i n g  i n  approximately 150 in te rv iews .  

Witnesses who observed F l i g h t  529 i nd ica t ed  t h a t  it was heading i n  a wester- 

l y  d i r e c t i o n  and w a s  appa ren t ly  proceeding normalAh. u n t i l  l e s s  than two mi les  

from t h e  scene of t h e  acc iden t .  A witness  l o c a t e d  one mi le  south-southwest of t h e  

/ 
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scene s t a t e d  t h a t  t h e  a i r c r a f t  was f l y i n g  low a t  t h a t  po in t  on a no r the r ly  

heading, 

however, a few witnesses  loca t ed  near  t h e  acc ident  scene s a i d  t h a t  t h e y  heard 

No wi tnesses  were found who saw t h e  a i r c r a f t  a t  t h e  moment of impact; 
- 

a change i n  engine noise  volune, b u t  t h a t  t h i s  change i n  engine sound d i d  not  

i n d i c a t e  t o  them e i t h e r  d i s t r e s s  or f a i l u r e .  Other wi tnesses  were confused by 

t h e  presence of o t h e r  a i r c r a f t  f l y i n g  i n  t h e  a r e a  immediately fol lowing t h e  

acc ident  and t h e r e f o r e  were unable t o  determine d e f i n i t e l y  i f  t h e y  had seen 
. -  

F l i g h t  529. 

TWA F l i g h t  529 crashed i n  an open f i e l d  near  Hinsdale, DuPage County, 

I l l i n o i s .  The  a i r c r a f t  s t r u c k  t h e  ground i n  a s l i g h t l y  left-wing-low and 

nosedown a t t i t u d e  on a heading of approximately t r u e  North. The a i r c r a f t  d i s -  

i n t eg ra t ed ,  l eav ing  d e b r i s  over an a r e a  200 f e e t  wide and 1,100 f e e t  long.  

F ive  c r a t e r s  were made, each approximately t h r e e  t o  f o u r  f e e t  deep, as a r e s u l t  

of t h e  f o u r  engines and fuse l age  s t r i k i n g  t h e  ground. 

Inves t iga t ion  revea led  t h a t  t h e  p o r t i o n  of t h e  h o r i z o n t a l  s t a b i l i z e r  t o  

which t h e  r i g h t  v e r t i c a l  f i n  i s  a t t ached  had separa ted  from t h e  a i r c r a f t  p r i o r  

t o  impact, having landed approximately 400 f e e t  south of t h e  main impact c r a t e r s .  

The s t a b i l i z e r  f a i l u r e  occurrdd a t  S t a b i l i z e r  S t a t i o n s  240R and 23OR of t h e  f r o n t  

and r e a r  spars ,  r e s p e c t i v e l y .  There was no evidence of f a t i g u e  on t h e  spar  

caps,  spar  webs, sk in  material, o r  s t r i n g e r s ,  Examination d i d  d i s c l o s e  t h a t  
i 

I 

t h e r e  had been o s c i l l a t o r y  loads app l i ed  t o  t h e  f o u r  spar  caps m d  t h e  two 

spar  webs p r i o r  t o  and dur ing  s e p a r a t i o n . .  The $ront- .spar  upper and lower caps lied 

f a i l e d  i n  t ens ion  and t h e  4! nterconnect ing spa r  web had experienced a t e n s i l e  

tear from t o p  t o  bottom. The f r a c t u r e  f a c e s  of t o  11 rear spar caps were b r i n e l l e d  

by r econ tac t  a f t e r  f a i l u r e .  
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There were seve ra l  i nd ica t ions  t h a t  t h e  e l e v a t o r  had beer, at  i t s  maximum 

The most s i g n i f i c a n t  evidence of t h i s  was i n  t h e  deformation 
* 

upward t r a v e l .  

p a t t e r n  impressed i n  t h e  r i g h t  rudder by  the e l eva to r  outboard c los ing  ri.b 

i n  a manner and p o s i t i o n  such t h a t  t h e  e l e v a t o r  had t o  be  f u l l  up at  t h e  t ime 

t h e  r ign t  rildder was forced  i n t o  it during t h e  s t a b i l i z e r  separa t ion .  

The landing gear  was determined t o  b e  i n  t h e  up and locked p o s i t i o n  at  

impact. Th.e f l a p s  and landing  l i g h t s  were retract .ed,  and a l l  f i l g h t  c o n t r o l s  

and t h e i r  comte rba lances  were accounted f o r ,  

There was no evidence of i n - f l i g h t  fire; however, t h e r e  was considerable  

evidence of ground f i r e  on po r t ions  of t h e  wreckage which also showed severe 

impact damage e 

Exan5nation of t he  wreckage revea led  no evidence of an i n - f l i g h t  explosion 

o r  c o l l l s i m  w i t h  f o r e i g n  o b j e c t s .  

t h e  D(: and AC u n i t s  was found. 

No evidence of e l e c t r i c a l  overheat ing of 

Measurements and readings were made of a l l  t r i m  a c t u a t o r s  and t h e i r  asso- 

c i a t e d  cockpit, p o s i t i o n  i n d i c a t o r s .  The v a r i a t i o n s  of readings wi th in  each of 

the trim systems prevented any determinat ion of in-f1igh.t  trim p o s i t i o n s ,  

The two a i l e r o n  boost  assemblies were found i n  t h e  boost-off  posit:on 

as w a s  t h e  a i l e r o n  boost  cu tof f  valve,  

was found i n  the  boost-on pos i t i on .  

The s h i f t  handle i n  t h e  cockpi t ,  however, 
0 

Since the  s h l f t i n g  mechanisms a r e  i n t e r -  

connwted  by long lengths  of cable  subjec t  t o  being pu l l ed  by  fragmenting 

s t r u c t u r e  fol.lowing impact, t h e  p o s i t i o n  of t h e  cockpi t  handle i s  considered 

t o  be t h e  more r e l i a b l e ,  b u t  not pos i t i ve ,  i nd ica t ion  of a i l e r o n  boost con- 

d i t i o n .  Under funct!onal t e s t i n g ,  t h e  component, of t h e  l e f t .  a i l e r o n  boost, 
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package funct ioned s a t i s f a c t o r i l y .  The r i g h t  a i l e r o n  boost pmkage was Loo 

badly  fire-damaged t o  b e  tested. - 
- 

The p o s i t i o n  of t h e  rudder boost  s h i f t  handle could not be determined, 

but a l l  a f f ec t ed  components of t h e  boost  package were i n  t h e  boost-on p o s i t i o n .  

The components of t h e  boos t  package func t ioned  normally when t e s t e d ,  

The e l e v a t o r  boost  s h i f t  handle was found i n  t h e  on p o s i t i o n  as was t h e  

boost  package, 

t o  opera te  s & k i s f a c t o r i l y ,  commensurate with t h e  Impact damage su f fe red  by 

t h e  u n i t ,  except f o r  t h e  disconnect ion of one link of t h e  psrs l le logram, which 

i s  discussed below, 

The components were f u n c t i o n a l l y  t e s t e d  ind iv idua l ly  and found 

Examination of t h e  para l le logram l inkage  of t h e  e l e v a t o r  boost l oca t ed  i n  

t h e  extreme af t  sec t ion  of t h e  fuse l age  revea led  a 5/16th-inch AN-175-21 n icke l  

s teel  b o l t  t o  b e  missing.  < (See Appendix A, Fig.  1. ) This paral le logram 

l inkage  connects t h e  p i l o t  e l e v a t o r  input  t o  t h e  c o n t r o l  valve of t h e  e l e v a t o r  

boost  system, 

including s i f t i n g  of earth i n  t h e  wreckage a r e a .  . - 

The boTt was ndt  found i n  t h e  wreckage despite a thorough search, 

The arm assemblies, p a r t  No. 291089L, part No. 291089R3, and l i n k  assembly, 

part No. 290790 (See Appendix A, Fig .  l), were examined t o  determine i f  t h e  

b o l t  was i n  p l ace  at  time of impact, 

passes  through t h e  press-fit bushings of P/N 291089 arm assemblies and t h e  P/N 

290790 l i n k  assembly, 

This bolt, when i n  i t s  proper pos i t i on ,  

The head of t h e  b o l t  is i n s t a l l e d  aga ins t  t he  outboard 

f a c e  of arm assembly P/N 291089~, 

i s  f l u s h  with t h e  f a c e  of t h e  forged arm, t h e r e  were two depos i t s  of o ld  t h i c k  

grease having t h e  consis tency of modeling c l a y  and 0.01 inch o r  more deep. 

