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SYNOPSIS 

Trans World Ai r l ines ,  Inc., F l igh t  5787 (TWA 5787) of July  26, 1969, 
a Boeing 707-331C, N787TW, 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 (NAE'EC), At lan t i c  City Airpor t ,  
Pomona, New Jersey. There were three  TWA l i n e  capta ins ,  a f l i g h t  engineer,  
and an i n s t r u c t o r  p i l o t  on board the a i r c r a f t .  A l l  f i v e  were f a t a l l y  
injured.  

The f l i g h t  o r ig ina ted  a t  John F. Kennedy In te rna t iona l  Airport  (JFK), 
New York, New York, for  the  purpose of providing recurrent  t r a i n i n g  of 
th ree  TWA capta ins  i n  accordance with the provisions of P a r t  121 of the  
Federal Aviation Regulations. 

The required t r a i n i n g  and prof ic iency check maneuvers were t o  be 
accomplished a t  the NAFEC/Atlantic City Airport  a t  Pomona, New Jersey.  

One of the  required prof ic iency check maneuvers included a simulated 
instrume$approach and the execution of the missed-approach procedure, 
with a c r i t i c a l  engine reduced t o  t r a in ing  i d l e  i n  order t o  a l s o  simulate 
engine f a i l u r e .  While 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 a p s  had been extended, f a t igue  f a i l u r e  of 
the l e f t  outboard s p o i l e r  ac tua to r  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  l o s s ,  a l l  pumps were t o  be turned 
off .  Consequently, when the  f l u i d  l o s s  came t o  the crew's a t t e n t i o n ,  
the command, " A l l  of them ou t ,  pumps off"  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 l e v e l  



(AGL), and at  an indicated  airspeed of 127 knots. Takeof f  power was 
being produced by engines Nos. 1, 2 ,  and 3. Power for flight was not 
being produced by the No. 4 engine because the power lever had been re- 
tarded t o  the training idle posit ion in order t o  simulate engine failure. 

Power on the No. 4 engine was not-restored, and approximately 21 
seconds after the cal l  "p,mps off" was issued, directional control of 
the aircraft w a s  l o s t .  Eleven seconds later,  the  aircraft struck the 
ground in a right-wing low, nosedown attitude. 

The Board determines that the  probable cause of this accident was 
a loss of directional control, which resulted from the intentional 
shutdown of the pumps supplying hydraulic pressure t o  the rudder without 
a concurrent restoration of power on the No. 4 engine. A contributing 
factor was the inadequacy of the hydraulic f l u i d  loss emergency proce- 
dure when appl ied  against the operating configuration of the aircraft. 



1. INVESTIGATION 

1.1 History of t h e  F l 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 Boeing 707-331C, Cargojet ,  
N787TW, and was powered by four P r a t t  and Whitney JT-3D f a n j e t  engines. 
The a i r c r a f t  had operated previously a s  F l i g h t  609-26, a  r egu la r ly  
scheduled cargo f l i g h t  o r ig ina t ing  i n  Frankfur t ,  Germany, and terminating 
a t  John F. Kennedy In te rna t iona l  Airport (JFK), Mew York, with interme- 
d i a t e  s tops  a t  London, England, Shannon, I re land,  and Boston, Massachusetts. 
The f l i g h t  departed from Frankfurt a t  2010 e.d.t. I/, Ju ly  25, 1969, and 
ar r ived a t  JFK a t  1003, Ju ly  26, 1969. No mechanical discrepancies were 
noted a t  t h e  end of t h i s  f l i g h t ,  and maintenance on the a i r c r a f t  was 
ne i the r  required nor performed a t  JFK, A walk-around inspect ion d id  not 
d isc lose  any indicat ion of hydraul ic  f l u i d  leaks.  The a i r c r a f t  was 
refueled  t o  a fue l  weight of  70,000 pounds, and released a s  TWA F l i g h t  5787 
for  the purpose of  providing recurrent  t r a i n i n g  and proficiency checks 
f o r  three  TWA l i n e  captains.  

TWA 5787 departed from JF'K a t  1146. The f i r s t  capta in  t o  receive 
the proficiency check occupied the l e f t  s e a t ,  the  i n s t r u c t o r - p i l o t  (I.P.) 
occupied the r i g h t  s e a t ,  and a f l i g h t  engineer occupied the f l i g h t  
engineer ' s  pos i t ion .  The other  two capta ins  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 .  

The f l ight  operated from JFK t o  the NAFECIAtlantic City Airpor t ,  
Pomona, New Jersey,  under rout ine  a i r  t r a f f i c  c o n t r o 1 , a n d  was handed 
off  upon a r r i v a l  i n  the At lant ic  City,  New Jersey,  a rea  t o  the  At lan t i c  
City Approach 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) ou te r  marker f o r  an approach t o ,  and a f u l l -  
s top landing on, Runway 13. The approach and landing were accomplished. 
TWA 5787 then requested, and the tower approved, clearance t o  t a x i  t o  
the  end of the runway, execute a 180Â t u r n ,  and take o f f  on Runway 31. 

P r i o r  t o  takeoff ,  t h e  I.P. b r i e fed  the  capta in  t o  expect a simulated 
engine f a i l u r e  a f t e r  V i  ( c r i t i c a l  engine f a i l u r e  speed), L l to  execute 

I /  A l l  times here in  a re  e a s t e r n  dayl ight ,  based on the 24-hour clock. - 
21 Cri t ica l -engine-fa i lure  speed -- the  minimum ca l ib ra ted  airspeed t o  - 

which the  a i r c r a f t  on takeoff can be accelera ted ,  lose the  c r i t i c a l  
engine, and the  p i l o t  can e i t h e r  sa fe ly  continue the  takeoff ,  o r  br ing 
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 
engine whose f a i l u r e  would most adversely a f f e c t  the  performance o r  
the handling q u a l i t i e s  of an a i r c r a f t .  



a three-engine climbout, and ' to  request  vectors fo r  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 r e c t o r  system. 

Pretakeoff and takeoff  c h e c k l i s t s  were completed and the  takeoff  
was executed a s  s t a ted .  The No. 4 engine was retarded t o  t r a i n i n g  i d l e  
t h r u s t  a f t e r  V l  had been reached. The takeoff was continued andmer- 
gency procedures were executed i n  accordance with the TWA engine f a i l u r e  
emergency check l i s t .  The a i r c r a f t  was leveled o f f  a t  1,500 f e e t  and 
vectored t o  in te rcep t  the ILS course i n  the  v i c i n i t y  of the ou te r  marker. 
The No. 4 engine remained i n  i d l e  th rus t .  The I.P. d i rec ted  the capta in  
t o  execute a simulated three-engine ILS approach, and t o  expect a  missed 
approach a t  the decis ion height .  31 

. A s  TWA 5787 proceeded toward the  ou te r  marker, t h e  prelanding and 
f i n a l  landing c h e c k l i s t s  were ca l l ed  f o r  and completed. The landing 
gear was extended and, a f t e r  the  a i r c r a f t  passed the ou te r  marker, f l a p s  
were placed f u l l  down (50Â°) The approach was flown with t h e  No. 4 engine 
s t i l l  re tarded t o  i d l e  th rus t .  A t  t h i s  po in t ,  the tower cleared TWA 5787 
t o  land. The I.P. answered, "OK, w e ' l l  take the option." kj The tower 
r e p l i e d ,  "Roger, cleared." 

A t  the  decis ion height ,  a  missed approach was announced. The captain 
advanced power on engines 1, 2 ,  and 3, and ca l l ed  f o r ,  i n  proper check l i s t  
sequence, "25 Flaps," "Takeoff Power," "Up Gear." These commands were 
acknowledged and complied with. However, n e i t h e r  the f l a p s  nor the 
landing gear moved from t h e i r  previous posi t ions .  The a i r c r a f t  was 
accelera ted  t o  130 knots (minimum indicated  airspeed f o r  t h i s  maneuver, 
pursuant t o  TWA f l i g h t  manual procedures) 51 and a missed-approach climb 
was instituted'.  The configurat ion of  the  a i r c r a f t  a t  t h i s  moment was: 

31 Decision height  -- the height  spec i f i ed  i n  f e e t  above mean sea l eve 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 i sua l  
reference has not been established..  

4 /  "Option" means t h a t  the p i l o t  could e l e c t  t o  make a ful l -s top landing, - 
a touch-and-go landing and takeoff ,  o r  only a low approach. . 

51 TWA F l i g h t  Handbook (FHB) p. 03.10, Paragraph Q(d). "Maintain Bug t o  - 
Bug / 5 Knots 'to 800' (max bank 15O). I f  speed below 130 KTS, slowly 
acce le ra te  t o  130 KTS." Bug o r  reference  speed f o r  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 was 124 knots. 



flaps full down (50'); landing gear down and locked; engines 1, 2, and 3 
At takeoff thrust; and engine No. 4 retarded to idle thrust. 

Approximately 16 to 18 seconds after the start of the missed-approach 
procedure, one of the observer pilots commented, "Oh! Oh! Your hydraulic 
system's zeroed." When this information was verified by the I.P., the captain 
receiving the proficiency check commanded, "All of them out, pumps off." 
At this moment the tower asked, "Trans World, you gonna work approach 
control?" The I.P. replied, "Stand by, we're having a hydraulic problem 
here." Following this communication, the conversation in the cockpit 
concerned the circumstances which might have caused the loss of the 
hydraulic fluid. The emergency checklist kfrelating to hydraulic fluid 
Loss was not called for, and other than the accomplishment of the first 
item, these procedures were not followed. 

The local controller observed N787TW midfield, at an altitude esti- 
mated to be 500-to 600 feet. Approximately 10 to 15 seconds later, he 
observed the aircraft in a steep, descending right turn which terminated 
in impact with the aircraft parking ramp adjacent to the NAFEC hanger. 
The controller working the ground control position also saw the aircraft 
start a right turn and dive toward the ground. He activated the emer- 
gency crash alarm while the aircraft was still in the air. 

Eleven other witnesses observed the aircraft at impact or in flight 
just before impact. A summary of their comments follows, divided for 
tabulation purposes into three general areas; sounds heard before obser- 
vation of the aircraft, pre-impact observations, and observations at 
impact. 

61 TWA's Hydraulic Fluid Loss Emergency Checklist was as follows: - 
1. All pumps off. 
2. If loss continues, utility pumps depressurize. 
3. If loss stops, utility pumps one at a time to depressurize 

and check quantity. 
4. Vmca without rudder power is 180 kts. 

*5. See 03.12 FHB system restoration procedures. 
*(Neutralize rudder trim before restoring power rudder) 

P. 03.12.06 FHB. The amplified checklist discusses each of the 
above items indetail. Paragraph 4 lists the Vmca for each of the 
707 models in the TWA fleet. (Vmca means the minimum control 
speed, airborne, with a critical engine inoperative.) 



a. Pre-Observation Sounds 

Nine of  t h e  witnesses commented on noises coming from the 
a i r c r a f t  p r i o r  t o  impact. Four described a double boom, o r  
explosion;  four described the sound as one boom; one described 
a spu t t e r ing  sound. Two of these  witnesses described t h e  
sounds a s  "compressor s t a l l " ;  one likened the sound to  "a flame- 
out." Three witnesses described a f l a s h ,  o r  flames coming 
from the a i r c r a f t .  Two of these  placed the  flames a s  emanating 
from engines No. 3 and No. 4. Two of t h e  witnesses described 
complete s i l ence ,  o r  a lack of engine sounds following the 
boom. 

b. Pre-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  
t o  impact. Four of these described the f l igh tpa th  a s  normal 
a t  f i r s t  observation,  followed by a t u r n  o r  veer t o  t h e  r igh t .  
Four described the a i r c r a f t  i n  a r i g h t  t u r n ,  o r  r i g h t  wing low, 
a t  f i r s t  observation. One witness described the a i r c r a f t  a s  
"weaving e r r a t i c a l l y . "  Four of these witnesses a l s o  indicated  
a climb a t t i t u d e  of  the a i r c r a f t  p r i o r  t o  a rapid change i n  
d i r e c t i o n  o r  bank a t t i t u d e .  A l l  agreed t h a t  the r i g h t  wing 
continued t o  drop and the a i r c r a f t  made a r i g h t  descending 
t u r n  toward the  point  of impact. The bank angle was described 
var ious ly  a s  "60Â t o  7 0 0 "  "ver t i ca l , "  o r  simply " r igh t  wing 
low." Three witnesses described a nose-low a t t i t u d e  p r i o r  t o  
impact, one f ix ing  the nosedown angle a t  45O. 

c. Impact Observations 

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 i n g  the ground on the  r i g h t  
wing andcockpit. ~ n o t h e r  s t a t e d  t h a t  the  a i r c r a f t  nosed t o  the  
r i g h t  and went s t r a i g h t  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 g h t  
wing low. 

The geographic coordinates of t h e  crash  s i t e  were: 

l a t i t u d e  39' 26' 56" N.,  longitude 740 3 3 '  50" W. 

1.2 I n j u r i e s  t o  Persons, 

A l l  f i v e  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 j u r i & .  Post-mortem and toxicological  examination of 
the  f a t a l l y  in jured f l i g h t  crewmembers revealed no evidence of  pre-  
e x i s t i n g  d i sease  o r  physica l  impairment t h a t  would have adversely a f fec ted  
the performance of t h e i r  du t i e s .  



1.3 Damage t o  the  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 

The impact caused minor damage t o  the  NAFEC a i r c r a f t  parking ramp. 
A U. S. Army Ot ter  (576-log), located approximately 550 f e e t  from the  
point  of impact, was destroyed by f i r e .  A Federal Aviation Administration 
(FAA) DC-3 (N-7), located approximately 487 f e e t  from the point  of impact, 
was damaged by flames. A l igh tpo le ,  235 f e e t  from the  point  of impact, 
was broken o f f  by the wreckage. Miscellaneous ramp equipment including 
a i r c r a f t  towbars, refuel ing ladders ,  maintenance s tands ,  an e l e c t r i c  power 
c a r t ,  and a mobile passenger boarding ramp were destroyed. 

1.5 Crew Information 

The s e a t  pos i t ions  i n  the  cockpit on t h i s  f l i g h t  were a s  follows: 
Captain Donald Sklar in ,  i n s t r u c t o r - p i l o t ,  was i n  the  r i g h t  sea t .  Captain 
Harry D. Gaines, the p i l o t  receiving the  proficiency check, was i n  t h e  
l e f t  sea t .  Second Officer  Frank J. Jonke occupied the f l i g h t  engineerrs  
sea t .  These posi t ions  were es tabl ished by TWA personnel,  based on the 
conversations recorded on the cockpit voice recorder (CVR) during the 
f l i g h t .  

Captain Donald Sklar in ,  aged 38, was employed by TWA on October 8, 
1956. He was upgraded t o  capta in  January 31, 1967. He held Air l ine  
Transport P i l o t  C e r t i f i c a t e  No. 1348582, with r a t i n g s  i n  the Douglas DC-6, 
DC-7,  and the  Boeing 7071720 a i r c r a f t .  On February 7 ,  1968, he was 
approved by the FAA a s  a Check Airman on Boeing 707 a i r c r a f t .  

He s a t i s f a c t o r i l y  passed h i s  l a s t  examination fo r  an FAA f i r s t - c l a s s  
medical c e r t i f i c a t e  on July  20, 1969, without waivers. With TWA, he had 
accumulated 6,080 f ly ing  hours, of which 1,314:20 were i n  Boeing 707 
a i r c r a f t .  H i s  t o t a l  instrument time was 1,216 hours. H i s  t o t a l  p i l o t  
time i n  the  l a s t  30 days was 10 hours; i n  the last 60 days, 28 hours 55 
minutes; and i n  the l a s t  90 days, 39 hours 40 minutes. 

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

Captain Harry D. Gaines, aged 56, was employed by TWA on May 14, 
1940. He was upgraded t o  capta in  on March 7 ,  1946. He held Ai r l ine  
Transport P i l o t  C e r t i f i c a t e  No. 36802, with r a t i n g s  i n  the  Douglas DC-3 
and DC-4, Lockheed Conste l la t ion ,  and Boeing 7071720. 



He s a t i s f a c t o r i l y  passed h i s  l a s t  examination fo r  an FAA f i r s t -  
c l a s s  medical c e r t i f i c a t e  on February 7, 1969, without waivers. He had 
accumulated 27,436 hours, of which 4330:50 were i n  Boeing 707 a i r c r a f t .  
His t o t a l  instrument time was 5,487 hours. His t o t a l  f l i g h t  time i n  
the l a s t  30 days was 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  accomplished on January 8 ,  1969. 

