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SYNOPSIS 

Trcns World Air l ines ,  Inc., F l igh t  5787 (TWA 57875 of Ju ly  26, 1969, 
a Boeing 707-331C, N787lW, crashed a t  approximately 1233 e.d.t. during 
a simulated three-engine, missed approach t o  Runway 13 a t  the National 
Aviation F a c i l i t i e s  Experimental Center (NAFCij, At lan t ic  City Airport,  
Pomona, New Jersey. There were three TWA l i n e  captains ,  a f l i g h t  engineer. 
and an in s t ruc to r  p i l o t  on board the a i r c r a f t .  A l l  f ive  were f a t a l l y  
injured. 

New York, New York, for  the purpose of providing recurrent  t ra in ing  of 
- -  The f l i g h t  or iginated a t  John F. Kennedy In te rna t iona l  Airport (JFK), 

Federal Aviation Regulations. 
three TWA captains  i n  accordance with the provisions of Pa r t  121 of the 

, .  

The rcquired t r a in ing  and proficiency check maneuvers were t o  be 
uccomplished at  the NAFEC/Atlantic City Alrport a t  Pomona, New Jersey. 

One of the  required proficiency check rnaneuvero included a simulated 
instrument approach and the execution of the missed-approach procedure, 
with a c r i t i c a l  engine reduced t o  t ra in ing  i d l e  i n  order t o  a l so  simulate 
engine f a i l x e .  Whilr t h i s  simulated approach was i n  process,  and a f t e r  
the landing gear and f u l l  f l aps  had been extended, fa t igue  f a i l u r e  of 
the l e f t  outboard spo i l e r  ac tua tor  downline caused the l o s s  of hydraul ic  
f l u i d  from the a i r c r a f t ' s  u t i l i t y  hydraulic system./ 

The TWA emergency procedures for  Boeing 707-331C a i r c r a f t  provided 
t h a t  i n  the event of hydraulic f l u i d  loss. a l l  pumps were t o  be turned 
of f .  Consequently, when the f l u i d  l o s s  came t o  the crew's a t t en t ion ,  
the connnand, " A l l  of them out ,  pumps of f"  was ca l l ed  and obeyed. A t  
t h i s  time, the a i r c r a f t  was approximately 300 f e e t  above ground leve l  

I 
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baing produced by engines Nos. 1, 2. and 3. Power for flight was not 
(ACL), and at an indicated airspeed of 127 knots. Takeoff power was 

being produced by the No. 4 engine because the power lever had been re- 
tarded to the training idle position in order to simulate engine failure. 

seconds af:er the call "pumps off" was issued, directional control of 
Power on the No. 4 engine was not restored, and approximately 21 

the aircraft was lost. Eleven seconds later, the aircraft struck the 
ground i n  a right-wing 1.31, nosedown attitude. 

a loss of directional control, which resulted from the intentional 
shutdown of the pumps sup?lying hydraulic pressure to the rudeer without 
a concurrent restoration of power on the No. 4 engine. A contributing 

dure when applied against the operating configuration of the aircraft. 
factor was the inadequacy of the hydraulic fluid loss emergency proce- 

The Board Cetermines that the probable cause of this accident was 

! 
i 
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1. INVESTIGATION 

1.1 History of  tne Pl igh t  

The a i r c r a f t  u t i l i z e d  on t h i s  f l i g h t  was a b e i n g  707-331C, Cargojet,  
N787IW, and was powered by four P r a t t  and Whitney JT-3D fan j e t  engines. 
The a i r c r a f t  had operated pr::vlously as Fl igh t  609-26. a regular ly  
scheduled cargo f l i g h t  ori .ginating i n  Frankfurt,  German)., and terminating 
a t  John F. Kennedy lh tu r r ? t i ona l  Airport (JFK). New York. with interme- 

The f l i g h t  departed from Frankfurt a t  2010 e.d.t. L/, Ju ly  25, 1969, and 
d i a t e  s tops a t  London, lingland, Shannon, I reland,  and Boston, Massachuoetca. 

a r r ivzd  a t  JFK a t  1003, July 26, 1969. No mechanical discrepancies  were 
noted a t  the end of t h i s  f1.igl.t. and maintenance on the  a l r c r a t t  was 
ne i ther  required nor prformed .st JFK. A walk-around inspect ion did not 
d i sc lose  any indicnt ion of hydraul ic  f l u i d  leaks. The a i r c r a f t  was 
ref*Jeled t o  a f:ml ..eight of 70,000 pounds, and released a s  IWA Fl ight  5787 

fo r  three TWA l i n e  captains.  
f o r  the purpose of  providing recurIent  t r a in ing  and proficieacy checks 

lWA 57r7 departed rzom X K  a t  1146. The first capta in  t o  receive 

occupied.the r i g h t  s e a t ,  and R f l i g h t  engineer occupied the f l i g h t  
the proficiency check occupied the l e f t  s ea t .  the i n s t ruc to r- p i lo t  (I.P.) 

engineer 's posi t ion.  The o the r  two captains  occupied the  f l i g h t  deck 
a s  observers while awaiting t h e i r  t u r n  a t  the controls.  

Pomona, New Jersey,  under rout ine a i r  t r a f f i c  cont ro l ,  and was handed 
The f l i g h t  operated from JFK t o  the NAFEC/Atlantic C i t y  N r p o r t ,  

o f f  upon a r r i v a l  i n  the Atlant ic  City, New Jersey,  a rea  t o  the Atlant ic  
City &>roach Control f a c i l i t y .  The a i r c r a f t  was then vectored by 
Approach Control, i n  accordance with the crew's request ,  t o  the Ins t ru-  
ment Landing System (ILS) outer  marker fo r  an approach to ,  and a f u l l -  

IWA 5787 then requested, and t h e  tower approved, clearance t o  taxi t o  
stop landing on, Runway 13. The approach and landing were acccmplished. 

the end of the runway, execute a 180' t u rn ,  and Cake o f f  on Runway 31. 

P r io r  t o  takeoff ,  the I.P. br iefed the captain t o  expect a simulated 
engine f a i l u r e  a f t e r  V 1  ( c r i t i c a l  engine f a i l u r e  speed). g t o  execute 

1/ A l l  iimes here in  are  eas te rn  dayl ight ,  based on the 24-hour clock. 

ZJ Crit ical- engine- fai lure  speed -- the minimum ca l ibra ted  airspeed t o  
which the a i r c r a f t  on takeoff can be accelerated,  l o s t t h e  c r i t i c a l  
engine, and the p i l o t  can either safe ly  continue the  takeoff ,  o r  br ing 

engine whose f a i l u r e  would most adversely a f f e c t  the performance o r  
the a i r c r a f t  t o  a stop on the runway. C r i t i c a l  engine means the 

the handling q u a l i t i e s  of an a i r c r a f t .  
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a three-engine climbout. and t o  request vectors  for  a precis ion ILS 
approach t o  Runway 13, using the a i r c r a f t ' s  f l i g h t  d i rec tor  system. 

was executed as  s ta ted .  The No. 4 engine was retarded t o  t r a i a ing  i d l e  
Pretakeoff and takeoff checkl i s t s  were completed and the takeoff 

t h r u s t  a f t e r  V 1  had been reached. The takeoff was conthued  andener- 

emergency checkl is t .  The a i r c r a f t  was leveled o f f  a t  1,500 f ee t  and 
gency procedures were executed in  accordance with t h e  7 Y I h  engine f a i l u r e  

vectored t o  in te rcept  the ILS course in the v i c i n i t y  of the ou t e r  marker. 
The No. 4 engine remained i n  i d l e  thrust .  The I.P. d i rec ted  t he  captain 

approach a t  the decis ion height. 1/ 
t o  execute a simulated three-engine JLS approach, and t o  expect a missed 

f i n a l  landing checkl i s t s  were ca l led  for  and completed. The landing 
gear was extended d.:d, a f t e r  t he  a i r c r a f t  passed the outer  marker, f laps  
vere placed f u l l  down (500) .  The approach vas flown with the tio. 4 enb:i.?r 
s t i l l  retarded t o  i d l e  thrust .  A t  t h i s  point ,  the tower cleared TWA 5737 
t o  land. The I.P. answered. "OK. we'l l  take the option." 4 /  The tower 
repl ied,  "Roger, cleared." 

As TWA 5787 proceeded toward the outer  marker. the p r e l a n d i q  and 

advanced p o w r  on engines 1. 2 ,  and 3, and ca l led  fo r ,  in proper checkl is t  
A t  the  decis ion height ,  a missed approach was announced. The captain 

requence. "25 Flaps." "Takeoff Power," "Up Gear." These cormvlnds were 
acknowledged and complied with. However, ne l ther  the f laps  nor the 
landing gear moved €rom t h e i r  previous positions. The a i r c r a f t  wsa 
accelerated t o  130 knots (minimum indicated airspeed fo r  t h i s  maneuver, 
pursuant t o  'FUA f l i g h t  manual pcocedures) z/ and a missed-approach climb 
was i n s t i t u t ed .  The configuration of the a i r c r a f t  a t  t h i s  moment was: 

3 Decision height -- the height  specif ied In feet above mean sea leve l  
a t  which a missed approach s h a l l  be i n i t i a t e d  i f  the required v isua l  
reference has not been establ ished.  

"Option" mans  t h a t  the p i l o t  could e l e c t  t o  make a ful l- stop landing, 
a touch-and-go landing and takeoff.  or only a l o w  approach. 

I/ 'IUA Flight  Handbook (FHB) p. 03.10, Paragraph Q(d). "Maintain Bug t o  
Bug 1 5 Knots t o  800' (max bank 150). I f  speed below 130 KT$, slowly 
acce le ra te  t o  130 KTS." Bug or reference speed for t h i s  a i r c r a f t  a s  
computed by the crew fo r  t h i s  approach war 124 knots. 

. I 

,- 
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a t  takeoff t h rus t ;  and engine No. 4 retnrded t o  i d l e  th rus t .  
f laps  f u l l  down (50O); landing gear  down and locked; engines 1, 2, and 3 

procedure, one of the  observer p i l o t &  comnznted, "Oh1 Oh1 Your hydraul ic  
Approximately 16 t o  18 seconds a f t e r  the  s t a r t  of the  missed-approach 

system's zeroed." When t h i s  in fomat ion  was ve r i f i ed  by the 1.P.. the captain 
receiving the proficiency check comanded. " A l l  of them out, pumps off." 
A t  t h i s  moment the tower asked. "Trans World, you gonna work approach 
control?" The I.P. rep l ied ,  "Stand by, we're having a hydraulic problem 
here." Followiug t h i s  c m u n i c a t i o n ,  the conversation in the  cockpit  
concerned the circumstances which might have caused the l o s s  of the  
hydraulic f lu id .  The emergency checkl i s t  k / r e l a t i ng  t o  hydraulic f l u i d  
l o s s  was not ca l led  for ,  and o ther  than  the accomplishment of the f i r a t  
item, these procedures were not followed. 

The local  con t ro l l e r  observed N787TW midfield, a t  an a l t i t u d e  rsti- 
mated t o  be 500 t o  600 fee t .  Approximately 10 t o  15 seconds l a t e r ,  he 
obser,;+d the a i r c r a f t  i n  a s teep.  descending r i gh t  t u r n  which terminated 

The cont ro l le r  working the ground control  pos i t ion  a l so  saw the  a i r c r a f t  
in impact w i t h  t he  a i r c r a f t  parking ramp adjacent t o  the NAFEC hanger. 

a t a r t  a r i g h t  t u rn  and dive toward the ground. He ac t iva ted  the emer- 
gency crash alarm while the a i r c r a f t  was s t i l l  i n  the a i r .  

Jus t  before impact. A s u m r y  of t h e i r  cmments Iollows, divided for  
Eleven other  witnesses observed the a i r c r a f t  a t  impact or i n  f l i g h t  

vat ton of the a i r c r a f t ,  pre-impact observations, and observations st 
tabulat ion purposes i n t o  three general areas;  sounds heard before obser- 

impact. 

- 
WA's Hydraulic Fluid Loss Emergency Checklist  was as follows: 

2. I f  l o s s  continues, u t i l i t y  pumps depressurize. 
1. A l l  pumps o f f .  

3. I f  l o s s  stops, u t i l i t y  pumps one a t  a time t o  depressurize 

4. Vmca without rudder power is 180 k t s .  
and check quantity.  

*5. See 03.12 FHB system res tora t ion  procedures. 
*(Neutralize rudder trim before res tor ing  power rudder) 

P. 03.12.06 FHB. The amplified checkl i s t  discusses each of the 
abwe  items i n  de t a i l .  Paragraph 4 l ists the Vmca f o r  each of t he  
707 models in the TUA f l e e t .  (Vmca means the minimum cont ro l  
speed: airborne, w i t h  a c r i t i c a l  engine inoperative.) 
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3. Pre-Observation Sounds 

a i r c r a f t  p r i o r  t o  impact. Four descrlb?d a double boom. o r  
explosion; four described t he  sound as one boom; m e  dascribed 
a sput te r ing  sound. Two of these witnesses described the  
sounds a s  "compressor s t a l l" ;  one likened the sound t o  "a flame- 
out." Three witnesses described a f l a sh ,  or flames coming 
from the a i r c r a f t .  Two of these placed the flames as emanating 
from engines No. 3 and No. 4. Two of the witnesses described . 
complete s i lence ,  OK a lack of engine sounds foLlowing the 
boom. 

b. P r e - h a c t  Observations 

Nine of the  witnesses conwnted on noises coming from the 

t o  impact. Four of these described the f l igh tpa th  as  normal 
a t  f i r s t  observation, followed by a t u rn  or veer t o  the r igh t .  
Four described the a i r c r a f t  i n  a r i gh t  turn,  or r i gh t  wing low, 
a t  first observation. One witness described the a i r c r a f t  a s  
"weaving e r ra t ica l ly ."  Four of these witnesses a l so  indicated 
a climb a t t i t u d e  of t h e  a i r c r a f t  p r i o r  t o  a rapid change i n  
d i r ec t i on  OK bank a t t i t ude .  A l l  agreed tha t  the r i gh t  wing 
continued t o  drop and the a i r c r a f t  made a r i g h t  descending 

variously a s  "60° t o  700," " ver t ica l ,"  OK simply " right  wing 
turn  toward the point of impact. The bank angle was described 

impact, one f ixing t he  nosedown angle a t  45O. 
low." Three witnesses described a nrse-low a t t i i u d e  prior t o  

C. Impact Observations 

Nine witnesses described the a i r c r a f t  during f l i g h t  p r i o r  

Three witnesses described the a i r c r a f t  a t  impact. One 
described the a i r c r a f t  a s  s t r i k ing  t h e  ground on t h e  r igh t  
wing andcockpit. Another s ta ted  tha t  the a i r c r a f t  cosed KO the 
r i gh t  and went n t ra ight  i n t o  the ground. The t h i r d  described 
the a i r c r a f t ' s  a t t i t u d e  preceding impact a s  nosedown, r i gh t  
wins low. 