On t h e  outboard f a c e  of t h e  bushing, which 
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(See Appendix A, Fig .  2, ) 

a r c  of 120 degrees from t h e  11:OO t b  t h e  3 : O O  o’c lock  p o s i t i o n s ,  

3/32 inch i n  width. 

The l a r g e r  of  t h e  two g res se  d e p o s i t s  covered an 

and averaged 
- 

The inne r  edge of t h i s  dgposi t  w a s  common w i t h  t h e  inne r  

circumference of t h e  Sushing, whereas t h e  o u t e r  edge was, i n  places. .  s l i g h t l y  

beyond t h e  bush ing’ s  o u t e r  c l r c m f e r e n c e ;  however, a sl$,ght o u t l l n e  of two 

s i d e s  of t h e  b o l t ’ s  hex-head was v i s i b l e  around i t s  o i t e r  per inieter  of t h e  

depos i t  I 

- 

(See Appendix A, F i g ,  2, ) 

The smaller depos i t  covered an a r c  of 60 degrees between t h e  7 t O O  and 

9 :OO o’c lock  p o s i t i o n s  and,, like t h e  l a r g e r  depos i t ,  t h e  inne r  edge w a s  commm 

with t h e  bush ing’ s  inner  circumference and was abodt 3/32 inch  wide. 

There were many scu f f  marks ac ross  t h e  f a c e s  of bo th  depos l t s ,  b u t  n e i t h e r  

had rece ived  any compressive loads  s u f f i c i e n t  t o  

Those pcyt fons  of t h e  bushing which had no heavy 

’ of grease  of t h e  same cons is tency ,  

A f t e r  c leaning  - t h e  f a c e s  of t h e  bushing, it 

b r i n e l l i n g  and e longat ion .  KO e longat ion  of t h e  

f l a t t e n  t h e i r  t o p  s u r f a c e s ,  

g rease  bui ldup  shcwed a film 

was examined f o r  scratchez. ,  

bushing hole  could be  found, 

On t h e  bushing’s  inboard f a c e  t h e r e  was a n ick  on t h e  o u t e r  c i rcanference  a t  

t h e  8:oo o ’ c l o c k  p o s i t i o n  measuring 0.020 x 0,045 inch and estizxated t o  b e  0,Ol 

Inch deep,. 

Three l i g h t  l o n g i t u d i n a l  s c ra t ches  could b e  seen i n  t h e  bore  of t h e  bushing, 

Also p re sen t  were l i g h t  c i r cumfe ren t i a l  s c ra t ch ing  and po l i sh ing ,  
P 

b u t  were not  d i s c e r n i b l e  when it w a s  c leaned ,  A t  t h e  outbcard f a c e  of t h e  

-- m T h e o c k  p o s i t i o n s  were. re fe renced  by  pass ing  an imaginary l i n e  through 
t h e  c e n t e r s  of t h e  torque tube  hole  and t h e  hole  at t h e  a c t u a t o r  end, t h e  l a t t e r  
be ing  i n  t h e  d i r e c t i o n  of 12:OO o ’ c l o c k ,  Thereaf te r ,  c lock  r e fe rences  were used 
as t h e  p a r t  was be ing  viewed at  t h e  t ime,  
were referenced by  pass ing  imaginary l i n e s  throu_.i t h e i r  c e n t e r s  p a r a i l c l  t o  t h e  
re ference  l i n e  of t h e  p a r t  and with t h e  12:OO o’clocl t  and 6:oo o ’ c l o c k  ends con., 
si s t e n t  therewi th .  

Subc rponen t s  such as t h e  buskings 
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bushing, su r f ace  sc ra t ches  could be seen on t h e  forg ing .  The edge of t hese  

sc ra t ches  w a s  concentr ic  with t h e  circumference of t h e  bushing and t h e  approxi- 

mate diameter of an AN-960-516 washer. It was noted, however, t h a t  t h e  edges 

of t h e  grease depos l t s  had overlapped po r t ions  of t h i s  sc ra tched  a r e a ,  

than l i g h t  concentr ic  sc ra tches ,  t h i s  f a c e  of t h e  bushing showed no impact 

marks, b r i n e l l i n g ,  o r  dent ing.  

Other 

On t h e  inboard f a c e  of t h e  arm assembly P/N 291089~ at  and near  t h e  edge, 

t h e r e  was a deep gouge made by t h e  sharp corner  of t h e  c l e v i s  of t h e  P/N 290790 

l i n k  assembly. The f a c e  of t h i s  gouge w a s  g e n e r a l l y  t r i a n g u l a r ,  and t h e  maxi- 

mum depth was 0.035 inch with d e f i n i t e  c h a t t e r  It.,arks ac ross  t h e  gouge f a c e ,  

Along two s i d e s  of t h e  t r i a n g l e  t h e  edges were sawtoothed i n  shape, showing 

some of t h e  ind iv idua l  cyc le s  of c h a t t e r .  

of t h e  l i n k  would not l i n e  up with t h e  arm assembly bushing when t h e  c l e v i s  

was a l igned  w i t h  any of t h e  sawtooth p o i n t s ,  

The b o l t  hole  a t  t h e  oppos i te  end 

' 

The nut  of t h e  missing b o l t  i s  normally i n s t a l l e d  aga ins t  t h e  outboard 

I f ace  of r i g h t  arm assembly P/N 291089R. There was no depos i t  of grease  on t h e  

outboard f ace  of t h e  bushing of t h e  r i g h t  arm, nor  was t h e r e  on t h e  sur face  of 

t h i s  arm t h e  heavy s p l a t t e r  of grease  and d i r t  such as appeared on t h e  l e f t  arm. 