M r .  Frank J. Jonke, aged 29, was employed by TWA as a s tudent  f l i g h t  
engineer on November 29, 1968, and upgraded t o  f l i g h t  engineer on April 9, 
1969. He held Commercial P i l o t  C e r t i f i c a t e  No. 1574678 dated December 7, 
1963, F l igh t  Engineer C e r t i f i c a t e  No. 1916947 dated March 17, 1969, and 
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. 

His t o t a l  f l i g h t  time was 3772:12 hours, of which 142:12 hours was 
i n  Boeing a i r c r a f t  He had acquired 1 2 8 ~ 4 8  hours of f l i g h t  i n  the  90 days 
immediately 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 Ju ly  16, 1969. 

1.6 Ai rc ra f t  Information 

N787TW, a Boeing 707-331C, manufacturer 's s e r i a l  No. 18712, had a 
date  of manufacture of  May 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  opera t ing time of 17,590:05 hours. The 
a i r c r a f t  time s ince  the l a s t  major inspect ion (5,000-hour base overhaul, 
completed on May 9, 1969) was 4,258:28 hours. The accumulated time since 
the l a s t  1,000-hour inspect ion was 645:33 hours. 

A review of the a i r c r a f t l o g s  fo r  the  90-day period p r i o r  t o  the 
accident d id  not d isc lose  any uncorrected maintenance items tha t  would 
have af fec ted  adversely the f l i g h t  s a f e t y  of the a i r c r a f t .  However, 
the re  were e igh t  r epor t s  of in te rmi t t en t  i l lumination of the  No. 2 
a u x i l i a r y  hydraulic system tank low-level l i g h t  while the a i r c r a f t  was 
descending. Corrective ac t ion  i n  each instance was t o  bleed.  the  No. 2 
auxi . l ia ry  hydraulic system tank. There were no indicat ions  of hydraulic 
f l u i d  quant i ty  loss  i n  connection with any of the low-level l i g h t  
indica t ions .  

The a i r c r a f t  log sheets  fo r  July 25, 1969, contained a writeup 
concerning the i l luminat ion 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 a ry  tank low-level l i g h t .  
There were no indicat ions  of any f l u i d  l o s s  associated with these events. 
As a precautionary measure, the pressure f i l t e r s  and case d r a i n  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 switch was replaced. This work was 
accomplished i n  Frankfurt ,  Germany, p r i o r  to  the  r e t u r n  of N787TW t o  
the United S t a t e s  a s  TWA Fl ight  609 of July  26, 1969. There were no 



discrepancies noted, or maintenance writeups on the aircraft following 
this precautionary service. 

The aircraft had been serviced with 7,937 gallons of Turbine A fuel 
at JFK prior to the release of the aircraft as TWA Flight 5787. 

On departure from JFK, the aircraft had a gross takeoff weight of 
204,740 pounds, which was 33,260 pounds less than maximum landing weight. 
The center of gravity was within limits, computed by slide rule to be 
at 27.5 percent mean aerodynamic chord. Both weight and balance were- 
within limits at the time of the accident. 

1.7 Meteorological Information 

The surface weather observation at the NAFEC, Atlantic City Airport, 
at 1233 was: Ceiling, measured 2,000 feet broken, 4,500 feet overcast, 
visibility 10 miles, temperature 74O F., dewpoint 67O F., wind 1300 7 
knots, altimeter setting 29.91 inches. Weather conditions are not con- 
sidered to be a factor in this accident. 

1.8 Aids to Navigation 

TWA 5787 was using the Atlantic City ILS for practice precision 
approaches. This facility is used for instrument approaches to the 
NAFEC, Atlantic City Airport, Pomona, New Jersey, and is aligned for 
approaches to Runway 13. 

Atlantic City ILS operates on an assigned frequency of 110.5 MHz. 
The glide slope is at Z0 35' angle with an interception altitude of 
1,400 feet m.s.1. The outer marker is 4.3 miles from the Runway 13 
threshold. 

1.9 Communications 

Communications between TWA 5787 and all Air Traffic Control facilities 
were routine up to the final communication of "Stand by, we're having a 
hydraulic problem here." 

1.10 Aerodrome and Ground Facilities 

The NAFEC/Atlantic City Airport is located at latitude 39O 27' north 
and longitude 74O 35' west at a published elevation of 76 feet. 

Runway 13 is 10,000 feet long and 200 feet wide. It is equipped 
with U. S. Standard Configuration "A" approach lighting and.high-intensity 
strobe lights. : 



1.11 F l i g h t  Recorders 

N787TW was equipped with a Lockheed 109CR f l i g h t  da ta  recorder.  
The recorder was recovered with s u p e r f i c i a l  dents  and smoke damage. The 
recording was i n  good condition. The recording produced the  following 
i n - f l i g h t  information: pressure a l t i t u d e ,  magnetic heading indicated  
a i rspeed,  and v e r t i c a l  acce le ra t ions ,  agains t  a time base. An examination 
of  t h e  recording was made covering a period from 2:45 minutes p r i o r  t o  
impact. This time period covers the f l i g h t  of  TWA 5787 from j u s t  ins ide  
the  ou te r  marker on the  ILS approach through the missed-approach pro- 
cedure t o  impact. The a l t i t u d e  readout shows a descent t o  230 f e e t  m.s.1. 
a t  50 seconds p r i o r  t o  impact, then a climb reaching a maximum a l t i t u d e  
of 666 f e e t  m . s . 1 .  a t  11 seconds p r i o r  t o  impact. A t  10 seconds p r i o r  
t o  impact, t h e  a l t i t u d e  reading was 650 f e e t ,  a t  5 seconds i t  was 250 
f e e t ,  and a t  impact, 81 fee t .  

The indicated  airspeed fo r  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  136' and were genera l ly  between 
133' and 129' u n t i l  a rapid change i n  heading occurred approximately 11 
seconds p r i o r  t o  impact. 

Thesereadings, i n  p a r t ,  through t h e  l a s t  20 seconds of the  f l i g h t  
were a s  follows: 

Ver t i ca l  Magnetic Indicated Al t i tude  
Time - Acceleration Heading Airspeed m.s.1.  

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

0:15 l.lOg 132O 135 knots 525 f e e t  

0:11 l.0Og 13Z0 136 knots 666 ' feet  

0:lO 1. OOg 134" 136 knots 650 f e e t  

0 : 05 l.15g 160Â 135 knots 250 f e e t  

0:OO 1.15g 190' 132 knots 81 f e e t  

(See Appendix A f o r  d e t a i l e d  readout of f l i g h t  da ta  recorder.)  

M787TW w a s a l s o  equipped with a cockpit voice recorder. This re-  
corder w a s  recovered i n t a c t  and the  tape examined f o r  pe r t inen t  in fo r -  
mation. A t r a n s c r i p t  of t h e  l a s t  2 minutes of recorded conversation i n  
the  cockpit  i s  contained i n  Appendix B. 



1.12 Wreckage 

The i n i t i a l  impact of N787TW was a t  a point  1,190 f e e t  t o  the r i g h t  
s ide  of Runway 13 cen te r l ine .  The main wreckage came t o  r e s t  580 f e e t  
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 general  heading of 220' magnetic. 

Port ions of the a i r c r a f t  s t ruc tu re  were destroyed by ground f i r e .  
The wings separated from the  fuselage,  and the  engines and f l a p s  separated 
from the wing s t ruc tu re .  . ' 

The fuselage had separated in to  three  l a rge  sect ions :  The forward 
fuselage,  including the cockpit a rea ;  the fuselage cen te r ;  and the 
v e r t i c a l  s t a b i l i z e r  and rudder sect ion.  Each was heavi ly  damaged by 
ground impact and the subsequent ground f i r e .  The hor izonta l  s t a b i l i z e r  
and t a i l  cone sec t ion  had separated from the  empennage and was found near 
the main wreckage. (See Appendix C ,  Wreckage Dis t r ibu t ion  Chart.) 

The v e r t i c a l  s t a b i l i z e r  was i n t a c t  from the t i p  t o  the fuselage 
attachment. The t r a i l i n g  edge of the rudder had burned away; however, 
the rudder control  components i n  the v e r t i c a l  s t a b i l i z e r  were 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 a b i l i z e r .  The rudder t r i m  drum below 
the v e r t i c a l  s t a b i l i z e r  indicated f u l l  l e f t  rudder;  the  r u d d e r p o s i t i o n  
t ransmit ter  was broken. The rudder shutoff valve was f o u n d i n  the normal 
pos i 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 i n g  on the 
ground on t h e i r  r i g h t  s ides .  The rudder was i n  the f u l l  l e f t  pos i t ion .  

Both wings were damaged severely and melted from t h e  post-impact 
f i r e .  The f l a p  jackscrews were recovered and were  found f u l l y  extended. 
The ac tuator  p is tons  of the  leading edge devices were recovered and were 
found f u l l y  extended. 

The hydraul ic  pressure l i n e  t o  the downside o f ' I H e l e f t  outboard 
s p o i l e r  ac tua to r  had f a i l e d  a t  the  bottom of the  sharp notch cut  i n  the  
outs ide  surface  of the tube by the edge of the f l a r e l e s s  coupling sleeve. 
Meta l lurgica l  examination o f  the break indicated  tha t  the  f a i l u r e  was 
due t o  metal fat igue.  (See Appendix D.) 

A l l  engines separated from the a i r c r a f t  s t r u c t u r e s .  Engines Nos. 1, 
2 ,  and 4 came t o  r e s t  i n  a l i n e  across the wreckage c e n t e r l i n e ,  approxi- 
mately 300 f e e t  forward of the main wreckage area.  Engine No. 3 came t o  
r e s t  i n  the r i g h t  s ide  of t h e  main wreckagearea.  

A l l  four engine i n l e t  cowls were crushed a f t  on a measured angle 
of 45O. The No. 4 i n l e t  crushed a rea  exhibi ted  scores running upward 
and inboard on a measured angle of 4S0. 



Engine No. 3 showed signs of a compressor s t a l l .  Subsequent examina- 
t i o n  a t  the c a r r i e r ' s  overhaul base disclosed t h a t  a l l  engines were 
capable of producing power a t  impact. Engines Nos. 1, 2, and 3 had 
sustained subs tan t i a l  r o t a t i o n a l  damage usual ly  associa ted  with high 
r.p.m. a t  impact. The No. 4 engine sustained considerably l e s s  ro ta -  
t i o n a l  damage a t  impact. Compressor surge bleed valves on a l l  four 
engines were found jammed i n  the f u l l  open posi t ion .  

The cockpit and f l i g h t  deck a rea  were recovered wi th in  t h e m a i n  
wreckage area. Almost a l l  components showed evidence of impactand 
f i r e  damage. 

The f i r s t  o f f i c e r ' s  lower instrument panel wasburned badly and 
d i s to r t ed .  A l l  pressure gauges and l i g h t s  were missing. The hydraul ic  
panel was examined and the following noted: 

1. U t i l i t y  pump switchesNo. 2 and No. 3 were found "off." 

2. The rudder lspoi ler  pump switch (aux i l i a ry  system No. 1) 
was found "off." 

3: The rudder pump switch (aux i l i a ry  system No. 2) was broken 
o f f ,  but  the pos i t ion  indicated  "off." 

4. The interconnect  switch appeared t o  be midway between the  
' o f f "  and the  "system" pos i t ion ;  however, the switch 
i t s e l f  was bent t o  the lower r i g h t  s ide  o f  the  panel. 

The cen te r  instrument panel (engine instruments) was recovered. 
The e n t i r e  panel was burned badly, with most of i t  covered by melted 
aluminum. Useful information was not obtainable.  

The t h r o t t l e  quadrant was recovered, examined, and the following 
noted: 

1. A l l  four s t a r t  levers  were i n  the 'Sd1e"posit ion.  

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

3. The speed brake handle was f u l l  "down." 

4. The f l a p  handle indicated  the 25' posi t ion.  . It was approxi- 
mately 2-112 inches from the  center  of  the handle t o  t h e  
bottom of the f l a p  handle quadrant. 

5. The  s t a b i l i z e r  t r im appeared t o  be two u n i t s  a i r c r a f t  noseup. 
. . 

6. The landing gear handle was i n  the  "down" detent .  
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The following f l i g h t  instruments were recovered: 

One airspeed ind ica to r  reading 128 knots. 

One rad io  magnetic indica tor  with the  heading reading 221'. 
The No. 2 needle read 26S0, and the No. 1 needle was missing. 

One horizon d i r e c t i o n  ind ica to r  ind ica t ing  a 40' nosedown 
a t t i t u d e .  This instrument was severely bent.  

One horizon d i r e c t i o n  ind ica to r  case wi th  the index a t  the  
45' r i g h t  bank posi t ion .  

One OMNI bearing indicator  reading 330'. 

One r a t e  of t u r n  indicator  showing a standard r a t e  t u r n  
t o  the  l e f t .  This instrument was damaged badly, the 
g lass  was missing, and the tu rn  needle was welded t o  the  
face p la te .  

The rudder control  t r i m  head was found reading approximately 6' 
t o  8' l e f t  rudder. . . . . 

The u t i l i t y  hydraulic system f l u i d  quant i ty  gauge was found with 
the needle i n  the s i x  o 'c lock pos i 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 
following was noted: 

I .  The a n t i s k i d  switch was i n  the "on" pos i t ion .  

2. The rudder power switch was i n  the "on" posi t ion .  

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

4. The f l a p  s e l e c t o r  swi tchwas  i n  the neu t ra l  o r  "offv" 
posi t ion. .  . . ! 

5 .  The s p o i l e r  shutoff  switch was i n  the "o:ff" pos i t ion .  

6. The. s p o i l e r  se lec to r  switch was i n  the  "normal" pos i t ion .  

The system interconnect  and brake interconnect  motor-driven valves 
were recovered and found i n  the "off" pos i t ion .  

Only the No. 2 u t i l i t y  system hydraul ic  pump was recovered. It had 
separated from the engine and t h e  dr ive  sha f t  sheared a t  the sha f t  
uidercut .  Examination of t h i s  pump v e r i f i e d  the  "off" pos i t ion  of the 
pump switch. 



The two a u x i l i a r y  hydraulic system pumps were recovered i n  the wheel 
well  a rea ,  where f i r e  had occurred. Examination of these pumps disclosed 
no evidence of  f a i l u r e  o r  malfunction. A l a rge  quant i ty  of  baked 
Skydrol 7J was found ins ide  the pump housings. 

The No. 2 a u x i l i a r y  system rese rvo i r  was recovered away from the  
main wreckage area ,  and had not been a f fec ted  by the f i r e .  The rese rvo i r  
was crushed; however, the  low-level switch and f l o a t  mechanism were exam- 
ined and determined t o  be operable. 

The two a u x i l i a r y  system accumulators were recovered. Both had 
been exposed t o  ground f i r e .  The end caps and p i s 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 i s  approximately .217 gallons each,  fo r  a t o t a l  of -433 gallons.  

There was no evidence of pre-impact i n - f l i g h t  f i r e .  The a i r c r a f t  
exploded upon impact.and was almost t o t a l l y  consumed by f i r e .  

1.14 Survival  Aspects 

This accident  was nonsurvivable. 

1.15 Tests  and Research 

Subsequent t o  the  accident ,  TWA conducted a s e r i e s  of  t e s t  f l i g h t s  
i n  a Boeing 707-331C a i r c r a f t  t o  determine the  r a t e  a t  which hydraul ic  
pressure  t o  t h e  rudder would diminish when the hydraulic pumps were 
turned o f f .  The i n - i l i g h t  conf igura t ion of  N787TW, with respect  t o  
a i r c r a f t  weight, engine power, a i rspeed,  f l a p  and landing gear s i t -  
uat ions  a t  the  time of the accident ,  was approximated on the t e s t  a i r c r a f t .  

I n  the  f i r s t  t e s t ,  i n i t i a l  rudder de f lec t ion  was 24'. A f ixed 
rudder pedal p o s i t i o n  was maintained and l a t e r a l  inputs  were not used. 
Direct ional  d r i f t i n g  was allowed t o  develop t o  3O per  second before 
rudder power was res tored.  The rudder pressure dropped from 3,000 pounds 
p e r  square- inch (p.s.i .)  a t  pump shu to f f ,  t o  zero i n  41 seconds. 