The geographic coordinates of the  crash si te e r e :  8 

l a t i t u d e  39O 26' 56" N., longitude 74O 33' 50" W. 

1.2 Injur ies  t o  Persons 

A l l  f i ve  persons aboard the a i r c r a f t  were TWA crewmen, and a l l  
received f a t a l  i n ju r i e s .  Post-mortem and toxicological  examination of 
the f a t a l l y  injured f l i g h t  crenwmbers revealed no evidence of  pre-  
ex i s t i ng  disease or physical impairrent t ha t  would have adversely a f fec ted  
the performance of t h e i r  dut ies .  
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1.3 Damane t o t h e  Aircraf t  

The a i r c r a f t  was destroyed by ground impact and ensuing ground f i r e .  

1.4 Other Damage 

A U. S. Army Otter (576-1125). located approximately 5.50 f ee t  from the  
point of impact, was dentroyed by f i r e .  A Federal Aviation Administration 
(FAA) E - 3  (N-7), :ocnLed approximately 487 feet from the point of impact, 

was brrken of f  by the  wreckage. Miscellaneous ramp equipnent including 
was damaged by flamrs. A l ightpole,  235 f ee t  from the point of impact, 

c e r t ,  and a mobile passenger boarding ranp were destroyed. 
a i r c r a f t  tovbars,  re fue l ing  ladders ,  maintenance s t ands ,  an e l e c t r i c  power 

1.5 Crew Information 

The impact caused minor damage t o  the NAFEC n i r c r a f t  parking ramp. 

The sea t  posi t ions i n  t he  cockpit on t h i s  f l ig ' l t  were as  follows: 
Captain Donald Sklar in ,  ins t ruc tor- pi lo t ,  was i n  the r i g h t  seat .  Captain 
Harry D. Caines, the p i l o t  receiving the proficiency check, was i n  t h e  
l e f t  seat .  Second Offic?r Frank J. Jonke occupied t h e  f l i g h t  engineer 's 
seat .  These pos i t ions  were establ ished by TWA personnel. based on the 
conversations recorded on the cockpit  voice recorder (CVR) during the 
f l i gh t .  

Captain Donald Sklar in,  aged 38, was employed by TWA on October 8, 

Transport P3.lot Ce r t i f i ca t e  No. 1348582, w i t h  r a t i n g s  i n  the Douglas X- 6 ,  
1956. He was upgraded t o  captain January 31, 1967. He held Air l ine 

DC-7, axd the Roeing 7071720 a i r c r a f t .  Cn Fe5ruary 7 ,  1968, he was 
appioved by the FAA as a Check Airman on Boeing 707 a i r c r a f t .  

medical c e r t i f i c a t e  on J u l y  20 ,  1969, without waivers. With TliA, he bad 
accumulated 6,080 f lying hours, of which 1.314:20 were i n  Boeing 707 
a i r c r a f t .  !tis t o t a l  instrumcmt time was 1,216 hours. His t o t a l  p i l o t  
time i n  the l a s t  30 days was 10 hours; in tllz l a s t  60 days, 28 hours 55 
minutes; and i n  the l a s t  90 days, 39 hours 40 minutes. 

He s i t i s f a c t o r i l y  passed h i s  l a s t  examination for  an FAA f i r s t - c l a s s  

accomplished on February 13, 1969. 
His l a s t  proficiency check in the  Boeing 707 was s a t i s f a c t o r i l y  

1940. He wau upgraded to  captain on K.3cch 7,  i946. He ! Ad Airlfne 
Transport P i l o t  Ce r t i f i ca t e  No. 368n2, with ra t ings  i n  the  Douglas X - 3  
and DC-4, Inckheed Constellation, and Boeing 7071720. 

Captain Harry D. Caines, aged 56, was employed by TWA on I4ay 14, 

. . . , . . ... ~. . .. 
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c l a s s  medical c e r t i f i c a t e  on February 7, 1969, without vaivers.  He had 
accumulated 27,436 hours. of which 4330:50 were i n  &sing 707 a i r c r a f t .  
His t o t a l  instrwreat  tiw was 5,487 hours. H i s  t o t a l  f l i g h t  time i n  
the l a s t  30 days whs 45:39 hours. His l a s t  proficiency check was 
s a t i s f a c t o r i l y  rccomplished on January 8, 1969. 

€k s a t i s f a c t o r i l y  passed bts l a s t  examination for  an  F M  f i r s t -  

engineer on November 29, 1968, and upgraded t o  f l i g h t  engineer on April 9,  
Mr. Frank .I. Jonke, aged 29, was employed by TUA a s  a student f l i g h t  

1969. He held Comrnercial P i l o t  C e r t i f t c a t e  tio. 1574679 datcd December 7 ,  

an FAA f i r s t - c l a s s  medical c e r t i f i c a t e  dated November 28 ,  1968. 
1963, F l igh t  Engineer Ce r t i f i ca t e  No. 1916947 dated March 17 ,  1969, and 

His t o t a l  f l i g h t  time vas 3772:12 hours, of which 142:12 hours was 
I n  Boeing a i r c r a f t  He had acqulred 1 2 8 ~ 4 8  hours of f l i g h t  i n  the 90 days 
h d i o t e l y  preceding the accident ,  a l l  i n  Boeing a i r c r a f t ,  and 68:lO 
hours i n  the l a s t  30 days. His l a s t  proficiency check was completed 
s a t i s f a c t o r i l y  on July 16, 1969. 

1.6 N r c r a f t  Irliormation 

N787l'W. a Boeing 707-331C. manufacturer's s e r i a l  No. 18712, had a 
da te  of manufacture of Hay 20, 1964. A t  the time of the accident,  the  
a i r c r a f t  had accumulated a t o t a l  operat ing time of 17.590:55 hours. The 
a i r c r a f t  rime since the l a s t  *mior inspect ion (5.000-hour base overhaul, 
conpleted on May 9, 1Y69) was 4,258:?8 hours. The accumulated time since 
the l a s t  1.000-hour inspection was 645:33 hours. 

A review of the a i r c r a f t  logs for the  90-day period p r io r  t o  the 
accident did not disclose any uncorrected maintenance items t h a t  vould 
have affected adversely the f l i g h t  s a f e ty  of the a i r c r a f t .  However. 
there  were e ight  repor t s  of in tc rmi t ten t  illuminaLion of the No. 2 
auxi l ia ry  hydraulic system tank low-level l i gh t  while the a i r c r a f t  was 
descending. Corrective action in each instance was to  bleed the No. 2 
auxi l ia ry  hydraulic syotem tank. Thrrre were no indicat ions of hydraulic 
f l u i d  quanti ty  loss i n  connection with any of the low-level l i g h t  
indicat ions.  

Tke a i r c r a f t  log shee ts  for  July 25,  1969. contained a wriceup 
concerning the il lumination of  the No. 2 u t i l i t y  hydraulic pump low-level 
pressure warning l i g h t  and the No. 2 aux i l i s ry  tank lov-le-cel l ight .  
There were no indicat ions of any f ld id  l o s s  associated w i t h  these events. 
As a precautionary measure, the pressure f i l t e r s  aad case d ra in  f i l t e r s  
on the Nos. 2 and 3 engines were replaced, the No. 2 hydraulic pump was 
changed, and the low-pressure avi tch was replsced. T h i s  vork vas 
accomplished i n  Frankfurt,  Germany, p r io r  t o  the re turn  of Ii7C.7174 t o  
t he  United S t a t e s  a s  IWA Fl ight  609 of July 26, 1969. There were no 
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discrepancies noted. or maintenance writeups on the a i r c r a f t  following 
t h i s  precautionary service. 

The a i r c r a f t  had been serviced with 7,937 gal lons of Turbine A fue l  
a t  JPK pr io r  t o  the re lease  of the a i r c r a f t  a s  WA Fl ight  5787. 

On departure from JFK, the a i r c r a f t  had a gross  takeoff weight of 

The center  of gravi ty was within limits, computed by s l i d e  rule t o  be 
204.740 pounds, which was 33,260 pounds l ea s  than maximum landing weight. 

a t  27.5 percent m a n  aerodynamic chord. Both weight and balance were 
within limits a t  t he  time of t h e  accident. 

1.7 Wteorolonical  info ma ti^ 

a t  1233 was: Ceiling, measured 2,000 f ee t  broken, 4,500 fee t  overcast,  
v i s i b i l i t y  10 miles,  temperature 74' F., dewpoint 67O P.. wind 1300 7 
knots, a l t imeter  s e t t i n g  29.91 inches. Weather conditions a re  Dot con- 
ridered t o  be a fac tor  i n  t h i s  accident. 

1.8 Aids t o  Navination 

The surface weather observation a t  the NAFEC, Atlant ic  City Airport. 

IWA 5787 was using the Atlant ic  C i t y  11s tor prac t ice  precis ion 
approaches. This f a c j l i t y  is used fo r  instruwent approaches t o  the 
NAFEC, Atlant ic  C i t y  Airport,  Pomona, New Jersey,  and is aligned fox 
approaches t o  Runway 13. 

The g l ide  slope is a t  Z0 35' Angle with an in te rcept ion  a l t i t u d e  of  
1,400 f e e t  m.s.1. The outer  markei is 4.3 mLles :rao the Runway 13 
threshold. 

1.9 Coxslunications 

At lan t ic  C i t y  ILS operates  on an assigned frequency of 110.5 MHz. 

Comunications between TWA 5787 and a l l  Air T ra f f i c  Control f a c i l i t i e #  
were routine up to  the f i n a l  coumunicrtion of "Stand by, we're having a 
hydraulic problem here." 

1.10 Aerodrome and Ground F a c i l i t i e s  

and longitude 74O 35' west ac a published elevat ion of 76 feet. 
The NAFEC/Atlantic City Alrport i s  located a t  l a t i t u d e  39O 27' north 

Runway 13 is  10.000 feet long and 200 f e e t  wide. It is equipped 
w i t h  U. S. Standard Configuration "AI' approach l i gh t ing  and high-intensity 

1 -  mtroba l i gh t s .  

- " , 
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1.21 P l igh t  Recorders 

The recorder was recovered w i t h  supe r f i c i a l  dents  and smoke Camage. The 
N787TU was equipped with a lockheed 109CR f l i g h t  da ta  recorder.  

recording vas i n  good condition. The recording produced the following 
in-f1igt.t information: pressure a l t i t ude ,  magnetic heading indicated 
airspeed, and v e r t i c a l  accelerat ions,  against  a time base. An examination 
of the recording was made covering a period from 2:45 minutes p r io r  t o  
impact. Thit  time period covers the f l i g h t  of TUA 5787 from j u s t  ins ide  

redure t o  impact. Iht a l t i t u d e  readout shows a descent to  230 f ee t  m.s.1. 
t!?e outer  marker on the ILS approach through the missed-approach pro- 

a t  50 seconds p r i o r  t o  impact, then a climb rezching a maximum a l t i t u d e  
of 666 f ee t  m.s.1.  a t  11 seconds p r io r  t o  impact. A t  10 seconds p r io r  
t o  impact, the a l t i t u d e  reading was 650 f e e t ,  e t  5 seconds it was 250 
f e e t ,  and a t  impact, 81 fee t .  

The indicated airspeed for  the l a s t  1 minute ranged from a low of 
127 knots t o  a high of 136 knots. 

The headings varied from 128' t o  136O and were general ly  between 
133' and 129O u n t i l  a rapid change i n  heading occurred approximately 11 
seconds p r io r  t o  impact. 

were as follows: 
Thelareadings, i n  par t ,  through the l o s t  20 seconds of the f l i g h t  

Vert ical  Magnetic Indicated 
Acceleration Headinn 

Alt i tude 
Airspeed m.a.1. T ime  

0 :  20 1.15g 132' 133 knots 450 f e e t  

0:15 1. log 132' 135 knots 525 f e e t  

0 :  11 1.oog 132O 136 knots 666 f e e t  

0 :  10 1.oog 1 3 4 O  136 knots 650 f e e t  

0:05 1.15g 160° 135 knots 250 f e e t  

0:oo 1.15g 1900 132 knots 81 Ieet 

(See Appendix A fo r  de ta i led  readout of  f l i g h t  da t a  recorder.) 

N787lU was a l so  equipped with a cockpit voice recorder. This re-  
corder vas  recovered i n t a c t  and the tape examined for  per t inent  fnfor-  
oation. A t r ansc r ip t  of the l a s t  2 minutes  of recorded conversation i n  
the cockpit  is contained in Appendix B, 
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1.12 Wreckane 

The in i t ia l .  inpact  of  N787lW vas  a t  a point 1,190 f ee t  t o  the r i g h t  
s ide  of  Runway 13 centerl ine.  The main wreckage came to rest 580 feet 
from the i n i t i a l  impact point.  Dis t r ibut ion  of  the wreckage was along 
a path on a gcneral heading of 220' magnetic. 

Portions of  the a i r c r a f t  s t ruc tu re  vere destroyed by ground fire. 
The wings separated from the  fuselage, and the engincs and f lapa separated 
from the  wing structure.  

The fuselage had separated in to  thre8: large sect ions:  The forward 

v e r t i c a l  s t a b i l i z e r  and rudder section. Each vas heavily damaged by 
fuselage, including the cockpit area; the Fuselage center ;  and the  

ground impact and the subsequent ground f ire.  The horizontal  s t a b i l i z e r  
and t a l l  cone sec t ion  had separated from the  empennage and YES found near 
the main wreckage. (See Appendix C ,  h'reckage Dis t r ibut ion  ChJrt.) 

attachment. The traLling edge of the rudt 'er had burned may; hovever, 
The v e r t i c a l  s t a b i l i z e r  vas  i n t a c t  from the t i p  t o  the fuselage 

the rudder cont ro l  components in the v e r t i c a l  s t a b i l i z e r  vere undamaged. 
A l l  hydraulic l i n e s  were complete and there  was no evidence of  hydraulic  
leaks found ins ide  the v e r t i c a l  s t ab i l i ze r .  The rudder trim drum belov 

t ransmi t te r  was broken. The rudder shutoff valve waa found in t he  normal 
the ve r t i ca l  s t a b i l i z e r  indicated f u l l  l c f t  rudder; t he  rudder position 

posi t ion.  The v e r t i c a l  s t a b i l i z e r  and rudder sec t ion  were r e s t ing  cn t he  
ground on t h e i r  r i g h t  sides. The rudder was i n  the f u l l  l e f t  position. 

Both wings were damaged severely and melted from the  post-impact 

The ac tua tor  p i s tons  of the  leading edge devices were recovered and were 
f i r e .  The f l a p  jackscrews vere recovered and were found f u l l y  extended. 

found fu l ly  extended. 

The hydraulic  pressure l i n e  to the downside of the  l e f t  outboard 

outside surface of the tube h he edge o f  the  flarelcss coupling sleeve. 
spo i l e r  ac tua tor  had f e l l e d  r t  he bottom of the sharp notch cu t  in the  

Metallurgical examination of  .. break indicated tha t  tha  f a i l u r e  wds 
due t o  metal fat igue,  (See Ap,endix D.) 