Some grease was present ,  b u t  only as a f i lm .  

was unscarred except f o r  s l i g h t  concent r ic  s c ra t ches .  The o u t l i n e  of a washer 

could be seen on t h e  f a c e  of t h e  forg ing ,  b u t  s u f f i c i e n t  p re s su re  had not been 

The outboard f a c e  of t h i s  bushing 

appl ied  t o  remove t h e  z inc  chromate. The outboard one- th i rd  of t h e  bushing ' s  

bore showed heavier  corrosion than t h e  o t h e r  two-thirds  and contained some 

i r r e g u l a r  scoring There were seve ra l  t h r e a d l i k e  score  marks on t h e  b o r e ' s  
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inboard one- th i rd  from 9:OO through 3:OO o ' c l o c k -  A t  s e v e r a l  p l aces  near  t h e  

12:OO o 'c lock  p o s i t i o n  t h e s e  scorings were pol ished and f l a t t e n e d .  The inboard 

f a c e  of t h e  bushing wa8 c lean  and a concentr lc  impression of t h e  l i n k  bearirlg 

w a s  v i s i b l e ,  There was a t h i n  dreg mark ai; t h e  bushing ' s  inner  clrcumfercnce 

a t  9:OO o ' c lock ,  0.005 inch wide by 0,lO inch long; p a r a l l e l  t o  t h e  arm cen te r -  

l i n e .  A t  t h e  o u t e r  circumference of t h e  b u s h i n g ' s  inboard f a c e  a t  t h e  1:OO 

- 

o ' c l o c k  p o s i t i o n  t h e r e  was a curved b r i n e i l  mark 0,125 inch long by  0.015 inch 

wide. When viewed under magnif icat ion,  another  b r i n e X i n g  cculd be seen 

suprrimposed wl th in  t h e  f i r s t  one. The cu rva tu re  of t h e s e  marks, oppGsite 

i n  a r c  t o  t h e  circumference of t h e  bushing, e x a c t l y  matched t 'hat  of t h e  c i r -  

c u l a r  end of t h e  P/N 290790 l i n k  assembly. The flow of metal  showed t h a t  bo th  

b r i n e l l i n g s  had been formed i n  a d i r e c t i o n  away f rm t h e  bushing c e n t e r ,  No 

elongat ion of t h e  bushing hole  could be found, 
-̂ a. 

The b o l t  hole  of l i n k  assembly P/N 290790, which i s  t h e  bear ing  inne r  

race ,  t o g e t h e r  with t h e  bushings, were checked f o r  roundness and found t G  b e  

wi th in  t o l e r a n c e .  me bore was i n  exce l l en t  condi t ion,  although t h e r e  was a 

s l i g h t  br ine11  mark on t h e  c i r c u l a r  end of t h e  l i n k  on t h e  r i g h t  s i d e .  

A t  impact, t h e  f o u r  powerplants broke loose  from t h e i r  aft  s t r u c t u r e  and 

t h e i r  components were widely s c a t t e r e d  i n  t h e  wreckage area. The nose sec t ions ,  
I 

with p r o p e l l e r  hub dome assemblies s t i l l  at tached,  were found a f e w  fee t  ahead 

of each engine n a c e l l e  impact c r a t e r  

s e t t i n g s  and t h e  p r o p e l l e r  b lade  shim plates i n d i c a t e d  t h a t  t h e  p r o p e l l e r  b l ades  

of each engine were se t  a an ang le  of from 29 t o  30 degrees a t  t h e  time of i m -  

p a c t ,  Tests of t h e  p r o p e l l e r  governor component.? from each engine revealed a 

range of ayproximately 2,450 t o  2,525 r.p.mo at impact 

I 
Readings taken from t h e  p r o p e l l e r  dome 

, 

7 
/ 
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There was no evidence of any ope ra t iona l  f a i l u r e  o r  malfunction of any 

* 
engine o r  p r o p e l l e r  component, - 

- 

N 86511 was de l ive red  t o  TWA i n  December 1945, and had accumulated 43,112 

hours a t  t h e  t ime of t h e  acc ident .  

overhauls,  t h e r e  were two major r e p a i r s  accomplished. 

performed by  t h e  Lockheed A i r c r a f t  Corp. i n  t h e  sp r ing  of 1951, and t h e  air-  

c r a f t  had accumulated approximately 33,000 hours s i n c e  t h i s  r e p a i r .  I n  

January 1958, t h e  c e n t e r  rudder was replaced because of bad f a b r i c .  A base 

overhaul was accomplished at IWA'S Kansas C i t y  Base i n  May 1959, at  which t ime 

t h e r e  was a rou t ine  replacement of t h e  boos t  c o n t r o l  u n i t s .  The las t  base 

overhaul was performed during November 1960, a t  which t ime an e l e v a t o r  boost  

c o n t r o l  replacement k i t  was i n s t a l l e d .  

assembly and, therefore ,  t h e  i n s t a l l a t i o n  work requi red  t h e  removal and r e i n -  

I n  add i t ion  t o  t h e  r o u t i n e  major and base 

The last  r e p a i r  was 

This  k i t  included a paral le logram 

s t a l l a t i o n  of seve ra l  b o l t s ,  inc luding  t h e  AN-175-21 which connects t h e  P/N 

290790 l i n k  assembly-ith t h e  lever arms. The last  d e t a i l e d  con t ro l s  inspec t ion  

was made during t h e  last  scheduled pe r iod ic  checks on August 7, 1961. 

pe r iod ic  checks included a v i s u a l  inspec t ion  of t h e  c o n t r o l  components, 

d a i l y  and turnaround inspec t ions  f o r  August were accounted f o r .  

These 

A l l  

Levels of carbon monoxide s a t u r a t i o n  i n  t h e  t i s s u e  specimens of crew 
0 

members were found t o  b e  less than  10 percent ,  t h e  accepted high l i m i t  of 

normal; no a lcohol  was found. 

Tissue specimens of passengers  revealed even lower l e v e l s  of carbon 

monoxide. 
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/Inalyci s 
-_IC 

There can b e  no doubt t h a t  t h e  AN-175-21 b o l t  was Kissing f r c n  t k c  p a r d -  

lclogram assembly when t h e  e l e v a t o r  boost  package was f i r s t  exs,ni:~ed, 'The - 

problem demanding s o l u t i o n  can be s t a t e d  as follows: 

Was t h e  b o l t  e x t r a c t e d  by  impact f o r c e s ,  o r  vas it mis.. . 
ing  from i t s  i n s t a l l e d  l o c a t i o n  p r i o r  t o  t h e  crash? 

F i r s t ,  t o  d i scuss  t h e  p o s s i b i l i t y  of t h e  belt being torr: o u t  on inpac t ,  

t h e  geometry of t h e  system i s  such, and t h e  r e s u l t a n t  pos t -acc ident  o r i e n t s -  

t i o n  of t h e  p a r t s  was such t h a t  t h e r e  could be only  two ways t o  remove t h e  

b o l t :  (1) i n  double shear  by d isp lac ing  t h e  P/N 290790 l i n k  assenbly,  acd ( 2 )  

by t e n s i l e  load caused by  spreading t h e  P/N 2910895 and R amA assemblies aga ins t  

t h e  head and nut  of t h e  b o l t .  

The double shear  p o s s i b i l i t y  can e a s i l y  be el iminated There was n c  

e longat ion of e i t h e r  arm assembly bushing; c o n t r a  t o  elongation, t h e  bushings 

were out-of-round by  less than  0 . 2  percent  The f a c t  t h a t  t h e  b o l t  was missing 

i s  f u r t h e r  proof t h a t  it was not  sheared, s i n c e  t h e  d u c t i l i t y  of t h e  .steel b o l t  

and t h e  bushings would al low s u f f i c i e n t  deformatlon.before f r a c t L r e  t o  s e i z e  

t h e  b o l t  s e c t i o n s  
I 

The only  remaining method of b o l t  removal on impact would be t o  place it 

i n  t e n s i o n .  

b o i t  o r  removal of t h e  nut by thread  s t r i p p a g e  or by  s p l i t t i n g  t h e  n u t .  

a shear  nut  were used,as  a &A witness  t e s t i f i e d ,  t h e  thread  s t r i p p a g e  would 

The r e s u l t i n g  f a i l u r e  would be e i t h e r  by  t e n s i l e  f a i l u r e  of t h e  
I 

If 
l 

be t h e  more l i k e l y  p o s s i b i l i t y .  