7J Skydrol is  the t r ade  name f o r  the hydraul ic  f l u i d  used i n  the TWA 
Boeing 707-331C a i r c r a f t .  It becomes a rubber-l ike substance when 
exposed t o  high temperatures. 



Conditions fo r  t e s t  number two were e s s e n t i a l l y  the same a s  for  
t e s t  one, with the exception o f  the  use of l a t e r a l  control  inputs t o  
control  d i r e c t i o n a l  d r i f t .  I n  t h i s  t e s t ,  the  pressure dropped from 3,000 
p.s . i .  t o  zero i n  53 seconds. 

Conditions for  t e s t  number three  were e s s e n t i a l l y  the same a s  the 
o the rs ,  with the  exception of four rudder input  cycles ins tead of a 
fixed rudder pedal pos i t ion .  I n  t h i s  t e s t ,  t h e  pressure dropped from 
3,000 p.s . i .  t o  zero i n  18 seconds. This t e s t  was considered u n r e a l i s t i c  
because of  the excessive use of rudder. 

Conditions fo r  t e s t  number four were e s s e n t i a l l y  the same a s  fo r  
the previous th ree  except t h a t  rudder a c t i v i t y  consisted of one input-  
output-input cycle ,  and t h e r e a f t e r  the rudder pedal was held i n  f ixed 
posi t ion .  I n  t h i s  t e s t ,  the  rudder hydraulic pressure dropped from 3,000 
p.s.i .  t o  1,000 p.s . i .  i n  3 seconds. The 1,000 p .s . i .  pressure was main- 
tained fo r  7 seconds, and then dropped t o  zero i n  an add i t iona l  1 7  seconds. 
The t o t a l  elapsed time from pump shutoff t o  zero pressure was 27 seconds. 

To summarize, the drop i n  hydraulic pressure from pump shutoff t o  
zero pressure ranged from a low of 18 seconds t o  a high of 53 seconds; 
and varied a s  a r e s u l t  of rudder use. 

In  each ins tance ,  the rudder de f lec t ion  angle reduced to  approxi- 
mately 6O without any add i t iona l  rudder pedal t r a v e l  t h a t  would have 
indicated revers ion t o  the  manual system when the a u x i l i a r y  system 
hydraulic pumps were turned o f f .  Therefore, s imi la r  t e s t s  were again 
conducted with t h e  rudder pedal pressure maintained a t  a constant 
l eve l  and the rudder pedal p o s i t i o n  marked. Although the rudder 
hydraulic pressure again  b led  off  as before,  the re  was no add i t iona l  
movement of the  rudder pedal noted. 

Subsequent t o  t h i s  s e r i e s  of t e s t s ,  a Boeing 707-331C was again 
flown by TWA i n  a s imi la r  s e r i e s  of t e s t s ,  with the exception tha t  the  
a i r c r a f t  was accelera ted  t o  the  "rudder power off"  Vmca of 177 knots 
before the hydraulic pumps were turned o f f .  An i n i t i a l  rudder def lec-  
t i o n  angle of 13O was recorded i n  maintaining d i r e c t i o n a l  con t ro l  with 
the hydraulic power "on" a t  t h e  177 knots airspeed.  Subsequent t o  the  
shutoff  of the hydraulic pumps, the  pressure reduced gradually over a 
4 minute period t o  250 p.s.i .  The rudder angle reduced t o  3O, the  t a b  
d id  not unlock, and there  was no increase  i n  the  rudder pedal t r a v e l .  
Power had been reduced on the No. 1 engine i n  order t o  maintain d i rec-  
t i o n a l  control .  A t  t h i s  po in t ,  the rudder pedals  were centered, the  
rudder control  tab lock re leased,  and it was then poss ib le  t o  achieve 12' 
of rudder angle i n  the  manual mode. The rudder pedal t r a v e l  increased,  
demonstrating the f a c t  t h a t  manual reversion had been achieved. 



One f u r t h e r  f l i g h t  t e s t  was conducted. In  t h i s  t e s t ,  the  a i r c r a f t  
was accelera ted  t o  177 knots before the hydraulic pumps were turned o f f .  
Immediately t h e r e a f t e r ,  the rudder power switch was placed i n  t h e  "off" 
pos i t ion .  In  t h i s  p o s i t i o n ,  hydraulic pressure i n  the power un i t  was 
re leased by movement of the motorized valve t o  a  pos i t ion  i n  which 
f l u i d  i n  the power u n i t  i s  ported t o  the r e t u r n  l i n e  t o  the  a u x i l i a r y  
No. 2 system reservoir .  In  t h i s  ins tance ,  the rudder t a b  lock released 
nearly concurrent with the movement of  the rudder power switch t o  the  
"off" pos i t ion ,  manual revers ion occurred without fu r the r  p i l o t  ac t ion ,  
and a  rudder de f lec t ion  angle of 11' was achieved i n  the  manual mode. 

The cockpit voice recorder,  i n  c o r r e l a t i o n  with the  f l i g h t  da ta  
recorder f o r  the l a s t  1:45 minutes of the  f l i g h t  of TWA 5787, demonstrated 
a  time i n t e r v a l  of 2 1  seconds between the command "pumps o f f "  and a  
subsequent abrupt change i n  a i r c r a f t  heading. (See Appendix E f o r  addi- 
t i o n a l  de ta i l s . )  The f l i g h t  da ta  recorder v e r t i c a l  acce le ra t ion  t r a c e  
showed excursions t o  approximately 1.25g i n  the  i n t e r v a l  between the 
command "pumps off"  and the  rapid change i n  heading. 

The rudder power hydraulic uni 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  t e s ted ,  and no evidence.of any malfuction was 
found. The i n t e r n a l  leak r a t e  was determined t o  be1 ,200  cubic centimeters 
per  minute (cc./min.) with the  ram extended. The normal lead r a t e  
tolerance is  1,700 cc./min., 

, . 
The .pos i t ion  of the landing gear on.Boei,ng 707-331C a i r c r a f t  i s  

displayed by l i g h t s  on the  instrument panel adjacent  t o  the  landing gear 
ac tuat ing handle. In  the locked "down" pos i t ion ,  three  green l i g h t s  a re  
illuminated. These l i g h t s m a y  be dimmed t o  reduce g la re  during night-  
time operat ions.  In f l i g h t ,  when the landing gear handle i s  moved from .. 
the "down" t o  the "up" pos i t ion ,  a  red warning l i g h t  i l lumina tes  t o  ind i -  
ca te  an unsafe landing gear s i t u a t i o n  and remains i l luminated u n t i l  the 
gear i s  i n .  the  up and locked posi t ion .  This l i g h t  cannot be dimmed. 

I n  order  t o  'determine. the in-f l ight-  ind ica t ions -  i n  the cockpit ,  
when the landing gear handle was. moved from the "down" t o  t h e  up pos i t ion  
and hydraulic powerwas not ava i l ab le ,  r e t r a c t i o n  tests. .were conducted . 
a t  TWA's overhaul base. ABoeing 707-331Cwas p l a c e d o n  jacks,: and the 
landing gear cycled normally. With the  .landing gear i n  the locked down 
pos i t ion  and the t h r e e .  green. down l i g h t  ind ica to r s  i l luminated,  the. A 

hydraulic pumps were turned o f f  and~hydrau l i c  pressure removed .from the 
u t i l i t y -  system. The landing gear h a n d l e  was. then placed - i n  the  
p o s i t i o n .  The three  green down. l i g h t s  remained i l luminated,  the  red . . . .  

warning l i g h t  d id  n o t i l l u m i n a t e ,  and the ,  l a n d i n g g e a r  d id  not-move. 
The landing gear handle. was thenmoved from the "up" t o  t h e  "down".posi- 
t i o n  without any change i n t h e  instrument panel landing gear l i g h t  
indica t ions .  



1.16 Other Information 

a. TWA Boeing 707-331C Utility and Auxiliary Hydraulic Systems 

Basically, the Boeing 707 has two independent hydraulic systems 
which permit a failure to isolate itself to one system. 

The fully serviced hydraulic system contains approximately 38 
gallons of hydraulic fluid. Of this amount, 5.4 gallons are con- 
tained in the utility system reservoir, and this is the amount 
shown on the hydraulic fluid quantity gauge on the flight engineer's 
instrument panel. The reservoir is pressurized by engine bleed air. 
The auxiliary system reservoirs (1.4 gallons capacity each) are sup- 
plied from the utility system reservoir through a standpipe type of 
arrangement until the fluid level in the utility reservoir falls to, 
or below, the 3.2-gallon level. Thus, a fast leak will quickly 
isolate itself to either the utility system or the auxiliary systems. 
If the fluid quantity indicator shows no further loss beyond the 
3.2-gallon level, the leak would be in the auxiliary systems. 
Conversely, if the fluid quantity continued to diminish beyond the 
3-gallon level, the leak would be in the utility system. A hydraulic 
fluid quantity gauge reading of zero, therefore, would identify a 
leak in the utility system. 

Two engine-driven (engines Nos. 2 and 3) pumps supply the pressure 
for the utility system. The No. 1 auxiliary and No. 2 auxiliary 
systems pressures are provided by two hydraulic pumps driven by 
alternating current electric motors. Normally, the operating pressure 
in all systems is 3,000 p.s.i. 

Four amber warning lights, one for each system, are used to 
monitor pump pressure output. A light will come on anytime its 
associated pump output pressure drops below 1,200 p.s.i., and will 
extinguish whenever the pressure is above this value. Thus, if all 
fluid is lost from a particular hydraulic system, the associated 
low-pressure warning light would illuminate. In the instance of 
complete loss of fluid in the utility system, the lights associated 
with both Nos. 2 and 3 engines would illuminate. These amber low- 
pressure warning lights for each system are located on the lower 
section of the copilot's instrument panel, immediately above the 
hydraulic pump "on-off" switches. (See Appendix F.) 

In the event of loss of pressure in any system (possible pump 
failure) and without a fluid loss, the two systemmay be inter- 
connected by means of an interconnect valve, actuated by a switch 
located on the copilot's forward instrument panel. Also on the co- 
pilot's instrument panel are hydraulic system pressure gauges, as 
follows: 
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A u t i l i t y  system pressure gauge which ind ica tes  the  
hydraulic pressure a v a i l a b l e  above the  system's 2,000 
p.s. i. preload. 

A brake hydraulic pressure gauge- indicat ing brake 
pressure avai lable  above the  750 p.s.i. preload. 

A rudder hydraulic p ressuregauge  showing the'  pressure 
ava i l ab le  t o  operate the  rudder (3,000 p.s.i. a t  a i r -  

speeds below 250 knots and 2,250 p .s . i .  a t  a i rspeeds  
above 250 knots) .  

On the upper por t ion  of the  c o p i l o t ' s  forward instrument panel . 
is a rudder low-pressure, red warning l i g h t .  This l i g h t  w i l l  i l lumi-  
nate any time the  hydraulic pressure t o  the rudder i s  below 2,500 p.s.i. 
arid the airspeed i s  250 knots o r  l e s s .  

on the  f l i g h t  engineer ' s  panel t h e r e  a re  the  following: 

(1) Two a u x i l i a r y  hydraulic system low-pressure warning 
l i g h t s .  

(2) Two u t i l i t y  hydraulic system low-pressure warning l i g h t s .  

(3) Reservoir low-level warning l i g h t s  fo r  the  No. 1 and 
No. 2 a u x i l i a r y  hydraulic systems. 

(4) .A hydraulic o i l  overheat l i g h t .  

(5) The u t i l i t y  r ese rvo i r  quant i ty  gauge. 

In  normal opera t ion,  the  u t i l i t y  hydraulic system provides power 
t o  operate the  f l a p s ,  landing gear,  outboard s p o i l e r s ,  brakes, main 
landing gear l eve l ing  cyl inders ,  and nosewheel s t ee r ing .  The No. 1 
a u x i l i a r y  system supp l ies  hydraul ic  power t o  opera te  the inboard 
s p o i l e r s  and the  rudder. Through an interconnect  valve mechanism, 
i t  may be connected t o  e i t h e r . t h e  brake o r  u t i l i t y  system i f  necessary. 
The No. 2 a u x i l i a r y  sys temsuppl ies  hydraul ic  power f o r  the  rudder 
only. E i t h e r  of the  two a u x i l i a r y  systems w i l l  supply f u l l  rudder 
power. I n t h e  TWA Boeing 707-331C a i r c r a f t ,  the  a u x i l i a r y  systems 
each have a separa te  r e s e r v o i r ,  wi th  t h e  No. 2 a u x i l i a r y  tank supplied 
through the No. 1 a u x i l i a r y  system reservoir .  Hydraulic f l u i d  from 
the  rudder power u n i t ,  however,is r ec i rcu la ted  d i r e c t l y  t o  the No. 2 
a u x i l i a r y  reservoir .  , Power f r o m t h e  No. 2 a u x i l i a r y  system i s n o t  
routed through a pressure  reducer valve and, consequently, must be 
turned o f f  a t  a i rspeeds  above 250 knots t o  provide s t r u c t u r a l  p ro tec t ion  

I n  order not t o  have the low-pressure warning l i g h t  associated 



with the No. 2 aux i l i a ry  hydraulic system i l luminated a t  a l l  times 
i n  c ru i s ing  f l i g h t ,  t h i s  l i g h t  i s  deact ivated  when the pump switch 
is  placed i n  the "off" pos i t ion .  The opera t ion of t h i s  swi tch  is  a 
check l i s t  i tem, iden t i fy ing  a t  what point  i n  t h e c l i m b .  the pump 
w i l l  be turned off  and a t  what point  i n t h e  descent i t  w i l l  again 
be returned t o  service .  

b. Boeing 707-331C Rudder Control System 

Direct ional  con t ro l  of the a i r c r a f t  i s  provided by the rudder,. 
rudder con t ro l  t a b ,  and rudder control  system. Rudder pos i t ioning 
may be accomplished hydraul ica l ly  through the  rudder con t ro l  
hydraulic power u n i t  o r  mechanically through the rudder con t ro l  
tab  and balance panels. Rudder t r i m  i s  ava i l ab le  t o  provide a 
means of  m a i n t a i n i n g d i r e c t i o n a l  heading without applying continuous 
pressure on the  rudder pedals. The rudder t r i m  system i s  a  cable-  
operated linkage t h a t  functions through a power t r i m  gearbox during 
rudder opera t ion i n  the power mode, o r  through a manual t r i m  gear- 
box during rudder operat ion i n  the  manual mode. 

. . 
Under normal opera t ing condit ions,  the  rudder i s  hydraul ica l ly  

pos i t ioned through f u l l  t r a v e l  (up t o  25O of rudder d e f l e c t i o n  angle).  
With hydraul ic  power ava i l ab le ,  the rudder pedal motion i s  t r a n s -  
mit ted by the con t ro l  linkage t o  the power con t ro l  un i t  ac tuat ing 
valve. An a r t i f i c i a l  f e e l  u n i t  i s  incorporated i n  the  powered 
rudder conf igura t ion t o  provide the  p i l o t  with a sensing of t h e  
amount of rudder pressure t h a t  i s  being applied. I n  the power mode, 
the  rudder control  t a b  i s  made t o  operate i n  anti-balance d i r e c t i o n  
through the incorporat ion of a  tab  linkage lock i n  the  hydraulic 
power un i t .  The tab  i s  thus def lec ted  i n  the  d i r e c t i o n  of rudder 
motion on a r a t i o  of /.8O f o r  each lo of rudder t r ave l .  Rudder 
pedal motion, with rudder power ava i l ab le ,  . i s  2 inches fo re  and a f t .  
of  n e u t r a l  with zero t r i m .  In  the  power mode, the three-engine 
minimum control  speed f o r  TWA 5787 was approximately 117 knots. 

I n  the  mechanical mode, rudder pedal motion (4 inches fore  and 
a f t  with zero tr im) i s  t ransmitted by cables and pushrod d i r e c t l y  
t o  the rudder control  tab. The tab  i s  moved i n  balance d i r e c t i o n  
t o  p o s i t i o n  the rudder aerodynamically through def lec t ion  angles 
t o  approximately 17O. I n  the  mechanical mode, the  minimum three-  
engine control  speed f o r  TWA 5787 was 177 knots (180 knots according 
t o  the FHB). 