A l l  enginea separated from LLa a i r c r a f t  s t ruc tures .  Engines Nos. 1 .  

mately 300 f ee t  forward o f  the main wreckage aren. Engine No. 3 came to 
2,  and 4 came t o  rest i n  a l i n e  across the wreckage center l ine .  approxi- 

rest in the  r i g h t  aide of the main vreckage area. 

of  $5'. The No. I i n l e t  crushed area exhibi ted scorea running upward 
A l l  four engine i n l e t  cowls were crushed a f t  on a measured angle 

and inboard on a measured angle of 4 5 O .  

. .. 
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Engine No. 3 shoved signa of a compressor a t a l l .  Subsequent examina- 

cion at  t h e  c a r r i e r ' $  overhaul bane disclosed tha t  a11 engines were 
capahle of producing pover a t  irmprct. Engiws Nos. 1. 2, and 3 had 
sustained subs tan t ia l  ro ta t iona l  damsgo usually associated w i t h  high 
r.p.m. a t  impact. The No. 4 engine austained considerably less rota-  
t iona l  damage a t  impact. Coaipresaor surge bleed valves on a11 four 
engines were found jammed in the f u l l  open position. 

The co:kpit and f l i g h t  deck area vere recovered within the maln 
wreckage area. Almost a l l  components shoved evidence of impact and 
f i r e  d m g e .  

d i s tor ted .  A l l  pressure gauges and l i g h t s  were miaslng. The hydraulic 
pane? van examined and t h e  tolloving aoted: 

The f i r s t  o f f i ce r ' #  lover i n s t r u w n t  panel vas burned badly and 

1. U t i l i t y  pump s v t t c k s  No. 2 and No. 3 were foond "off." 

2. h e  rudderlspoi ler  pump w i t c h  (auxi l ia ry  system No. 1) 
uas found "off." 

3. The rudder pump s v i t c h  (auxi l ia ry  system No. 2) wan broltln 
o f f ,  but t he  posi t ion Indicated "off." 

4. The interconnect switch appeared t o  be aldvay betveen the 
"off" and the "system" posi t ion;  however. the w i t c h  
i tself  vas bent t o  the lower r i gh t  r ide of the  panel. 

Tho center  inrtrument panel (engine instrumsntr) was recovered. 
The e n t i r e  panel was burned badly, v i t h  m a t  of it comred by melted 
alumtnum. Useful information was not obtainable. 

noted: 
The t h r o t t l e  quadrant was recovercd. examined. a d  the follouinp 

1. A l l  four s t a r t  levers  were in the "Idle" poaition. 

2. A l l  four th rus t  levers  wre f u l l  forward. 

3. Tlre #peed b r a h  handle waa f u l l  "down." 
4. The f l ap  handlo indicated the  25O poli t ion.  It was approxi- 

m t e l y  2-1/2 inches from the center  of the hand1.e t o  the  
botrom of the  f lap  handle quadrant. 

5. The s t a b i l i z e r  trim appeared t o  be tvo u n i t s  a i r c r a f t  noneup. 

6. The landing gear handle war in the "hu" detent .  
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The fo l lov in t  f l i g h t  instruments were recoveend: 

1. One airspeed ind ica tor  reading 128 knots. 

2. One radio  magnetic ind ica tor  with the heading reading 221O. 
The KO. 2 needle read 265O. and the No. 1 needle was missing. 

3. One horizon d i r ec t i on  ind ica tor  indicat ing a 40' nosedom 
a t t i t ude .  This instrument was severely bent. 

4. One horizon d i r ec t i on  ind ica tor  case with the index a t  the 
45O r igh t  bank posi t ion.  

5.  One CMNI bearing ind ica tor  reading 330'. 

6. One rate of turn ind ica tor  showing a standard r a t e  turc 

g l a s s  was missing, and the  turn  needle was welded t o  the 
to the l e f t .  This instrument was damaged badly, the 

face p la te .  

t o  Eo l e f t  rudder. 
The rudder cont ro l  trim head was found reading approximately 6' 

the needle i n  the s i x  o'clock posi t ion,  between the zero and f u l l  marks. 

The p i l o t ' s  center  overhead panel was found and examined, the  

The u t i l i t y  hydraulic system f lu id  quant i ty  gauge was found with 

folloving wa8 noted: 

1. The an t i sk id  switch was i n  the "on" posi t ion.  

2. The rudder p w e r  switch was i n  the "on" position. 

3. The emergency f l a p  switch was on the "off" posi t ion.  

4. The f l ap  se lec tor  switch was i n  the neut ra l  or "off':' 
positlon. 

5. The spo i l e r  shutoff switch was i n  the "off" posi t ion.  

6. The apoi ler  se lec tor  switch was i n  the "normal" posi t ion.  

The system interconnect and brake interconnect motor-driven valves 
were recovertd an2 found in the "off" posi t ion.  

Only the  No. 2 u t i l i t y  system hydraulic pump was recovered. It had 
meparated from the  e-gine and the  dr ive sha f t  sheared a t  the sha f t  
u9dercut. Examination of t h i s  pump ve r i f i ed  the "off" pos i t ion  of the 
pump switch. 
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vcLl area,  where f i r e  had occurred. Examination of  these pumps disclosed 

The two auxi l ia ry  hydraulic system pumps were recovered i n  the wheel 

no evidence of f a i l u re  or malfunction. A l a rge  quant i ty  of baked 
Skydrol I/ was found ins ide  the pump housings. 

main wreckage area, and had not been affected by the f i re .  The reservoi r  
The No. 2 aux i l i a ry  system reservoi r  was recovered away from the 

was crushed; however, the low-level switch and f l o a t  mechanism vere exam- 
ined aad determined t o  be operable. 

The two auxi l ia ry  system accumulators were recovered. Both had 
been exposed t o  ground f i r e .  The end caps and p is tons  were missing. 
The cap threads on the cyl inder  were s t r ipped i n  a manner t h a t  might be 
expected i f  the  caps were blown from the  cylinders.  The accumulator 
volume is approximately .217 gal lons each, fo r  a t o t a l  of .433 gallons. 

1.13 Fire 

sxploded upon impact and was almost t o t a l l y  conaumed by f i r e .  
There was no evidence of pre-impnct i n- f l i gh t  f i r e .  ?he a i r c r a f t  

1.14 Survival Aspects 

This accident was nonsurvivable. 

1.15 Testa and Research 

Subsequetlt :e the  accident,  TWA conducted a s e r i e s  of t en t  f l i g h t s  

pressure t o  t h e  rudder would diminish vhen the hydraulic pumps were 
in a Boeing i07-331C a i r c r a f t  to  determine the r a t e  at  which hydraulic 

turned of f .  The in-i ' l ight configurat ion of N7871W. w i t h  respect  t o  
a i r c r a f t  weight, engine power, a i rspeed,  f l ap  and landing gear sit- 
untions a t  the time of the accident.  was a p p r o x h t e d  on the t e sc  a i r c r a f t .  

I n  the f i r s t  test. i n i t i a l  rudder defLection vas 24'. A f ixed 

Directional d r i f t i n g  was allowed t o  develop t o  3' per  second before 
rudder pedal pos i t ion  was maintained and l a t e r a l  inputs  vere not used. 

per square inch (p.8.i.) a t  pump shutof f ,  t o  zero i n  41 seconds. 
rudder power was restored. The rudder pressure dropped from 3,000 pounds 

lJ Skydrol i s  the t r ade  name for the hydraulic f l u i d  used i n  the TWA 
Baing 707-331C a i r c r a f t .  It becomes a rubber- like substance when 
exposed t o  high temperatures. 

i 

i 
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test one. with the exception of the use of l a t e r a l  cont ro l  inputs  to 

Conditicns fo r  t e s t  number two were e s s e n t i a l l y  the same as fo r  

cont ro l  d i rec t iona l  d r i f t .  In t h i s  test. the pressure dropped from 3,000 
p.s.i. t o  zero i n  53 seconds. 

others ,  with the exception of faur  rudder input cycles  ins tead  of a 
fixed rudder pedal posi t ion.  In t h i s  t e s t ,  the pressure dropped from 

because of the excessive cse of rudder. 
3.000 p.s.1. to zero i n  18 seconds. This test was considered un rea l i s t i c  

Conditions f o r  t e s t  nmber  th tee  were e s sen t i a l l y  the same as the 

Conditions fo r  t e n t  number four were e s sen t i a l l y  the same a s  for 
the previous three except t h a t  rudder a c t i v i t y  consisted of one input-  

position. In  t h i s  t e a t ,  the rudder hydraulic pressure dropped from 3,000 
output- input cycle, and the rea f t e r  the rudder pedal was held in fixed 

p . 8 . i .  t o  1,000 p.s.1. i n  3 seconds. The 1.000 p.s.i. pressure was main- 
tained for  7 seconds, and then dropped t o  zero i n  an addi t iona l  17 seconds. 
The t o t a l  elapsed time from pump shutoff t o  zero pressure was 27 seconds. 

zero pressure ranged from s low of 18 seconds t o  a high of 53 seconds, 
To summarize, the drop i n  hydraulic pressure from pump shutoff t o  

and varied as  a r e s u l t  of rudder use. 

mately bo without any addi t iona l  rudder pedal t r ave l  t h a t  would have 
indicated reversion t o  the manual system when the aux i l i a ry  system 
hydraulic pumps were turned of f .  Therefore, s imi la r  r e s t s  were again 
conducted with the rudder pedal pressure maintained a t  a constant 
level  and the rudder pedal pos i t ion  marked. Although the rudder 
hydraulic pressure agatn bled o f f  as  before, there  waa no addi t iona l  
movement of t he  rudder pedal noted. 

In each instance,  the ruUder Scf lec t ion  angle reduced t o  approxi- 

flovn by TWA i n  a s imi la r  ca r i e s  0: teas-,  with the exception tha t  the 
Subsequent t o  t h i s  s e r i e s  of tests, a Boeing 707-331C w a  ogain 

before the hydraulic pumps were turned o f f .  An i n i t i a l  rudder deflec-  
a i r c r a f t  wa8 accelerated t o  the  "rudder power o f f"  Vmca of 177 knots 

t ion  angle of 13O was recorded in  maintaining d i rec t iona l  cont ro l  w i t h  
the hydraulic power "on" u t  t h e  177 knots airspeed. Subsequent t o  t he  

4 minute  period t o  250 p.s.1. The rudder angle reduced t o  3', the tab 
shutof '  of the hydraulic pumps. the p rwsu re  reduced gradually over a 

d i d  not unlock, and there vas no increoae i n  the rudder pedal t rave l .  
Power had been reduced on the 110. 1 engine in order  tu maintain d i rec-  
t i ona l  control.  A t  t h i s  point ,  the  rudder pedals  werc centered, the 
rudder control  t ab  lock released. and it was :hen possible  t o  achieve 12O 
of rudder angle i n  the manual mode. The rudder pedal t r a v e l  increased, 
demonstrating the f a c t  tha t  manual revernion had been achieved. 

i 

. .  
1 ' .  
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was accelerated to 177 h a t s  before t'le hydraulic pumps wore turned off .  

One fur ther  f l i g h t  t e s t  was condttcted. In t h i s  test, the a i r c r a f t  

Inmediately thereaf te r ,  the rudder power switch was placed i n  the "off" 
position. In t h i s  posi t ion.  hydrau1f.c pressure in the power un i t  was 
released by movement of the motorized valve t o  a posi t ion in which 
f lu id  in the power u n i t  is  poxted t o  the r e tu rn  l i n e  t o  the aux i l i a ry  
No. 2 system reservoir .  In t h i s  instance, the rudder tab lock released 
nearly concurrent with the movement of the rudder power switch to  the 
"off" posi t ion,  manual reversion occurred without fur ther  p i l o t  ac t ion ,  
and a rudder def lec t ion  angle of 11" was achie;red in the manual d e .  

recorder fo r  the l a s t  1 : 4 5  minutes of the f l i g h t  of I W A  5787, demonstrated 
The cockpit voice recorder,  in  co r r e l a t i on  with the f l i g h t  data  

a rims in te rva l  of 21 seconds hetween the command "pumps of f"  and a 
subsequent abrupt change i n  a i x r a f t  heading. (See Appendix E fo r  addi- 
t i ona l  detai ls . )  The f l i g h t  da t a  recorder v e r t i c a l  accelerat ion t race  
showed excursions t o  approximately 1.25% in the in t e rva l  between the 
command "pumps of f"  acd the rapid change in heading. 

The rudder power tqdraul ic  un i t  was removed from the v e r t i c a l  
s t a b i l i z e r ,  funct ional ly tes ted ,  and no evidence of any malfuction was 
found. The in t e rna l  leak r a t e  wae determined to  be 1,200 cubic centimeters 
per minute (cc./min.) with the ram extended. The normal lead r a t e  
tolerance i s  1,700 cc./min. 

displayed by l i g h t s  on thG instrument panel adjacent t o  tne landing gear 
The posi t ion of the landing gear on Boeing 707-331C a i r c r a f t  is 

actuating handle. In the locked "dam" posi t ion,  three green l i g h t s  are 
illuminatod. These l i g h t s  may be tX.med t o  reduce gl.arr during night-  
time operations. In f l i g h t ,  when the landing gear handle is moved from 
the " d m "  
cate an n s a f e  landing gear s i t u s t i o n  and remains il luminated u n t i l  the 

t o  the "up" posi t ion,  d red warning l i g h t  i l luminates  t o  ind i -  

gear is  in the up and locked posi t ion.  This l i g h t  cannot be d b d .  