i t  i s  assumed t h a t  a shear  nut  Mas used i n  t h e  i n s t a l l a t i o n  and, thereby, t h e  

fol lowing argument i s  conservat ive 

Since t h i s  r e q u i r e s  the l e s s e r  t e n s i l e  f o r c e ,  

/ 
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The f a i l u r e  loads  of t h e  b o l t  assembly u n i t s  are: 

- 
Load, l b s ,  - 3/ 

. -  

AN-175-21 b o l t  - y i e l d  4,890 

AN-175-21 b o l t  - u l t ima te  6,500 

AN-320-5 nut - u l t i m a t e  3,250 

AN -3 80 - 2 - 2 e 0.t t er key - u l t i m a t e  210 

Since t h e  c o t t e r  key f a i l u r e  load  i s  low i n  comparison t o  t h e  o the r s ,  

i t s  a d d i t i o n a l  s t r e n g t h  t o  t h e  system can be ignored without apprec iab ly  

a l t e r i n g  t h e  r e s u l t s  It can be seen t h a t  t h e  nut  would f a i l  wel l  before  t h e  

y i e l d  poin t  of t h e  b o l t  i s  reached; t he re fo re ,  t h e  load  of concern here  i s  

3,250 pounds - 
Recal l ing t h a t  t h e r e  were two heavy d e p o s i t s  of t h i c k  grease  on the  out -  

board f ace  of t h e  l e f t  arm assembly, it i s  now poss ib l e  t o  c a l c u l a t e  t h e  pressure  

which would be  appl ied  t o  t h e  sur face  of t h e  depos i t  i f  t h e  b o l t  assembly be 

placed i n  t ens ion  t o  t h e  f a i l u r e  p o i n t .  The geometry of t he  boost  package 

assembly i s  such t h a t  t h e  only  way t o  p l ace  t h e  b o l t  i n  t ens ion  i s  t o  spread t h e  

two l e v e r  arms a p a r t ,  e i t h e r  i n  bending one o r  t h e  o t h e r  outward o r  i n  t r a n s l a t i n g  

one of them away from t h e  o the r .  

l e f t  bushing i n t o  contac t  with t h e  b o l t  head, o r  it clamps between t h e  bushing 

E i the r  a c t i o n  p l aces  t h e  o u t e r  f a c e  of t h e  

aAd t h e  b o l t  head any ob jec t  (washer and/or grease)  i n  t h i s  pa th  of a c t i o n .  

If t h e  grease  depos i t  o r i g i n a l l y  covered the  e n t i r e  bushing sur face ,  as 

it probably did, t h e  p re s su re  would be 28,300 p. 8 .  i., an enormous amount of 

p re s su re  t o  be  withstood by a substance w i t h  t h e  cons is tency  of modeling c l ay .  

Since t h e  grease,  under pressure ,  could be extrud .i r a d i a l l y  throughout 360 

- 3/ These a r e  t e n s i l e  loads  on t h e  assembly, l . e . ,  t ens ion  on t h e  b o l t ,  shear  
on t h e  nut  t h reads ,  and double shear  on t h e  c o t t e r  key. 
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degrees,, both toward alid away from t h e  bushing center :  t h e  f a c t  t h a t  t h e  

deposi t  was s t i l l  0 .10 inch or more deep i s  proof s u f f i c i e n t  t h a t  no such 

pressure,  o r  any apprec iab le  f r a c t i o n  thereof  w a s  appl ied 

- 

Became of t h e  geometry and dimensions of t h e  system, the  gouges and 

scra tches  r e f e r r e d  t o  e a r l i e r  could have been made only a f t e r  t h e  b o l t  was 

ex t rac ted ,  r e l e a s i n g  t h e  i i n k  assembly, 

marks on t h e  inner su r face  of t h e  l e f t  arm could not have been made concur- 

It was f u r t h e r  noted t h a t  t h e  c h a t t e r  
- 

r e n t l y  w i t h  t t e  indenta t ions  on t h e  bushings, nor could the  indenta t ions  on 

t h e  two bushings have been made simultaneously,  There occurred at l e a s t  four  

ind iv idua l  ac t ions ,  t h r e e  on t h e  r i g h t  bushing and one on t h e  l e f t ,  plus t h e  

mul t ip le  c h a t t e r  marks shown on t h e  arm assembly 

Indica t ions  a r e  tha t  at. some e a r l i e r  time t h e  b o l t  may have moved t o  a 

p o i n t  where i t s  end was about two-thirds  i n t o  t h e  bushing of t h e  right, a m  of 

t h e  l eve r  assembly T h i s  would provide some p r o t e c t i o n  t o  t h e  two-thjrds  of 

t h e  bore,  bult expose t h e  o u t e r  one- th i rd  t o  t h e  atmosphere, allowing it  t o  

corrode,  The thread  marks at :he inner  one- th i rd  of t h e  bo re  f u r t h e r  i n d i c a t e  

a p a r t i a l l y  displaced b o l t  

por t ion  of t h e  bore w h i l e  t h e  b o l t  was i n  a normal p o s i t i o n .  

The thread  impressions could not b e  made i n  t h i s  

In  c rder  f o r  grease o r  any o t h e r  m a t e r i a l  t o  b u i l d  up on t h e  outer  sur face  
0 

of t h e  l e f t  arm assembly bushing, t h e r e  o%viously must b e  a gap between t h e  

bushing and t h e  bo.lt head ( o r  washer) I 

t h i s  gap but,, i n  any case,  regard less  of i n i t i a l  cause, t h e  nut  must be loose 

by a t  l e a s t  t h e  n m b e r  of th reads  e r p i v a l e n t  t o  t h e  maximum th lckness  of t h e  

There a r e  probably many ways t o  cause 

grease,  ~ / 6 b  inch 
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The heavy deposi+, and t h e  s p l a t t e r  i n  t h e  vicir , : ty of t h e  l i f t  bushing 

appeared t o  have come, i n  t h e  main, from t h e  bushing b c r e ,  having bcen s p l a t t e r e d  

out  of' th.2 bushing by  t h e  loose,  c h a t t e r i n g  belt I n  coning wit  t h e  o i l  o r  

greasp would have s t r u c k  t h e  b o l t  head ( o r  wasker) and been d e f l e c t e d  r a d i a l l y  

That p o r t i o n  depos i t ing  i t s e l f  between t h e  bush2r.g and tkLe b o l t  head ( o r  washer) 

would Pave been packed down by  motion of t h e  b o l t  The fact t t d t  nc sAch 

deposil or heavy s p l a t t e r  e x i s t e d  at the o t t e r  bushing would i n d i c 5 t e  that  

- 

._ 

durinG 'a considerable  per iod  of t i m e  t h e  n u t  was not  i n  p l a c e ,  t h u s  aLlowing 

o i l  t o  e j e c t  from t h e  bushing and f a l l  f r e e ,  

Prior t o  t h e  C i v i l  Aeronautics Board publ ic  h e w i n g  t h e r e  ex i s t ed  a 

quest ion of how t h e  g rease  depos i t  showed t h e  hexagonal outline of a b o l t  head 

when Lockheed A i r c r a f t  Corp. drawing No 209835 c a l l s  -?c.- two washers, one 

a t  t,he head of t h e  b o l t  and one at t h e  nut It was evident  t h a t  a wssher 

had been presen-i; at one t i m e  became  one had l e f t  i t s  impression on t h e  lever  

a m  and could b e  seen a f te r  t h e  g rease  w&s cleancd away. If t h e  i n s t a l l a t i o n  

were made according t o  t h e  LAC drawing, t h e  hexagonal p a t t e r n  could not have 

been p resen t  s i n c e  an ~~-960-.51G washer has  EL g r e a t e r  d i ane tep  than  t S e  m a d  

cf an AN-175  b o l t .  T h i s  apparent anomaly w a s  c l e a r e d  a t  t h e  hear ing wken a 

TWA mechanic: t e s t i f i e d  t h a t  because of t o l e r a n c e  v a r i a t i o n s ,  it was not always 

p d s s i b l e  t o  secure t h e  nu t  if  a washer i s  i n s t a l l e d  under t h e  k a l t  head 

such cases the washer i s  removed and t h e  l n s t a l l a t i o n  made without I t  The 

Board does no t  suggest t h a t  t h i o  i s  an unsafe p r a c t i c e ,  bu t  i t  does exp la in  

how t h e  shape of a b o l t  head could b e  scen i n  t h e  g rease  p a t t e r n  T t  i s  c l e a r  

t h a t  a was! L ' r  was used a t  t h i s  po in t  on at least c .e p r e v i o w  parallelogram 

i n s t a i l a t i o n ,  b u t  not  on t h e  one i n s t a l l e d  i n  November 1960. 