With the rudder i n  the streamlined pos i t ion ,  reversion t o  t h e  
mechanical mode i s  accomplished automatical ly upon turning o f f  the  
a u x i l i a r y  system pumps, o r  i n  the  event of any f a i l u r e  of the 
a u x i l i a r y  hydraul ic  systems. However, i f  t h e  rudder has been def lec ted  
hydraul ica l ly  t o  maintain a d i r e c t i o n a l  heading with an asymmetrical 



power configurat ion,  reversion t o  t h e  mechanical system w i l l  not 
occur automatically. The tab  lock w i l l  not r e lease  unless the  rudder 
pedals a re  operated t o  streamline the  rudder o r  the power switch i s  
turned t o  "OFF", thus re l i ev ing  the  i n t e r n a l  pressure. In  the absence 
of e i t h e r  a c t i o n  the t a b  lock w i l l  not re lease  u n t i l  the  i n t e r n a l  leak 
r a t e s  i n  the  power u n i t  r e s u l t  i n  aerodynamic streamlining of  the  
rudder, and a degrading hydraulic pressure.  

c. TWA Boeing 707 F l i g h t  Handbook, Cockpit Checklists ,  and F l igh t  
I n s t r u c t o r s  Manual 

P a r t  121 of the  Federal Aviation Regulations (FAR's) provides, 
among o the r  th ings ,  t h a t  each domestic and f l ag  c a r r i e r  must pre-  
pare and keep cur ren t  a  manual f o r t h e  use and guidance of f l i g h t  
operat ions personnel. Ins t ruc t ions  necessary t o  allow personnel 
t o  perform. t h e i r - d u t i e s  with a high degree of  s a f e t y  must be in -  
cluded. A copy of the  appropriate p a r t s  of  the manual, and changes 
o r  r ev i s ions  the re to ,  must be provided t o  crewmembers.. 

. . 

The FAR's a l s o  require  tha t  an Airplane F l igh t  Manual must be 
furnished by the  manufacturer and c a r r i e d  aboard each- t ranspor t  
category airplane.  

Information and ins t ruc t ions  i n  the Airplane F l i g h t  Manual 
r e l a t i n g  t o  the  p e c u l i a r i t i e s  of normal operat ions,  and c e r t a i n  
emergency condit ions,  must be approved by the Administrator of the 
FAA, and must be segregated, i d e n t i f i e d ,  and c l e a r l y  dist inguished 
from each unapproved p a r t  of t h a t  manual. 

I n  l i e u  o f , t h e  Airplane F l igh t  Manual, sec t ions  of the  required 
information from i t  may be incorporated i n  a company manual and 
ca r r i ed  aboard the  a i r c r a f t ,  provided t h a t  the appropriate sec t ions  
a r e  c l e a r l y  i d e n t i f i e d  a s  Ai rc ra f t  F l igh t  Manual requirements. 
This option,was exercised by TWA and the required Airplane F l igh t  
Manual information was contained i n  the TWA-published Boeing 707 
Fl igh t  Handbook. 

The Airplane F l i g h t  Manual m a y b e r e v i s e d  from time t o  time 
when changes a r e  made t o  the a i r c r a f t ,  o r  when operat ing procedures 
a re  revised. With respect  t o  the Boeing Company, a  revis ion 
s e r v i c e w a s  provided t o  a i r c r a f t  purchasers i n  accordance with 
s p e c i f i c  con t rac t s  f o r  t h i s  service .  Two types of pages were in-  
volved. One was a standard page t h a t  applied t o  a l l  of  the  7071720 
f l e e t  without regard t o  the  s p e c i f i c  model a i r c r a f t  o r  operator .  
The o the r  was a s p e c i a l  page t h a t  applied only t o  a s p e c i f i c  opera- 
t o r  o r  a i rp lane  model, because-of operator  o r  model d i f ferences .  



As revis ions  were made, the  l e t t e r  "R" was placed i n  the r i g h t -  
hand margin of the af fec ted  page t o  i d e n t i f y  revised mater ia l .  
The changes t o  an e x i s t i n g  procedure were a l s o  discussed i n  a 
"Revision Highlights" sheet associated with the revised sect ion and 
page of the Airplane F l igh t  Manual. Such revis ions  were issued 
rou t ine ly  according t o  an es tabl ished r o t a t i n g  schedule. There 
was a contrac t  i n  existence between Boeing and TWA f o r  t h i s  service  
a t  the  time of the accident .  TWA used the  "R" symbol on the r e -  
v i s i o n  sheets  t o  i d e n t i f y  required changes t o  t h e i r  own Boeing 707 
F l igh t  Handbook. 

Section 121.315 of the  FAR'S fu r the r  s t a t e s  t h a t  each c e r t i f i -  
c a t e  holder s h a l l  provide approved cockpit check procedures fo r  
each type of a i r c r a f t .  The approved procedures must include,  i n t e r  
a l i a ,  each item necessary fo r  f l i g h t  crewmembers t o  check fo r  sa fe ty  
i n  systems emergencies. These procedures must be designed so tha t  
a f l i g h t  crewmember need not r e l y  on h i s  memory for  items t o  be checked. 
The procedures must be read i ly  usable i n  the  cockpit of each a i r c r a f t  
and the f l i g h t  crewmembers must follow them when operat ing the 
a i r c r a f t .  

These procedures may d i f f e r  from those provided i n  the  Airplane 
F l igh t  Manual, i f  they a re  approved for  use by the FAA. This is  not an 
uncommon p r a c t i c e  among a i r l i n e s  which operate a v a r i e t y  of a i r c r a f t  
and may have a requirement t o  modify the procedures t o  f i t  t h e i r  pa r -  
t i c u l a r  operat ions.  TWA, f o r  example, operated e igh t  d i f f e r e n t  
models of  Boeing 707 a i r c r a f t ,  and attempted t o  keep the check l i s t  
procedures a s  standardized as poss ib le  between a i r c r a f t .  

The TWA 707-331C check l i s t  i n  use on July  26, 1969, containing 
procedures r e l a t e d  t o  hydraulic f l u i d  l o s s ,  was approved by the FAA 
on Apri l  17, 1969. This checkl is t  provided t h a t  i n  the event of  
hydraulic f l u i d  l o s s ,  a l l  pumps were t o  be turned o f f .  The "Other 
Emergency Guide Amplification" sect ion of the  TWA Boeing 707 F l i g h t  
Handbook r e l a t i n g  t o  hydraulic f l u i d  l o s s  contained the following 
i n s t r u c t i o n s :  

'As soon a s  the l o s s  i s  noted the Engineer s h a l l  advise 
t h e  Captain. The Captain s h a l l  command t h a t  a l l  hydraulic 
pumps be turned OFF a s  soon as possible.  This must be done 
rapidly  i f  any system f l u i d  is  t o  be retained." 

Both the  check l i s t  and-the emergency guide ampl i f ica t ion i n  the 
F l i g h t  Handbook note t h a t t h e  Vmca without rudder power i s  180 knots 
f o r  the 331C a i r c r a f t .  This sec t ion a l s o  notes:  



"1. I n  the event the rudder boost system i s  i n  opera t ive ,  
avoid high yaw angles. Use caution when executing 'missed 
approach' procedures with an engine out." 

These procedures were i n  conformance with the hydraulic system 
emergency procedures i n  the o r i g i n a l  FAA-approved Airplane F l igh t  
Manual fo r  the Boeing 707-331C a i r c r a f t  purchased by TWA i n  1964. 
Changes i n  the procedures r e l a t i n g  t o  hydraulic system emergencies 
were subsequently made by the Boeing Company i n  1966 and approved 
by the FAA, but  not incorporated i n  the  TWA F l igh t  Handbook, o r  
the TWA "331C Other Emergencies Guide" check l i s t .  

The check l i s t  i n  the TWA F l i g h t  Handbook used by the  f l i g h t  
i n s t r u c t o r s  contained the same check l i s t  a s  the TWA Boeing 707 
F l igh t  Handbook c a r r i e d  i n  the a i r c r a f t .  This check l i s t  was not 
i n  accord with the  procedure i n  the Boeing 707 FAA-approved Airplane 
F l i g h t  Manual cur ren t  a t  the  time of the accident. The di f ference  
was : 

(1) The Boeing FAA-approved Airplane F l i g h t  Manual Procedure, 
revised i n  1966, provided t h a t  i f  any hydraulic 
low-pressure warning l i g h t  came on, the corresponding 
pump switch was t o  be placed i n  the "OFF" posi t ion .  
Hydraulic f l u i d  l o s s ,  per  se ,  was not discussed. 

(2) The TWA "331C Other Emergencies Guide" provided t h a t  i n  
the  event  any hydraul ic  f l u i d  l o s s  occurred, a l l  pumps 
were t o  be turned o f f .  (The four th  item on t h i s  check- 
l i s t  notes t h a t  "Vmca without rudder power i s  180 knots.") 

The f l i g h t  i n s t r u c t o r ' s  manual a l s o  contained the  following: 

(1) The i n s t r u c t o r  s h a l l  keep h i s  f e e t  on the rudder pedals 
and h i s  hand c lose  t o  the  con t ro l  wheel a t  a l l  times. 

(2) During a l l  "engine out" o r  engine out maneuvers the 
i n s t r u c t o r  s h a l l  keep h i s  f e e t  on the  rudder pedals ,  
prepared t o  block any improper rudder appl ica t ion and 
t o  make such rudder appl ica t ion a s  may be required,  
should i t  not be made by the t ra inee .  

(3) The i n s t r u c t o r  i s  warned t o  "be prepared t o  p u l l  o f f  
remaining engine t h r u s t  should uncontrollable yaw 
develop during engine out  maneuvers." 

d. The Boeing 707 Airplane F l i g h t  Manual Hydraulic System Emergencies 
Procedures. and Changes Thereto 

The procedures r e l a t i n g  t o  i n - f l i g h t  hydraulic system emergency 
opera t ion i n i t i a l l y  i n  the  Boeing 707 FAA-approved Airplane F l igh t  
Manual provided t o  TWA i n  1964 were, i n  p a r t ,  a s  follows: 



"HYDRAULIC SYSTEM CAUTION LIGHTS ON OR PRESSURE OR QUANTITY LOW 
PHASE I AND I1 

1. System Hydraulic Pump(s) - OFF 

2. Landing Gear Lever - Check OFF 

PHASE 111 

1. I s o l a t e  the f a u l t ,  i f  poss ib l e ,  then use any p a r t  of the 
system which can be operated normally. 

NOTE: I n  the  event of f a i l u r e  of the u t i l i t y  system o r  - 
a u x i l i a r y  system hydrau l i c  pumps, t he  system wi th  the  f a i l e d  
pump(s) can be p res su r i zed  by the  o t h e r  system through the 
in terconnect  valve.  Do not  use t h e  in terconnect  valve when 
system f a i l u r e  i s  the  r e s u l t  of leakage a s  complete l o s s  
of both  system's  hydraul ic  f l u i d  may occur.  

2. Use landing procedure a s  spec i f i ed  under HYDRAULIC 
QUANTITY OR UTILITY PRESSURE FORM ON LANDING i f  required."  

Subsequently, TWA was furnished r e v i s i o n  No. 7 ,  da ted  March 18, 
1966, t o  t h e  above s e c t i o n  of t h e  manual which i d e n t i f i e d  a r e v i s i o n  
t o  the  Phase 111 s e c t i o n  only,  a s  follows: 

''NOTE: (Applicable t o  a i r p l a n e s  wi th  system in terconnect  - 
valve  operable t n  f l i g h t . )  R" 

Revision No. 8 t o  the  TWA Airplane F l i g h t  Manual, da ted  Apr i l  21, 
1967, changed the  procedure t o  read a s  follows: 

''ANY HYDRAULIC PUMP LOW PRESSURE LIGHT ON 
PHASE I AND I1 

1. Corresponding Hydraulic Pump Switch - OFF." 

PHASE 111 was a l s o  changed by the  add i t ion  of  a sentence 
s t a t i n g  t h a t  "If t h e  a u x i l i a r y  system was deac t iva ted ,  do n o t  pres-  
s u r i z e  f o r  landing.' '  

The previous s tatement  concerning the procedure f o r  landing was 
modified by the d e l e t i o n  of  t h e  words "hydraul ic  quanti ty ."  

These r e v i s i o n s  d i d  not  have t h e  l e t t e r  "R" i n  the  r ight-hand 
margin i n d i c a t i n g  changed m a t e r i a l ,  nor were the  reasons f o r  d e l e t i o n  
of any reference  t o  "hydraul ic  quan t i ty  low" discussed i n  the  Revision 
Highl ights  a s soc ia t ed  wi th  manual Revision No. 8. One r e v i s i o n  was 



flagged with the  l e t t e r  "R" i n  the "Notes" associated with the 
Phase 111 sec t ion ,  and r e l a t e d  t o  BRAKING ACTION only. 

The Boeing Company advised tha t  the  procedure was changed t o  
e l iminate  the need t o  tu rn  o f f  the  pump(s) i n  the event of l o s s  of  
system f l u i d  quant i ty .  The reasoning behind t h i s  change was t h a t  
shu t t ing  down pumps t o  prevent l o s s  of hydraulic f l u i d  a f t e r  
hydraulic f l u i d  was low, d id  not o f f e r  s u f f i c i e n t  advantage t o  out-  
weigh the complications tha t  might r e s u l t  from turning off  hydraulic 
systems unnecessarily. 

The above revis ions  were provided to  TWA, but  because o f t h e  
absence of the "R" symbol t o  i d e n t i f y  the changes when the revis ions  
were received, the  comparable rev i s ions  were not made t o  the  procedure 
contained i n  the  TWA Boeing 707 F l igh t  Handbook, o r  t o  the emergency 
check l i s t s .  

The "R" designator fo r  the  Phase I and I1 changed mater ia l  was 
omitted inadver tent ly  from the  rev i s ion  sheets  sent  t o  TWA because 
of the cycle i n t e r v a l  e x i s t i n g  i n  the method used by the Boeing 
Company t o  mail out  r ev i s ion  service  mater ia l  t o  the many purchasers 
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 made t o  tha t  same page, but t o  .the 
Phase 111 Section. Accordingly, the  "R" symbol was placed oppos i t e .  
the  Phase 111 change. Since Phase I and I1 had been changed previously,  
the  "R" was dele ted  from the Phase I and I1 Sections. In the absence 
of the  "R" symbol, TWA was not a l e r t e d  t o  the  changes i n  Phase I and 
11, and the Fl ight  Handbook Procedure was not revised. 

The c h e c k l i s t s  approved by the FAA on April 17, 1969, were not 
changed for  s imi la r  reasons. The emergency procedure for  hydraulic 
f l u i d  l o s s  was consis tent  with the procedure es tabl ished o r i g i n a l l y  
by the Boeing Company, and approved by the FAA. The subsequent 
revis ions  to  the  TWA Boeing 707 Airplane F l igh t  Manual, which were 
provided t o  the  FAA's A i r  Car r i e r  D i s t r i c t  Office responsible f o r  
monitoring TWA1s opera t ions ,  were a l s o  minus the "R" symbol, a s  
discussed previously. Accordingly, the  A i r  Carr ier  D i s t r i c t  Office 
was not a l e r t e d  t o  the  changed procedure, and continued the approval 
of the previous procedure. 

2. ANALYSIS AND CONCLUSIONS 

2.1 Analysis 

Examination of the airframe, control  systems, powerplants, and other  
a i r c r a f t  components d id  not reveal  any evidence of s t r u c t u r a l  f a i l u r e ,  
malfunction, o r  abnormality o the r  than the  fa t igue  f a i l u r e  of the out-  



board s p o i l e r  ac tuator  hydraulic l ine .  Fai lure  of t h i s  l i n e  would not 
have caused a l o s s  of d i r e c t i o n a l  con t ro l ,  s ince  only the components 
operated by the u t i l i t y  system would have been af fec ted .  Hydraulic f l u i d  
would not have been l o s t  from the No. 1 a u x i l i a r y  system, powering the 
rudder and inboard s p o i l e r s ,  unless the interconnect  valve was open. This 
valve was found i n  the closed posi t ion .  Further,  on TWA B-707-331C a i r -  
c r a f t ,  hydraulic f l u i d  from the  rudder power u n i t  i s  returned by a separa te  
l i n e  d i r e c t l y  t o  the  a u x i l i a r y  No. 2 system reservoir .  Thus t h i s  system 
operated a s  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  o r  
No. 1 a u x i l i a r y  systems. 