In order  t o  determine the i n- f l i gh t  ind ica t ions  i n  the cockpit,  
when the landing gear handls was moved from the "down" t o  the up pos i t ion  

at  TWA's overhaul base. A b e i n g  707-33112 was placed on jacks. end the 
end hydraul ic  power was not avai lable ,  r e t r ac t i on  tests were conducted 

landing gear cycled nom3lly.  With the landing gear in the locked down 

hydraulic pumps were turr.ed o f f  and hydraulic pressure removed from the 
posi t ion and the three green d a m  l i g h t  ind ica tors  i l luminated, the 

u t i l i t y  system. The lrtndiag gear handle was :hen placed i n  the "up" 

warning l i g h t  did not i l l u i n a t e ,  and the landing pear &id nct  mve. 
position. The th ree  green down l i g h t s  remained illumina:.?d, the red 

The landing gear handle was then moved from the "up" t o  the "d0.m" pss i -  
t ion without any change i n  the instrument  panel landing gear lig.".r 
indicat ions.  
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1.16 Other Information 

a. I V A  Boeinn 707-331C U t i l i t y  and Auxiliary Aydraulic Svstems 

which permit a f a i l u r e  t o  i s o l a t e  i t s e l f  t o  one system. 
Basically,  the Boeing 707 has two independent hydraul ic  systems 

gallons of hydraulic f luid.  Of t h i s  amount. 5.4 gal lons  a r e  con- 
The fu1l.y serviced hydraul ic  system contains approximately 38 

tained i n  the u t i l i t y  system reservoi r ,  and t h i s  is t h e  anount 
shown on the hydraulic f l u i d  quant i ty  gauge on tfie f l i g h t  engineer’s 

The auxi l ia ry  system reservoi rs  (1.4 esllons capaci ty each) a r e  sup- 
instrument panel. The reservoi r  is pressurized by engine :)ked air. 

p l ied  from the u t i l i t y  system reservoir  through a standpipe type of 
arrangement u n t i l  the f l u id  leve l  i n  the u t i l i t y  reservoi r  f a l l s  to. 
or below, the 3.2-gallon level .  Thus, a f a s t  leak vi11 quickly 
i s o l a t e  i t s e l f  t o  e i t h e r  the  u t i l i t y  system or the aux i l i a ry  systems. 
I f  the  f l d d  quant i ty  ind ica tor  shows no fur ther  l o s s  beyond the 
3.2-gallon l eve l ,  the leak would be i n  the  auxi l ia ry  systems. 
Conversely, i f  the f l u i d  quant i ty  continued t o  diminish beyond the 
3-gallon level .  the leak would be i n  the u t i l i t y  system. A hydraul ic  
f l u i d  quant i ty  gauge reading of zero. therefore. would i den t i fy  a 
leak i n  the u t i l i t y  system. 

for  the  u t i l i t y  system. The No. 1 auxi l ia ry  and No. 2 aux i l i a ry  
systems pressures a re  provided by two hydraul ic  pumps driven by 
a l t e rna t ing  cur ren t  e l e c t r i c  motors. Normally. t he  operat ing pressure 
i n  a l l  systems is 3,000 D.5.i. 

l k o  engine-driven (engines Nos. 2 end 3) p q s  supply the pressure 

Four amber warning l i gh t s .  one €or each system, are used to 
monitor pump pressure output. A l i gh t  w i l l  conbe on a n y t i n  its 
associated pump output pressure drops below 1,200 p.s.i., and will 
extinguish whenever the preseure is above t h i s  value. Thus, i f  a l l  
f l u i d  is l o s t  from B pa r t i cu l a r  hydraulic system, t h e  associated 
low-pressure warning l i gh t  would illuminate. In the instance of 
complete loas of f l u id  i n  the u t i l i t y  system, the lights associated 
wtth both Nos. 2 and 3 engines would illuminate. These amber I r -  
pressure warning l i g h t s  for each system a r e  located on t he  lower 

hydraulic pump “on-off’’ switches. (See Appendix F.) 
sect ion of the copi lo t ’ s  instrument panel, immediately above t h e  

In the event of  loss of  pressure in any system (possible  p q  
f a i l u re )  and wtthout a f l u id  loss .  the two systermaay be i n t e r-  
connected by means of an interconnect valve, actuated by a switch 
located on the copi lo t ‘ s  foward  instrument panel. Also on the co- 
p i l o t ’ s  Instrument panel a r e  hydraul ic  system pressure gauges, as 
follows: 
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(1) A u t i l i t y  system pressure gauge which ind ica tes  the 

hydraulic pressure avai lable  above the  system's 2,000 
p.8.i. preload. 

( 2 )  A brake hydraulic pressure gauge indicat ing brake 
pressure avai lable  above the 750 p.6.i. preload. 

(3) A rudder hydraulic pressure g a q e  showing the pressure 
ava i lab le  t o  operate t he  ruddef (3,000 p.8.i. a t  a i r -  

speeds below 250 knots and 2.250 p.8.i. at  airspeeds 
above 250 knots). 

is  a rudder lowpressure ,  red warning l ight .  This l i g h t  w i l l  i l l u n i -  
On the upper porti.on of the copi lo t ' s  forvard instrument panel 

nate any t h e  the hydraulic pressure t o  the rudder is below 2,500 p.s.i. 
and the airspeed i.s 250 knots or less. 

On the f l i g h t  engineer 's  panel there a re  che folloving: 

(1) l'vo auxi l ia ry  hydraulic system low-pressure warning 
l igh ts .  

( 2 )  Two u t i l i t y  hydraulic system lar-pressure varning l igh ts .  

(3) Reservoir low-level v a r d n g  lights for the No. 1 and 
No, 2 auxi l ia ry  hydraulic systems. 

(4) A hydraulic o i l  overheat l igh t .  

( 5 )  The u t i l i t y  reservoi r  quantity gauge. 

t o  operate the f l aps ,  landing gear. oc;tboard spoi le rs ,  brakes, main 

auxi l iary system supplies hydraul ic  power t o  operate  the inboard 
landing gear level ing cylinde;s, and nosewhsel steering. The No. 1 

spoi le rs  and the rudder. Through an icterconnect valve mechanism. 
it may be connected t o  e i t h e r  the brake or u t i l i t y  system if necessary. 
The No. 2 auxi l ia ry  system supplies  hydraulic pouer for the rudder 
only. E i ther  of the two auxi l ia ry  systems vi11 supply full rudder 
power. I n  the TWA Boeing 707-331C a i r c r a f t ,  the  auxi l ia ry  systems 
each have n separate  reservoi r ,  u i r h  the No. 2 auxi l ia ry  tank supplied 
through the No. 1 auxi l ia ry  system reservoir.  Hydraulic f l u i d  iiom 
the rudder power un i t ,  however,is rec i rcu la ted  d i r e c t l y  t o  the  No. 2 
auxi l ia ry  reservoir .  Power from the  No. 2 a u x i l h r y  system i s  not 
routed through 8 pressure reducer valve and. consequently, must h e  
turned o f f  a t  airspeeds above 250 knots t o  provide structural protection. 

In cormal operat ion,  t he  u t r l i t y  hydraulic system provides power 

In order  not t o  have the low-pressure varcing l i g h t  associated 

.. . 
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with tha No. 2 auxi l ia ry  hydraulic system illuminated a t  a l l  times 
i n  cruis ing f l i g h t ,  t h i s  l i g h t  is deact ivated when the pump switch 
is placed i n  the "off" posi t ion.  Thc operat ion of t h i s  svitcll  is a 
checkl is t  item. ident i fy ing  a t  what point  i n  the climb the  pump 
will be turned o f f  and a t  vhat point  i n  the  descent it will again 
be returned t o  service. 

b. Boefna 707-331C Rudder Control System 

Directional cont ro l  of the a i r c r a f t  is provided by the rudder, 

may be accomplishcd hydraul ical ly  through the rudder cont ro l  
rudder contcol tab,  and rudder cont ro l  system. Rudder posi t ioning 

hydraulic power u n i t  cr mechanically through the rudder cont ro l  
tab an4 hnlance panels. Rudder trim is avai lab?e t o  provide a 
means of  aaintaining d i r ec t i ona l  heading without applying continuous 

operated linkage t h a t  functions through a power trim gearbox during 
pressure on the rudder pedals. The rudder trim system is a cable- 

rudder optaration i n  the power mode, or through a manual t r im gear- 
box during rudder operation i n  the manual mode. 

Under normal operating conditions, the rudder is hydraul ical ly  

With hydraulic power ava i lab le ,  the rudder pedal motion is t rans-  
positioned through f u l l  t r ave l  (up :o 25' of  rudder def lec t ion  angle). 

mitted by the cGptrol linkage t o  the power cont ro l  un i t  ac tua t ieg  
valve. An a r t i f i c i a l  f e e l  un i t  is incorporated i n  the powered 
rudder configuration t o  provide the p i l o t  with a sensing of the 
aaOunt of rudder pressure t h a t  i s  being applied. In the power mode. 
the rudder cont ro l  tab i s  made t g  operate i n  anti-balance d i r ec t i on  
through the incorporation of a t ab  liukage lock in the hydraulic 
power unit .  Thr tab is t h u s  deflecteci in the d i r ec t i on  of rudder 
motion on a raLio of +.So fo r  each lo af rudder t ravel .  Rudaer 
p e d d  motion, with rudder power ava i lab le ,  i s  2 inches fore and a f t  

minimum control speed for TUA 5787 vas approximately 117 knots. 
of neutral  with zero trim. In the power mode. the three-engine 

In the mechanical mode, rudder pedal motion (4 inches fore  and 
a f t  with zero trim) i s  transmitted by cables  and pushrod d i r e c t l y  
t o  the rudder control  cab. The tab is moved i n  balance d i r ec t i on  
t o  posi t ion tho rudder aerodynamically through de f l ec t i on  angles 
to  approximately 17O. In the mechanicnl mode, the minimum three-  
engine cont ro l  speed for TWA 5787 was 177 knots (180 knots according 
t o  the  FHB). 

mechanical mode is accomplished automatically upon turning of f  the  
auxi l iary system pumps, or i n  the event of  any f a i l u r e  of the 

hydraulically t o  d n t a i n  a d i r ec t i ona l  heading with an asymmetrical 
auxi l iary hydraulic systems. However, i f  the rudder has been deflected 

With the rudder i n  the streamlined pos i t ion ,  reversion t o  the 
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power configuration, reversion t o  the mechanical system will not 
occur automatically. The t ab  lock will not re lease  unless  the rudder 
pedals a re  operated to  streamline the rudder or the power w i t c h  is 
turned to "OFF", thus re l iev ing  the i n t e rna l  pressure. I n  the absence 
of e i t h e r  ac t ion  the t ab  lock w i l l  no t  re lease  u n t i l  the i n t e rna l  leak 
r a t e s  i n  the power un i t  resu l t  i n  aerodynamic streamlining of  the 
rudder, and a degrading hydraulic pressure. 

C. TWA Boeing 707 Fl iak t  Handbaok. Cockpit Checklists.  and F l iah t  
Ins t ruc tors  Manual 

-1 

Part 121 of  the Federal Aviation Regulations (FAR'S) provides, 
among o ther  things. t ha t  each doraestic and f l ag  c a r r i e r  must pre- 
pare and keep current a manual f x  the use and guidance of f l i g h t  
operations personnel. 1nstructi .ms necessary t@ all-  personnel 
t o  perform t h e i r  du t ies  w i t h  a hi@\ degree of sa fe ty  must be i n-  
cluded. A copy of the appropriate p a r t s  of the manual, and chawes 
or revigions thereto,  must be provided t o  cr-vmembers. 

me FAR'S a l so  require  t ha t  an Nrplane  F l igh t  Manual must be 

category airplane. 
furnished by the manufacturer and car r ied  aboard each t ransport  

r e l a t i ng  t o  the pecu l i a r i t i e s  oli normal operat ions,  and ce r t a in  
Information aad InstructionH i n  the Airplane Flfgh: Manual 

emergency con6j:ions. must be approved by the Administrator of the 
FAA, and must ba segregated, i den t i f i ed ,  and c l ea r ly  distinguished 
from each unapproved pa r t  oi t ha t  manisl. 

In l i e u  of the Airplane Fl ight  Manual, sec t ions  of the required 
information from i t  may be Incorporated i n  a company manual and 
carr ied aboard the a i r c r a f t ,  provided tha t  the appropriate sect ionr  
a r e  c l ea r ly  idpnt i f ied  as Aircraft. F l igh t  Manual requirementa. 

Msnual information vas contaiued i n  the 'IWA-published Boeing 707 
This option vas  exercised by TUA and the required Airplane F l igh t  

F l igh t  Handbook. 

whcc changes a re  uade t o  t l w  a i r c r a f t ,  or when operat ins  procedure. 
The Airplane Flight M..nual may be revised from time t o  time 

are  revised. With respect  tc the  Boeing Company, a rev is ion  
service vas provided t o  a i r c r a f t  purchasers i n  accordance with 

volved. One vas a standard page tha t  applied t o  a l l  of the  707/720 
spec i f i c  cont rac ts  fo r  t h i s  service. Two types of pages were ln- 

h e  other  vas a spec ia l  page tha t  applied only t o  a spec i f i c  opera- 
f l e e t  without regard t o  the spec i f ic  model a i r c r a f t  or operator. 

t o r  or airplane model, because of operatcr  or model differences. 
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hand margin of the a f fec ted  page t o  i den t i fy  revised material. 
The changes to an ex i s t i ng  procedure were 81.0 discussed i n  a 

page of the  Airplane Fl ight  Unual .  Such revision8 were issced 
"Revision Highlights" sheer associated v l t h  the  revised sec t ion  hod 

was a contract  i n  existence between B o e l n g  and 1YA f o r  t h i s  serv lce  
routinely according to an es tabl i shed  r o t a t i n e  schedule. There 

a t  t h e  time of the accident. TVA used che "R" ~ymbol on t he  rut- 
vision sheets  t o  i den t i fy  required changes to t h e i r  own b e i n g  737 
Flight  Handbook. 

Aa rev is iocs  were made, the letter "R" vaf placed i n  thc r ight-  

care holder sha l l  provide approved cockpit check proceduram f u r  
each type of nircrafe.  The approved procedures IP.IEL tnclude. i n t e r  
a l i a .  each item necessary f o r  f l i g h t  crewembers to check for safe ty  

a f l i g h t  crevncmber need not r e l y  on h i s  memry for  items to be cheeked. 
i n  systems rmergencies. These procedures muat be designed so t ha t  

The procedures must ba readi ly  usable i n  the cockpit of each a i r c r o f t  
and the f l i g h t  crewmembers must fa l l -  them when operat ing the  
a i r c r a f t .  

Section 121.315 of the FAR'S fu r the r  s tates  tha t  each c e r t i f i -  

These procedures may d i f f e r  from those provided i n  the A i r p l a ~  
Fl ight  Uanual, i f  they are approved fo r  uae by the T M .  T h i n  is not an 
uncamDon prac t ice  Bmong a i r l i n e s  vhich operate a var ie ty  of a i r c r a f t  
and may haw a requi rewnt  t o  w d i f y  the procedures t o  f i t  t h e i r  par- 
t i c u l a r  opexations. l U A ,  f o r  example, o?erated e ight  d i f f e r e n t  
models of  Boeing 707 a i r c ra f f ,  and attempted t o  keep the  checkl i s t  
procedures as Standardized as possible between a i r c r a f t .  

The TWA 797-331C checkl i s t  i n  use on July 26, 1969, containing 
procedures r e l a t ed  t o  hydraulic f l u i d  l o r e ,  was approved by the FM 
on April 17, 1969. This checkl i s t  provided 11.a: i n  the event  uf 
hydraulic f l u id  loss. a l l  pumps vere to be 1u:acd o f f .  The "other 
Emergency Guide  Amplification" sec t ion  of  th? TIA Boeing 707 Fl ight  
Handbook r e l a t ing  to hydraulic f l u i d  loss contained the following 
ins t ruc t ions :  

"A. soon a8 the 10s. i r  noted the Engineer s h a l l  advise 

pumps be turned CFF as soon as possible. This nust be done 
the  Captain. The Captain s h a l l  coarmand tha t  a l l  hydraulic  

rapidly i f  any system f l u i d  is LO be retained." 

