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NATIONAL TRANSPORTATION SAFETY BOARD 
WASHINGTON, D. C .  20591 

AIRCRAFT ACCIDENT REPORT 

Adopted: January 15, 1975 

National Ai r l ines ,  Inc. 
DC-10-10, N60NA 

Near Albuquerque, New Mexico 
November 3 ,  1973 

SYNOPSIS 

On November 3 ,  1973, National Ai r l ines ,  Inc., F l i g h t  27 w a s  operat ing 
a s  a scheduled passenger f l i g h t  between Miami, F lo r ida ,  and San Francisco, 
Cal i fornia ,  wi th  intermediate stops a t  New Orleans, Louisiana, Houston, 
Texas, and Las Vegas, Nevada. About 1640 m . s . t .  while the  a i r c r a f t  was 
cruis ing a t  39,000 f e e t  65 nmi southwest of Albuquerque, New Mexico, t h e  
No. 3 engine f a n  assembly dis in tegra ted  and i t s  fragments penetrated t h e  
fuselage,  t h e  Nos. 1 and 2 engine nacel les ,  and t h e  r i g h t  wing area.  The 
r e s u l t a n t  damage.caused decompression of the  a i r c r a f t  cabin  and t h e  l o s s  
of c e r t a i n  e l e c t r i c a l  and hydraulic services .  One cabin  window, which 
was s t ruck  by a fragment of t h e  f a n  assembly, separated from t h e  fuselage,  
and the  passenger who was s i t t i n g  next t o  t h a t  window was forced through 
t h e  opening and ejected from t h e  a i r c r a f t .  

The f l ightcrew i n i t i a t e d  an  emergency descent ,  and t h e  a i r c r a f t  was  
landed sa fe ly  a t  Albuquerque In te rna t iona l  Airport  19 minutes a f t e r  t h e  
engine f a i l e d .  The 115 passengers and 12 crewmembers exited t h e  a i r c r a f t  
by using t h e  emergency s l i d e s .  

A s  a r e s u l t  of t h e  accident ,  1 passenger died and 24 persons were 
t rea ted  fo r  smoke inhala t ion,  ear problems, and minor abrasions. 

The National Transportat ion Safety Board determines t h a t  t h e  probable 
cause of t h i s  accident was the  d i s in tegra t ion  of t h e  No. 3 engine f a n  
assembly a s  a r e s u l t  of an  i n t e r a c t i o n  between t h e  f a n  blade t i p s  and the  
f a n  case. The fan- t ip  rub condi t ion  was caused by t h e  acce le ra t ion  of 
t h e  engine t o  an abnormally high f a n  speed which i n i t i a t e d  a multiwave, 
v ibra tory  resonance wi th in  t h e  f a n  sect ion of t h e  engine. The p r e c i s e  
reason o r  reasons f o r  t h e  accelera t ion and t h e  onset  of t h e  des t ruc t ive  
v ib ra t ion  could not be determined conclusively. 

A s  a r e s u l t  of t h i s  accident ,  the  Safety Board has made nine  recom- 
mendations t o  t h e  Federal  Aviation Administration (FAA). 

1. INVESTIGATION 

1.1 History of the F l i g h t  

On November 3 ,  1973, National Ai r l ines ,  Inc . ,F l igh t  27, N60NA., w a s  a 
scheduled passenger f l i g h t  from M i a m i ,  F lor ida ,  t o  San Francisco, Cal i f -  



ornia, w i t h  intermediate stiops at New Orleans, Louisiana, Houston, Texas, 
and Las Vegas, Nevada. 

The flight f r o m  Miami t o  Houston was uneventful. At 1440 I/ the 
flight departed Houston for Las Vegas on an instrument f l i g h t  rules (IFR) 
clearance. The flight was to cruise at 39,000 feet2/  and arrive at Las 
Vegas in 2 hours 49 minutes. There were 116 passengers and 12 crewinenhers 
on board. 

The climb to 39,000 feet was conducted with the use of the autopilot 
and autothrottle systems. The aircraft was leveled off at 39,000 feet 
and when the desired cruising speed of .82 MACH (257 knots indicated air- 
speed (KIAS))was attained, the autothrottle was disengaged and the power 
was reset manually to maintain the speed. 

According t o  the captain, at about 1640, when the aircraft was in the 
vicinity of Socorro, Mew Mexico, he engaged the autothrottle system in the 
airspeed mode with a target airspeed of 257 KIAS. After the airspeed 
s t a b i l i z e d  at 257 K I A S ,  and following a discussion with the f l igh t  engi- 
neer about the operation of the engine Ni (first stage fan) tachometers, 
the f l i ght  engineer pulled the N1 circuit breakers, and the target air- 
speed was reduced about 5 hn. on the speed indicator. The captain stated 
that when the throttles retarded s l ight ly ,  he disengaged the auto- 
throttles and remarked t o  the f l ight engineer that he was satisfied with 
the function. 

A t  this timeÃ the crew heard and felt  an explosion, and the aircraft 
began t o  buffet severely. The pi lo t s  immediately initiated an emergency 
descent. The Albuquerque A i r  Route Traffic Control Center was alerted by 
means of the emergency code on the transponder that an emergency was in 
progress. 

At 1645 radio contact was established w i t h  Albuquerque Approach Con- 
t r o l ,  and the flight was cleared to descend t o  8,000 feet and vectored for 
an approach to runway 26 at the Albuquerque International Airport. A t  
1659, the f l i ght  landed safely . 

The emergency equipment was available when the aircraft landed. The 
passengers and crew evacuated the aircraft via the emergency evacuation 
s l ides .  

At the National Transportation Safety Board * s public hearing concern- 
ing the accident, the captain testified that he had detected no discrepan- 
cies before the explosion. Just before the explosion, he and the f l ight  
engineer had discussed the electronic interrelationship between the auto- 
throttle system and the associated Nl tachometers. As a result of their 

I/ All times herein are mountain standard, based on the 24-hour clock. 
2/ - A l l  .altitudes herein are mean sea level, unless otherwise indicated. 



discussion,  i t  was decided t o  check c e r t a i n  functions of t h e  system. The 
cap ta in  s t a t e d  t h a t ,  "The f l i g h t  engineer and I were speculat ing about 
where t h e  automatic t h r o t t l e  system g e t s  i ts  various inputs,  whether it 
came from, f o r  example, the  tachometer, i t s e l f ,  t h e  Nl tachometer, o r  
from t h e  tachometer generator .  So we set up the a i r c r a f t  i n  t h e  auto- 
p i l o t  and i n  t h e  airspeed (autothrot t le)  mode. . . . allowed t h e  airspeed 
t o  s t a b i l i z e  (at t h e  preselected 257 KIAS) then se lec t ive ly ,  successively 
pulled t h e  Nl c i r c u i t  breakers on 1, 2,  3 engine." He f u r t h e r  s t a ted ,  
"We re ta ined a speed mode on t h e  enunciator. I w a s  s a t i s f i e d  a t  t h a t  
point  t h a t  t h e  pick up came a t  some other point  than t h e  gage i t s e l f ;  bu t  
t o  check fu r the r ,  I re tarded t h e  speed bug on t h e  airspeed ind ica to r  
s l i g h t l y  . . . I merely wanted t o  check t o  s e e  i f  the  t h r o t t l e  followed 
the  speed bug. I backed up t h e  speed bug approximately 5 knots,  and 
noticed t h a t  the  t h r o t t l e s  were re tarding s l i g h t l y .  I reached i n  and dis-  
engaged t h e  a u t o t h r o t t l e s  and turned t o  t h e  engineer and made some remark 
t o  him tha t  I was s a t i s f i e d  wi th  t h i s  funct ion and at t h a t  point  t h e  ex- 
plosion took place." 