In  



The TWA rx?cbd)?ic f u r t h e r  s t a t e d  i n  his testimony t h a t  he i n s t a l l e d  t h e  

r e p a i r - k t  l inkagr rzt the Last base ,wer'nail; i n  November 1960 ke a l s o  s a i d ,  
- 

"I am sure  s t J l  bciLs weie installed, properiy torqued> arid safetied . . . 1' , . 
b u t  sbksequent ly  adds?,  "1 do n c t  remem'cer s p e c i f i c a l l y  working ct! Plane 555 

Since it kas been s t o w  t h a t  t k e  AN-L75-21 Colt was missing from i t s  

noma1 I x a t j c n  at the t i n e  of ixpact, i f  beconlrs necessary t 3  d i scuss  t h e  

e f f ec t  on th2 a i r c r a f t  when t h e  b6-t i s  X € E O w d .  

W i t q  reference t o  AppEcdLx A; Fig. 6, it can be seen t k a t  p i lo+,  iripdt 

moves l i n k  BIZ I C  o r  down which p i v o t s  l i n k  EDC; as a walking beam &out po ln t  I?, 

causing pc in t  E t c  aove dcwn o r  up. T h i s  p a s i t i o n s  t h e  c o n t r o l  iraive spool 

which i s  L:-- ?c'ced a t  pojrit E ,  E lEvatar  inp& mwes Link AD up or down which, 

i n  t u r n ,  p?:vct,s i l n k  ED2 &Gut p o i n t  C .  This a c t i o n  a l s o  po6itior.s t h e  c o n t r o l  

valve spooi. I't s h o ~ ' / ;  be Eoted t h a t  p i l o t  and e l e v a t o r  i n p u t s  in t h e  same 

d i recz i cn  art, s ~ b t r a c t l v ~  ar,d i n p u t s  i n  opposite d l l e c t i o n s  are additive to  

the vs-ve spc:cL. 
I 

If t h e  AN-175-21 b o l t  at  p o x t  A ke removed, no support  f o r  t h e  paral- 

l e i o g r m  is prrjvlded by ,Snk AD, and I l n k  EDC: is f ree  t o  pixyot abo.;t, p o i n t  C 

Since tl-e v s i v e  i s  rmuntc.d I n  8 n e a r - v e r t i c a l  pos i t ic r . ,  t k e  v;ig%t of l i c k s  

AQ and EIX: and t h e  w i i g h t  of t h e  spoctl are  applied i n  the d i r e c t i o n  t o  move 

t h e  spoci tpward ~ p - ~ . I e ~ ~ a t n r  to be res;sted on ly  by  t h e  f r i c t i o n  i n  t h e  va ivc  

and at p c i c t s  (l and F. th? t 0 2 a . 1  of whicl- i s  r e g l i g i k i e .  Any f r l c t i o n  above 
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A s  soon as t h e  valve spoc3 p o r t s  f l u i d  t o  t h e  up-FtLevstor side of t h e  

a c t u a t o r ,  thc- e l e v a t x  w i l l  s tart  t o ,  move up, p o s i t i v e  normal a c c e l e r a t i o n  is 

appl ied  tc, -<k,e a i r c re . f t  wbich w i l l  d r i v e  t h e  spool  lower; more up-pievator - 

pres su re?  r r i c r ~  a c c e l ~ r a t i o n .  It may t h e r e f o r e  be  seen t h a t  t h e  e n t i r e  opera t ion  

from b o l t  extractior,  t o  maximum up-e leva tor  hinge moment. i s  airnost i n s t a n t a -  

neous 

Furthm r e f e r e n c e  t o  t h e  ske tch  shows t h a t  t h e r e  can be no p?.,ot. input  

t o  %h? va i \ r t  to ccw-terac t  t k e  a c t i o n  s i n c e  t h e  p a r a i l e l o g w n  can no longer 

p ivo t  a t  po in t  D. InpfJt  app l i ed  by  t h e  p i l o t  i s  only c a r r i e d  throLgh t h e  

mechanical linkage, The mechanical aduantage of t h e  sys t en  i s  fa r  t o o  low t o  

be e f f e c t i v e  a g s i r s t  C,he f u l l  p r e s su re  i n  t h e  b o c s t  a c t w t o y  hn a s t L d y  - 5/ 

of t h e  Cons te i i a t ion  t o o s t  systems, it was po in ted  out t \a t  t h e  systems w i l l  

develop appsoximsteLy 8,: t imes more hinge moment wi th  boost  on than  wi th  

boos t  o f f ,  Th i s  f a c t o r  i s  even g r e a t e r  wi th  t h e  above-.described malfunct ion 

because t h e  p l l c t  does not  have t h e  added mechanical advantage gained by 

s h i f t i n g  t o  manml p o s i t i o n .  

The on ly  2 f f e c t i v e  p i l o t  a c t i o n  i s  t o  s h i f t  t he  e l e v a t o r  systen: t o  manual 

T h i s  s h i f t  acccmplishes t h r e e  th lngs :  

I* Closes  t h e  boost. , cu t . -of f  valve; 

, 2 .  Opens t h e  b y p s s  v a l v e  at t h e  ac tua to r ;  and, 

3. Changes t k e  mechanical advaritage of t h e  d i r e c t  p i l o t - t o - e l e v a t o r  
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Therefore,  i t  would appear t h a t  recovery from such a malfunct ion would 

be a simple, s t ra ight forward  opera t idn .  

which can in t roduce  a severe  problem. That func t ion  of t h e  sh i f t - to -A. ianual  

There i s  a p e c u l i a r i t y  of t h e  system 
- 

opera t ion  which changes t h e  mechanical advantage of t h e  system has  t h e  e f f e c t  

of lengthening t h e  connecting system between t h e  c o n t r o l  columm and t h e  e l eva to r  

to rque  arm. That i s ,  t h e  por t ion  of mechanical l inkage  upstream of  t h e  s h i f t -  

i n g  a rea  (dua l  l i n k  rod )  tends  t o  move t h e  c o n t r o l  wheel a f t ,  and that; por t ion  

downstream tends t r 3  move t h e  e l eva to r  downward. If t h e  two hydraul ic  valves  

had operated PrcFerly,  and t h e r e  w a s  no evidence i n  t h i s  case  t h a t  t hey  would 

not have, t.he e l eva to r  would have been free t o  move downward assisted by a i r -  

load hinge moment; however, i f  t h e r e  had been no forward p res su re  on t h e  con- 

t r o l  column, t h e  column would have been f r e e  t o  move a f t ,  and t h e  s h i f t  t o  

manual could have been completed. I f ,  however, t h e  crew had appl ied  forward 

pressure  on t h e  column while  t r y i n g  t o  s h i f t ,  t h e  s h i f t  would have become 

inc reas ing ly  d i f f i c u l t  i n  d i r e c t  r a t i o  t o  t h e  amount, of forward p r e s s u r e .  