I 
i 

Both the checkliot and the emergency guide amplif icat ion i n  t he  
F l ight  Iiandbook note tha t  the Vmca without rudder p m r  i s  180 knots 
f o r  the 331C a i r c ra f t .  This sec t ion  also notes: , .  

f 
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"1. In the event  the rudder hos t  system i s  in operat ive,  
avoid hIgh yaw angles. C u e  caut ion  when executing 'missed 
approach' procedures with an cngine out." 

These procedures were i n  conformance v i t h  thc hydraulic system 
emergency procedures l n  the  o r ig ina l  FAA-approved Airplane Fl ight  
Manual f o r  the b e i n g  707-33lC a i r c r a f t  purchased by TYA i n  1964. 
Changes i n  t h e  procedures r e l a t ing  t o  hydraulic cystem emergencies 
were subsequently made by rhe Baeing Compauy ln  1966 and approved 
by the FAA, but  not incorporated i n  the TUA Fl ight  Handbook, or 
the TWA "331C Other Emergencies Guide" checkliat .  

i n s t ruc to r s  contained tire same checkl i s t  a$ the N A  b e i n g  707 
Fl ight  Handbook ca r r i ed  i n  the a i r c r a f t .  T h i s  checkl i s t  was not 
i n  accord with the procedure i n  the b a i n g  701 FAA-approved Airplane 
Fl ight  b n u a l  current a t  the time of the accident. The d i f fe rence  

The checkl i s t  in  the TWA Flight  Handbook used by the f l i g h t  

Y.8: 

(1) Iha Boeing FAA-approwd Airplane Fl ight  Manual Procedure, 
revised i n  1966, provided tha t  i f  any hydraulic pump 
low-preasure warning l i g h t  came on. the corresponding 
pump w i t c h  was to be placed i n  the "OFF" posi t ion.  
Hyclraulic f l u id  loss, per  se, was not discusrei .  

(2) The N A  "331C 0:her E w r ~ e n c i e r  C.Jlde" provided that  i n  
the event any hydraulic f l u i d  loss occurrsd, d l  pump. 
were t o  be :urr.ed o f f ,  (The fourth Item on t h i s  check- 
list  notes t ha t  "Vmca vi thout  rudder pover is 130 knots.") 

me fli-.ht In s t ruc to r ' s  manual elro contained the following: 

(1) The in s t ruc to r  ,La11 keep h i s  deet on the rudder pedals 
and h i s  hand close to the cont ro l  wheel a t  a l l  tlmer. 

(2) During a l l  "engine out" or engine out maneuvers the  

prepared to  block any irrproper rudder applicat ion and 
instructor aha i l  kecp h i s  feet on th- rudder pedals. 

to  make such rudder cppl ica t ion  aa m y  ha required, 
should i t  not be made by the t rainee.  

(3) The in s t ruc to r  i s  warned to "be prepared t o  pu l l  o f f  

develop during engine out  maneuvers." 
remaining engine th rus t  should uncontrollable yaw 

d. Tho Boeinx 707 Airplane Fut-Manual  Hydraulic System Emernencies 
Procedures. and Changes l'hercta 

Thn procedure8 r e l a t i n g  t o  i n- f l igh t  hydraulic  ~ y 8 t e m  emergency 

Manual provided t o  TWA i n  1964 were, i n  pa r t ,  as follows: 
op l ra t ion  i n i t i a l l y  In the  b e i n g  707 PM-approved Airplane Fl ight  



- 23 - 
"HYDRAULIC SYSTEM CA'WION LIGHTS ON OR PFSSSURE OR W M I l ' Y  Lw 
PHASE I AND 11 

1. System Hydraulic Pump(.) - OFF 
2. Landing Gear Laver - Check OFF 

PHASE I11 

1. b o l a t e  the f a u l t ,  i f  possible .  then we any pa r t  of tha 
syster? which can ba operated normally. 

m: In the event of f a i l u r e  of the > t i l i t y  syrtem or 

pump(s) can be pressurized by the other  system through the 
auxi l ia ry  system hydraulic p u q a ,  the system with the f a i l ed  

system fa i lu re  is  the  result of leakage as complete loss  
interconnect valve. Do not use t h e  interconnec: valva when 

of both 8ystem's hydraulic f l u id  may occur. 

2. Use landing procedure as specif ied under HYDRAULIC 
QUANTITY OR UCILITI PRESSURE FORM ON WING i f  requfred." 

Subrcquently. lWA was furnished rev is ion  No. 7 ,  dated March 18, 
196b, t o  the above sect ion of the manual which iden t i f i ed  a rev is ion  
CO the Phase 111 sect ion only, am folluus: 

"NOTE: (Applicable t o  airplanes v i t h  sycttm interconnect 
valve operable i n  f l igh t . )  R" 

Reviaion No. 8 IO the  l W A  Airplane F l igh t  Manual. dated April 21. 
1967, changed the procedure t o  read as follows: 

'ANY h7mwIULIC P W  LOW PRESSL'RE LIGHT ON 
PHASE I AND 11 

1. Corresponding Hydraulic P u p  Switch - OFF." 
PHASE 111 was also changed by the addition o €  a sentence 

r u t l n g  that "If the auxi l ia ry  aystem was deactivated, do not pres- 
surixe for landing." 

lrodified by the delet ion of the words "hydraulic quantity." 
The previous statement concerning the procedure for landing was 

mmgin indicat ing changed mster ial .  noc were the  reasons For dele t ion  
These revis ions d id  not have the l e t t e r  "R" in the right-hand 

of any reference t o  "hydraulic quant i ty  low" discussed i n  the Revision 
Bigblights associated with manual Revision No. 8. One revis ion was 
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Phase I11 sect ion.  and r e l a t ed  t o  BRAKlNC ACTION only. 
flagged with the  letter "R" i n  rhe "Notes" associated with the 

The Boeing Company advised tha t  the procedure was changed t o  
el iminate the  need t o  turn o f f  the  pump(s) i n  the event  of  Losa of 
system f lu id  quantity. The rea60ninq behind t h i s  change was t ha t  

hydraulic  f l u i d  waa low, did not o f f e r  su f f i c i en t  advantage LO out-  
shut t ing  down pumpu to prevent l o s s  of hydraulic fLuld a f t e r  

veigh the complications t ha t  might result from turning o f f  hydraulic 
systems unilccessarily. 

absence of the "R" symbol t o  i den t i fy  the changed when the rev is ions  
The above revis ioas  were provlded t o  TWA, but because of the  

were received. the comparable revisions wets not made t o  the procedure 
contained in  t he  lWA Boeing 707 Fl igh t  Handbook. or to the emergency 
checklis ts .  

omitted inadvertent ly from the revision shee ts  sent  to I U A  because 
The "R" designator fo r  t h e  Phase I and I1 changed material  vas 

Ccmpany t o  mail out revision service material t o  the many purchasers 
of the cycle in te rva l  e k i ~ t i n g  i n  the method used by cne Boeing 

of  Boeing a i r c r a f t .  By the time the changed page was t o  be mailed 
t o  TWA. another change had been mzde t o  tha t  same page, but to the 
Phase I11 Section. Accordingly, the  ":." symbol was placed opposite 
the  Phase I11 change. Since Phase I und I1 had been changed previously, 

of the "R" symbol, TWA was not a l e r t ed  to  the changes i n  Phase I and 
the "R" was deleted from the Phase I and I1 Sections. In the  absence 

11, and the  Fl ight  Handbook Procedure was not revised. 

The check l i s t s  approved by the  FAA on April 17, 1969, were not 
changed for  similar reasons. The emergency procedure for hydraulic 
f lu id  loss  was consrstent with the procedure es tab l i shed  o r ig ina l ly  
by the Boeing Company, and approved by t h e  FAA. The subsequent 
revisions to the lWA Boeing 707 Airplane F l igh t  Manual. which were 
provided to the  FAA's Air Carr ie r  District Office responsible for 
monitoring lWA's operations, were a l so  minus the "R" symbol, a s  
discussed previously. Accordingly, the Air Carrier  D i s t r i c t  Office 
was not a l e r t ed  t o  the  changed procedure, and continued the approval 
of the previous procedure. 

2. ANALYSIS AND CONCLUSI9NS 

2.1 Analysis 

Examination of  the airfratre,  cont ro l  systems. powerplants, and o ther  

malfunction, or abnormality o ther  than the fa t igue  f a i l u r e  of  the  out-  
a i r c r a f t  components d id  not reveal  aoy evidence o f  structural f a i l u r e ,  
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board spoi le r  ac tua tor  hydraulic line. Fai lure  of t h i s  line would not 
h a w  caured a losr of  d l r ec t iona l  cont ro l ,  s ince  only the  ccmponents 

would not have been lost from the No. 1 auxi1iar.l system, powering tho 
operated by the u t i l i t y  system would have been affected.  Hydraulic f l u i d  

ruddcr and ilhoard spo i l e r s ,  unless the interconnect valve wau open. Thls 
valve was fr.Jnd i n  the closed position. Furthe:. on 'IWA 8-707-33113 air-  
craf t ,  hydraulic f l u i d  from the  rudder power un i t  is returned by a separate 
line d i r ec t ly  to the auxi l ia ry  No. 2 system reservoir.  Thus t h i s  system 

No, 1 auxi l ia ry  systems. 
operated as a closed loop, v i r t u a l l y  independent of e i t h e r  the u t i l i t y  or 

Notwithetanding, the I.P. 's  reopocae t o  the  query, %''at's t h a t ,  got 
na hydraulicr?" was "They're a l l  out." This response would seem to 
indicate f a i l u re  of the auxiliary systems a s  vel1 a s  the u t i l i t y  system. 

only those systems :hat a r e  operated by the v t i l i t y  system (e.&, f l aps  
It i r  l ike ly ,  however. t h a t  the  I.P. e i t h e r  misspoke or vas r e fe r r ing  to 

and landing gear).  This is concluded since it can be dewnarra ted  tha t  
there was no f a i l u r e  of the  axu l l i a ry  systems prlor t o  pump shutdovlt. The 
circum6tances t ha t  lead us to t h i s  concluaton are: 

a. The hydraulic  pumps a re  lubricated by the hydraulic  f lu id .  
They m y  be damaged if allowed to  operata f o r  any appreciable 
time after f lu id  loss occurs. There was no evidence of such 
dnmage to  e i t h e r  auxi l ia ry  system pcmp. Baked Skydrol wus 
found i n  lnrge quant i t ien  in the pump housings. demonstrating 

ground f i r e  a f t e r  impact. 
t h e  presence of  hydraulic f l u i d  when the  pumps vere expooed t o  

b. More s ign i f i can t  i s  the  f ac t  t h a t  d i f f i c u l t y  wa8 not en- 
countered i n  maintaining a i r c r a t t  d i r ec t iona l  cont ro l  when 

power on enginen Nos. 1, 2 ,  and 3 was increased t o  takeoff 
the missed-approach procedure was i n i t i a t e d .  A t  tha t  point.  

th rus t .  At  the 135 KIM shown by t h e  f l i g h t  da ta  recorder, 
t h i s  power addi t ion  would h.w! required nearly f u l l  rudder 
capab i l i t y  in the paver mode, or subs tant ia l ly  beyond any 

Precise d i r ec t iona l  cont ro l ,  including a Leading correc t ion  
degree of rudder def lec t ion  tha t  could be obtained manually. 

and u n t i l  t he  pumps were turned off .  This precise d i r ec t iona l  
to the l e f t ,  was maintained a f t e r  the power was increased 

control  would have been possible only i f  a t  lease one of the  
auxi l ia ry  hydraulic sys t em was operat ing s a t i s f a c t o r i l y .  

For normal f l i g h t  purposes, f a i l u r e  of the  u t i l i t y  system would 
not have seriously a f fec ted  lateral control  capab i l i t y  s i cce  the inboard 
spoi le rs  are operated by the No. 1 sux i l i a ry  system. P u l l  a i l e ron  
capability would have been avai lab le  s ince the f l aps  uere extended. 
kwever, these cont ro ls  alone w u l d  not have been s u f f i c i e n t  t o  main- 

rudder power. 
tdin cont ro l  of  the  a i r c r a f t  a t  135 KIAS in the  absence 0: hydraulic 
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In view of these findings, the causal area of t h i s  accident i o  re- 

lated to the operat ional  procedures used by the crew subsequent t o  

u t i l i t y  system reservoir .  
the discovery of t he  complete l o s s  of the hydraulic f l u id  from the 

I n  assessing the operat ional  fac tors  involved, i t  is notable tha t .  
i n  e f f ec t ,  two emergencies were present.  One vas self-made by the I.P. 
i n  the simulated f a i l u r e  of the No. 4 eogine. The second was the ac tua l  
fatigue f a i l u re  of the hydraulic l i ne  and th" genuine loss  of t h e  

occur infrequently and are  independent i n  nature,  a re  cha rac t e r i s t i ca l l y  
u t i l i t y  system hydraulic f luid.  However. System failures. vhich may 

not considered a s  msl t iple  f a i l u r e  p robab l l i t i e s  i n  the c e r t i f i c a t i o n  of 
a i r c r a f t .  Consequently, t he  emergency procedures r e l a t i ng  to pa r t i cu l a r  
fa i lures  do not address tnr problems of a simultaneous f a i l u re  s i tua t ion-  
nor. in f ac t ,  would it be r e a l i s t i c  or  feas ib le  t o  attempt t o  cover a l l  

recognition of the  hazard incident t o  engine f a i l u r e  (or more prec ise ly ,  
such ross ib le  s i t ua t ions  with pre-es tab l i she t  procedures. However, 

hydraulic rudder power, vas contained i n  the  TWA Fl ight  Handbook informa- 
t o  the e f f e c t  of asymu?trica; t h rus t )  concurrent with the loss of 

t b n ,  the P l igh t  Ins t ruc tor ' s  Hanual, and noted i n  the FAA-approved 
emergency checkl i s t ,  by the i den t i f i ca t i on  of the 180 knots Vaea i n  the  
absence of hydraulic pover to the rudder. The Vmca notat ion on the 
checklist  is discussed fur ther  in the accident prevention sect ion of 
t h i s  report. 

Other f ac to r s  of  pa r t i cu l a r  s ignif icance include: 

a. The apparent high r a t e  of climb ahovn by the f l i g h t  da ta  
recorder fo r  the 3-second in t e rva l  inmediately preceding the  
rapid change i n  heading information. 

b. The stage i n  the  execution of the approach aL which the  
u t i l i t y  system hydraulic l i ne  f a i l u r e  occurred. 

e. The arwunt  of time avai lab le  to  the crev to discover the  
hydraulic aystem fa i l u re .  

d. The number and adequacy of  various devices t o  a l e r t  the 
crev to  f a i l u r e s  i n  the hydrau-ic systems. 

e. Thc probable e f f e c t  on t h i s  f l i g h t  i f  the revised Boeirq 
emergency procedure fo r  hydraulic system f a i l u r e  had been in-  
corporated i n  the TWA operat ing procedures and emergency 
checkl is t .  

f.  Actions vhich could have been taken, both before and a f t e r  
the aux i l i a ry  systems pumps were turned o f f ,  t o  preclude loss 
of d i r ec t iona l  control.  