Notwithstanding, the I .P . ' s  response t o  the query, "What's t h a t ,  got 
no hydraulics?" was "They're a l l  out." This response would seem t o  
ind ica te  f a i l u r e  of the  a u x i l i a r y  systems a s  well  a s  the u t i l i t y  system. 
It i s  l i k e l y ,  however, t h a t  the  I.P. e i t h e r  misspoke o r  was r e f e r r i n g  t o  
only those systems t h a t  a re  operated by the u t i l i t y  system (e.g. ,  f l a p s  
and landing gear ) .  This i s  concluded s ince  i t  can be demonstrated tha t  
there  was no f a i l u r e  of the  a x u i l i a r y  systems p r i o r  t o  pump shutdown. The 
circumstances t h a t  lead us t o  t h i s  conclusion are :  

a .  T h e  hydraul ic  pumps a re  lubr ica ted  by the hydraulic f lu id .  
They may be damaged i f  allowed t o  operate for  any appreciable 
time a f t e r '  f l u i d  l o s s  occurs. 'There was no evidence of such 
damage t o  e i t h e r  aux i l i a ry  system pump. Baked Skydrol was 
found i n  large  q u a n t i t i e s  i n  the pump housings, demonstrating 
the  presence of hydraulic f l u i d  when the pumps were exposed t o  
ground f i r e  a f t e r  impact. 

b. More s i g n i f i c a n t  i s  the f a c t  t h a t  d i f f i c u l t y  was not en- 
countered i n  maintaining a i r c r a f t  d i r e c t i o n a l  con t ro l  when 
the missed-approach procedure was i n i t i a t e d .  A t  t ha t  point ,  
power on engines Nos. 1, 2 ,  and 3 was increased t o  takeoff 
t h r u s t .  A t  the 135 KIAS shown by the f l i g h t  da ta  recorder,  
t h i s  power addi t ion  would have required nearly f u l l  rudder 
c a p a b i l i t y  i n  the  power mode, o r  s u b s t a n t i a l l y  beyond any 
degree of rudder de f lec t ion  t h a t  could be obtained manually. 
Precise  d i r e c t i o n a l  con t ro l ,  including a heading correc t ion 
t o  the l e f t ,  was maintained a f t e r  the power was increased 
and u n t i l  t h e  pumps were turned o f f .  This p rec i se  d i r e c t i o n a l  
con t ro l  would have been poss ib le  only i f  a t  l e a s t  one of the  
auxil iary.  hydraulic systems 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 ser ious ly  a f fec ted  l a t e r a l  control  c a p a b i l i t y  s ince  the inboard 
s p o i l e r s  a re  operated by the No. I a u x i l i a r y  system. F u l l  a i l e r o n  
c a p a b i l i t y  would have been ava i l ab le  since the f l a p s  were extended. 
However, these con t ro l s  alone would not have been s u f f i c i e n t  t o  main- 
t a i n  control  of t h e  a i r c r a f t  a t  135 KIAS i n  the absence of hydraulic 
rudder power. 



In  view of these f indings ,  the causal  area  of t h i s  accident i s  r e -  
l a t e d  t o  t h e  opera t ional  procedures used by the crew subsequent t o  
the  discovery of the  complete l o s s  of t h e  hydraulic f l u i d  from t h e  
u t i l i t y  system reservoir .  

I n  assess ing the opera t ional  f ac to r s  involved, i t  i s  notable t h a t ,  
i n  e f f e c t ,  two emergencies were present .  One was self-made by the I.P. 
i n  the  simulated f a i l u r e  of the  No. 4 engine. The second was the ac tua l  
f a t igue  f a i l u r e  of the hydraulic l i n e  and the genuine l o s s  of the  
u t i l i t y  system hydraul ic  f l u i d .  However, system f a i l u r e s ,  which may 
occur inf requent ly  and a re  independent i n  nature ,  a re  c h a r a c t e r i s t i c a l l y  
not considered as mult iple f a i l u r e  p r o b a b i 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, the emergency procedures r e l a t i n g  t o  p a r t i c u l a r  
f a i l u r e s  do not address the problems of a  simultaneous f a i l u r e  s i tua t ion- -  
nor, i n  f a c t ,  would i t  be r e a l i s t i c  o r  f e a s i b l e  to  attempt t o  cover a l l  
such poss ib le  s i t u a t i o n s  with pre-established procedures. However, 
recognit ion of the  hazard incident  t o  engine f a i l u r e  (or  more p rec i se ly ,  
t o  the  e f f e c t  of asymmetrical t h r u s t )  concurrent with the l o s s  of  
hydraulic rudder power, was contained i n  the  TWA F l igh t  Handbook informa- 
t i o n ,  the F l igh t  I n s t r u c t o r ' s  Manual, and noted i n  the FAA-approved 
emergency c h e c k l i s t ,  by the i d e n t i f i c a t i o n  of the 180 knots Vmca i n  the  
absence of hydraulic power t o  the rudder. The Vmca nota t ion on the 
check l i s t  i s  discussed fu r the r  i n  the  accident  prevention sec t ion  of 
t h i s  repor t .  

Other f ac to r s  of p a r t i c u l a r  s ign i f i cance  include: 

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

b. The s tage  i n  the  execution of the approach a t  which the  
u t i l i t y  system hydraul ic  l i n e  f a i l u r e  occurred. 

c. The amount of time ava i l ab le  t o  the  crew t o  discover the  
hydraulic system f a i l u r e .  

d. The number and adequacy of various devices t o  a l e r t  the  
crew t o  f a i l u r e s  i n  the hydraulic systems'. 

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

f .  Actions which could have been taken, both before and a f t e r  
the a u x i l i a r y  systems pumps were turned o f f ,  t o  preclude l o s s  
of  d i r e c t i o n a l  control .  



Each of these elements i s  discussed i n  d e t a i l  i n  the following 
sec t ions  of t h i s  report .  

The Boeing Company calcula ted  tha t  N787TW would have climbed a t  
a  2.6 percent gradient  under the condit ions e x i s t i n g  a t  the time of the  
accident ,  so long a s  rudder and s p o i l e r  boost were operable. Data a r e  
not avai lable  as t o  yaw drag l eve l s  with rudder and s p o i l e r  boost i n -  
operable, and climb capab i l i ty  ca lcu la t ions  were not made for  t h i s  con- 
d i t ion .  However, s ince the f i r s t  20 seconds of the climb ( a f t e r  the 
"missed approach" was ca l l ed)  was made before the aux i l i a ry  pumps were 
turned o f f ,  the 2.6-percent gradient  ca lcu la t ion  provides a  reasonable 
bas i s  for  comparison of predicted climb c a p a b i l i t y  with the ac tua l  climb 
data  shown on the f l i g h t  da ta  recorder.  The 2.6-percent gradient  calcu- 
l a t i o n  t r a n s 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 t i n  40 
seconds, o r  362 f e e t  per  minute (Â£.p.m. i n  t h i s  instance.  The f l i g h t  
da ta  recorder shows an ac tua l  a l t i t u d e  gain of approximately 326 f e e t  i n  
the  40 seconds following the command fo r  the missed approach, and up t o  
within 3  seconds of the abrupt change i n  heading. It i s  apparent ,  there-  
fore ,  t h a t  the abrupt climb ind ica t ion  of 120 f e e t  i n  the 3  seconds 
immediately 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  recorder ,  nor was there  any 
ind ica t ion  of an abrupt pullup on the v e r t i c a l  acce le ra t ion  t r ace .  

According t o  an engineering analys is  performed by the Boeing Company 
a t  the request  of the National Transportat ion Safety Board, the abrupt 
a l t i t u d e  increase  shown on the recorder data  i s  ind ica t ive  of a  s i d e s l i p  
which progressed t o  between 18' and 28' before the a l t i t u d e  ind ica t ion  
began t o  decrease. An abrupt a l t i t u d e  increase  ind ica t ion  of t h i s  type 
could be caused only by reduction i n  s t a t i c  system pressure a s  a r e s u l t  
of the s i d e s l i p .  I n  tu rn ,  a  s i d e s l i p  of t h i s  magnitude would cause a  
rapid r o l l ,  a  subsequent change i n  heading, and a  l o s s  of a l t i t u d e .  
The compressor s t a l l  i n  engine No. 3 ,  heard and observed by ground 
witnesses and v e r i f i e d  duringthe examination of the engines, would i n  
a l l  p robab i l i ty  r e s u l t  from the high s i d e s l i p  angle. The s t a l l  warning 
( s t i c k  shaker) sounds heard on playback of the cockpit voice recorder 
tape were a l s o  i n  a l l  l ike l ihood the  r e s u l t  of  the high degree of 
s i d e s l i p ,  s ince  the airspeed ind ica t ion  remained well  above the  a i r c r a f t  
s t a l l  speed u n t i l  impact, and the re  was no evidence of an abrupt pullup 
on the v e r t i c a l  acce le ra t ion  t r a c e  of the f l i g h t  da ta  recorder. 

The l o s s  of d i r e c t i o n a l  and l a t e r a l  control  occurred approximately~ 
20 seconds a f t e r  the command f o r  "pumps off ."  Considering the  i n t e r n a l  
leak r a t e  determined during the examination of the rudder power hydraulic 
uni t  fromN787TW, t h i s  time i n t e r v a l  i s  consis tent  with the time i n t e r v a l s  
for  l o s s  of hydraulic pressure demonstrated by the TWA t e s t  f l i g h t s .  



Accordingly,  t he  S a f e t y  Board b e l i e v e s  t h a t  t he  l o s s  of  d i r e c t i o n a l  
c o n t r o l  was caused by t u r n i n g  o f f  t he  a u x i l i a r y  system pumps, t he  r e s u l t i n g  
l o s s  of  rudder  power, and t he  cont inued  a p p l i c a t i o n  of  asymmetrical  t h r u s t .  

The l o s s  of  d i r e c t i o n a l  c o n t r o l  occur red  a t  a  phase o f  f l i g h t  i n  
which t akeo f f  power was r equ i r ed .  It i s  p e r t i n e n t ,  t h e r e f o r e ,  t o  
determine when the  f a t i g u e  f a i l u r e  of t he  hyd rau l i c  l i n e  a c t u a l l y  
occur red  i n  o rde r  t o  a s s e s s  p rope r ly  t he  crew's  oppor tun i ty  t o  d i s -  
cover  t h e  f a i l u r e  and t o  t ake  a p p r o p r i a t e  a c t i o n  a t  some l e s s  c r i t i c a l  
segment o f  t he  f l i g h t .  I n  t h i s  r e g a r d ,  i t  can be shown t h a t  t he  
u t i l i t y  system was func t i on ing  p rope r ly  when t he  a i r c r a f t  was inbound, 
near  the  ILS o u t e r  marker ,  some 3:19 minutes  p r i o r  t o  impact. A t  t h a t  
t i m e ,  the  f l a p s  were extended from 40Â t o  the  500 p o s i t i o n ,  t he  p o s i -  
t i o n  i n  which they  were found i n  the  wreckage. 

T h e r e a f t e r ,  when t he  a i r c r a f t  was i n  t he  v i c i n i t y  o f  t h e  ILS  middle 
marker,  50 seconds p r i o r  t o  impact ,  t h e  f l a p  s e l e c t o r  was p laced  i n  t h e  
25' de t en t .  However, t he  f l a p s  d i d  not move from the  50Â p o s i t i o n ,  nor 
d i d  t he  l and ing  gear  r e t r a c t  when the  s e l e c t o r  was p laced  i n  t he  "up" 
p o s i t i o n  8 seconds l a t e r .  The f a c t  t h a t  n e i t h e r  t he  f l a p s  nor t he  
land ing  g e a r  moved i n  response t o  t h e  c o n t r o l  movements demonstrates  
t h a t  h y d r a u l i c  p r e s su re  was not a v a i l a b l e  a t  t h a t  time. 

At t he  3,000 p . s . i .  system p r e s s u r e ,  maximum f l u i d  flow r a t e  through 
t h e  s p o i l e r  c o n t r o l  va lve  i s  approximately 14 g a l l o n s  p e r  minute. Thus, 
w i t h  complete s e p a r a t i o n  of  t h e  s p o i l e r  a c t u a t o r  l i n e  from the  f i t t i n g ,  
t h e  5.4 g a l l o n s  of r e s e r v o i r  f l u i d  could be l o s t  i n  a s  few a s  23 seconds.  
On b a s i s  o f  t he  foregoing  i n fo rma t ion ,  i t  i s  apparen t  t h a t  t he  s p o i l e r  
a c t u a t o r  hyd rau l i c  l i n e  f a i l e d  sometime a f t e r  t he  a i r c r a f t  passed t he  ILS 
o u t e r  marker,  p r i o r  t o  passage o f  t he  ILS middle marker -and t he  I . P . ' s  
command t o  execute  t h e  missed-approach procedure.  

Had t he  l o s s  of h y d r a u l i c  f l u i d  been noted a t  t h i s  s t a g e  of  t h e  
approach, a  s t r a i g h t - i n  l and ing  on Runway 13 could have been executed 
wi thout  d i f f i c u l t y  s i n c e  t h e  a i r c r a f t  was i n  l and ing  c o n f i g u r a t i o n ,  was 
p r o p e r l y  pos i t i oned  on t h e  approach, and had been c l e a r e d  f o r  a  l and ing  
by t h e  tower. The ques t i ons  which t hen  fo l low concern t h e  reasons  f o r  
t he  f a i l u r e  of  a l l  crewmembers t o  no te  t he  l o s s  of t h e  f l u i d  u n t i l  i t  
was c a l l e d  t o  t h e i r  a t t e n t i o n  by t he  p i l o t - o b s e r v e r  on t h e  "jump sea t . "  
Normally, t he  f l i g h t  eng ineer  would be t he  f i r s t  crewmember t o  be aware 
o f  h y d r a u l i c  f l u i d  l o s s  s i n c e  t h e  q u a n t i t y  gauge i s  on h i s  ins t rument  
pane l .  However, t he  f l i g h t  e n g i n e e r ' s  d u t i e s  a r e  r e l a t i v e l y  few once 
t h e  a i r c r a f t  i s  i n  l and ing  c o n f i g u r a t i o n  and t he  land ing  c h e c k l i s t  has  
been completed. Accordingly,  and i n  consequence of  concern among 
Government and i n d u s t r y  groups r ega rd ing  h igh  descen t  r a t e s ,  a l t i t u d e  
awareness,  and approach speeds du r ing  low v i s i b i l i t y  approaches,  f l i g h t  
eng ineers  f r e q u e n t l y  have been ass igned  t he  r e s p o n s i b i l i t i e s  of  moni tor-  
ing  t he  p i l o t ' s  i n s t rumen t s  and c a l l i n g  ou t  any s i g n i f i c a n t  d e v i a t i o n s  
from programmed a i r s p e e d ,  descen t  r a t e ,  o r  a l t i t u d e .  Th i s  procedure 
was followed by TWA. Thus, a t  t he  t ime of  f a i l u r e  of  t he  s p o i l e r  a c t u a t o r  



hydraulic l i n e ,  and the subsequent rapid l o s s  of hydraulic f l u i d ,  the 
f l i g h t  engineer ' s  a t t e n t i o n  probably was d i rec ted  away from the  engineer ' s  
panel.  

There were severa l  ind ica t ions  of u t i l i t y  hydraulic system f a i l u r e  
ava i l ab le  t o  the  I.P. which could have a le r t ed  him t o  the  problem. F i r s t ,  
there  were the pressure gauges and pump low-pressure l i g h t s  on the  i n s t r u -  
ment panel. Second, the f l a p  pos i t ion  ind ica to r  gauge, located on the 
c o p i l o t ' s  instrument panel adjacent  t o  the landing gear lever ,  would have 
shown t h a t  the  f l a p s  d id  not move when the f l a p  se lec to r  was placed i n  
the  25' pos i t ion .  Third,  the  landing gear pos i t ion  l i g h t s  could have 
a l e r t e d  him t o  the  f a c t  t h a t  the  landing gear d id  not move when the 
s e l e c t o r  was placed i n  t h e  "up" posi t ion.  Why these indicat ions  were not 
observed is  not known. Among poss ib le  explanations i s  t h a t  while 
Captain Gaines was making a simulated instrument approach with the  t r a i n -  
ing hood i n  p lace ,  he would have been unable t o  see outs ide  the cockpit.  
T h u s , i t  would be necessary fo r  the I.P. t o  d i r e c t  h i s  a t t e n t i o n  outs ide  
the cockpit i n  order t o  prevent c o n f l i c t  with o the r  a i r c r a f t  operat ing 
on and i n  the v i c i n i t y  of the  a i r p o r t .  I f  the  hydraulic l i n e  f a i l e d  jus t  
p r i o r  t o  the  command fo r  the missed-approach, Captain Sk la r in  might wel l  
have been occupied with observing outside events ,  and would not have 
looked a t  the  instrument panel u n t i l  h i s  a t t e n t i o n  was d i rec ted  t o  t h e  
hydraulic system problem by the obse rver -p i lo t ' s  comment, "Oh! Oh! Your 
hydraulic system's zeroed." 