The e l eva to r  has  boost-on l i m i t s  of 40 degrees up and 20 degrees down, 

b u t  i s  f u r t h e r  l i m i t e d  wi th  inc reas ing  a i r speed  by boost  hinge-moment maximum 

of 49,000 t o  5h,OOO inch-pounds. 

i s  reduced t o  16 degrees 'up and 6 degrees down because of t h e  inc rease  i n  

I n  t h e  manual pos i t i on ,  e l eva to r  de f l ec t ion  

mechanical advantage,  Therefore,  i f  s h i f t  t o  manual i s  s t a r t e d  when t h e  e l eva to r  

is  up more than  16 degrees,  it must b e  a t  or l e s s  than  16 degrees bergre t.he 

s h i f t  can be  completed. 
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From t h i s  desc r ip t ion  of t h e  system it can b e  seen t h a t  i f  t h e  p i l o t  r e -  

sponds normally t o  a s ta l l ,  t h e  fol lowing desc r ibes  t h e  events  irhich w i l l  

occur when t h e  M-175-21 b o l t  works out  of the-para l le logram:  
- 

1. When t h e  b o l t  comes out ,  t h e  weight of t h e  spool and two of t h e  

paral le logram l i n k s  cause f u l l  p ressure  t o  be  appl ied  t o  t h e  up- 

e l e v a t o r  s i d e  of t h e  a c t u a t o r ,  
- 

2.  The e l eva to r  t r a v e l s  up t o  i t s  maximum hinge-moment For t h e  

speed a t  which t h i s  a i r c r a f t  was assumed t o  3e operat ing,  t h i s  

would be  l e s s  than  40 b u t  g r e a t e r  than  16 degrees .  

3.  The a i r c r a f t  e n t e r s  an acce le ra t ed  s t a l l ,  A s  t h i s  s ta l l  decays 

toward a primary s ta l l ,  t h e  e l eva to r  angle  inc reases  t o  40 degrees.  

The cap ta in  o r  f i r s t  o f f i c e r ,  o r  both,  would normally apply high 

, _ I .  

4. 

forward pressure  on t h e  c o n t r o l  column i n  an attempt t o  ge t  t h e  

nose down, 

5 .  While t h i s  forward pressure i s  be ing  appl ied,  t h e  crew at tempts  t o  - 
p u l l  t h e  s h i f t  handie .  

With t h e  e l e v a t o r  at  i t s  maximum d e f l e c t i o n  (maxim& hinge-moment 6 .  

or  40 degrees,  depending on speed) and he ld  t h e r e  by  f u l l  hydraul ic  

pressure  and with forward (nose-down) f o r c e  on t h e  column, it be- 

. comes d i f f i c u l t ,  i f  not impossible,  t o  move t h e  s h i f t  handle far 

enough t o  opera te  t h e  shLtoff ond/or t h e  bypass valves .  

7. With t h e  a i r c r a f t  s i d l e d ,  o r  executing a s e r i e s  02 stalls ,  even 

though a l t i t u d e  i s  being l o s t ,  t h e  nose must be  lowered t o  e f f e c t  

recovery; hence, increased  forward f o r c e  ,-esults i n  a higher  f o r c e  

requi red  t o  p u l l  th.e s h i f t  handle.  
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. .  

.. .. 
- -  / 

8, Accelerated s t a l l  v ib ra t ions  may cause .empennage o r  r e a r  fuse'lage 

damage. It w i l l  be  shown l a t e r  how acce le ra t ed  s t a l l  i s  t h e  

known r e s u l t  of b o l t  ex t r ac t ion ,  a6d s t r u c t u r a l  damage i s  a 

poss ib l e  r e s u l t  of acce le ra t ed  s t a l l .  

There can be no doubt i n  t h e  sub jec t  case  t h a t  t h e  e l eva to r  was a t  t h e  

40-degree up p o s i t i o n  a t  some po in t  during t h e  empennage fa i lure .  The r i g h t  

outboard c los ing  rib-was crushed by, and l e f t  i t s  impression on, t h e  f i n  and 

rudder .  Matching t h e  p a r t s  showed c l e a r l y  t h e  40-degree e l eva to r  p o s i t i o n .  

Following seve ra l  acc idents  involving Navy R7V and A i r  Force C - 1 2 i  air- 

c r a f t  (1049 models), t h e  A i r  Force cont rac ted  with Ling-Temco t o  conduct an 

a n a l y s i s  of t h e  Cons te l l a t ion  e l eva to r  system. The Temco repor t  i n d i c a t e s  

t h a t  when t h e  s h i f t i n g  system w a s  t e s t e d  on a mock-up with simulated a i r loads ,  

s h i f t  opera t ion  could not always be  completed when 100 o r  more pounds of s t i c k  

f o r c e  was appl ied,  o r ,  i f  completed, it was done with high p u l l  f o r c e s  on t h e  

s h i f t  handle.  

Following t h e  f a t a l  acc ident  of a Navy R7V a t  T a f t ,  Ca l i forn ia ,  on May 14, 

1958, Lockheed A i r c r a f t  Corp, conducted similar tes ts  and i ssued  LAC Report 

13142 

not  be  accomplished i f  it i s  r e s i s t e d  by  l a r g e  c o n t r o l  f o r c e s .  

T h i s  r epor t  shows t h a t  w i th  extreme e l eva to r  de f l ec t ions ,  s h i f t i n g  can- 

The r epor t  

states, i n  p a r t :  

"A s tudy  of t h e  curves reveals t h e  marked e f f e c t  of colunn f o r c e s  on 

s h i f t  force ,  bu t  a l s o  t h a t  t h e r e  i s  a reasonable amount of column 

f o r c e  a l lowab le , "  The r epor t  cont inues:  "The condi t ions  permi t t ing  a 

s h i f t  t o  manual have considerable  la t i tude, .  tepending upon sur face  

1 

I 

/ 
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moment,, r e s t r a i n i n g  column force,  and sur face  angle .  Within t h e s e  

limits many oppor tuni t ies  would be  present  pe rmi t t i ng  a s h i f t  to 

manual p o s i t i o n .  

- 

I! 6/ . -  

The Board b e l i e v e s  that oppor tuni t ies -wi th in- l imi t s  i s  a quest ionable  

approach t o  t h e  design philosophy of an emergency system. When c o n t r o l s  a r e  

jammed, p a r t i c u l a r l y  i n  a n  unxianageakle regfme, and if a c o r r e c t i v e  mechanism 

i s  ava i lab le ,  a p i l o t  shou.ld be of fe red  a p o s i t i v e  cor rec t ion ,  not opportuni- 

t i e s -wl t hin - l i m i t ,  s 

As far as i s  'known t h e m  tave been no previous similar problems with t h e  

e l e v a t o r  boost  system i n  t h e  c i v i l  operat ion of Cons te l la t ions ;  however, t h e  

m i l i t a r y  s e r v i c e s  have had an accident  and an inc ident  involving Constel la-  

t i ons ,  t h e  causes of which were  a t t r i b u t e d  t o  similar e l e v a t o r  boost  malfunctions 

and t h e  i n a b i l i t y  t o  shift t o  manual, 

The accident  was t h e  Taft case,  r e f e r r e d  t o  above. It was determined 

t h a t  c l e v i s  b o l t  

t o  t h e  va lve  spool (Poin t  E ir, Appendix A, F i g ,  6) backed out, separa t ing  t h e  