.... .......... 

.. 
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Each of  these elements is discussed i n  d e t a i l  i n  the  following 

rect ions of t h i s  report.  

a 2.6 percent gradient  under the  condit ions ex i s t i ng  a t  the time of  t he  
accident, so long as  rudder and spo i l e r  boost were operable. Data a r e  

operable, and climb capabi l i ty  ca lcula t ions  were not made for  t h i s  con- 
not avai lable a s  t o  yaw drag l eve l r  v i t h  rudder and spo i l e r  boost in-  

dition. However, s ince  the  first  20 neconds of the climb ( a f t e r  the 
"mlnsed approach" was ca l led)  vas made before the  aux i l i a ry  pumps were 
turned of f ,  the 2.6-percent gradient  ca lcula t ion  provides a reasonable 
basis  for comparison of predicted climb capab i l i t y  v i t h  the ac tua l  climb 
data shown on the  f l i g h t  da ta  recorder. The 2.6-percent gradient  calcu- 
ldt ion t r ans l a t e s  i n t o  an a l t i t u d e  gain of approximately 241 f e e i n  40 
seconds, or 362 f t c t  per  minute (f.p.m.) i n  t h i s  instance. The f l i g h t  
data recorder shows an ac tua l  a l t i t u d e  gain o f  approximately 326 f ee t  i n  
the 40 seconds following the c m a n d  fu r  the missed approach, and up to 
within 3 seconds of the abrupt change i n  heading. It is apparent,  there-  
fore, that  the abrupt climb indica t ion  of 120 f e e t  i n  the 3 seconds 
irmaediately preceding the  rapid change i n  heading (2,400 f.p.m.) cannot 
be met without a concurrent reduction i n  airspeed. No such reduction i n  
airspeed was recorded on the f l i g h t  da ta  recurder ,  nor was :here any 
indication of  an abrupt pullup on the v e r t i 6 a l  acce lera t ion  t race.  

The b e i n g  Company calculated tha t  N7871V w u l d  have clj.mbed a t  

a t  the request of  the  National Transportat ion Safe ty  Board, the  abrupt 

vhlch progressed t o  between 18' and 28' before the  a l t i t u d e  indica t ion  
a l t i t ude  increase shown on the recorder data is indica t ive  of a s i d e s l i p  

began to decrease. An abrupt a l t i t u d e  increase indica t ion  of  t h i s  type 
could be caused only by reduction i n  s t a t i c  s y s t e m  pressure as s r e s u l t  
of the s idesl ip.  In turn,  a s i d e s l i p  of  t h i s  mgnitudc wou?d cause a 
rapid r o l l ,  n subsequent change i n  heading, and a loss  of a l t i t u d e .  
h e  compressor stall  i n  engine No. 3,  heard and observed by groilnd 
witnesses and ve r i f i ed  duringthe examlnation o f  the  engines, would in  
a l l  probabil i ty r e s u l t  from the high s ides l ip  angle. The s t a l l  warning 

tape were a l s o  I n  a l l  l ikel ihood the  r e s u l t  o f  the  high degree of  
(s t ick shaker) sounds heard 011 playback of the  cockpit voice recorder 

r t a l l  speed u n t i l  i spac t ,  and there  was no evidance of  an abrupt pullup 
Bideslip, since the airspeed indica t ion  remained well above the  a i r c r a f t  

on the ve r t i co l  acce lera t ion  t r ace  @f the f l i g h t  data recorder. 

According to  an  engineering ana lys is  performed by the  b e i n g  Canpany 

20 seconds a f t e r  the commsnd f o r  "pumps off." Considering the  i n t e r n a l  
The loss of d i r ec t iona l  and l a t e r a l  con t ro l  occurred approximately 

leak rate determined during the examination of  the rudder power hydraulic 
unit from N787TW, t h i s  time i n t e r v a l  is consiscent with the  time i n t e r v a l s  
for loss  of hydraulic pressure demonstrated by the  IVA test f l i gh t s .  
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Accordingly. the Safety Board bel ieves t ha t  the l o s s  o f  d i r ec t iona l  

control vas caused by turning o f f  the auxi l ia ry  system pumps. the r e su l t i ng  
loss of rudder power, and the continued applicat ion of  asymmetrical thrus t .  

The loss  of d i r ec t iona l  control  occurred at  a phase of  f l i g h t  i n  
which takeoff paver was required. It is per t inent ,  therefore,  t o  
determine when the fat igue f a i l u r e  of the hydraulic  l i n e  ac tua l ly  
occurred i n  order t o  a8sess properly the crew's opportunity to d i s -  
cover the f a i l u re  and t o  take appropriate ac t ion  a t  some less cr i t ica l  

u t i l i t y  system was functioning properly when the aircraft was inbound, 
segment of the f l i gh t .  In t h i s  regard, i t  can be shown tha t  the 

near the ILS outer  marker, some 3:19 minutes prior t o  impact. A t  t ha t  
time, the f l aps  were extended from 40° t o  the 500 position. the posi-  
t ion  i n  which they were found i n  the wreckage. 

marker, 50 seconds p r i o r  t o  impact, the f l ap  se lec tor  was placed i n  the  
25O detent. However, the f l aps  did not move from the  50° pos i t ion ,  nor 

position 8 seconds later. The f a c t  t ha t  ne i ther  the f l aps  nor the 
did the landing gear r e t r a c t  when the se l ec to r  was placed i n  the  "up" 

landing gear moved i n  response t o  the cont ro l  moveneats demonstrates 
that hydraul1.c pressure was not avai lable a t  tha t  time. 

Thereafter,  when the a i r c r a f t  was i n  the v i c in i ty  of t he  ILS middle 

the spoi le r  control  valve is approximately 14 gallons per  minute. Thus. 
v i t h  complete separa t ian  of the  spoi le r  actuator  l t n e  from the f i t t i n g ,  

00 bas ts  of the foregoing information, i t  i s  apparent tha t  the  spoi le r  
the 5.4 gallons of reservoi r  f l u i d  could be l o s t  i n  a s  few as 23 seconds. 

actuator hydraulic l ine  f a i l ed  sometime a f t e r  the a i r c r a f t  passed the ILS 
outer marker, p r io r  to passage of  t h e  ILS middle marker -and the I.P.'s 
cunnnsnd to  execute the missed-approach procedure. 

A t  the  3,000 p.s.i. system pressure, maximum f l u i d  flow rate through 

Had the lo s s  of hydraulic f l u i d  been noted a t  t h i s  s tage of the  
approach, a s t r a igh t- in  landing on Runway 13 could have been execilted 
without d i f f i c u l t y  s ince  the  a i r c r a f t  was i n  landing configuration, vas 
properly positioned on the approach, and had been cleared f o r  a landing 
by the tower. The questions which then follow concern the reasons for 

was ca l led  t o  t h e i r  a t t en t ion  by the pilot-observar on the "jump seat." 
the f a i l u re  GI a l l  crewmembers to note the loss of the f l u i d  u n t i l  i t  

Normally, the f l i g h t  engineer would be the f i r s t  cremember to be aware 

panel. However, the f l i g h t  engineer 's  d u t i e s  a r e  r e l a t i v e l y  few once 
of hydraulic f l u i d  l o s s  since the quanti ty gauge i s  on h i s  instrument 

the a i r c r a f t  i s  i n  landicg configuration and the landing checkl i s t  has 
been completed. Accordingly, and i n  consequence of concern among 
Government and industry groups regarding high descent rates, a l t i t u d e  
awareness, and approach speeds during low v i s i b i l i t y  approaches, f l i g h t  
engineers frequently have been assigned the r e spons ib i i i t i e s  of  monitor- 
ing the p i l o t ' s  instruments and c a l l i n g  out  any s igni f icant  deviat ions 
from programed airspeed, descent r a t e ,  or a l t i t ude .  This proceaure 
van followed by TUA. Thus. a t  the  time of f a i l u r e  of  the  spo i l e r  ac tua tor  

L .  
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hydraulic l i ne ,  and the subsequent rapid l o s s  of hydraul ic  f l u id ,  the 

panel. 
f l i gh t  engineer 's a t ten t ion  probably vas d i rec ted  w a y  from t he  engineer ' s  

available t o  t he  I.P. vhich could have a l e r t ed  him t o  the problem. F i r s t ,  

ment panel. Second, the f l ap  pos i t ion  ind ica tor  gauge. located on the 
there vera the pressure gauges and pump low-pressure l i g h t s  on the i n s t ru -  

copi lot ' s  instrument panel adjacent t o  the landing gear lever ,  vortld have 
s h o m  that  the f l aps  did not move *en the f lap  s e l ec to r  vas placed i n  
the 25' p u s i t i m .  Third, the landing gear posi t ion l i g h t s  could have 
alerted him t o  the f ac t  t h a t  the landing gear did not move vhen the 

observed is not known. h n g  possible  explanations is tha t  while 
selector  vas  placed i n  the "up" posi t ion.  why these indicat ions were not 

Captain Caines was making 4 simulated instrument approach v i t h  t he  t r a in-  
ing hood i n  place, he vould have been unable t o  see outs ide  the cockpit. 
Thus. i t  vould be necessary for the I.P. t o  direct h i s  a t t en t ion  outs ide 

w and i n  the v i c i n i t y  of the a i rpor t .  If t he  hydraulic line fa i l ed  Just 
the cockpit i n  order  t o  prevent con f l i c t  v i t h  other a i r c r a f t  operat ing 

prior  to tha comnand for the missed-approach. Captain Sklar fn  might vcll  
have been occupied v i t h  observing outs ide events.  and vould nat  have 
looked a t  t he  instrument panel u n t i l  h i s  a t t e n t i o n  was directe2. t o  t h e  
hydraulic system problem by t h e  obaerver-pilot 's  cement. "Oh: Oh: Your 
hydraulic system's zeroed." 

There were several  indicat ions of u t i l i t y  hydraulic system f a i l u r e  

not have beex: intense enough t o  at:ract a t t e n t i o n  the: vaa directed 
elsevhere. T h i s  vould be pa r t i cu l a r ly  t rue  of t h e  lending gear pos i t ion  
l igh ts  i f  the switch had been placed i n  the "dim" posi t ion.  Also, the  

control wheel, which might r e s u l t  la t he  l i g h t s  not being observed u n t i l  
low-pressure varning l i g h t s  arc concealed LO some degree behind the 

a p i l o t  i n  the r i gh t  seat sh i f t ed  h l s  body position. By the time Captain 
Sklarin was aware of the  f l u i d  loss. t h e  a i r c r a f t  was cl inbing and vas 
no longer i n  a pos i t ion  t o  execute a landing. Accordingly. ' t  was 
necessary to  continue f l i gh t  while an assessment of t h t  problem could 
be made. Unfortunately, Captain Sklar in ' s  a t t en t ion  t o  the immediate 
problem vas a t  t ha t  moment interrupted by the query from the Air T r a f f i c  
Controller, "Trans World, you gonna w r k  approach control?"  Precious 

problem here." 
time vas l o s t  during the reply "Ah, stand by. we're having a hydraulic 

Because of the dayl ight  conditions. the  various varning 1igh:s might 

The appropriate procedure fo r  handling the emergency may be con- 
ridered i n  tvo ways. First, in keeprng with a basic tene t  of f l i g h t  
instruct ion,  the pseudo-enginr f a i l u r e  emergency should have been re- 
wrved as  the f i r s t  ac t ion  vhen the r e a l  emergency s i t u a t i o n  becaum knovn. 
Had the No. 4 engine been restored t o  takeoff power, tne as)7nnetrical 
thrust s i tua t ion  vould have ceased to e x i s t  and the rudder vould have 
returned to  a neut ra l  positi.on. In t h i s  s i t ua t ion ,  the rudder cont ro l  

have been possible with a l l  hydraulic pumps turned off .  Troubleshooting t o  
system would have reverted to  manual operat ion and di rec t iona l  cont ro l  would 
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locate the source of  the  f a i l u r e  could then have been accomplished i n  
accordance with es tab l i shed  checkl i s t  procedures without inf r inging  on 
the safety of f l i gh t .  When the f a i l u r e  i n  the u t i l i t y  system was iden t i-  
fied, hydraulic rudder power could hrve been res tored  if needed. However, 
the Safety Board bel ieves it worthy ->f comment t h a t  a t  t ha t  time none of 

or gave any thought to the  fact t ha t  the aircraft  was operat ing on three 
the three qual i f ied  capta ins  i n  the cockpit  considered the f a l s e  emergency 

eqirms. when confronted with a r e a l  emergency. 

In  the absence of  r e s to r ing  power on the No. 4 engine (or in the  
s i tuat ion of a genuine engine f a i l u r e ) ,  the appropriate  IWP.  procedure 
would have been to execute the  prescribed troubleshooting procedures 
and to accelerate  the  aircraft to the  A80 knots Vmca. Hmever, 

pumps off." Imed ia t e ly  following p q  turnoff and Captain Sk la r in ' s  
Captain Gaines ca l led  out only the f i r s t  item on the checkl i s t ,  " A l l  

dircussion of the  hydraulic problem with the Air Tra f f i c  Control Tower, 
his  a t ten t ion  wa8 again d iver ted ,  t h i s  time to  the  landing gear, by the 
coment of Captain Wyker,"Must have been, ah, a f t e r  the gear was dovn 
already." This was followed by a discussion between the three  capta ins  
of the posi t ion of  the landing gear. Before the ambiguity of the  landing 
gear s i tua t ion  (wheels down, but  t he  se l ec to r  handle i n  the "up" posi- 

accumulators and i n  the rudder power u n i t  d iss ipa ted  to the point where 
Cion) could be resolved, t he  res idual  pressure i n  the aux i l i a ry  system's 

directional control  could not be maintained with the aspmetrical t h rus t  
condition. 

vi th the captain 's  ca l lou t  from memory o f  the f i r s t  item on the check l i s t ,  
vithout taking fur ther  ac t ion  t o  restore symnetrical power. 

The stage for  t h i s  d isas te rous  s i t u a t i o n  was set  when the I .P .  complied 

In  t h i s  respect ,  the  Board bel ievec tha t  if the new procedure contained 
i n  revision number 8 to the  Airplane Fl ight  Manual had been adopted, i n  a l l  
probability the accident would not have happened. It is recognized tha t  
even i f  ZWA and the Air Car r i e r  District Office monitoring t h e i r  opera- 

would not have been mandatory. In f a c t ,  there were other  operators  of 
tion8 had been aware of the revised Boelng procedure, compliance with i t  

being 707-300 series a i r c r a f t  who had not adopted the revised procedure. 
However. under t h i s  procedure, the emergency ac t ion  would have been 
in i t ia ted  as the result of  a low-pressure warning l i g h t  "on," ra the r  than 

would have been a c a l l  f o r  "Corresponding Hydraulic Pump Switch-OFF,'' 
by the loss of f luid.  The f i r s t  a c t i o n  item, by memory or otherwise, 

rather than "all  pumps off." Captain Sklar in  would therefore have been 
forced to  ident i fy  the system tha t  had fa i led  before taking any ac t ion  

have been shut down. Accordingly, even though the  crewmembers may have 
to  shut down any pumps. In th iu  instance,  only the  u t i l i t y  sys t ea  would 

there would not have been any d i r ec t iona l  control  problems while the  
forgotten the self- created emergency under the stress of the  real one, 

crewembers attempted to f ind  the source of  t he  leak. 