The f l i g h t  engineer s t a t e d  t h a t  a f t e r  he  had pulled t h e  three  N l  
c i r c u i t  breakers, he saw t h e  cap ta in  engage t h e  a u t o t h r o t t l e s  and noted 
t h a t  t h e  t h r o t t l e s  responded t o  t h e  r e s e t t i n g  of t h e  speed bug. H e  
s t a t ed  t h a t  t h e  cap ta in  then disconnected t h e  a u t o t h r o t t l e  and tha t  he 
( the f l i g h t  engineer) reached up and r e s e t  t h e  N 1  c i r c u i t  breakers. H e  
believed t h a t  the  cap ta in  w a s  going t o  reset t h e  power at  t h i s  point  
but  could not remember i f  t h e  t h r o t t l e s  had been advanced when t h e  ex- 
plosion occurred. 

Following t h e  explosion, t h e  f l i g h t  engineer saw t h e  f i r e  warning 
l i g h t  i n  t h e  No. 3 engine f u e l  shutoff handle and observed tha t  o ther  
instruments on h i s  panel indicated various systems f a i l u r e s .  He  was  un- 
a b l e  t o  move the  No. 3 f u e l  shutoff handle. Af ter  severa l  unsuccessful 
attempts, t h e  f l i g h t  engineer ac t ivated  t h e  f i r e w a l l  shutoff handle and 
discharged two f i r e  extinguisher b o t t l e s  i n t o  t h e  No. 3 engine. 

H e  s t a t e d  t h a t  he rea l i zed  t h e  cabin was depressurizing so  he closed 
the  cabin outflow valve and ac t ivated  t h e  re lease  switch f o r  t h e  passen- 
gers '  oxygen masks. The f i r s t  o f f i c e r ,  who had been back i n  t h e  passen- 
ger  cabin,  returned t o  t h e  cockpit.  While t h e  door was  open, t h e  f l i g h t  
engineer noticed t h a t  t h e  cabin  was f i l l i n g  wi th  smoke. He a l s o  noted 
tha t  warning l i g h t s  on h i s  panel were indicat ing a f a i l u r e  of the  No. 3 
AC generator ,  No. 3 AC bus, and t h e  No. 3 DC bus. He s t a ted  t h a t  a l l  at- 
tempts t o  r e s t o r e  power on these  l i n e s  were unsuccessful.  He a l s o  noted 
f a i l u r e  indicat ions  f o r  t h e  No. 1 generator and t h e  l e f t  emergency AC 
bus. The o i l  pressure and t h e  hydraulic quant i ty  f o r  t h e  No. 1 engine 
were low. According t o  t h e  f l i g h t  engineer, t h e  cap ta in  switched on t h e  
emergency power, which res tored h i s  f l i g h t  instruments, and subsequently 
e l e c t r i c a l  power was res tored t o  the  No. 1 AC and DC buses. H e  s t a t e d  
t h a t  during t h e  approach, t h e  wing s l a t s  and f l a p s  operated normally, bu t  
t h a t  t h e  landing gear had t o  be extended by means of t h e  emergency 



extension lever .  Although t h e  No. 1 engine's o i l  pressure  and hydraulic 
quant i ty  continued t o  d e t e r i o r a t e  during the  descent and approach, both 
t h e  engine and t h e  system remained opera t ional  throughout t h e  emergency. 

It was reported t o  t h e  crew following t h e  landing t h a t  a male pas- 
senger, located i n  s e a t  17H, had been forced through a cabin  window a f t e r  
i t  had been dislodged from i ts frame by fragments from t h e  d i s in tegra ted  
No. 3 engine f a n  assembly. None of t h e  f l i g h t  a t tendants  s ta t ioned i n  
t h e  passenger cabin  witnessed t h i s  event nor were they made aware t h a t  
it  had occurred u n t i l  a f t e r  the  emergency landing. 

Statements from t h e  f l i g h t  a t tendants  who were i n  t h e  passenger 
cabin  and i n  t h e  lower ga l l ey  during t h e  engine d i s i n t e g r a t i o n  indicated 
t h a t  t h e  explosion was followed by blue-grey smoke i n  t h e  cabin  which be- 
came progressively more dense toward the  r e a r  of t h e  a i r c r a f t .  They a l s o  
reported t h a t  s h o r t l y  a f t e r  t h e  explosion, passenger oxygen masks were 
presented automatical ly i n  t h e  midsection of t h e  cabin,  but  t h a t  i n  o the r  
sec t ions  of t h e  cabin,  it  was almost 3 minutes before  t h e  masks dropped. 
I n  t h e  rear l e f t  s i d e  of the  cabin, t h e  masks d id  not deploy at  al l .  Pas- 
sengers seated i n  these  sec t ions  had e i t h e r  t o  pry t h e  oxygen conta iners  
open, o r  t o  move t o  other seats t o  obta in  oxygen masks. 

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

I n j u r i e s  Crew - Passengers Other - 
F a t a l  0 1 0 

Nonfatal 4 20 0 

None 8 95 

1.3 Damage t o  A i r c r a f t  

The a i r c r a f t  was damaged s u b s t a n t i a l l y  when t h e  No. 3 engine f a n  
r o t o r  assembly'disintegrated. Pieces of t h e  f a n  penetrated the  lower 
fuselage,  the Nos. 1 and 2 engine nacel les ,  and the  r i g h t  wing area.  One 
passenger window was s t ruck  by a fan  fragment and separated from the air- 
c r a f t  . 
1.4 Other Damage 

None. 

115 Crew Information 

The captain,  f i r s t  o f f i c e r ,  and f l i g h t  engineer were c e r t i f i c a t e d  
f o r  the f l i g h t .  (See Appendix B.) 



1.6 Ai rc ra f t  Information 

N60NA; a Douglas DC-10-10, was reg i s t e red  t o  National Ai r l ines ,  Inc.  
The a i r c r a f t  was c e r t i f i c a t e d  and maintained according t o  FAA procedures. 

1.7 Meteorological Information 

The weather i n  the  a rea  of the  accident was reported as:  10,000 
f e e t  sca t t e red  clouds wi th  a broken cloud c e i l i n g  of 25,000 f e e t .  The 
v i s i b i l i t y  a t  the  surface  was 60 miles, and t h e  wind was from 280Â at 18 
kn. wi th  gus t s  t o  20 kn. The a l t ime te r  s e t t i n g  a t  Albuquerque In ter -  
na t iona l  Airport  was 30 i n .  

1.8 Aids t o  Navigation 

Not applicable.  

1.9 Communications 

Radio communications between t h e  f l i g h t  and t h e  Albuquerque Center 
were l o s t  temporarily a f t e r  t h e  engine d is in tegra ted;  however, trhsmis- 
s ions  between t h e  f l i g h t  and t h e  Center were relayed by another National 
Ai r l ines  f l i g h t  which was i n  t h e  area.  Radio communications were rees- 
tablished wi th  Albuquerque Approach Control shor t ly  t h e r e a f t e r  and were 
s a t i s f a c t o r y  throughout t h e  remainder of t h e  approach and landing. 

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

Runway 26 a t  Albuquerque In te rna t iona l  Airport  i s  13,373 f e e t  long, 
300 f e e t  wide, and is  concrete surfaced. The f i e l d  e levat ion is  5,352 
f e e t .  

1.11 F l i g h t  Recorders 

The a i r c r a f t  was equipped wi th  a Lockheed Ai rc ra f t  Service (LAS) 
Model 209 d i g i t a l  f l i g h t  da ta  recorder (DFDR) s e r i a l  No. 135. The 
recorder w a s  undamaged i n  t h e  accident .  However, desp i t e  extensive read- 
out e f f o r t s  using e lec t ron ic  readout equipment, no meaningful da ta  could 
be re t r ieved from t h e  tape. A new tape was then placed i n t o  t h e  recorder ,  
and t e s t  da ta  were recorded and re t r ieved successfully.  