Because of the dayl ight  condit ions,  the various warning l i g h t s  might 
not have been in tense  enough t o  a t t r a c t  a t t e n t i o n  t h a t  was d i rec ted  
elsewhere. This would be p a r t i c u l a r l y  t r u e  of the landing gear pos i t ion  
l i g h t s  i f  the  switch had been placed i n  the "dim" posi t ion .  Also, the 
low-pressure warning l i g h t s  are  concealed t o  some degree behind the 
control  wheel, which might r e s u l t  i n  the l i g h t s  not being observed u n t i l  
a  p i l o t  i n  the r i g h t  s e a t  s h i f t e d  h i s  body posi t ion .  By the time Captain 
Sk la r in  was aware of the  f l u i d  l o s s ,  the  a i r c r a f t  was climbing and was 
no longer i n  a pos i t ion  t o  execute a landing. Accordingly, i t  was 
necessary t o  continue f l i g h t  while an assessment of the  problem could 
be made. Unfortunately, Captain Sk la r in ' s  a t t e n t i o n  t o  the immediate 
problem was a t  t h a t  moment in ter rupted by the query from the  A i r  T r a f f i c  
Control ler ,  "Trans World, you gonna work approach control?"  Precious 
time was l o s t  during the  reply  "Ah, stand by, we're having a hydraulic 
problem here. " 

The appropriate procedure fo r  handling the emergency may be con- 
sidered i n  two ways. F i r s t ,  i n  keeping with a bas ic  t ene t  of f l i g h t  
i n s t r u c t i o n ,  the pseudo-engine f a i l u r e  emergency should have been r e -  
moved a s  the  f i r s t  ac t ion  when the r e a l  emergency s i t u a t i o n  became known. 
Had the No. 4 engine been res to red  t o  takeoff power, the  asymmetrical 
th rus t  s i t u a t i o n  would have ceased t o  e x i s t  and the rudder would have 
returned t o  a neu t ra l  pos i t ion .  I n  t h i s  s i t u a t i o n ,  the rudder control  
system would have rever ted  t o  manual opera t ion and d i rec t iona l  control  would 
have been poss ib le  wi th  a l l  hydraulic pumps turned o f f .  Troubleshooting t o  



l o c a t e  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  check l i s t  procedures without in f r ing ing  on 
the  sa fe ty  of f l i g h t .  When the f a i l u r e  i n  the u t i l i t y  system was i d e n t i -  
f i e d ,  hydraulic rudder power could have been res tored i f  needed. However, 
the  Safety Board bel ieves  i t  worthy comment tha t  a t  tha t  time none of 
the three  q u a l i f i e d  capta ins  i n  the cockpit considered the f a l s e  emergency 
o r  gave any thought t o  the f a c t  t h a t  the a i r c r a f t  was operat ing on three  
engines,  when confronted with a r e a l  emergency. 

I n  the  absence of r es to r ing  power on the No. 4 engine (or  i n  the 
s i t u a t i o n  of a  genuine engine f a i l u r e ) ,  the appropriate TWA procedure 
would have been t o  execute the  prescribed troubleshooting procedures 
and t o  acce le ra te  the a i r c r a f t  t o  the  180 knots Vmca. However, 
Captain Gaines ca l l ed  out  only the  f i r s t  item on the check l i s t ,  " A l l  
pumps off." Immediately following pump turnoff  and Captain Sk la r in ' s  
d iscuss ion of the hydraul ic  problem with the A i r  T r a f f i c  Control Tower, 
h i s  a t t e n t i o n  was again d ive r ted ,  t h i s  time t o  the landing gear,  by the 
comment of  Captain Wyker,"Must have been, ah, a f t e r  the  gear was down 
already." This was followed by a d iscuss ion between the three captains 
of  the pos i t ion  of the landing gear.  Before the ambiguity of the landing 
gear s i t u a t i o n  (wheels down, but t h e  s e l e c t o r  handle i n  the "up" pos i -  
t ion)  could be resolved, t h e  res idua l  pressure i n  the a u x i l i a r y  system's 
accumulators and i n  the rudder power u n i t  d i s s ipa ted  t o  the point  where 
d i r e c t i o n a l  control  could not be maintained with the  asymmetrical t h r u s t  
condit ion.  

The s tage  for  t h i s  d i sas te rous  s i t u a t i o n  was s e t  when the I.P. complied 
with the c a p t a i n ' s  c a l l o u t  from memory of the f i r s t  item on the check l i s t ,  
without taking fu r the r  a c t i o n  t o  r e s t o r e  symmetrical power. 

I n  t h i s  r e spec t ,  t h e  Board be l i eves  t h a t  i f  the new procedure contained 
i n  rev i s ion  number 8 t o  the Airplane F l igh t  Manual had been adopted, i n  a l l  
p robab i l i ty  the accident  would not have happened. It i s  recognized t h a t  
even i f  TWA and the A i r  Car r i e r  D i s t r i c t  Office monitoring t h e i r  opera- 
t i o n s  had been aware of  the revised Booing procedure, compliance with i t  
would not have been mandatory. In f a c t ,  the re  were o ther  opera tors  of 
Boeing.707-300 s e r i e s  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 
i n i t i a t e d  a s  the r e s u l t  of a  low-pressure warning l i g h t  "on," r a the r  than 
by the  l o s s  of f l u i d .  The f i r s t  a c t i o n  item, by memory o r  otherwise, 
would have been a c a l l  f o r  "Corresponding Hydraulic Pump Switch-OFF," 
r a t h e r  than " a l l  pumps off." Captain Sk la r in  would therefore  have been 
forced t o  iden t i fy  the system t h a t  had f a i l e d  before taking any ac t ion  
t o  shut down any pumps. I n  t h i s  ins tance ,  only the u t i l i t y  system would 
have been shut down. Accordingly, even though the crewmembers may have 
forgot ten  the  se l f -crea ted  emergency under the s t r e s s  of the r e a l  one, 
there  would not have been any d i r e c t i o n a l  control  problems while the 
crewmembers attempted t o  f ind  the source of the  leak. 



It i s  apparent t h a t  t h e  asymmetrical t h r u s t  s i t u a t i o n  was recognized 
bela tedly  by Captain Gaines, as  evidenced by h i s  command,"Give me t h a t  
engine: " 

It i s  a l s o  l i k e l y  t h a t  the  s i t u a t i o n  was recognized by Captain Sk la r in  
nearly simultaneously. As previously noted, TWA i n s t r u c t o r  p i l o t s  a r e  
warned t o  "...be prepared t o  p u l l  off remaining engine th rus t  should un- 
con t ro l l ab le  yaw develop during engine-out maneuvers." 

Witnesses noted a  lack of engine noise following the "boom" o r  com- 
pressor s t a l l  sounds, which would ind ica te  t h a t  the  power had been re -  
duced on t h e  operat ing engines. 

The engine spool-down sounds on the CVR, 6 seconds p r i o r  t o  impact, 
a l s o  indicated t h a t  t h i s  ac t ion  was taken. The discovery t h a t  a l l  engine 
bleed valves were open a t  impact fu r the r  confirms the  f a c t  t h a t  engine 
power was reduced on a l l  engines p r i o r  t o  impact. However, by the time 
t h i s  ac t ion  was taken, the a i r c r a f t  had achieved a  s teeply  banked,nose- 
down a t t i t u d e  from which recovery was not poss ib le  a t  t h a t  low a l t i t u d e .  
As 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 ,  t h e  
bank angle and nosedown angle were s t i l l  45' a t  impact. 

2 .2  Conclusions 

a. Findings 

1. The f l i g h t  crewmembers were properly c e r t i f i c a t e d  and approved 
for  the  opera t ion.  involved. 

2. None of the  crewmembers was incapaci ta ted ,  o r  otherwise un- 
able  t o  perform h i s  assigned du t i es .  

3. The a i r c r a f t  was airworthy. Gross weight and center  of 
g rav i ty  were wi th in  l i m i t s .  

4 .  Fatigue f a i l u r e  of the  l e f t  outboard s p o i l e r  hydraulic 
ac tua to r  downline occurred when the  a i r c r a f t  was on the 
f i n a l  segment of an ILS simulated instrument approach. 

5. Fa i lu re  of t h e  hydraulic l i n e  caused the l o s s  of the  
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. 

6. The capta in ,  i n s t r u c t o r  p i l o t ,  and f l i g h t  engineer were 
not aware of the hydraul ic  f l u i d  l o s s  u n t i l  i t  was ca l l ed  t o  
t h e i r  a t t e n t i o n  by the t h i r d  p i l o t  i n  the  cockpit.  



7. A l l  hyd rau l i c  pumps were tu rned  o f f  i n  accordance w i t h  
t h e  e x i s t i n g  emergency procedures  f o r  hyd rau l i c  f l u i d  l o s s .  

8. There was no f a i l u r e  of  t h e  a u x i l i a r y  hyd rau l i c  systems 
p rov id ing  power t o  t he  rudder .  

9. Power was no t  r e s t o r e d  on t he  No. 4 engine.  

10. The a i r c r a f t  was no t  a cce l e r a t ed '  t o  t he  180-knot,  t h r ee -  
eng ine  minimum c o n t r o l  a i r speed  upon d i scovery  of  t h e  h y d r a u l i c  
f l u i d  l o s s .  81 

11. A h igh  degree of  s i d e s l i p  was genera ted  by t he  l o s s  o f  
rudder  power and t he  cont inued  use of asymmetrical  t a k e o f f  
t h r u s t .  

12. The h igh  s i d e s l i p  ang l e  r e s u l t e d  i n  l o s s  o f  l a t e r a l  con- 
t r o l ,  caus ing  a r a p i d  r o l l  and l o s s  of  a l t i t u d e .  

13. The use of  t he  Boeing r e v i s e d  procedure,  s p e c i f y i n g  t h a t  
on ly  t he  hyd rau l i c  system d i s p l a y i n g  a  low-pressure warning 
l i g h t  was t o  be tu rned  o f f ,  i n  a l l  l i k e l i h o o d  would have p r e -  
vented t h i s  a cc iden t .  

b. Probable  Cause 

The Board determines  t h a t  t h e  probable  cause o f  t h i s  a c c i d e n t  
was a  l o s s  of  d i r e c t i o n a l  c o n t r o l ,  which r e s u l t e d  from t h e  
i n t e n t i o n a l  shutdown o f  t h e  pumps supplying h y d r a u l i c p r e s s u r e  t o  
t h e  rudder  wi thout  a  concur ren t  r e s t o r a t i o n  o f  power on t h e  No. 4 
engine.  A c o n t r i b u t i n g  f a c t o r  was t h e  inadequacy o f  t h e  h y d r a u l i c  
f l u i d  l o s s  emergency procedure when app l i ed  a g a i n s t  t h e  o p e r a t i n g  
c o n f i g u r a t i o n  o f  t h e  a i r c r a f t .  

a. I n i t i a l  Accident P reven t ion  Measures 

(1) On J u l y  29, 1969, t h e  Fede ra l  Avia t ion  Adminis t ra t ion ,  

81 A t t a i n i n g  t h e  180-knot a i r s p e e d ,  p e r  se, would not have been s u f f i c i e n t  - 
t o  ma in t a in  d i r e c t i o n a l  c o n t r o l .  (See Appendix G.) However, i t  may 
have r e s u l t e d  i n  a  less r a p i d  and less seve re  l o s s  of  d i r e c t i o n a l  con- 
t r o l  and a  longer  pe r iod  of t i m e  f o r  t h e  crewmembers t o  a s s e s s  t h e  t r u e  
n a t u r e  o f  t he  problem and e i t h e r  r e s t o r e  symmetrical  power, o r  r e t u r n  
t he  a u x i l i a r y  hyd rau l i c  systems t o  s e r v i c e .  



a f t e r  discussions with the  National Transportat ion Safety Board, 
issued General Notice N8430.107 t o  a l l  FAA Regional Offices,  
A i r  Car r i e r  D i s t r i c t  Off ices ,  F l i g h t  Standards D i s t r i c t  Off ices ,  
and In te rna t iona l  F ie ld  Offices.  This not ice  required FAA 
Pr inc ipa l  Operations Inspectors t o  assure t h a t  a l l  a i r  c a r r i e r s  
were aware o f . t h e  problems incident  t o  concurrent engine-out f l i g h t  
and hydraulic system f a i l u r e .  Attention was ca l l ed  s p e c i f i c a l l y  
t o  the  requirement t o  r e s t o r e  engine power p r i o r  t o  t rouble-  
shooting the  hydraulic system i n  simulated engine f a i l u r e  
s i t u a t i o n .  (See Appendix G.) 

(2)  Upon confirmation by t h e  Safety Board t h a t  a  metal f a t igue  
f a i l u r e  was found i n  one of the outboard s p o i l e r  ac tua to r  down- 
l i n e s ,  the FAA issued General Notice N8340.57 t o  the above-l is ted 
o f f i ces .  This not ice  suggested a  voluntary,  one-time inspection 
of the  s p o i l e r  ac tuat ing systems on B-707 a i r c r a f t .  This inspec- 
t i o n  was t o  be conducted by the users  of Boeing 707 equipment. 
(See Appendix G.) 

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

(a)  A de ta i l ed  review should be made of the emergency pro- 
cedures of a l l  operators of Boeing 707 s e r i e s  and l i k e  
a i r c r a f t  t o  c l a r i f y  troubleshooting of hydraulic system 
malfunctions with respect  t o  the operat ion of t h e  hydraulic 
pump control  switches;  

(b) The rudder pump low-pressure l i g h t  c i r c u i t r y  should be 
modified t o  remain on any time t h e  rudder pump pressure 
i s  l o s t ,  regardless  of t h e  rudder hydraulic pump switch 
posi t ion.  

b. Followup Recommendations and Correct ive Measures 

(1) As previously noted i n  Section 1.16(b) of t h i s  r e p o r t ,  t h e  
rudder control  system of t h e  Boeing 707-331C a i r c r a f t  w i l l  not 
automatical ly rever t  from hydraulic power mode t o  manual mode i n  
the event of shutdown o r  f a i l u r e  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  t h i s  accident ,  and was a  condit ion previously unknown t o  most 
p i l o t s  and opera tors  of these a i r c r a f t .  

Although not a  causal f a c t o r  i n  t h i s  ins tance ,  a  lack of 
understanding of t h i s  fea ture  and the s p e c i f i c  ac t ions  necessary 
t o  achieve manual reversion could r e s u l t  i n  a  l o s s  of d i r e c t i o n a l  
con t ro l  even a t  t h e  appropriate three-engine minimum control  speed. 



Accordingly, in the interest of immediate accident prevention measures, 
the Board discussed this peculiarity of the rudder operation with 
the FAA, and suggested that the air carrier training programs and 
emergency operating procedures be revised to alert the pilots 
to the need for specific actions if engine failure were to be 
followed by the auxiliary hydraulic system failure. On January 8, 
1970, General Notice N8430.115 was issued to all FAA Regional 
Offices, Air Carrier District Offices, and International Field 
Offices. This notice required FAA Principal Inspectors to 
assure that information on powered rudder characteristics be 
included in air carrier training programs, and that these 
characteristics be considered in establishing operating pro- 
cedures related to asymmetrical thrust or directional control 
problems in particular aircraft. (See Appendix G.) 

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

1. All maneuvers requiring simulated engine(s)-out opera- 
tion of aircraft close to the ground should be conducted 
in and, to the maximum extent possible, limited to 
flight simulator training devices. 

2. The Administrator should establish a minimum altitude 
above the terrain for those simulated engine(s)-out 
maneuvers which must be performed in flight. 

3. Equally qualified crewmembers not directly involved in 
the training operation should be prohibited from the, 
flight deck area on all proficiency flight checks. 

The Administrator's response to these recommendations is contained 
in Appendix H. 