P/N LS-508-4-20, which connects t h e  paral le logram l inkage - 

spool from t h e  l inkage,  While t h i s  2s not  t h e  same b o l t  as i n  t h e  i n s t a n t  
I 

case, t h e  e f f e c t  i s  s h i l a r ;  t n e  spool i s  f r e e  t o  move i n  e i t h e r  d i r e c t i o n ,  

b u t  i t s  n a t u r a l  tendency wculd b e  down ( e l e v a t o r  up). 

w i t h i n - l i m i t s  should s e r i a u s l y  consider  t h e  fol lowing f a c t s  regarding t h i s  

I 

Advocates of opporbjn l t ies -  
I 

I 

accident  : / '  
1 

1. The a i r c r a f t  was observed by many witnesses  t o  execute s e v e r a l  360- 

degree t u r n s  dcrir,g which t h e  a i r c r a f t  p i t ched  up s e v e r a l  times, / 

z m e r s c o r i n g  supplied / / 



- 23 - 
-.- but; never rega in ing  all l o s t  a l t i t u d e .  The general consensus 

was t h a t  wheu t h e  nose p i t ched  down, t h e  wings were momentarily 

l eve led  o r  n e a r l y  leveled,  f o l l o w e d b y  a p i tchup and break t o  t h e  

I Left  t o  s t e e p  bank angles .  . . 

2 .  Despite t h e  f a c t  t h a t  t h e  a i r c r a f t  descended i n  t h i s  manner from 

13,000 f e e t ,  12,300 above acc ident  s i te ,  thus  allowing severa l  

minutes f o r - c o r r e c t i v e  ac t ion ,  t h e  e l eva to r  boost  system was s t i l i  

i n  t h e  boost-on p o s i t i o n  a t  impact. 

3. The crew was far from Inexperienced$ The record  shows: 

C r e w  Member To ta l  Time R7V Time 

A i r c r a f t  Commander 5674 1233 
Copilot  4404 342 
1st F l i g h t  Engineer ---- 2088 
2nd F l i g h t  Engineer -- -- 1052 

4,  I n  an apparent l a s t - d i t c h  e f f o r t  t o  ge t  nose-down p i t ch ing  moment, 

t h e  crew s e l e c t e d  80 t o  100 percent  f l a p .  

, The incfdent,&he d e t a i l s  of which were en tered  i n  t h e  record at  t h e  

publ ic  hearing, also involvea an R7V. While t h e  i n i t i a l ’ m a l f u n c t i o n  was of 

a completely d i f f e r e n t  nature ,  t h e  r e s u l t  was t h e  same. 

separa ted  ac tua to r  p i s t o n  por ted  t h e  valve ;to t h e  f u l l  e levator-up p o s i t i o n .  

The weight of t h e  

The a i r c r a f t  executed f i v e  successive acce le ra t ed  s ta l ls  and l o s t  3,000 f e e t  

of a l t i t u d e  before  t h e  system could be deboosted. 

v i b r a t i o n s  caused ser ious  s t r u c t u r a l  damage t o  skin,  s t r i n g e r s ,  and bulkheads 

The f o r c e s  and accompanying 

i n  t h e  aft; .por t ions of t h e  fuse lage  

Fur ther  proof t h a t  acce le ra t ed  s ta l l  can produce s t r u c t u r a l  f a i l u r e  i s  

During one f l i g h t ,  found i n  t h e  records of R7V s t r u c t u r a l  i n t e g r i t y  ces t s .  
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t h e  a i r c r a f t  was i n a d v e r t e n t l y  p u t  i n t o  an a c c e l e r a t e d  s ta l l .  Inspect ion 

following t h e  inc ident  revealed t h a t  t h e r e  w_as a complete separa t ion  of t h e  

r i g h t  s t a b i l i z e r  rear spar web, This  separa t ion  was l o c a t e d  one-half a r i b  

s t a t i o n  inbosrd of thy poin t  a+, which t h e  r e a r  spar  f a i l u r e  of N 86511 occurred. 

Conclusions 

The Board has  attempted t c  stow i n  t h i s  r e p o r t  how t h e  physical  evidence 
- 

proves t h a t  t h e  AN--175-21 boLt :r, t h e  psrallePcgram was missing at t h e  time 

of iinpsct and f u r t h e r  t o  prove t h a t  t h e  l o s s  of t h e  b o l t  p reCiF i t a t ed  t h e  

accfdent ,  The e f f e c t  of s u h  less kiss keen explained and r e l a t e d  t o  o t h e r  

acc idents  and inc iden t s .  It has also been shown how t h e  a c c e l e r a t e d  s ta l l  

r e s u l t i n g  from b o l t  l o s s  c a n  produce s t x c t w a l  failare similar t o  t h a t  of 

t h e  TWA a i r c r a f t .  

m e  Board conclades from t h e  evidence a t  hand t h a t  during t h e  c l h b o u t  

from Midway Airport ,  t h e  AN-175-21 b o l t  worked its way clear of t h e  pai*all--.io- 

gram l i n k ,  Th i s  was fo l lowed  immediately by f u l l  pressure t o  t he  up-elevator 

s i d e  of t h e  a c t u a t o r  pls%on. The p-i.lot’s n a t u r a l  response t o  t h e  r e s u l t i n g  

v i o l e n t  pi tchhp and acc:el.erated s ta l l  prevented successfu l  s h i f t  of t h e  elevatcr 

boost system t c  the manual positToo, 

The manner i n  which t h e  boit ,  was 13st i s  l a r g e l y  a matter of conjec ture ,  
, 

There a r e  many pcssibi1:t:es The c u t  ccrxSd have been l e f t  off at t h e  time 

of i n s t a l l a t i o n  i n  November .196O; howe-cer, t?xh i s  nc t  prcbLble i n  view of the 

length of time which elapsed from Kwenher 1960 u n t i l  t h e  occurrence of t h c  

acc ident .  The shear nLt coc?=d have beer, mer - t igh tened ,  t he reby  s t r i p p i n g  the  

threads ,  but  the loads on the  FoLt, are  such that €den a s t r i p p e d  nut,, i f  i t  
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has a c o t t e r  key i n s t a l l e d , ,  could hold t h e  b o l t  i n  p lace .  The most probable 

reason, although it cannot be  subs tan t ia ted ,  i s  t h a t  t h e  c o t t e r  key was omitted 

at  t h e  t i m c -  or t h e  paral le logram i n s t a l l a t i o n  and  t h a t  during t h e  intervening 
- 

.' months ':<,I nut backed off and allowed t h e  b o l t  t o  come out .  The immediate 

valve,poYting, t h e  rap id  onset  of hydraul ic  pressure  t o  t h e  boost ac tua to r ,  

and t h e  res1Jlting maximm hinge mment' on t h e  e l e v a t o r  a s s o c i a t e d  w i t h  loss 

of t h i s  b o l t  prove conclusively tha t  t h e  loss could not  have occurred p r i o r  

t o  t h e  climbout from Midway Ai rpor t ,  

On Noverr;ber 22," 2.961, t h e  Board recommended t c  t h e  Administrator of t h e  

Federal  Aviazion Agency t h a t  t h e  mechanism f o r  shift- to-manual i n  t h e  Con- 