Although other  t e s t s  and examinations were conducted using t h e  o r ig i -  
nal  DFDR tape ,  no information was obtained. 

Testing of the  f l i g h t  da ta  acqu i s i t ion  u n i t  (FDAU) which was i n s t a l l e d  
i n  N60NA showed t h a t  desp i t e  some minor discrepancies,  t h i s  u n i t  was 
capable of s a t i s f a c t o r y  operation. 



Both t h e  DFDR and t h e  FDAU were r e i n s t a l l e d  on N60NA and ground 
t es ted .  The engine N 1  s e l f - t e s t  parameters and the  acce le ra t ion  para- 
meters were recorded, and the  readout indicated s a t i s f a c t o r y  operat ion of 
t h e  system. 

HAL maintenance procedures required t h a t  t h e  DFDR system be tes ted  
f o r  s a t i s f a c t o r y  operat ion every 2,000 hours of operat ion.  Records f o r  
t h e  DFDR on N60NA i n d i c a t e  t h a t  the  l a s t  test on the  system was performed 
on July  30, 1973. Resul ts  of tha t  test as indicated on t h e  appl icable  
maintenance record were a s  follows: 

"Failed t e s t .  Pg. 5 of 11 f a i l e d  accelerometer chs 
(checks) o ther  chs unre l i ab le  pg. 5 th ru  pg. 10" 

There was  no record t h a t  these discrepancies had been corrected.  

Testimony from NAL maintenance personnel indicated t h a t  t h e  DFDR and 
t h e  FDAU w e r e  last t e s ted  using e lec t ron ic  t e s t i n g  equipment. When the  
system did not pass t h e  t e s t ,  the  DFDR and FDAU were replaced wi th  other 
s tock u n i t s ,  and these  u n i t s  were tes ted .  When these  u n i t s  a l s o  f a i l e d ,  
i t  was assumed t h a t  t h e  test equipment was f a u l t y  and t h e  o r i g i n a l  u n i t s  
were again i n s t a l l e d  i n  N60NA. Reportedly, t h e  s e l f - t e s t  f e a t u r e  of the  
system was tes ted ,  and i t  indicated t h a t  t h e  system was operat ing s a t i s -  
f a c t o r i l y .  These same DFDR components remained i n  N60NA u n t i l  a f t e r  the  
accident .  

The a i r c r a f t  was equipped wi th  a Sundstrand (VCOD) Model V-557 cock- 
p i t  voice recorder (CVR). The f i n a l  22:45.5 minutes of the  tape  were 
transcribed.  

The following excerpt from the  t r a n s c r i p t  begins 48 seconds before 
t h e  engine f a i l u r e  and c o n t i n u e s f o r  about 2 minutes 22 seconds there- 
a f t e r  : 

LEGEND 

CAM Cockpit Area Microphone 

- 1 Voice Iden t i f i ed  a s  Captain 

-3 Voice Iden t i f i ed  a s  F l i g h t  Engineer 

INTRA-COCKPIT 

TIME & 
SOURCE CONTENT 

00:OO.O Wonder ---, wonder i f  you p u l l  the  N,, 
CAM-3 tach w i l l  t h a t ,  --- a u t o t h r o t t l e  respond 

t o  N ? 1 



00:ll.S Gee, I don't know 
CAM- 1 

00:lZ.O You want to try it and see? 
CAM- (1 or 3) 

00:14.0 
CAM- (1) 

00:24.0 
CAM-3 

CAM- (1) 

00:28.0 
CAM- 1 

CAM- ? 

CAM- 1 

00:36.0 
CAM- 1 

00:38.0 
CAM-1 or 3 

00 :47 .O 
CAM- 1 

00:48.0 
CAM 

00:48.0 
CAM 

00:49.5 
CAM- 1 

00:SS.S 
CAM-? 

00:57.5 
CAM 

00:57.5 
CAM 

Yeah, let's see here 

you're on speed right now though 

Yeah 

You know what I mean if your annunciated 
speed --- if you got, --- 
Still got 'em 

Well --- --- haven't got it --- 
There it is 

I guess it does 

Yea, I guess 'It "does Ã‘ right 
on the nose 

Sound of explosion ((simultaneous with 
word "nose" above) ) 

Ratcheting sound begins 

# (Goldy) what was that? 

Ratcheting sound ends 

Sound similar to rush of air begins 



CAM 

02:34.5 
CAM 

Okay, t h a t ' s  i t  

Sound of severa l  c l i c k s  

Sound s imi la r  t o  rush of air flow 
ceases. 

1.12 Ai rc ra f t  Wreckage 

Examination of t h e  a i r c r a f t  a t  Albuquerque revealed t h a t  t h e  No. 3 
powerplant d i s in tegra ted  s u b s t a n t i a l l y  at t h e  f i r s t  s t age  f a n  assembly. 
(See Appendix D., -- Photographs of a i r c r a f t  and engine.) The major com- 
ponents which separated i n  f l i g h t  included t h e  nose cowl, t h e  fan  blade 
containment r ing ,  and 32 of t h e  38  f i r s t  s tage  f a n  blades. The bulk of 
these  p a r t s  were recovered i n  t h e  dese r t  a rea  near Socorro and were re-  
turned t o  Albuquerque f o r  examination. ~ r o m  Albuquerque, they were ship- 
ped t o  t h e  engine manufacturer's f a c i l i t y  (General E l e c t r i c  Company) f o r  
de ta i l ed  inspection and evaluat ion by t h e  Safety Board. 

The nose cowl ( i n l e t  duct) was i n t a c t .  It had broken away along 
the  a f t  a t t a c h  a rea ,  and t h e  a f t  por t ion  had been crushed on ground im-  
pact. Numerous blade fragments had penetrated through t h e  inner b a r r e l  
of t h e  cowl. The outer  b a r r e l  was punctured i n  e igh t  locat ions .  

The porous sheet  from t h e  f i r s t  acoust ic  panel,  extending from 
12:OO 31 t o  4:00, was missing from the  nose cowl. It had been t o r n  
lengthwise a t  12:30. A p iece  of t h i s  porous sk in ,  about 230 square 
inches i n  area ,  was found r e s t i n g  agains t  the  f a n  o u t l e t  guide vanes. 

The f a n  blade containment r i n g  was recovered i n  an opened-up and 
twisted configurat ion.  It separated at the  7:00 pos i t ion ,  and t h e  en- 
tire r i n g  appeared t o r n  and d i s t o r t e d ,  wi th  considerable abrasion along 
the  inner surface  of t h e  r ing .  Of t h e  12 b o l t s  t h a t  a t t a c h  t h e  nose cowl 
t o  t h e  containment r i n g ,  only por t ions  of 5 b o l t s  were recovered. The 
f r a c t u r e  surfaces  of t h e  b o l t s  showed evidence of f a i l u r e  i n  shear. The 
12 attachment b o l t  ho les  had deformed i n  various d i rec t ions .  The pre- 
dominant forces ,  however, as shown on both t h e  nose cowl and t h e  con- 
tainment r ing ,  were i n  t h e  d i r e c t i o n  of engine ro ta t ion .  

Twenty-four f a n  b lade  roo t  sec t ions ,  each wi th  a d i f f e r e n t  amount 
of b lade  remaining, including t h e  six blades which remained i n  t h e  f a n  
disk,  were recovered. Damage t o  t h e  blade r o o t s  and f a n  d i s k  showed 
forward movement p a s t  t h e  blade res t ra in ing  devides and out  of t h e  s l o t  
f o r  each of t h e  18  blades which had departed t h e  engine. For each of 

31 A l l  locat ions  he re in  designated i n  reference  t o  block posi t ions  a r e  - 
as viewed from t h e  r e a r  of t h e  powerplant looking forward toward the  
f r o n t  of the  a i r c r a f t .  



the  six blades t h a t  remained i n  t h e  d isk ,  t h e  damage indicated  some 
rearward movement i n  the  s l o t .  