By the National Transportation Safety Board: 

/ s /  JOHN H .  REED 
Chairman 

/ s /  OSCAR M. LAUREL 
Member 

/ s /  FRANCIS H .  McADAMS 
Member 

/ s /  LOUIS M. THAYER 
Member 

/ s /  ISABEL A. BURGESS 
Member 
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APPENDIX B 
NAT1OKA.L TRANSPORTATION SAFETY BOARD 

Department of Transportat  ion 
Bureau of Aviation Safe ty  

TRANSCRIPT OF VOICE COMMUNICATIONS RECORDED ON THE LAST APPROXIMATE 
TWO MINUTES OF THE COCKPIT VOICE RECORDER TAPE FROM TBAHS WORLD AIRLINE 
TRAINING FLIGHT 5787, ~787TW, B-707-331C, WHICH CRASHED AT ATlAMTIC CITY 
AIRPORT, POMOW, IT. J., ON JULY 26, 1969 

Legend 

CAM - Cockpit Area Microphone sound source 
RID - Air-to-ground transmission from N787TW 
TWE - Ground-to-air t ransmissions from A t l a n t i c  C i ty  Tower 
-1 - Voice i d e n t i f i e d  as I n s t r u c t o r  P i l o t  
-2 - Voice i d e n t i f i e d  as Captain 
-3 - Voice i d e n t i f i e d  a s  F l i g h t  Engineer 
-4 - Voice iden t i f i ed  as ACM Wyker 
- ?  - Voice unident i f ied  * - Unin te l l ig ib le  word o r  phrase 
$ - Non-pertinent r ad io  transmission on tower frequency 
# - Non-pertinent in t ra-cockpi t  word o r  phrase 
( )  - Words enclosed i n  parentheses a r e  subject  t o  i n t e r p r e t a t i o n  

TIME(EDT) SOURCE 

m 

m-1 

TWR 

CAM-2 

CAM-1 

CAM- 1 

CAM-1 

CAM- ? 

CAM-? 

And f i f t y  seven e ighty  seven i s  cleared t o  land,  t h e  
wind one t h r e e  zero degrees a t  f i v e .  

Okay, w e ' l l  t ake  t h e  option.  

Roger, c leared.  

Five hundred f e e t  

Okay 

Airspeed good, ... s ink  r a t e  good, .... s l i g h t l y  r i g h t  ... 
of course. 

Right on t h e  money, Harry 

%%% 
( ~ i n i m m s  coming up) 

%$% 



TIME(EDT) SOURCE 

CAM- 2 

CAM- 1 

CAM- 2 

CAM- 1 

CAM 

CAM- 2 

CAM- 1 

CAM-2 

CAM 

CAM- 1 

CAM- 2 

CAM 

CAM-4 

CAM- 1 

CAM-2 

CAM-3 

CAM- 1 

CAM-2 

CAM- 1 

CAM- 2 

CAM- ? 

TKR 

m-1 

COIiTEKT 

Hundred to go 

U~ay, missed approach 

%%% 
Twenty-five flap 

Twenty-five flap 

Sound similar to engine spool-up begins 

Takeoff power 

Okay 

Up gear 

Sounds similar to trim actuation and movement of 
landing gear lever 

Straight ahead to fifteen hundred feet. 

Right 

Sound similar to trim actuation 

Oh! Oh! Your hydraulic system's zeroed 

What was that? --- 

Oh, # ! 

Got no hydraulics? 

(~ust) went down 

They're all (out) 

All of em out? 

Yeah 

Pumps off 

Trans World, you gonna work Approach Control? 

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



TIME(EDT) SOURCE 

CAM-? 

CAM-3 

CAM- ? 

CAM-4 

CAM- 1 

CAM-2 

CAM-3 

CAM-2 

CAM-4 

CAM-1 

CAM 

CAM-1 

CAM-2 

CAM-1 

CAM 

CAM- 1 

CAM- ? 

CAM 

CAM-2 

CAM 

CAM 

CAM- 1 

CAM-2 

TWR 

comm 

( a l l  out?) 

J u s t  went down 

Yeah 

Must have been, ah, a f t e r  t he  gear was down already. 

Well, the  gear i s  s t i l l  i n  the up (posit ion) 

No gea r ' s  up. 

(yeah) 

It may be t h a t  gear, ah, -- 
... might be pumping it out i n  the up posit ion 

L e t t s  see, the gear is  down. 

Sound similar t o  t h a t  of landing gear lever  movement. 

I ' m  gonna put it down again 

Yeah 

You got tha t?  

Sound of "pop" similar t o  t h a t  caused by engine com- 
pressor stall. 

What happened? 

(What t h a  h e l l  ya do?) 

Background voices heard. Sound similar t o  t h a t  created 
by stall warning alarm ("st ick shaker") begins and lasts 
f o r  f i v e  seconds. 

Give me t h a t  engine: 

#: 

Sound of engine spool-down audible 

Harry, ... Wetre over ! 

Give me the  engine: 

Ah, look out! 



TIME(ED']~) SOURCE CONTEHT 

1232:50 CAM-1 We're over 

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



NATIONAL TRANSPORTATION SAEETY BOARD 
Department of Transportat ion 

Bureau of Aviation Safe ty  

ACCIDENT: TWA 5787, B707-331, ATLAMTIC CITY AIRPORT, JULY 26, 1969. 
CHRONOLOGICAL SUMMARY OF SELECTED VOICE COMMUNICATIONS RECORDED ON 
THE CVR TAPE WHICH BEGINS JUST PRIOR TO THE FLIGHT'S DEPARTURE OH 
RUNWAY 31 AT ATLANTIC CITY. 

Mote: Small l e t t e r s  "a" through "i" denote various phases of  f l ight . .  

------ 

(a) Tower's clearance f o r  takeoff  on Runway 31 issued at 1218 :22. 

TIME(EO~) SOURCE 

1218:kl CAM :OK, one f o r t y  on t h e  bug. 

:One four  zero. 

:We'll go through the  a f t e r  landing check l i s t  now. 

:Read em out .  

:Brake pressure.  ' 

: (1111  ge t  i t ) ,  checked. 

:Interconnect.  

:It 's OK. 

:Transponder! 

:ah - okay 

:Wing f laps!  

:They're - a h  - checked. 

:Had it i n  system a l l  t h e  time. 

:-ah-OK. 

:We'll go r i g h t  on through here  of course. 



TIME(EDT) SOURCE 

1220:07 CAM 

1220:22 (b) 

1220:52 CAM-1 

CAM-2 

CAM- ? 

1221:Ol CAM-? 

CAM- ? 

(c )  

1223 : 09 CAM- 2 

CAM- 1 

CAM- ? 

CAM- 1 

CAM-? 

1223 : 18 CAM- ? 

1223 :26 CAM-1 

1223 :39 CAM-2 

- ? 

1223 : 49 CAM- 2 

CAM- ? 

CAM- 2 

1225:16 (d) 

CONTEXT0 

: T h i s l l l  be the  engine f a i l u r e  a f t e r  "V" one. 

Takeoff begins. Engine spool-up audible .  

: "V" one, r o t a t e ,  engine f a i l u r e  

: e s s e n t i a l  power. 

: e s s e n t i a l  power checked. 

:Thro t t l e ' s  closed. 

:up gear .  

F l igh t  maintaining 1,500 f e e t ,  Radar Vector Heading 
2 4 0 '  and t h r u s t  had been reduced f o r  slower a i r -  
c r a f t  speed. 

:and four teen f l a p s  p lease  

:OK and we should ge t  the  a f t e r  takeoff  check and a h  - 

:-ah-it ' s (already) * * Unin te l l ig ib le  * * 
:we have t h e  t h r o t t l e  closed. 

:* * Unin te l l ig ib le  * * 
:OK number f o u r ' s  secured. 

:OK we're a l l  s e t ,  crew coordination i s  the  same as 
before, everything i s  s imi la r  ( t o  t h a t  advised) - ah - 
we a r e  radar  vectored f o r  a t h r e e  engine ILS f l i g h t  
d i r e c t o r  approach. 

:OK and (we need) a bug speed please .  

:one two four .  

:and we've reached f i n a l  check l i s t .  

:OK t h a t ' s  complete. 

:ah - roger.  

lWA 5787 on vector heading 310Â° (downwind l e g )  has 
j u s t  acknowledged new vec to r  heading of 030". ) 
r i g h t  base l e g  runway 13) .  AGMft had gone t o  gal ley .  



TIME(EDT) SOURCE COKTEHT 

- v i i  - 

CAM-? :and - ah - would you put  your b i r d  down please and 
on heading mode and we're all s e t  up t h i s  and - ah - 
t h e  markers a r e  timed. 

CAM-? : a l l  s e t  

CAM-? :everything s e t .  

CAM-1 :same (markers). . . , sane minimums.. . , same missed approach, ... s t r a i g h t  ahead t o  f i f t e e n  hundred Harry. 

(e l  TWA 5787 seven miles from OM; new vector heading 100'; 
cleared f o r  ILS approach. 

( f  1 TWA 5787 on Tower frequency 

(g )  F l igh t  inbound t o  OM on l o c a l i z e r  course. Crew d i s -  
cussing plan  f o r  VDR approach next and VOR requirements. 

CAM-2 :down gear p lease  

CAM-? : ( there  ya go) 

CAM-2 :and - ah - f o r t y  f l a p s  p lease  .... 
CAM-2 :complete t h e  f i n a l .  

CAM-? :OK i t ' s  a l l  complete 

CAM-2 :g l ide  slope please 

CAM-,l :all  r i g h t  

CAM-2 :ours sure do read. d i f f e r e n t l y  

CAM-? :* 
CAM-2 : f i f t y  f l a p s  

CAM-? :Outer marker 

CAM-? :flags checked 

( h) TWA f l i g h t  r e p o r t s  t o  Tower passing t h e  OM. 

(1 )  TWA 5787 c leared t o  land.  
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APPENDIX D 

Longitudinal sec t ion  through an assenbled f l a r e l e s s  coupling, 
i l l u s t r a t i n g  the.  loca t ion  of t h e  f r a c t u r e  (dashed l i n e )  indi- 
cated by arrow "a", Fig.  1. X 4 
J. Swivel jo in t  f i t t i n g  S. Coupling sleeve 
PI. Coupling nut  T. Hydraulic tube 

Tube removed from t h e  assembly shown i n  F ig .  5. Arrows in-  
d ica te  the notches cut  by t h e  coupling sleeve.  X 10 
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APPENDIX E 

MSL ALTITUDE - FEET x 103 INDI CATED AIRSPEED - KNOTS 

IMPACT 

NATIONAL TRANSPORTATION SAFETY BOARD 
BUREAU OF AVIATION SAFETY 

WASHINGTON D.C. 

TRANS WORLD AIRLINES, BOEING MODEL B-707 , N7877W 
TRAINING FLIGHT, ATLANTIC CITY, N.1. 

JULY 26. 1969 

EXTRACTS OF COCKPIT VOICE RECORDER 
AND FLIGHT DATA RECORDER INFORMATION 
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S!.!DDES S. "O!!.EB .Ã§>U.M IOW PÃˆFSSUÃ LIGHT- 
When ON indicates rudder and spoiler pump pressure 

i s  low. Rudder and spoiler pump control switch 
must be ON to  activate light. 

P 5  - RUDDER & SPOILER PUMP CONT. I 
UlUTY SYSTEM PRESSURE GAUGE 

Indicates u t i l i t y  hydraulic pressure 
available above 2000 PSI  reload. 
P7 - HYD PRESS. 11 
UTIUTY PUMP LOW PRESSURE LIGHT r Indicates resaective u t i l i t y  pump pressure I 1 

r R U R G E 2  LOW PRESSURE UGHT . 
Indicates nyaraullc pie&~uiÃ§ iu pun=- 

rudder i s  low. (Apprax. 1200 PSI on part 
tUDD,. 

P Ã ‡ S  ^ time yaw damper, 2500 PSI on fu l l  time 
yaw damper). Operative only when airspeed 
i s  below 250 KTS or wing flaps extended. 
P5 .  O I L  QUAN 6 RUDDER SEL. 

RUDDER PUMP LOW PRESSURE UGHT 
When ON indicates rudder pressure 

i s  law. Rudder pump control switch must be ON 
to  activate l ight. 

. .  . .  P5 - RUDDER PUMP CONT. 

RUDDER HYDRAULIC PRESSURE GAUGE 
ndicotes  hydraulic pressure available 

to the power rudder. Normal pressure i s  
3000 PSI w h e n  airspeed is  below 250 KTS 
or wing flaps extended otherwise 1000 PSI 
an part time yaw damper and 2250 PSI on 

I time yaw damper. 
- RUDD BOOST. 

INTERCONNECT VALVE SWITCH 
DDER PUMP CON BRAKE - Motor operated valve open and 

*d rudder and spoiler pump pressure 
*i Indicates brake pressure available available t o  brakes. 

above 750 PSI preload. FF - Motor operated valve closed, 
P7 - HYD PRESS. pump 'low pres~ur** l ight  deactivated. SYSTEM - M~~~~ valve open and 

P 5 -  RUDDER PUMPCONTROL. rudder and spoiler pump pressure 
available to  ut i l i tysystem, or 

ON - Pump i s  pressurized. P I  - RUDDER PUMP (373C) 
DEPR - Pump i s  depressurized by 

u t i l i t y  system pressure available 
RUDDER & SPOILER PUMP to  auxil iary system. 

energizing a solenoid valve. 

OFF - Pump i s  depressurized and 
CONTROL SWITCH PS - RUDDER 6 SPOILER PUMP CONT. 
ON - Pump w i l l  deliver 3000 PSI 

motor operated f lu id supply OFF - Pump drive motor shutoff and rudder 
shutaff valve i s  closed. and spoiler pump law pressure 

P5 -PUMP VALVES & PRESS WARN. l ight  deactivated 
P6 - HYD SHUTOFF P5 - RUDDER 6 SPOILER PUMP CONTROL 

P3 - RUDDER 6 SPOILER PUMP 



BRAKE PRESSURE GAUGE 
Indicates brake pressure available 

above 750 PSI pre-load. 
P7 - H Y D  PRESS. 

Um/TY SYSTEM PRESSURE GAUGE 
Indicates ut i l i ty hydroulic pressure 

ovailable above 2000 PSI preload. 
P7 - HYD PRESS. 1 

1 RUDDER IOW PRESSURE UGW 
Indicates hydraulic pressure to Power Rudder 

i s  low. (Approx. 1200 PSI on port t ime you  damper 
2500 PSI on f u l l  t ime yaw damper). Operative only 
when airspeed i s  below 250 KTS or wing flaps 
extended. 
P 5  - O I L  QUAN 6 RUDDER SEL. 

r RUDDER S, SPOILER PUMP r RUDDER PUMP LOW PRESSURE LIGHT 
LOW PRESSURE LIGHT Indicates rudder pump pressure i s  low. 

Indicates rudder and spoiler pump Rudder pump control switch must be O N  to 

\ 
. . 

pressure i s  low. activate light. 
P 5  - RUDDER & P5 - RUDDER PUMP C O N 1  

PUMP CONT. 

INTERCONNECT VALVE SWITCH 
OPEN - Solenoid valve i s  energized open. 

Rudder and spoiler pump pressure 

ovailable to u t i l i t y  system or u t i l i t y  
system pressure avoiloble to 
auxiliary system. 

CLOSE - Solenoid valve i s  sprinq-loaded 

W T Y  PUMP CONTROL S WITC 
RUDDER S, SPOILER closed. 

ON - Pump i s  pressurized. 
CONTROL SWITCH P 5  - RUDDER & SPOILER PUMP CONT. 
ON - Pump w i l l  deliver 3000 PSI. 

O F F  - Pump i s  depressurized by O F F  - Pump drive motor shutoff. 
energizing a solenoid valve P5 - RUDDER & SPOILER PUMP CONT. RUDDER HYDRAUUC PRESSURE GAUGE 
and pump l o w  pressure warning P3 - RUDDER 6 SPOILER PUMP. Indicates hydraulic pressure avai lable to 
l ight  deactivated. the power rudder. Normal pressure i s  3000 

P5 - PUMP. VALVES 6 PRESS WARN. RUDDER PUMP CONTROL SWITCH PSI when speed i s  below 250 KTS or wino 

UTIUW PUMP LOW PRESSURE LIGHT 
- 

ON - Pump w i l l  deliver 3000 PSI. f lops extended otherwise 1000 PSI on part 

Indicotes respective u t i l i t y  pump pressure OFF - and rudder t ime yaw and 2250 PSI on fu l l  t ime yaw 

i s  low. (Light deactivated when pump control pump low pressure l igh t  deactivated. 

switch i s  OFF). P 5  - RUDDER PUMP CONT. P 7  - RUDD BOOST 6 AIR B O T T L E  

P 5  - PUMP VALVES 6 PRESS WARN. P2 - RUDDER PUMP. 