. .  

k 
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It is apparent t h a t  tne  asymmetrical t h rus t  s i t ua t ion  was recognized 

belatedly by Captain Gaines, a s  evidenced by h i s  command."Give me t h a t  
engine:" 

noarly simultaneously. As prevfously noted, TWA i n s t ruc to r  p i l o t s  are 
warned to  "...be prepared to p u l l  o f f  remaining engine th rus t  should un- 
controllable yaw develop during engine-out maneuvers." 

It is a l so  l i k e l y  tha t  the s i t u a t i o n  was recognized by Captain Sklarin 

pressor s t a l l  sounds, whicli woilld indica te  t h a t  the  power had been re- 
duced on the operating engines. 

Witnesses noted a lack of  engine noise following the  "boom" or com- 

Tne engine spool-down sounds on the CVR, 6 seconds p r i o r  to impact, 
a lso indicated tha t  t h i s  ac t ion  was taken. The discovery tha t  a l l  engine 
bleed valves 'Jere open a t  impact fu r the r  confirms the  fac: t ha t  engine 
power vas reducnd on a l l  engines p r i o r  to impact. However, by the time 
th i s  action was taken, the a i r c r a f t  had achieved a steeply banke4nose- 
down a t t i t ude  from which recovery vas not poasible a t  tha t  low ol t i tude .  
AB shown by the 45O angle of the  crushed areas of  a l l  four engine cowlings, 
and the 45O upward and inward score marks on the No. 4 engine i n l e t ,  the 
bank angle and nosedown angle were still 45" a t  impact. 

2.2 Conclusions 

a. Findinas 

1. The f l i g h t  c r e w m b e r s  were properly c e r t i f i c a t e d  and approved 
for  the opera:ion involved. 

2. None of t he  crewmembers vas  incapaci tated,  or otherwise un- 
able to perform h i s  assigned dut ies .  

3. The a i r c r a f t  was a imor thy .  Gross weight and center  of  
gravi ty were within limits. 

4. Fatigue t a i l u r e  of the l e f t  outboard spo i l e r  hydrzulic 
actuator  downline occurred when the a i r c r a f t  was on th+ 
f i n a l  segment of an ILS simulated instrument cpproach. 

hydraulic f l u i d  i n  the  a i r c r a f t  u t i l i t y  system. 
5 .  Fai lure  of  the  hydraulic l i n e  caused the loss of the 

6. The captain,  i n s t ruc to r  p i l o t ,  and f l i g h t  engineer were 
not aware of the hydraulic f l u i d  loss u n t i l  it waa ca l led  to 
t h e i r  a t ten t ion  by the th i rd  p i l o t  in the  cockpit. 
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7. A l l  hydraulic pumps were turned o f f  i n  accordance wi th  
the  ex i s t i ng  emergency procedures f o r  hydraulic f l u i d  loss. 

8. There was no f a i l u r e  of the  auxi l ia ry  hydreulic  systems 
providing power t o  the rudder. 

9.  Power was not restored on the No. 4 engine. 

10. The a i l c r a f t  was not accelerated to the 180-knot. three-  
engine minimum cont ro l  dtrspeed upon discovery of the  hydraulic  
f l u i d  loss .  8J 

11. A high degree of s i d e s l i p  was generated by the  loss  of 
rudder power and the continued use  of a s y m e t r i c a l  takeoff 
t h rus t  . 
12. The high s i d e s l i p  angle r e sa l t ed  i n  l o s s  of l a t e r a l  con- 
trol, causing a rapid mll and loss of a l t i t ude .  

13. The use of  tha  &sing rsvised procedure, specifying tha t  
only the hydraulic syncem displaying a Lou-pressure warning 

vented t h i s  accident.  
l i g h t  was to be turned o f f ,  i n  -1: l ikel ihood would have pre- 

b. Probable C- 

was a Loss of d i r ec t iona l  cont ro l ,  which resulted from the  
The Board determines t h a t  the probable cause of t h i s  accident 

i n t en t iona l  shutdown o t  t h e  pumps supplying hydraulic  pressure t o  

engine. A contr ibuting fac tor  was the inadequacy of  the hydraulic  
the rudder without a concurrent r e s to ra t ion  of power on the No. 4 

f l u id  l o s s  emergency procedure when applied against  the operat ing 
configurat ion of the  a i r c r a f t .  

a. I n i t i a l  Accident Prevention Measures 

(1) On Ju ly  29, 1969, the  Federal Aviation Administraticn, 

- 8/ Attaining the  180-knot alrspeed, per *e. would not have been s u f f i c i e n t  

have resu l ted  i n  a less rapid and less severe Loss of d i r ec t iona l  con- 
t o  maintain d i r ec t iona l  control.  (See Appendix C.) However, it may 

t rol  and a longer period of time fo r  the  crewmembers t o  assess  the t rue  
nature o f  the  problem and e i t h e r  r e s to re  symetrical power, or r e tu rn  
the aux i l i a ry  hydraulic systems t9 service. 

. . . .. - . .. . . . - 
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after  d l s c u ~ s i o n s  v i t h  the National Trsnsportat ioc Safety Board, 
issued General Notice 138430.107 to a l l  FAA Regional Offices, . 
Air Carriec District Offices,  F l igh t  Standards D i s t r i c t  Offices,  

Pr inc ipa l  Operations Inspectors LO assure  t ha t  a l l  a i r  c a r r i e r s  
and Internat ional  Field Offices. This n0:ice required FAA 

wre aware of  !he problems incident  t o  concurrent engine-out f l i g h t  
and hydraulic 9yste.n fa i lure .  Attent ion vas  called spec i f i ca l ly  

s l ~ w t i n g  the  hydraulic system i n  simulated engine f a i l u r e  
t o  the requirement t o  r e s to re  engir.c pover p r i o r  to trouble- 

s i t ua t ion .  (See Appendix C.) 

(2) Upon confirmation by the Safe ty  Board tha t  a metal fa t igue  
f a i l u r e  vas found i n  one of the outboard s p o i l e r  ac tua tor  down- 
l ines ,  the FAA issued General Notice N8340.57 to the  above- listed 
of f ices .  This notice suggested a voluntary. one-time inspection 
of the  spo i l a r  ac tua t ing  sys t em on 8-707 a i r c r a f t .  This inspec- 
t ion  vas  ta  be conducted by tire u w r s  of  Boeing 707 equipment. 
(See Appendix G.) 

the FAA also take the following act ions:  
(3) The Board, by l e t t a r  dated August 1, 1969, recommended tha t  

cedures of a l l  operators  o f  Boeing 707 series :nd like 
(a) A dera i led  review should be made of  the  ewrgency pro- 

malfunctions v l t h  respect  tc the  operat ion of .:he hydraulic  
a i r c r a f t  to c l a r i f y  troubleshooting of hydri u l  '.: system 

pump control  switches; 

uiodified t o  remain c.n any time the rudder pump pressure 
(b) The rudder pmp lou-pressure l i g h t  c i r c u i t r y  should be 

is l o s t ,  regard less  of the rudder hydraulic pump switch 
position. 

b. Follovup Recom-;ipCions and Correcti'ie Measures 

rudder cont ro l  system of  the  Boeing 707-331C aircraft vi11 not 
(1) As previously noted i n  Sect ion l . l6(b) of  t h i s  repor t ,  the 

automatically rever t  from hydraulic pover mode t o  manual mode in 
the event of  shutdovn o r  f a i l u re  of  the aux i l i a ry  systems pumps. 
This s i t u a t i o n  was disclosed by the  Safety Board's inves t iga t ion  
of this accident. and vas a condition previously unknown to nust 
p i l o t s  and operators  of these a i r c r a f t .  

Althcuglr not a causal  f ac to r  in t h i s  ins tance ,  a l ack  of 
understandicg of t h i s  feature and the spec i f i c  ac t ions  necessary 

cont ro l  even a t  the  appropriate three-engine minimum cont ro l  speed. 
20 achieve nanual reversion could resul t  i n  a lo s s  of d i rec t iona l  
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Accordingly, in the  i n t e r e s t  of inmediate accident prevenlion measul 
the Board discussed t h i s  pecu l i a r i t y  of  the rudder operat ion with 
the FAA, and ruggested tha t  the  air  c a r r i s r  t ra in ing  programs and 
emergency c . j r ra t ing  procedures be revised to a ler t  the p i lL t s  
to the need for  spec i f i c  ac t ions  if ensloe f a i l u r e  were to  be 
followed by the auxi l ia ry  hydraulic system fa i lure .  on January a, 
1970, General Notice N8430.115 was issued to  a l l  FAA Regional 
Offices, Air Carr ie r  D i s t r i c t  Off ices ,  and In t e rna tLo?~ l  Field 
Offices. This n9tice required FAA Pr inc ipa l  Inspectors t o  
assure t h a t  information on powered ruddcr  cba rac t c r i s t i c s  be 

cha rac t e r i s t i c s  be considered i n  es tab l i sh ing  operacing pro- 
included i n  air carrier t r a in ing  programs. and tha t  these 

cedures r e l a t sd  t o  asymnetrical t h rus t  o r  d i r ec t iona l  cont ro l  
problems in part iculak a i r c r a f t .  (See Appendix C.) 

(2) By letter  to the  Administrator of  the  FAA dated December 18, 
1969, the Safety Board nade the  following addit ional  
recommendations: 

1. A l l  maneuvers requir ing simulated engine(s)-out opera- 
t i o n  of a i r c r a f t  c lose  t o  the ground should be conducted 
in  end, t o  the  maximum extent  possible,  l imited t o  
f l i g h t  simulator t r a in ing  devices. 

2. The Administrator should e s t a b l i s h  a minimum a l t i t u d e  
above the t e r r a in  for those simulated engine(s)-out 
maneuvers which must  be periormed in f l i gh t .  

3. Equally qual i f ied  crewnembers not d i r e c t l y  involved i n  
the t r a in ing  operat ion should be prohibi ted from the 
f l i g h t  deck area  on a l l  proficiency f l i g h t  check#. 

The Administrator's response to these reconmendations I s  contained 
in cQpcndix n. 

By the N a t i o n a l  T r a n s p o r t a t i o n  Safety Board: 

/s/ JOHN n. REED 
Chairman 

/s/ OSCAR M. LAUREL 
Member 

/s/ FRANCIS H. McADAMS 
Member 

/S/ m 1 S  M. THAYER 
Member 

/s/ ISABEL A. BURGESS 
'March 25, 1970. Member 

...- ~ ~ .. ~ .~ . .. . ~ . .. . . . . . 
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N A T I O M L  TFANSPORTATION SAETY 'aARD 

Department of Transportat icn 
Bureau of Aviation Safety 

Legend 

CAM - Cockpit Area Microphone sound source 

Tm - Ground-to-air transmissions from Atlantic City Tower 
Rco - Air-to-ground transmission from N78TLU 
-1 - Voice identified as Instructor Pilot 
-2 - Voice identified as Captain 
-3 - Voice identified as Flight Engineer 
-4 - Volce identified as AZM Kyker 

* - Unintelligible word or phrase -7 - Voice unidentified 
$ - Non-pertinent radio transmission on twer frequency 
# - No.?-pertinent intra-cockpit word or phrase 
() - Words enclosed in parentheses w e  subject to interpretation 

TPIE(EDT) SOURCE c o r n  
1231:10.5 TWR And fifty seven eighty seven is cleared t o  land, the 

wind one three zero degrees at five. 

1231:15 RD3-1 Okay, we'll take the option. 

l231:17 WR Roger, cleared. 

l231:19 CAM-2 Five hundred feet 

l231:20 CAM-1 Okay 

l231:23 CAM-1 Airspeed good,...sink rate good, .... slightly right... 
of course. 

E3l: j8  CAM-1 Right cn the money, Barry 

9w 
l231:55 CAM-? (Minlmms coming up) 

CAM-? $f$$ 

- i -  



1231 : 58 

1232:02 

l232:05 

1232:08 

l232:W 

1232:lO 

l232:12 

1232 : 16 

CAM-2 

CAM-1 

CAM-2 

CAM-1 

CAM 

CAM-2 

W-1 

CAM-2 

CAM 

CIM- 1 

CAM-2 

CAM 

CAM- 4 

Hu-dred to  go 

Ohy, missed appmach 

! 

m 
Twenty-five f l ap  

Wenty-five f lap  

Sound similar t o  engine spool-up begins 

Takeoff pover 

Okay 

up gear 

Sounds similar t o  trim actuacion and movement of 
landing gear lever 

Straight ahead t o  fif teen hunared feet .  

Right 

Sound similar t o  trim oztuation 

Oh! Oh! Your hydraulic eystPm's zeroed 

1232:17.5 CAM-2 Khat was that? --- 
1232:18 

1232 : 18 

1232:~)  

l232:2l 

1232 : 2k 

CAM-1 Oh, # ! 
CAM-2 Got no hydraulics? 

CAM-3 (Just )  vent dom 

CAM-1 They're a l l  (out) 

CAM-2 All of em out? 

CAM-1 Yeah 

CAM-2 pumps Off 

CAM-7 * 
l'WR Trans World, you gonna work Approach Control? 

RDO-1 Ah, stand by, we're having a hydraulic problem here. 

. ii - 
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1232:27 

l232: 29 

1232:32 

1232:35 

l232:38 

l232:41 

E32d-2 

l232:43 

CAM-? (al l  out?) 

"-3 Just went down 

CAM-? Ye&. 

W - 4  Must have been, ah, a f t e r  the gear vas 

. .  

dour. already. 

CAM-1 Well, the gear I s  still i n  the up (position) 

CAM-2 No gear's up. 

CAM-3 (Yeah) 

CAM-2 It m y  be that gear, ah, -- 
CRM-4 ... might be plimpir,g it out i n  the up position 

CAM-1 k c ' s  sce, the gear i s  down. 

CAM Sound similar t o  that of landing gear lever movement. 

CAM-1 I'i. gonna put it d m  again 

CAM-2 Yeah 

CAM-1 YOU got that? 

CQ4 Somd If "pap" similar t o  that caused by engl.ne com- 
pressor stall. 

CAM-1 What happened? 

l232:43.5 W - 1  (What t h a  he l l  ye do?) 

CAM Background voices heard. Sound ~imila? t o  Lhat created 
by stall warning alarm '("stick sh&er") 'cegics and lasts 
for five seconds. 

l232:&.5 CAM-2 Give me t h a t  engine! 

CAM #! 