The N1 s h a f t  had a s p i r a l  f r a c t u r e  near the  forward end and was 
bent s l i g h t l y  i n  t h e  crack area. 

Main bearings Nos. 1, 4 ,  5 ,  6, and 7 were found i n  near serviceable  
condition. The Nos. 2 and 3 main bearings had dis in tegra ted .  There was 
no evidence of p r e f a i l u r e  d i s t r e s s  i n  t h e  engine mounts, i n  t h e  high pres- 
su re  compressor, o r  i n  e i t h e r  of t h e  tu rb ine  assemblies. The f u e l  nozzles 
and t h e  combustion a rea  showed no abnormalities. The f u e l  con t ro l  u n i t  
was bench tes ted  and was capable of normal operation. 

Examination of t h e  No. 1 engine revealed tha t  i t  had been s t ruck  by 
fragments from t h e  No. 3 engine f a n  assembly. One f a n  blade sec t ion  had 
punctured through and protruded out  o f ,  t h e  f a r  s i d e  of t h e  engine o i l  
tank. E l e c t r i c a l  wiring from t h e  No. 1 generator constant  speed d r i v e  
(CSD) u n i t  was severed. One f a n  blade t i p  sec t ion  was found i n  t h e  
bottom of t h e  cowling i n  t h i s  area.  

The torque values on t h e  cowl t o  containment r i n g  b o l t s  were measured 
t o  determine i f  they w e r e  wi th in  336 t o  384 inch-pounds, t h e  prescribed 
torque range. Only 1 of the  12 b o l t s  was found t o  be wi th in  these  t o l e r -  
ances. Three b o l t s  were above t h e  torque range, while t h e  remaining 
e igh t  were below. When a l l  t h e  b o l t s  were retorqued t o  336 inch-pounds, 
t h e  overhang on 10 b o l t s  was more than t h e  prescribed maximum. 

Examination of t h e  No. 2 engine revealed t h a t  it a l s o  had been 
s t ruck  by fragments from the  No. 3 f a n  assembly and had been abraded i n  
t h e  area of the  f a n  blade shroud. There was a l s o  leading edge damage t o  
two f a n  blades,  and the re  was a small p iece  of the f a n  b lade  embedded i n  
t h e  f r o n t  sec t ion  of t h e  nose cowl. Engine i n t e r i o r  inspect ion by bore- 
scope revealed a s tage  compressor blade wi th  one small nick and a s t a g e  
7 blade wi th  two small nicks. 

The a i r c r a f t  s t r u c t u r e  exhibited numerous punctures and t e a r s  i n  t h e  
lower fuselage sk in ,  primari ly i n  t h e  a rea  of the  No. 3 engine. The 
lower fuselage s k i n  had been punctured i n  six..areas, each ranging between 
170 and 540 square inches. Other small punctures and s k i n  damage were 
found i n  the  r i g h t  wing along the  inboard leading edge and t h e  fuselage 
f i l l e t  area. One puncture on t h e  underside of the r i g h t  wing extended 
i n t o  t h e  inboard f u e l  tank. 

A window panel ,  located at  s t a t i o n  1129, was missing. The outer  
pahel,  inner panel,  window s e a l  acoust ic  panel ,  and seal had separated 
from t h e  a i r c r a f t .  The anacoustic s e a l  support was cracked along t h e  
forward edge of t h e  window, from above t h e  hor izonta l  c e n t e r l i n e  t o  t h e  
lower edge vertical center l ine .  Three of t h e  e ight  window panel  r e ta in -  
ing c l i p s ,  two on t h e  upper forward s ide ,  one on t h e  lower forward s i d e ,  



were broken a t  o r  near t h e  end of t h e i r  adjus t ing s l o t s .  A l l  ad jus t ing 
screws were t i g h t  and i n  place.  There w a s  a l s o  a depressed s k i n  tear i n  
the  ou te r  landing a t  t h e  window cen te r l ine .  

The hydraulic l i n e s  f o r  t h e  No. 3 system, located i n  t h e  r i g h t  hand 
wing f i l l e t  area, were t o r n  and 'severed. The s l a t  extend l i n e  from hy- 
d rau l i c  system No. 1 was dented and s l i g h t l y  crushed. The Nos. 1 and 3 
system hydraulic r ese rvo i r s  were empty. The No. 2 hydraulic r ese rvo i r  
was found a t  i t s  normal ( fu l l )  level. 

The con t ro l  cables  f o r  r i g h t  e levator  "up" and rudder t r i m  "nose 
l e f t "  were severed and inoperable. 

Examination of cockpit c i r c u i t  b r e a k e r  panels and e l e c t r i c a l  con t ro l  
panel showed t h a t  a l l  c i r c u i t  breakers (C/BVs) were s e t ,  except f o r  t h e  
DC bus 1 C/B which was i n  t h e  "tripped" posi t ion .  The t h r e e  AC bus t ie  
re lay  switches on t h e  f l i g h t e n g i n e e r ' s  panel were i n  the  "norm" posi t ion .  
No lockouts were found on the  corresponding bus- t ie  r e lays  and a l l  were 
i n  the  "closed" posi t ion .  The t h r e e  DC bus t ie  switches were found i n  
the  "open" posi t ion .  Because of t h e  damage t o  t h e  generator feeder cables  
on the  No. 3 engine, the  f e r r y  f l i g h t  fromAlbuquerque t o  Long Beach was 
conducted without having t h e  No. 3 generator connected. A l l  systems 
operated normally off the  AC t i e  bus t o  t h e  No. 3 AC bus and t o  t h e  r i g h t  
emergency bus during t h i s  f l i g h t  and i n  t h e  subsequent ground t e s t s  t h a t  
were conducted a t  the  Douglas A i r c r a f t  Company. 

Power f o r  e l e c t r i c a l  deployment of passenger oxygen masks i s  obtained 
from t h e  th ree  AC e l e c t r i c a l  buses. The No. 1 bus powers a l l  masks for-  
ward of fuse lage  s t a t i o n  816; No. 2 bus powers t h e  masks f o r  t h e  midcabin 
and t h e  right-hand s e a t s  forward of fuselage s t a t i o n  1281. A l l  o ther  
passenger mask posi t ions  a r e  powered f r o m t h e  No. 3 bus. 

Inspection of the passenger cabin  a t  Albuquerque showed t h a t  t h e  
r i g h t  a f t  cabin,  midcabin, and forward cabin  masks had deployed. The 
l e f t  a f t  cabin  masks had not deployed. When t h e  No. 3 bus was powered 
during ground checks, these  masks deployed s a t i s f a c t o r i l y .  

The pneumatic duct from t h e  No. 3 engine t o  t h e  cen te r  accessory com- 
partment was severed i n  t h e  right-hand wing f i l l e t  a rea .  Two holes, each 
about 4 square inches,  were found i n  the  pneumatic duct  i n  t h e  center  
accessory compartment leading t o  t h e  No. 3 air conditioning pack. Three 
holes,  each between 2 and 3 square inches, were found i n  t h e  pneumatic 
duct i n  t h e  cen te r  accessory compartment leading t o  the  No. 1 a i r -  
conditioning pack. 

Before t h e  examination of t h e  a i r c r a f t  a t  Albuquerque, t h e  b a t t e r y  
was removed. It was not determined whether DC e l e c t r i c a l  power was ap- 
p l ied  t o  t h e  b a t t e r y  bus before  o r  during the, removal of t h e  ba t t e ry .  