GENERAL NOTICES ISSUED BY THE FEDERAL AVIATION ADMINISTRATION 

T H I S  I S  NOTICE N 8430.107. CANCELLATION DATE NOVEMHER 1 
CMA 1969. SUBJECT C M  A I R  GABBIER OPERATIONS AIERT NO. 69 
DASH 5.  LOSS OF HYDRAULIC FLUID OR PRESSURE DURING FLIGHT 
WITH A SMJIATED OR ACTUAL FAILURE OF AN OUTBOARD ENGINE. 
DASH ALL JET TRANSPORTS DASH PRELIMINARY INVESTIGATION OF 
A RECENT B DASH 707 DASH 300C TRAINING ACCIDENT REVEALED 
THAT WHILE CONDUCTING A MISSED APPROACH WITH THE SIMUIATED 
FAILURE OF AH OUTBOARD EHGINE CMA THE AIRCRAFT EXEERIEMCED 
A LOSS OF HYDFAULIC PRESSURE. WHILE CONDUCTING THE EMERGENCY 
PROCEDURE KEIATCTG TO THE HYDRAULIC PROBLEM GMA CONTROL OF 
THE AIRCRAFT WAS LOST AND IT CRASHED RESULTING I N  FATALITIES 
TO ALL PERSONS ABOARD. PRINCIPAL OPERATIONS INSPECTORS 
SHALL ASSURE THAT THEIR ASSISTED AIR CARRIERS INCLUDE I N  
THEIR AIRCRAFT OPERATIONS MANUAL THE OPERATIONAL CONSIDERATIONS 
INVOLVED WHEN COMBUCTING ENGIHE OUT OPERATIONS AHD ENCOUNTERING 
A HYDRAULIC FAILURE CMA SPECIFICALLY CMA THE INCREASE IN 
VMCA WITHOUT KUDDER BOOST. VMCA WITHOUT RUDDER BOOST I N  
THE B DASH 707 DASH 300C I S  APPROXIMATELY 177 KTS. IN 
THE EVENT AM AIRCRAFT HAS A RUDDER BOOST MALFUNCTION OR 
ENCOUHTERS A LOSS OF HYDRAULIC PRESSURE DURING AM ENGLNE 
OUT OPERATION CMA THE CBEW SHOULD AVOID HIGH YAW ANGLES 
CMA HIGH ANGLES OF ATTACH CMA AMD ATTAIN RUDDER BOOST OUT 
VMCA. PRIOR TO SHUTTING OFF THE HYDRAULIC Â¥PUM PAREN S 
PAREN POWERING THE RUDDER. SHOULD THE EKGIME FAILURE BE 
SIMULATED CMA THE EHGINE SHOULD BE RESTORED PRIOR TO 
TROUBLE SHOOTING THE HYDRAULIC SYSTEM. 



THIS IS  NOTICE 8340.57. SUBJECT : BOEING 707 AIRCRAFT AH, 
SEBIES-SPOIIiER ACTUATOR PRESSURE LIMES. CANCELLATION DATE 
1 NOVEMBER 1969. A BROKEN OUTBOARD SPOILER DOVK PRESSURE 
LIME (BETWEEN THE SWIVEL FITTING AND ACTUATOR) IS BELIEVED - 
TO HAVE CAUSED LOSS OF HYDRAULIC FLUID AND PRESSURE MOMEHTS 
BEFORE A RECENT B-707-331C FATAL ACCIDENT. SUBSEQUENT 
REVIEW OF SERVICE HISTORY INVOLVING B - 7 0 7  AIRCRAFT SHOWS 
THE SUBJECT LIMES IN THE VARIOUS SPOILER POSITIONS TO BE 
THE FRBQUEMT CAUSE O F  FLUID LEAKS AND MECHAUICAL DELAYS. 
A S  A PRECAUTIONABY MEASURE AND TO FACILITATE FURTHER 
INVESTIGATION I T  I S  REQUESTED: (1) B - 7 0 7  OPERATORS BE 
ASKED TO COMPLETE AND RECORD THE RESULTS OF  A VOLUNTARY 
CUE-TIME SPECIAL INSPECTION O F  ALL B - 7 0 7  FLIGHT SPOILER 
INSTALLATIONS TO DETECT AMD CORRECT FLUID LEAKS OR OTHER 
DISCREPANCIES. SUCH INSPECTION SHOULD INVOLVE CLOSE VISUAL 
CHECKS OF  THE ENTIRE SPOILER HYDRAULIC PLUMBING INSTALLATION 
FROM AMD INCLUDING SWIVEL FITTINGS TO THE SPOILER ACTUATORS. 
THE INSPECTION SHOULD BE DOME IMMEDIATELY AFTER A COMPLETE 
GROUND OPERATIONAL CHECK OF THE SPOILERS I N  BOTH THE AILERON 
AND SPEED BRAKE MODES AND WITH FULL HYD.RAULIC SYSTEM PRESSURE 
BEING APPLIED. ALSO, THE INSPECTION SHOULD BE DONE SO A S  
TO DETECT EVIDENCE O F  EXCESSIVE TORQUE I N  SWIVEL FITTINGS 
AND TUBIHG MISALIGHMEBT OR STRAIN DURING SPOILER OPERATION. 
(2) A REPORT CONCERNING THE SPECIAL SPOILER INSPECTIONS BE 
PREPARED AND SEMT VIA PRIORITY DISPATCH TO WE-100 WITH A 
COPY TO FS-300. T I T L E  THE REPORT "B-707  SPOILER HYDRAULICS 
INSPECTION (RIS: FS8340-oT) ." THE REPORT SHOULD INCLTOE 
AS A m: (A) OPERATORNAME, ( B )  IIUMHER OF AIRCRAFT 
INSPECTED. ( C) LISTING OF  DISCREPANCIES INCLUDING BOEING 
PABT ~ R S  kill IF POSSIBLE TIME IN SERVICE ON DISCREPANT 
PARTS, (D) REIATED INSPECTOR COMMENTS ~ C L U D I N G  EXPIANATION 
O F  OPERATOR'S ACTIONS - PAST OR PIAMBED - TO IMPROVE SPOILER 
HYDRAULICS RELIABILITY. 



THIS  I S  NOTICE N 8430.115. CANCELTATION DATE APRIL 8, 1970. 
SUBJECT: BOEING 707 RUDDER SYSTEM. A I R  CARRIER OPERATIONS ALERT 
NO. 70-2. 
AS A RESUIIT OF A RECENT ACCIDENT I N T O L W G  DIEECTIONAL CONTBOL WITH 
AN ENGINE OUT IN A IARGE TOUR-EHGIHE J E T  TRANSPORT AM STVESTIGATION 
AND CERTAIN TESTS MERE CONDUCTED ON THE POWERED RUDDER SYSTEM 
CHARACTERISTICS OF BOEING 707 TYPE AIRCRAFT. 
THE FOLLOWING I S  A SUMMARY OF TEE B-707  RUDDER CHARACTERISTICS UHISER 
CERTAIN OPERATING CONDITIONS : 
WHEN KUWER PRESSURE IS LOST OR TURNED OFF USING THE AUXILIARY PUMP 
SWITCHES WITH THE RUDDER DEFLECTED HYDBAULICALLY TO OFFSET ASYMMETRICAL 
THRUST AND THE PEDAL FORCE OR POSITION IS NOT CHANGED, THE TAB LOCK 
XXX LEVER WILL NOT RELEASE UNTIL SUCH TIME AS THE TRAPPED HYDRAULIC 
PRESSURE HAS DISSIPATED TO A VERY LOW VALUE. THIS  RESULTS IN A 
GRADUALLY DECFEASING RUDDER DEFTiECTION TO POSITION CONSIDERABLY BELOW 
THE RUDDER TRAVEL ATTAINABLE WBES THE RUDDER TAB HAS REVERTED TO ITS 
FUNCTION AS A CONTROL TAB. THE VMC TOR THE CONDITION INCREASES AMD 
DIRECTIONAL CONTROL CAPABIIITY IS  DETERIORATED. 
EITHER O F  THE TOLLOWING PILOT ACTIONS WILL IMMEDIATELY RELEASE THE TAB 
LOCK LEVER WHICH MECHANICALLY IMKS THE CONTROL TAB TO THE RUDDER 
PEDALS FOR MANUAL RUDDER OPERAHON: 
1. TURNING O F F  THE RUDDER POWER SWITCH. 
2. RETURN RUDDER PEDALS TO A NEUTRAL POSITION. 

NOTE: CAUTION MUST BE USED IN TUBHING OFF THE RUDDER POWER 
SWITCH WITH THE RUDDER AT OR HEAR FULL DEFLECTION TO FREVEMT A 
RAPID (MANGE I N  RUDDER POSITION WHICH MAY ADVERSELY AFFECT 
AIRCRAFT COMTROL. 
NOTE: THESE CHARACTERISTICS APPLY ONLY TO AIBCRABT HAVING THE 
SERIES YAW DAMEES. 

PKDICIPAL INSPECTORS WILL ASSURE THAT IHTOHMATION ON POWERED 
RUDDER SYSTEM CHAHA.CTERISTICS IS  INCLUDED I N  THE A I R  CARRIERS' 
TRAINING PROGRAM (GROUND OR FLIGHT AS APPROPRIATE) AIVD THAT THESE 
CHARACTERISTICS ABE CONSIDERED I N  ESTABLISHING PROCEDURES IM'VOLVIITG 
ASYMMETRICAL 'BfflUST OR DIRECTIONAL CONTROL PROBLEMS IN A PARTICULAR 
AIRCrnFT. 
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DEPARTMENT OF TRANSPORTATION APPENDIX H 
FEDERAL AVIATION ADMINISTRATION 

a 0 DEC 1969 
Honorable John B. Reed 
Chairman, National Transportation Safety Board 
Department of Transportation 
Washington, D. C. 20591 

Dear Mr. Chairman: 

OFFICE OF 
THE ADMINISTRATOR 

Thank you for your letter of 18 December 1969, concerning a i r  ca r r i e r  
accidents involving simulated engine-out training. 

although the state-of-the-art of a i r c r a f t  simulation provides, a s  you 
say, the capabi l i ty  for siaulating a l w a t  a l l  training maneuvers, an 
adequate visual  system i s  required to  simulate mnewers  such as engine 
fa i lure  on takeoff and the c i rc l ing  approach to  landing. A very limited 
number of these a h l a t o r s  a re  i n  use today. 

I believe you would agree tha t  the regulatory his tory ahows increasing 
training credi t  fo r  a i r c r a f t  simulators a s  the state-of-the-art has 
advanced. Beginning a s  ear ly  as July 1955, the C i v i l  Aeronautics 
Administration i n i t i a t e d  act ion which led to  adoption of a regulation on 
15 March 1957, which permitted the a i r  ca r r i e r s  to  subst i tute  an approved 
simulator course for  one of the required semi-annual p i lo t  proficiency 
checks. This ru le  was aubxequently amended BO that  only cer ta in  low 
a l t i t ude  maneuvers need be accoaplished i n  an airplane d u r i w  the a l te rna te  
proficiency check (e.g., Il'S approach, engine f a i lu re  on takeoff, c i rc l ing  
approach), provided the ba.lance of the required maneuvers were conducted 
i n  an approved a i r c r a f t  sliauLator. More recently, regulations became effec- 
t ive on 15 April 1967, which for the f i r s t  time allowed cer ta in  emergency 
maneuvers to be conducted :ln a simulator for the a i r c r a f t  type ra t ing  check. 
On I May 1968, the ru les  wire amended t o  change the in- f l ight  requirements 
for  turbojets r e l a t ive  t o  the approach and landing maneuver with the 
simulated f a i lu re  of SO percent of the available pouerplants. 

Simulating an engine f a i lu re  during takeoff a t  a l t i t ude  is not a sa t i s -  
ractory subs t i tu te  for  accomplishing the maneuver i n  an airplane during 
an actual takeoff o r  i n  a visual  simulator since, when done a t  a l t i t ude ,  
the realiani of an actual  engine f a i lu re  during takeoff is  lost .  Recent 
aoieodoents t o  Parts 61 and 121 of the Federal Aviation Regulations permit 
t h i s  maneuver to  be conducited during type ra t ing  and proficiency checks, 



i n  a 8i.aulator with a n  approved v i s u a l  system which should encourage the 
a i r  c a r r i e r s  t o  procure these  sys tem.  Since a i r p l a n e  performance is  based 
on engine f a i l u r e  during takeoff ,  we must ensure t h a t  p i l o t s  can s a f e l y  
handle an  engine-out s i t u a t i o n  during regular  operations. The same r a t i o n a l e  
a l s o  app l i es  t o  the engine-out Biased approach. However, the  recent  amend- 
ments allow the  person conducting t h e  check t h e  option of  giving the  p i l o t  
being checked e i t h e r  an a l l -engine  missed approach o r  an engine-out missed 
approach, which has the  advantage of introducing the  element of su rpr i se  when 
the  l a t t e r  maneuver i s  given. 

T ie  aaendaents f u r t h e r  provide f o r  f l i g h t  t r a i n i n g  and a f l i g h t  check i n  
a.1 a i rp lane  simulator t o  t h e  p i l o t  i n  command o r  second i n  cooraand l e v e l  
of  proficiency,  as appropriate,  before t h e  t r a i n e e  advances t o  t h e  a c t u a l  
a i rp lane .  Thus, the r u l e  contemplates a thorough knowledge of each required 
i n e u v e r  and procedure and a predetermined l e v e l  of s k i l l  p r i o r  t o  perform- 
ing  thorn i n  a c t u a l  f l i g h t .  Therefore, t h e  performance of the maneuvers and 
procedures by t h e  t r a i n e e  on a one- t iÃ§ bas i s  i n  t h e  a i rp lane  during i n i t i a l  
o r  t r ann i t ion  f l i g h t  t r a i n i n g  i s ,  i n  p r a c t i c a l  e f f e c t ,  a determination t h a t  
the proper t r ans fe r  of  learning from t h e  simulator  t o  t h e  a i r p l a n e  has been 
achieved. 

Although a s  you point  out ,  one accident  may have involved d i s t r a c t i o n  of  t h e  
p i l o t  by an  add i t iona l  crewmember on the  f l i g h t  deck, the re  have been o the r  
cases  during t r a i n i n g  f l i g h t s  where an add i t iona l  crewoember has a l e r t e d  t h e  
p i l o t  t o  an unsafe c o n d i t i o n .  F l i g h t  t r a i n i n g  of  crawmamber~ is usua l ly  
accomplished i n  p a i r s  so t h a t  each p i l o t  cay observe the o the r  during t h e i r  
respect ive  periods of f l i g h t  ins t ruc t ion .  Such t r a in ing  i s  highly d e s i r a b l e  
and advantageous t o  the  p i l o t s  involved. Nevertheless, w e  w i l l  advise our 
Pr incipal  Operations Inspectors  t o  see to i t  t h a t  t h e i r  assigned a i r  c a r r i e r s  
h ive  issued adequate i n s t r u c t i o n s  t o  ensure t h a t  o ther  crewmembers on the  
f l i g h t  deck do not  i n t e r f e r e  with the  performance of the  operat ing crewmembers 
during t r a in ing  f l i g h t s .  

Your i n t e r e s t  i n  t h i s  matter  i s  appreciated. 

AA< 
D. D .  Thomas 
Acting Administrator 



APPENDIX I 

INVESTIGATION AND HEARING 

1. Investigation 

The Board received notification of the accident about 1315 e.d.t. 
An investigating team was alerted and dispatched to the scene via 
Government aircraft. Working groups were established for Operations/ATC, 
Witnesses/Weather, Powerplants, Systems, Structures, Human Factors, 
Maintenance Records, Flight Recorder, and Cockpit Voice Recorder. The 
recorders were recovered from the wreckage and transported to the 
Board's laboratory by 1830 e.d.t. on the day of the accident. 

Interested parties to the investigation included: the Federal 
Aviation Administration, Trans World Airlines, Boeing Aircraft Company, 
Airline Pilots Association, Pratt and Whitney, and the International 
Association of Machinists. 

The on-scene investigation was completed on July 31, 1969. 

2. Hearing 

Therewas no public hearing. 

3. Preliminary Report 

A preliminary report summarizing the facts disclosed by the investi- 
gation was released by the Board on September 26, 1969. 
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