1232:G CAM Sound of engine spool-down audible 

1232:W CAM-1 Harry, ... We're over ! 

3232:48 CAM-2 Glve me the engine! 

l232:48.4 'LWR Ah, look out! 

." 
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TIME(EDr) SOURCE CONTmr 

W2:50 CAM-1 We're over 

1232:52 CAI4 Sound of impact and end of recording. 

'. 
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ACCIDENT: !CWA 5787, B707-331, A!DAN'J!XC CI!X AIRPOAT, JULY 26. 1969. 

1218 : 41 

-. 

1219:06 

CAM :OK, one forty on the bug. 

:One four zero. 

:We'll go through the after landin& I:heckllst now. 

:Read em out. 

:Bake pressure. 

:(I'll get it), checked, 

:Interconnect. 

:It's OK. 

:Transpcnder! 

:ah - okay 

:wing flaps: 

:They're - ah - checked. 
:Had it i n  system all the time. 

:-&-OK. 

:We'll go rl&ht on through herc OP cour3e. 

CAM :Yeah, *. 

- v -  



TIME(EDr) SOURCE 

l220:07 

1220:22 

1220:52 

l22l:o1 

1223:09 

W3:18 

1223:s 

1223:39 

1223:49 

122596 

CAM 

(b) 

CAM-1 

CAM-2 

CAM-? 

w-? 

CAM- ? 

CAM-2 

CAM- 1 

CAM-? 

CAM-1 

w- ? 

CAM- ? 

CAM-1 

CAM-2 

- ? 

CAM-2 

CAM- ? 

CAM-2 

(a) 

: T h i s ' l l  be the engine f a i l u r e  after "V" one. 

Takeoff begins. bngine spool-up audible .  

. V one, rotate, engine f a i l u r e  

:essent ia l  power, 

.-I I, 

:essential power checked, 

:Thro t t le ' s  closed. 

:up gear. 

24O', and th rus t  x i a d  aeen reduced f o r  slower air- 
n i g h t  iTfIint8P.i:? l,?CO fee t ,  Radar Vector Heading 

C r s f t  speed. 

:and fourteen flags please 

:OK and We should ge-; the a f t e r  takeoff check and ah  - 
:-8h-it 's  (alrf?ady) * * Uninte l l ig ib le  * 
:we beve t h e  t h ro%t l e  closed. 

:* * Uninte l l ig ib le  * * 
:OK nuuber Pour's Secured. 

:OK we're all s e t ,  crew coordination Is the same as 

We a r e  radar  vectored f o r  a three  engine ILS flight 
before, everything is s i m i k  ( t o  that advised) - ah - 
d i r ec to r  apprmch. 

:OK a d  (we need) a bug speed glease.  

:one two four. 

:and we've renched final, checkl is t .  

:OK that's complete. 

:ah - roger. 

'IWA 5787 on rector  heading 310", (downwind l e g  
just acknowledged new vector heading of 033'. 
rf@t base lee runvay 13). Am#+ .had gcne :a gailey. 

- vi - 
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.l225:22 

1225:30 

E26:11 

1229: 52 

1229 : 15 

1229:W 

1229 : P ?  

K29:25 

1229:29 

m : 3 3  

1230 : 16 

l%K- ? 

W.- 7 

CAM- ? 

CAM- 1 

CAM-2 

(e) 

(f) 

(9) 

CAM-2 

CAM-? 

CAM-2 

122-2 

CAM-? 

# CAM-2 

("-1 

CAM- 2 

cfil4- 1 

CAM-2 

W-1 

CAM-? 

CAM- ? 

(h) 

1231:10.5 (i) 

comn 
:and - ah - would you put your bird down please and 

the markers are  tuned. 
cn heading acde and we're all set up t h i s  and - ah - 

: e l l  set. 

:everything 5ec. 

:same (markers) ..., same minimums ..., same missed approach, ... straight ahead t o  f i f teen hundred Harry. 
:OK. 

I%$. 5787 seven miles from OM; new vector heading 100'; 
cleared for J3.S approach. 

I%$. 5787 on M e r  frequency 

Flight inbound t o  OM on localizer course. Crew diG- 
cussing plan for VDR spproach next and VDR requirements. 

:down gear p!.ease 

:(there ya go) 

:and - ah - forty f lsps please .... 
:complete the final. 

:OK it 's a l l  complete 

:glide slope please 

:all r ight  

:ours sure do read differently 

:* 
: f i f ty  flaps 

:OK 

:Outer marker 

:flags checked 

TUA f l i gh t  reports t o  Tower passing the 01.1. 

TUA 5737 cleared t o  land. 
- vii - 
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APPENDIX C 
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NATIONAL TRUlSWRTATlON SAFETY BOARD 
01?A111CW OF f lA lSPOlTATtOI  

W.*.i..,A. n P 

WRLCKASE 0IS:RIBUTION CHART 
~__..._.._I, 

TRANS WORLD AIRLINES. IliC. 6707-331C. N-787l 
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APPENDIX E 

\ 

~ ~ ~ - - - - - - - - - - - - - - - - - -  IMPACT 

NATIONAL TRANSPORTATION SAFETY BOARD 
BUREAU O i  AVIATION SAFETY 

WASHINGTON O X .  

- 

TRANS WORLU AIRLINES, BOEING MODEL 6-707 , N7877W 
TRAIFING FLISHT. ATLANTIC C!TY. N.J. 

JULY 26.1969 

AND FLIGHT DATA RECORDER INFORMATION 
EXTRACTS OC COCKPIT VOICE RECORDER 

t. 



RUDDER 6 SPOllER PUMP LOW PRESSURE L I G H T  
When ON indicates rudder and ..ynilsr pump pressvro 

must b. ON to octivotc light. 
i s  lo-. Rudd-, and syoilcr pvmp central switch 

PS - RUDDER 6 SPOILER PUMP CONT. 

w m  R S E M  RESSURC GAUGE 

orai loble above 2000 PSI preloed. 
Indicates u t i l i t y  hydraulic p w r r u r r  

P7 - HYD PRESS. 7 

.. . . . ~ .. - .. ... ~- . .. -. . 
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GRf!%AL NDTICES ISSUED BY TRE FdDZRAL AVIATION ADMINLSTRATION 

THIS IS NOTICE N 8430.107. CANCEIUTION IATE NOWMIBR 1 
CMA 1969. SURTEC!? CIN AIR c;cw(IER OPERATIONS ALEFfl! NO. 69 

!dITH A SDWIATED OR AGPUAL FAILURE OF AN OUEOARU ENGINE. 
DASH 5 .  u)SS OF HYDRAULIC FLUID OR L B W 3 S U H E  DURIXG ~ G W i ?  

WSH ALL JlQ TIUMSWRTS DASH FRELEXlXARY INVESI!IGATION OP 
A RECEEPP B DASH 707 W S H  3 0 0 C  TRYCNING A C C I D m  F t E m D  
W.AT WHILZ CONDUmING A MISSED APF'ROACH WITH TIC3 SIMUIA'D3D 

A LOSS OF €XL&AULIC PRESOS. WfiIJE CONDUCI'ING TKE FNFXGFXCY 
FAIIuRe  OF AN OWI'EQUD ENGINE (344 THE AIRCRAFT EXPERIENCED 

PROCEDIJFU?, REIATING TO THE HYJMUUC P R O B m  CMA CONTROL OF 
THE AIRCRAET WAS WCL' AND IX CiCAsHED RFSULTING IN FATALITIES 
TO W PERSONS ABOARD. PRINCIPAL OWRATIONS INSpEclylRs 

THEIR AIRCRAFl OPERATIONS MANU4L THE OPERATTOONAL CONSIDERATIONS 
SHALL ASSURE THAT THEIR ASSIQSED AIR CARRIE.% INCLUDE IN 

~~ ~~ 

A HYDRAULIC F A W R E  (344 SPECIFICALLY CMA THE INCRFASE IN 
IMXlLVED WHEN CONIXTCTING E N G m  OUT OPERATIONS AND ENCOUNTERING 

.- -. 
WCA W 3 l O U T  RuwiR IDOST. WCA Wl!FHOUT %JDDER BOOST IN 
THE B DAFH 707 WSH 3 O X  IS APPROXDl4TELY 177 KT,. 
ENCOUNTERS A W S S  OF Hy3RAuLIC PRESSURE DURING AN ENGINF, 
TlDz EVENP AN AIRCRAFT HAS A RUDDER BOOST MALFUNC!?ION OR 

O W  OPERATION CMA THE CREW SHOULD AVDID HIGH YAW ANGLES 
CMA MGH ANGLES OF ATACH CMA AND ATPAIN RUDDER Bi\oST O W  
VMCA PRIOR TO SHljTTING OtFF THE HYDPAULIC -lP PAFZN S 
PAREN POWERING THE RUDDER. SHOULD TIIE EXGINE FAILURE BE 

TROUBIE SHOWIXG THE HYDRAULIC SYSTIN. 
SlMUIATED CMA THE ENGINE SHOIJID EE IIESTOmD PRIOR TO 
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DEPARTMENT OF TRANSWRTATION APPENDIX €i 
FEDERAL AVIATION ACMlNlSTRATlON 

WASHINGTON. 0.C 2.0590 
- 

8 0 OEC 1969 
Honorable John B. bed 
Chairum. National h a ~ ~ p ~ ~ t a t i o n  Safety h a r d  
Department of Transportation 
Yashingtw, D. C. 20591 

Dear Mr. Chairman: 
l'hank you f o r  your l e t t e r  of 18 December 1969. concerning air c a r r i e r  
accidents invuldng simulated engine-out t ra ining.  

Although the s ta te-of- the-ar t  of a i r c r a f t  sIm8latioP provides. as you 
say, the capab i l i ty  fo r  simulating a h s t  a11 t r a in ing  mnewrs. an 
adequate viwal symtam is  required t o  simulate YMuvers such aa engine 
f a i l u r e  on takeoff nod the c i r c l i n g  approach to landing. A vary lirnited 
M e r  of these sbula torm a n  in UH today. 

I b.liave you would agreo that the r q u l a t o r y  himtory ahous increaaing 
t r a i o i q  c r e d i t  f o r  a i r c r a f t  mimulators am the  s ta te- of- the- ar t  has 

Mmlnia t ra t ion  i n i t i a t e d  Action vhich led  t o  adoption of a regulat ion on 
advancad. Beginning as e a r l y  as Ju ly  1955, thu Civil Amronauties 

15 Wrek 1957, vhich penrft tad the  n i t  earriots t o  auba t i tu te  an approved 
~ imu lu to r  course fur  one of the required ~ r i - * ~ w l  p i l o t  proficiency 
checku. %is ru le  vas submquently s a n d e d  eo that  only curtain low 
a l t i t u d e  mnauvara wad be aceocrplisf?d i n  an airplane during the a l t e rno t e  
proficiency chuck (0.8.. IM approcA. qngina fallure on takeoff,  circling 
approach). prodded the ba:lrnce of the required MMuvers were conducted 
i n  an approved s i r c r a f t  rianulotor. &re recently.  regulr t iona becans e f f ec-  
tive on 15 Aprll  1967, which f o r  the firmt the allowed ce r t a in  ewrSency 
Unewrs  t o  b. conducted :tu a simulator for  the a i r c r a f t  type r a t i w  check. 
On I My 1968. the rules *me amunded t o  change the i n - f l i u h t  requiremento 
for turbojet. r e l a t i v e  t o  :the approach and landing una\mr with tha 
almulated failura of 50 prrcant  of the a v r i l r h l e  pornrplonts. 

S"N1Otlng an sogins failure during takeoff a t  a l t i t u d e  i s  not a eatis- 
iactory suba t l tu te  fo r  a c c t ~ l i s h f n , ,  the Muewer i n  an airplane during 
an actual takeoff or in a ~riswl simulator since. when dow a t  a l t i t u d s ,  
the ran1i.o of  an ac tua l  engine f a i l u r e  d u r i q  takeoff is los t .  Recent 
u a h t s  t o  Parts 61 and 121 of the Federal A d n t i u n  Regulations p8-t 
t h i s  m8neuver to be conducted during type-+cltiyt  a& proficiency cheflra, 

., . 
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i n  s i r p l a m r  with an approved visual s y s t a i  which should encourage the 
air c a r r i e r s  to procure thase system& Since airplane perfoorunce is based 
on eyline f a i l u r e  during takeoff ,  w met enaura thnt  p i l o t s  can M f e l y  
hand10 en e x i n e- o u t  s i t w c i o n  d u r i a  regular  operations. The eane r a t i o n e l e  
a l s o  appl ias  t o  the eq t im-ou t  m i r o d  approach. Uowvar. tho recent amend- 
ments a l l m  the person m n d u c t l q  tha check the option of g i v i w  the  p i l o t  
being checked e i t h e r  an all- engine missed approech OS en angina-out missad 
mproach, which h 6 m  the dv6n tage  of introducing the e l m n n t  of surpr i se  when 
the  latter unauver i s  given. 

Txa amanbents fu r ther  provide for  f l i g h t  t r6ining nnd a f l i g h t  check i n  

of proficiency. as rppropr ie ta ,  before the  t ra inee  advances to  the ac tua l  
a,> airplaae simulaeor to  the p i l o t  in  c o ~ d  or second in col.und level 

aLrplsne. Thue. the ru l e  contamplates 8,thorough knowledge of each required 
unauwr and procdure  aod a p r o d e t e r r i d  law1 of s k i l l  p r io r  t o  perfom- 
iw t h r  i n  actuel  f l i gh t .  Therefore. the  p s r f o r u n c e  of the mneuvers and 
pcocndureo by the trninee on a one-tfra basis i n  the eirplnne dur ing  i n i t i a l  
or t r ans i t ion  f l i g b t  t ra in ing  is,  i n  p rn : t iu l  e f f ec t ,  n da temina t ion  that 
the  propar t r6nafer  of l u r n i a p  from the  simulator to the  a i rplane has been 
a e h i m .  

Although as you point  out. one accident m y  haw involved d i s t r a c t i o n  of the  
p i l o t  by M addi t ional  creW..bar on the f l i g h t  deck. there  haw been other  
cnses during trairdw fli@ts vhere an addi t ional  crumember he. nle r ted  the  
p i l o t  to  no unr6fe condition. Pl ight  trairdag of crmmtmbers is  ugrully 
accomplished in pni r r  so t ha t  each p i l o t  may observe the other  during t he i r  
raspective periods of f l i g h t  ins t ruct ion.  Such traintog i s  hlghly des i rnblu  
and advontegmus to the p i l o t s  involved. Nevarthelesm, w w i l l  advise our 

h r w  i s s d  adaqwte ins t ruc t ions  t o  anoure t ha t  o ther  c r a a r s  on the  
Principal  operations Inspectors to see to  i t  tha t  chair nssigned a i r  c a r r i e r s  

during t ra ining f l i gh t s .  
f l i g h t  deck do not i n t e r f e r e  with the perfomance of the opernting crmmembers 

Your interemt i n  t h i s  mattnr is appreciated. 

.- 

Acting Administrator 