Wiring in the No. 3 engine nacelle had separated or Kad torn loose 
at the AC generator. Also at the forward part of the right wing fillet 
area, four of the six No. 3 generator feeder cables and the wiring to the 
differential current transformer were severed. Additionally, wiring 
between the No. 3 engine fuel flow transmitter and its associated fuel 
flow electronics unit was severed. 

Wiring was also damaged in the No. 1 engine nacelle. The lead be- 
tween the No. 1 engine fuel flow transmitter and the fuel flow elec- 
tronics unit was severed. 

The No. 3 AC generator bus tie relay switch was in the "norm" posi- 
tion and the relay was closed. The No. 3 DC bus tie relay switch was 
in the "open" position, and the relay was open. 

Instrument Readings 

Several photographs of the instrument panel and the flight engi- 
neer's panel were taken during the inspection of the aircraft at 
Albuquerque. Examination of these photographs revealed the following 
instrument displays: 

Pilot's Instrument Panel 

True AirspeedIStatic Air Temperature 

TAS 473 kn. 
SAT - 59" C 

Copilot's Instrument Panel 

MachIAirspeed Indicator 

Mach .824 
IAS 250 kn. 

Center Instrument Panel 

Engine No. 1 Pressure Ratio and Fuel Flow 

Engine No. 2 Pressure Ratio and Fuel Flow 

EPR 6.93 
FF Not indicated. 



Engine No. 3 Pressure Ratio and Fuel Flow 

Flight Engineer's Panel 

Engine No. 1 fue l  used-14,040 lbs. 
Engine No. 2 fue l  used-12,930 lbs. 
Engine No. 3 fue l  used-10,400 lbs. 

Total Fuel Quantity 00,400 lbs. 

Gross Weight 349,000 lbs. 

1.13 Medical and Pathological Information 

Five persons reported that they become unconscious a f t e r  the decom- 
pression. Three of the f ive  were standing and were active. The remaining 
two were seated i n  the lower galley area and l o s t  consciousness when they 
stood up t o  obtain supplemental oxygen. 

Twenty passengers and four crewmembers were examined a t  the mil i tary 
hospital a t  Kirtland A i r  Force Base. Ten persons were treated for  smoke 
inhalation, and ten  were treated for  barotrauma. 

1.14 Fi re  - 
Not applicable. 

1'. 15 Survival Aspects 

The missing passenger was forced through the cabin window near sea t  
location 17H. The window opening was 16 118- by 10 518 in. with curved 
corners of 4 112 i n ,  radius. Althoughthe seatbeltwasfastened, about 8 
inches of slack existed when it was fastened around a parson of the 
weight and build of the missing passenger. According t o  a witness, the 
occupant of the sea t  was pa r t i a l ly  forced through the  window opening and 
was temporarily retained i n  th i s  position by h i s  seatbelt .  Efforts to  
pul l  the passenger back in to  the airplane by another passenger were un- 
successful, and the occupant of seat  17Hwas subsequently forced ent i re ly  
through the cabin window. 

The New Mexico State Police and local  organization8 searched exten- 
sively for  the missing passenger. A computer analysis was made of the 
possible fal l ing t ra jec tor ies  which narrowed the search pattern. How- 
ever, the search e f fo r t  was unsuccessful, and the body of the passenger 
was not recovered. 



To t h e  passengers, t h e  cabin  decompression sounded l i k e  a loud explo- 
sion. The cabin  f i l l e d  wi th  a blue-grey smoke, which became progressively 
more dense toward the  rear of t h e  cabin. The DC-10 is  equipped wi th  
emergency supplemental oxygen f o r  a l l  cabin occupants. Oxygen generating 
u n i t s  and appropriate dispensing equipment genera l ly  a r e  located i n  com- 
partments i n  one of t h e  seatbacks of each double s e a t  un i t .  The other  
seatbacks conta in  s torage  space f o r  l i f e v e s t s .  Oxygen u n i t s  a r e  a l s o  
located i n  compartment d iv ide r  p a r t i t i o n s  and a t  each f l i g h t  a t tendant  
s t a t ion .  I n t h e  ga l l ey ,  l ava to r ies ,  and above some f i r s t  row s e a t s  the  
u n i t s  are i n s t a l l e d  i n  c e i l i n g  compartments. 

The oxygen generators produce oxygen through t h e  thermal decomposi- 
t i o n  of sodium ch lo ra te  by chemical react ion.  When a lanyard, attached 
t o  t h e  oxygen mask, i s  pulled,  a p in  at t h e  end of t h e  lanyard f r e e s  a 
spring-loaded s t r i k e r  on t h e  oxygen generator  which i n  t u r n  i g n i t e s  t h e  
sodium ch lo ra te  core  and thereby generates heat  and produces oxygen. The 
oxygen i s  routed through a f i l t e r  and a supply hose i n t o  a r ese rvo i r  bag 
which is  attached t o  an inha la t ion  valve on t h e  f a c e  of t h e  oxygen mask. 
For s torage  purposes, t h e  rese rvo i r  bag is  folded i n s i d e  t h e  mask and t h e  
supply tubing is coi led  on top of t h e  bag. The e n t i r e  mask assembly is 
held i n  place on the  ins ide  of t h e  oxygen compartment door by a w i r e  
holder. The compartment doors are held closed by electromagnetic latch- 
ing devices which operate on a single-phase, 118 v o l t s  AC, 400-cycle 
e l e c t r i c a l  s ignal .  Various sec t ions  of t h e  passenger cabin  are supplied 
t h i s  AC e l e c t r i c a l  power, separa te ly  and independently, by one of t h e  
th ree  AC buses which comprise t h e  AC e l e c t r i c a l  system. The compartment 
door latching mechanism may a l s o  b e  operated manually by inse r t ing  a 
small diameter object  i n t o  an  opening i n  t h e  bottom edge of t h e  door. 

Statements from t h e  f l i g h t  a t tendants  and passengers indicated t h a t  
the  passenger oxygen masks were not  a l l  presented simultaneously. Depend- 
ing on t h e  cabin location,  t h e  time lapse  between t h e  start of t h e  decom- 
pression and t h e  presenta t ion of masks ranged from a few seconds t o  over 
3 minutes. Several f l i g h t  a t tendants  and some of t h e  passengers forced 
open t h e  oxygen compartment doors t o  obta in  oxygen. 

SO& of t h e  passengers reported t h a t  they did  not know how t o  use  
the  equipment. Some removed t h e  mask from t h e  compartment door, and 
leaned forward toward t h e  mask, r a t h e r  than pul l ing  t h e  masks toward them. 
This prevented t h e  lanyard from being pulled,  and consequently t h e  un i t  
was  not ac t ivated .  Other passengers stopped using t h e  masks, e i t h e r  be- 
cause they could not d i sce rn  oxygen flow or  the  rese rvo i r  bags d id  not 
i n f l a t e ,  o r  both, which caused them t o  be l i eve  t h a t  t h e  equipment was 
defective.  

At th ree  s e a t  locations,  t h e  oxygen generators were pulled from 
t h e i r  mountings and t h e  hot  cy l inders  (as high a s  547O F.) severely 
scorched s e a t  upholstery. One f l i g h t  a t tendant  attempted t o  pick up one 
of these  cyl inders  from a seat, and her f ingers  were burned severely. 



Most f l i g h t  a t tendants  c i rcu la ted  throughout t h e  cabin  t o  a id  passen- 
ge r s  wi th  t h e i r  oxygen equipment and t o  prepare them f o r  a poss ib le  emer- 
gency landing. Despite t h e  heavy i r r i t a t i n g  smoke i n  t h e  cabin, none of 
t h e  a t tendants  used t h e  por table  oxygen equipment. A few a t tendants  re-  
ported t h a t  they would occasionally take oxygen a t  individual  s e a t s  by 
using passengers' masks. 