'. s t e l l a t i o n  c o n t r o l  boost system be modified so t h a t  t h e  a c t i o n s  would be  

sequent ia l  rather than simu2taneous. S p e c i f i c a l l y ,  under t h e  recommended 

change, t h e  s h i f t i n g  a c t i o n  by  t h e  p i l &  would remain one continuous motion 

of a hand2e b u t  would, f irst ,  open t h e  bypass valve; second, c l o s e  the 

hydraul ic  shutoff valve and, t h i r d ,  s h i f t  t h e  mechanical l inkage.  With such 

an asrangeKent, a l l  hydrau1i.c pressure  i n  t h e  boost package would be r e l i e v e d  

pr ior  t o  t h e  mechanical s h i f t  a c t i o n  and would t h u s  al low t h e  complete s h t f t -  

- 

to-manual without r e s t r i c t i o n  regard less  of p i l o t - a p p l i e d  c o n t r o l  f c s c e s ,  

On March 8, 1962, t h e  A d m M s t s a t o r  advised t h e  Board t h a t  h i s  Agency 

was having the ConsteLlation F l igh t  Manual amended t o  include "procedures 

f o r  tu rn ing  of f  t h e  elevator 't3ocst. w i t h  a n  uncontrol lable  e l e v a t o r . "  The 

Administrat.or h r t h e r  advised t h a t  " i n  view of t h e  exce l len t  s e r v i c e  h l  stlory 

achieved by t h i s  a i r c r a f t  s ince  c e r t i f i c a t i o n  i n  1946, we be l ieve  there  i s  

i n s u f f i c i e n t  j u s t i f i c a t i o n  t o  requi re  dpsigr, ch&rIJ 2s t o  ac@omp.Lish yoLr t o t 8 1  

o b j e c t i v e . "  
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Although t u r n i n g  o f f  t h e  e l e v a t o r  boost provides '  a p o s s i b l e  means of 

rega in ing  control ,  it appears hopeful t o  assume t h a t  a p i i o t  will r e c a l l  
- 

and execute s u c c e s s f u l l y  t h e  f l i g h t  manual inst-ruct ions when confronted un- 

expectedly wi th  a v i o l e n t  structrire-damaging maneuver i n s t i n c t i v e l y  r e s i s t e d  

by  pushing on t h e  c o n t r o l  wheel, 

August 2L9 1962, t h a t  f u r t h e r  cons idera t ion  be given t o  modif icat ion of t h e  

s h i f t i n g  system 

The Board, therefore ,  recommended on 

- 

Probable Cause 

The Board determines t h a t  t h e  probable cause of this accident  was t h e  

l o s s  of an AN-175-21 n i c k e l  s t e e l  b o l t  from t h e  paral le logram l inkage of t h e  

e l e v a t o r  boost system, r e s u l t i n g  i n  loss of  control  of  t h e  a i r c r a f t .  

BY THE CIVIL AERONATPTICS BOARD: 

/s/ ALAN S. BOYD 
Cha i rma n 

I s /  - ROBERT T, MURPHY 
Vice Chairman 

181 CHAN GURNEY 
Member 

/SI G a  JOSEPH MINETTI 
Member 

/SI WHITNEY GILLILLAND -- 
Kember 



Inves t iga t ion  and Hearing a 

The C i v i l  Aeronautics Board was n o t i f i e d  of t h i s  acc ident  on September 1, 

1961. 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 with t h e  

provis ions  of T i t l e  V I 1  of t h e  Federal  Aviation Act of 1958. A pub l i c  hear ing 

was ordered by t h e  C i v i l  Aeronautics Board and he ld  i n  t he  Charles  Cont inenta l  

House, Midway Hotel, Chicago, I l l i n o i s ,  on September 27, 1961. 

F l i g h t  Personnel 

Captain James H' Sanders, age 40, w a s  employed by  Trans World A i r l i n e s  

August 30, 1945, and was promoted t o  cap ta in  June 18, 1954. He had a t o t a l  

f l y i n g  time of 17,011 hours, of which 12,633 were i n  Cons te l l a t ion  equipment, 

H i s  ) t o t a l  instrument t ime was 3,242:30 hours.  Captain Sanders held a FAA 

c e r t i f i c a t e  and 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  No. 257341 i ssued  

June 10, 1954, on Douglas E - 3 ,  Martin 202-404; and Lockheed Cons te l l a t ion .  

The date of h i s  last  phys ica l  was June 26, 1961, with no waivers.  He  had a 

rest per iod  of 19 hours p r i o r  t o  sub jec t  f l i g h t .  H i s  last p ro f i c i ency  check 

w a s  June 17, 1961, i n  a Lockheed Cons te l l a t ion  and h i s  last l i n e  check was on 

May 20, 1961. The date of h i s  las t  emergency equipment review was June 16, 1961, 

F i r s t  Off icer  Dale Terrant ,  age 31, w a s  employed by  Trans World A i r l i n e s  

DFcember 5, 1955. H i s  t o t a l  f l y i n g  t ime was 5,344:43 hours, of which 1,975 

were i n  Cons te l l a t ion  equipment. 

hours.  

Mr. Tarrant  had a t o t a l  instrument time of 340 

H i s  rest period p r i o r  t o  sub jec t  f l i g h t  was 19:14 hours .  H e  held a 

c u r r e n t l y  e f f e c t i v e  FAA c e r t i f i c a t e  wi th  commercial l i c e n s e  No. 1323998. H i s  

instrument r a t i n g  was i ssued  March 16, 1956 

c l a s s  phys i ca l  was October 21, 1960, with no waivers.  

Thp date of h i s  last  FAA second- 

H i s  rest per iod  p r i o r  t o  
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sub jec t  f l i g h t  was 19 hours. H i s  last  prof ic iency  check w a s  May 17, 1961, 

i n  Lockheed Constel . lat ion eyuipinent, 

ment review was May 17, 1961. 

The d a t e  of h i s  last  emergency equip- 
* 

- 

F l i g h t  Engineer James C .  Newlin, age 38, 'was employed by TWA May 21, 1951. 

He was promoted t o  f l i g h t  engineer November 16, 1953. H i s  t o t a l  f l y i n g  time 

was 5,816:54 hours i n  Cons te l la t ion  equipment. 

t o  sub jec t  f l i g h t  w a s  19:14 hours.  

No. 1210446 issued May 1, 1951, and FAA flight engineer c e r t i f i c a t e  No. 1282233 

was i s sued  A p r i l  9, 1954. The d a t e  of h i s  last  phys ica l  exsmination was 

December 30, 1960, with no Class I1 waiver. H i s  last  prof ic iency  check 

da ted  March 29, 1961, was i n  a Lockheed Cons te l la t ion  f l i g h t  s imula to r ,  

Engineer Newlin's las t  l i n e  check was April 9, 1961, and t h e  date of h i s  

checkout on C o n s t e l l a t i o n  equipment was April  12, 1954. 

Rest Lleriod 24 hours p r i o r  

M r .  Newlin he ld  FAA AeGE c e r t i f i c a t e  

F l i g h t  

H i s  last emergency 

equipment review was March 29, 1961 

The two stewardesses were Barbara Jane Pearson and Nanette G.  Fidger .  

Both had complied wi th  a l l  company requirements with r e spec t  t o  t r a i n i n g .  
I 
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A P P E N D I X  A 

FIG. 1. Elevator boost package. Bushing where 
bolt should have been is  indicated by  arrow “A”. 

‘ P  . 
FIG. 2. Close-up view before disassembly 
o f  bushing against which head o f  bolt should 
have been. 



APPENDIX  A 

FIG. 3. Close-up view of bushing in Fig. 2, 
af ter  disassembly but  prior to  cleaning. 

FIG. 4. Close-up of  bushing against which nut 
should have been. Taken af ter  disassembly, but 
before cleaning. 
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