I n  t h e  lower ga l l ey ,  two f l i g h t  a t tendants  were seated i n  t h e  juuip- 
s e a t  facing t h e  e leva to r s  when they heard t h e  explosion. They immediately - 
f e l t  a surge of air and saw napkins and pot  holders f l y  through t h e  
a i r  toward t h e  r e a r  of the  gal ley .  The doors t o  t h e  s to rage  and serving 
cart a reas  opened, and some of t h e  serving c a r t s  moved p a r t i a l l y  i n t o  
t h e  ga l l ey  area .  The personnel l i f t  dropped t o  the  lower ga l l ey  posi- 
t ion ,  and t h e  l i f t  access door opened. The f l i g h t  a t t endan t s  noticed 
tha t  t h e  overhead oxygen compartment was s t i l l  closed,  and they stood up 
t o  ob ta in  t h e  por tab le  oxygen equipment which was s tored behind t h e  es- 
cape ladder. Both f l i g h t  a t tendants  became unconscious before  they could 
reach the  equipment. One of them regained consciousness s h o r t l y  a f t e r -  
ward and was a b l e  t o  ge t  up t o  t h e  passenger cabin  by means of the  cart 
l i f t  . 

A l l  passengers were ins t ructed  about t h e  bracing p o s i t i o n  i n  prepara- 
t i o n  f o r  an  emergency landing a t  Albuquerque. The landing was r e l a t i v e l y  
uneventful,  and a f t e r  t h e  a i r c r a f t  stopped, t h e  f l i g h t  a t tendants  opened 
t h e  e x i t s  and deployed t h e  evacuation s l i d e s .  

The s l i d e  pack at t h e  l e f t  forward door f e l l  t o  the  f l o o r  of t h e  
cabin,  and t h e  f l i g h t  a t tendant  a t  t h a t  pos i t ion  threw i t  out  of t h e  
door. She noted t h a t  t h e  s l i d e  did not  i n f l a t e ,  whereupon she followed 
the  ins t ruc t ions  pr in ted  on t h e  f l a p  which covers the  g i r t  d i tching re- 
lease handle. The ins t ruc t ions  on t h e  f l a p  read: 

1. LIFT FIAP 

2. PULL HANDLE 

Immediately above t h i s  f l a p  are pr in ted  t h e  words: 

"FOR DITCHING ONLY" 

and a red handle labeled "PULL" i s  s i tua ted  t o  t h e  l e f t  
s i d e  of these  words. When t h e  f l a p  is pulled up, the  
words "TO RELEASE SLIDE" become v i s i b l e  and a white 
handle, labeled "PULL" is  s i tua ted  d i r e c t l y  below these 
words. Also, "TO INFLATE" is  pr in ted  below t h e  red handle. 

The f l i g h t  a t tendant  s t a t e d  t h a t  she  d id  not  see t h e  red i n f l a t i o n  
handle and the re fo re  followed t h e  i n s t r u c t i o n s  on t h e  g i r t  f l a p ,  l i f t e d  



the  f lap,  and pulled the handle. The s l i d e  was consequently jettisoned 
from the door sill.  The red inf la t ion  handle is  not immediately v i s i b l e  
t o  f l i g h t  attendants on an uninflated emergency s l i d e  because it is 
located beyond the door sill. 

The emergency s l ide  a t  the r igh t  forward door deployed normally but 
did not in f la te .  The f l i g h t  attendant a t  that  door pulled the manual in- 
f l a t ion  handle, and the s l i de  inf la ted properly. A l l  other emergency 
s l ides  deployed and inf la ted automatically. However, the s l i d e  a t  the 
r igh t  werwing e x i t  did not deploy across the engine pylon but remained 
on top of the  wing and was  useless. The a i r c ra f t  was evacuated without 
major d i f f i c u l t i e s  i n  about 60 seconds through six of the eight cabin 
exi ts .  

1.16 T e s t  and Research 

1.16.1 Autothrottle System Study 

Postaccident examination of the a i r c r a f t  CVR and testimony given a t  
the public hearing indicate tha t  the crew was using the automatic t h r o t t l e  
system for  th rus t  control a t  or shortly before the engine fai led.  The 
evidence fur ther  disclosed that the captain and the f l i g h t  engineer, a f t e r  
speculating about the e f fec ts  of interrupting cer ta in  e l ec t r i ca l  c i r c u i t s  
upon au to thro t t le  system operation, pulled the c i r c u i t  breakers to  observe 
the resu l t s .  The c i r cu i t  breakers were subsequently reset .  The exact 
t i m e  sequence of reset t ing the c i r c u i t  breakers and the disintegration of 
the engine fan assembly was not established. 

The DC-10 a i r c r a f t  has two independent autothrottle/speed control 
systems which a re  usually engaged separately. When operating i n  the auto- 
land node, both systems a r e  engaged and operate t o  provide the required 
degree of redundancy. 

The au to thro t t le  system is  designed t o  automatically position the  
th ro t t l e s  t o  maintain e i ther  a selected airspeed o r  a thrust-level sched- 
u le  based on the engine low-pressure compressor rotat ional  speed (N1). 
The heart o f  the system is  the autothrottlefspeed control (ATISC) com- 
puter. This un i t  accepts inputs from the central  a i r  data computer 
(CADC), the thrus t  ra t ing computer (TRC), engine speed sensors, a i r c r a f t  
a t t i t ude  and acceleration sensors, control surface posit ion sensors, and 
other s ignif icant  parameter transducers and provides the proper output 
t o  an e l e c t r i c a l  servo which drives the thro t t les .  The p i l o t  engages 
e i ther  or both systems and se lec ts  the desired operating mode, i.e., N l  
o r  airspeed from an autothrot t le  control panel located on the instrument 
panel g la re  shield. The desired airspeed is a lso  selected on t h i s  panel. 

The TRC accepts pertinent a i r  data and generates a signal which cor- 
responds to  the maximum engine N 1  l imit  allowable fo r  a par t icular  opera- 
t ing mode selected by the p i lo t ,  i .e.,  takeoff, climb, cruise,  maximum 



continuous t h r u s t ,  o r  go-around. This N l  l i m i t  es tabl ished by the  TRC 
con t ro l s  t h e  upper l i m i t  of t h e  AT/SC author i ty .  A se lec ted  airspeed. 
which would requ i re  th rus t  I n  excess of t h a t  developed a t  t h e  appropriate 
N l  l i m i t  w i l l  cause the t h r o t t l e s  t o  advance only t o  t h e  pos i t ion  which 
corresponds t o  t h e  established NL l imi t .  

Thus, i n  speed mode operat ion,  t h e  AT/SC system dr ives  the  t h r o t t l e s  
t o  a pos i t ion  which n u l l s  out  t h e  e r r o r  between t h e  se lec ted  airspeed and 
the  CADC airspeed input. A s  t h e  t h r o t t l e s  advance, an engine N l  s i g n a l  
generated by t h e  N 1  f a n  speed sensor through t h e  N1 RPM ind ica to r ,  i s  c o p  
pared with t h e  s i g n a l  which corresponds t o  t h e  TRC N 1  l imi t .  When t h i s  
e r r o r  reaches n u l l ,  t h e  t h r o t t l e  s tops  advancing regardless  of the  ex i s t -  
ing airspeed e r ro r .  When operating i n  t h e  N 1  mode, t h e  AT/SC system 
d r i v e s  the  t h r o t t l e s  t o  a pos i t ion  where engine Nl is maintained a t  t h e  
TRC Nl l i m i t .  

The automatic t h r o t t l e  speed con t ro l  system was examined 
t h e o r e t i c a l l y  t o  determine the  e f f e c t s  on system operat ion produced when 
the  crew pulled access ib le  c i r c u i t  breakers. 

The examination revealed t h a t  t h e  a u t o t h r o t t l e  system can move t h e  
t h r o t t l e  levers t o  a maximum t h r o t t l e  quadrant pos i t ion  under c e r t a i n  
condit ions.  The condit ions vary depending on t h e  a u t o t h r o t t l e  operat ing 
mode selected.  - I f  t h e  Nl mode i s  i n  use and t h e  c i r c u i t  breakers f o r  a l l  
three  N 1  tach ind ica to r s  a r e  opened, t h e  t h r o t t l e s  w i l l  advance t o  t h e  
mechanical s top.  I f  t h e  speed mode is se lec ted  and t h e  t h r e e  N 1  c i r c u i t  
breakers a r e  opened, t h e  t h r o t t l e s  can advance without l i m i t ,  i f  an  air- 
speed e r r o r  is sensed which wouldrequ i re  t h r u s t  appl ica t ion.  

These Nl tach  c i r c u i t  breakers are access ib le  t o  t h e  f l ightcrew,  
s ince  they a r e  located on t h e  f l i g h t  compartment overhead panel. Basic- 
a l l y ,  these c i r c u i t s  provide the s i g n a l  proport ionate t o  engine speed, 
which is  compared wi th  t h e  N1 l imi t ing  s i g n a l  es tabl ished by t h e  TRC t o  
control  a u t o t h r o t t l e  system author i ty .  When these  c i r c u i t s  a r e  opened, 
the N 1  e r r o r  s i g n a l  cannot be nulled and t h e  l imi t ing  au thor i ty  is 
removed. 

The rate a t  which t h e  t h r o t t l e s  w i l l  advance i n  response t o  auto- 
t h r o t t l e  system command was a l s o  studied.  I n  t h e  Nl mode, t h e  t h r o t t l e s  
advance at  an  angular rate measured a t  t h e  c o n t r o l  pedes ta l  quadrant of 
3O/sec. I n  t h e  speed mode, a sa tura ted  speed e r r o r  of 16 kn. causes t h e  
t h r o t t l e s  t o  move forward at  6O/sec. A speed e r r o r  s igna l  of less magni- 
tude produces slower t h r o t t l e  motion. I f  t h e  t h r o t t l e s '  pos i t ions  cor- 
resp.ond t o  t h e  maximum l i m i t  es tabl ished by t h e  t h r u s t  r a t i n g  computer f o r  
c r u i s e ,  i.e., 98.5 percent N 1  when t h e  t h r e e  c i r c u i t s  are opened, a 
sa tura ted  speed e r r o r  would cause t h e  t h r o t t l e s  t o  move t o  t h e  forward 
stop wi th in  2 seconds. 



1.16.2 Engine Operating Parameters and Limitat ions 

The l i m i t s  approved by t h e  FAA f o r  continuous operat ion of t h e  GE 
CF6-6D engine with se rv ice  B u l l e t i n  31-7 incorporated, under a l l  environ- 
mental condit ions,  speci fy  t h e  maximum low-pressure compressor speed (N1) 
as 111 percent of the  reference  rating-, and t h e  maximum high-pressure 
c o q r e s s o r  speed @I2) as 101 percent of t h e  reference  ra t ing .  

The engine l i m i t s  normally imposed upon a u t o t h r o t t l e  au thor i ty  a s  
es tabl ished by t h e  TRC f o r  39,000 f e e t  pressure a l t i t u d e  and a t o t a l  a i r  
temperature (TAT) of -30' C were obtained f o r  t h e  se lec tab le  operat ing 
modes. These l i m i t s  a r e  as follows: 

Takeoff - 102.8 percent N 1  
Go Around - 101.8 percent N 1  
Max Continuous - 100.8 percent  N1 
C l i n i b  - 100.6 percent  Nl 
Cruise - 98.5 percent Nl 

The -30' C TAT corresponds t o  a s t a t i c  a i r  temperature (SAT) of 
-5g0 C wi th  an indicated airspeed of 255 kn. 

The engine parameters shown on t h e  DC-10-10 c r u i s e  con t ro l  t a b l e s  
f o r  t h e  No. 3 engine, Ion range c r u i s e  opera t ion at  39,000 f e e t ,  a 
standard day SAT of -56.5 C and an a i r c r a f t  weight of 300,000 lbs .  are 
as follows: 

Mach Mi 
IAS 

Nl 
MSR 

M2 
EPR 
Fuel  Flow 
EGT 
TAT 
TAS 

.819 
255 kn. 
96.2 percent 
99.1 percent 
89.3 percent 
5.25 
4,104 l b s  . /hr  . 
687O C 
27.4O C 
470 kn. 

Those values f o r  f u e l  flow and engine pressure  r a t i o  which were evi- 
dent  on t h e  instrument photos were examined t o  determine compat ib i l i ty  
and t o  e s t a b l i s h  a r e la t ionsh ip  wi th  t h e  speci f ied  l imi t s .  The estimated 
parameters l i s t e d  below were based on an ext rapola t ion of GE CF6-6D 
engine d a t a  f o r  t h e  39,000 f e e t  pressure a l t i t u d e ,  -5g0 C SAT, and 473 
kn. TAS condition. 

Other engine parameters estimated t o  correspond wi th  f u e l  flow 
values : 



Engine 1 Engine 2 Engine 3 

Nl - 108.7 percent - Nl - 107.7 percent 
N2 - 97.8 percent - N2 - 97.1 percent 
EGT - 824O C - EGT - 812' C 
EPR - 7.39 - EFR - 7.23 

Other engine parameters estimated to  correspond with EPR values: 

Engine 1 Engine 2 Engine 3 

Nl - 106.9 percent Nl - 106.5 percent N i  - 106.0 percent 
N2 - 96.5 percent N - 96.2 percent N2 - 95.8 percent 
EGT - 803' C E&T - 797O C EGT - 793O C 
FF - 6,243 lbs./hr. FF - 6,117 lbs./hr. FF - 6,033 1bs.lhr. 

1.16.3 General Electr ic  Company Analysis of CVR Tape 

A t  the  request of the Safety Board, the General Electr ic  Company 
conducted a sound spectral  examination of the recorded sounds on the CVR 
tape from N60NA. Because of d i f f i c u l t i e s  i n  matching the recorder head 
spacing of the or ig ina l  CVR tape t o  the laboratory recording equipment, 
the Safety Board recorded the cockpit area microphone (CAM) channel data 
onto a standard 114-in. tape a t  3 112 IPS. This tape was used for  the 
study. 

Through a process of sound f i l t r a t i o n  and special  photographic 
methods, predominant resonances were ident i f ied for  the t i m e  base being 
examined. The ident i ty  of the No. 3 engine was established through an 
engine sound signature frequency tha t  was picked up during the beginning 
of the explosive sounds and which terminated shortly thereafter.  Two 
additional engine sounds could subsequently be detected but could not be 
ident i f ied individually by engine position. The three engine sounds 
were traced back t o  time 00:OO ( a l l  times correspond to  the times l i s t ed  
i n  the CVR t ranscr ipt)  by visual ly  tracking the i r  resonance traces. 

The ~ e n e r a l  Electr ic  report  s ta tes :  "This study does not purport 
to  have extreme accuracy and there could be variations of a small magni- 
tude result ing from interpretat ion and possible CVR speed variations and 
tape f l u t t e r  . . . . A  summarization of t h e r e s u l t s  of t h i s  study are  as  
follows: 

"At time 00:00, the speed l i n e  of the No. 3 engine is  a t  97% 
and another speed l i ne ,  believed to  be the superimposed speeds 

the Nos. 1 and 2 engines, i s  a t  96.5% N . These frequencies 
remain s tab le  and constant u n t i l  t i m e  00:24, commensurate with the 
voice on the CVR 'you're r igh t  on speed r igh t  now though'.. At 
t h i s  t i m e  the speed l ines  increase i n  pa ra l l e l  with the No. 3 
engine, which is the higher, reaching 100% Nl. 



"The next ac t iv i ty  s t a r t s  a t  time 00:31 when both speed l ines  
decrease i n  para l le l  about 37,. The No. 3 engine then, almost imme- 
d iately,  s t a r t s  a ser ies  of random osci l la t ions of speed between 
94%" and 100% N l  with smoothness reappearing a t  about 00:44. During 
th i s  period of random osc i l la t ion  of the No. 3 engine, the No. 1 
and No. 2 engines' speed l ine  remains stable. 

'The No. 3 engine's speed l ine  s t a r t s  another osc i l la t ion  
a t  time 00:47 reaching a speed of 99% N a t  the s t a r t  of the f i r s t  
bang a t  t i m e  00:48. The acceleration of the engine is linear and 
reaches about 110% N a t  t i m e  00:49.42 whereupon the No. 3 engine 
N i  can no longer be A etected. 

'The other two engine sounds appear t o  evolve out of the lower 
speed l ine  as  previously discussed a s  a probable superimposition 
of these two frequencies. The f i r s t  of these engines appears t o  
s t a r t  i ts  acceleration during the period r e l a t ive  quiet following 
the f i r s t  bang and a t  time 00~39.42 has achieved a speed of about 
100% N l .  Acceleration appears to be complete i n  about seven seconds 
of elapsed time with the speed s tabi l iz ing a t  approximately 100.57, 
N . The other of the remaining engines appears t o  s t a r t  accelera- 
t ing a t  time 00:50.2 and reaches s tab i l iza t ion  i n  about eight sec- 
onds a t  about 107% Nl. The two remaining engines continue to  
operate a t  these speeds u n t i l  t i m e  01:14.6 whereupon a substantial  
speed reduction is made and the engine sounds a re  no longer dis- 
cernible. 

"The acceleration r a t e  (maximum slope) was calculated for each 
engine from measurement of time and frequency change. These a re  a s  
follows: Engine No. 3 - 266 rw/min/sec; the f a s t e r  engine (of the 
remaining two) - 129 rev/min/sec; and the slower engine - 
96 rev/min/sec . 'I 
According t o  the General Electr ic  study, a maximum acceleration r a t e  

of 238 rev/min/sec had been achieved as  a resu l t  of a complete fan s t a l l .  
The acceleration r a t e  of the other two engines corresponds t o  a value 
s l ight ly  less than that  calculated for a 3O/sec. t h ro t t l e  advance. The 
condition required t o  achieve the acceleration r a t e  of the No. 3 engine 
is t o  unload or  block the fan a i r  flow. 

The supplemental conclusions l i s ted  i n  the report  a re  summarized as  
follows: 

1. The speed of the No. 3 engine was 99 percent N l  a t  the t i m e  of 
the i n i t i a l  explosive sound. 

2. The No. 3 engine accelerated following the i n i t i a l  explosive 
sound a t  a r a t e  of 266 rev/min/sec., which requires a severe re- 
s t r i c t i o n o f t h e  enginefanair  flow i n  order t o  be achieved. 



3 .  The two remaining engines were accelera ted  t o  a h igh power s e t -  
t i n g  very shor t ly  a f t e r  i n i t i a l  explosive sound and remained a t  
t h i s  high power u n t i l  26.6 seconds a f t e r  the  i n i t i a l  explosive 
sound. 

4. The No. 3 engine exhibited random speed f luc tua t ions  of 6 per- 
cent  Nl before  the  i n i t i a l  explosive sound. 

5. The No. 3 engine gearbox and e l e c t r i c a l  systemwere disabled 7 
seconds a f t e r  t h e  i n i t i a l  explosive sound. 

6. Engines No. 1 and No. 2 d id  not exceed t h e  l i m i t  speed of 111 
percent N i .  The speed of engine No. 3 was no longer d i sce rn ib le  
a f t e r  achieving 110 percent .Nl during accelera t ion,  hence the  
maximum speed a t ta ined could not  be  determined. 

1.16.4 Douglas A i r c r a f t  Company Analysis of cVR Area Microphone Signals  

The Douglas A i r c r a f t  Company conducted an indepth study of t h e  sounds 
found on t h e  cockpit a rea  microphone t o  analyze and i n t e r p r e t  these  sig- 
nals. The s t a ted  object ives  of the  study were: (1) Establ ish  t h e  
c h a r a c t e r i s t i c s  of t h e  CAMICVR and, i n  tu rn ,  t h e  c h a r a c t e r i s t i c s  o r  
l imi ta t ions  of t h e  system i n  providing engine re la ted  evidence, and (2) 
determine engine speeds, character  of t h e  massive f a i l u r e  sounds, and the  
nature of other sounds relative t o  t h e  No. 3 engine f a i l u r e .  

The source of t h e  N60NA. CVRICAM s i g n a l s  was a 2-channel, 114-in. re- 
cording tape which was re-recorded from t h e  o r i g i n a l  CVR t ape  by t h e  
National Transportat ion Safety Board. Two ana lys i s  tapes were prepared 
from t h i s  tape and were used i n  t h e  processing displaying techniques em- 
ployed i n  t h i s  study. 

Several supplementary tests w e r e  conducted during t h e  study t o  ac- 
qu i re  comparative da ta  from which t o  e s t a b l i s h  CAM/CVR i n s t a l l a t i o n  
c h a r a c t e r i s t i c s  and performance and t o  determine t h e  type and l e v e l  of 
engine-related tones i n  the  cockpit  during f l i g h t  and ground operat ion.  
Most of these t e s t s  u t i l i z e d  mult iple cockpit  acoust ic  recording systems. 

The s ign i f i can t  conclusions outl ined i n  t h e  Douglas study a r e  as 
follows: 

1. The l a rge  value of observed tape speed v a r i a t i o n  of t h e  CAM/CVR 
system l i m i t s  the  capab i l i ty  of t h e  system t o  reproduce any 
type of d i s c r e t e  frequency tones. The narrow acoust ic  f re -  
quency range of t h e  system f u r t h e r  l i m i t s  the  tone c a p a c i l i t y  
r e la ted  t o  engine speeds during c r u i s e  f l i g h t .  

2. Engine-speed-related tones cannot be  detected i n  t h e  cockpit 
during high-al t i tude c r u i s e  f l i g h t  with t h e  CAMICVR, o r  



even wi th  precis ion f l i g h t  test acoust ic  recordingJreproducing 
systems, coupled wi th  advanced s p e c t r a l  analys is  systems. This 
is because a 1 engine speed tone levels a r e  much lower than t h e  
background noise levels. Engine-speed-related tones w e r e  de- 
tected during low-altitude low-Mach f l i g h t  t e s t ing .  

The major por t ion  of acoust ic  energy, during t h e  massive f a i l u r e  
period,  occurred i n  the  f i r s t  200 milliseconds and was the  only 
time of sustained high-level noise  i n  t h e  f i r s t  10 seconds of 
t h e  f a i l u r e  period. 

The cockpit  v ib ra to ry  noise (ratcheting sounds), 4 t o  6 seconds 
a f t e r  t h e  start of t h e  massive f a i l u r e  period, corresponds wi th  
cockpit equipment noises during heavy cockpit  v ibra t ion.  The 
v ib ra to ry  frequency corresponds t o  excited modes of t h e  wing/ 
pylon and fuselage excited by a steadily-decreasing-frequency 
source from 22 t o  16 Hz. 

The cockpit  flow noise,  which began about 10 seconds a f t e r  t h e  
start of t h e  massive f a i l u r e ,  i s  s imi la r  t o  t h e  noise made by 
cockpit  pressure-demand oxygen masks discharging automatical ly 
i n  the  100 percent oxygen mode. This i d e n t i f i c a t i o n  is sub- 
s t a n t i a t e d  wi th  a cabin decompression ca lcula t ion.  

1.16.5 Previous CF6 Engine F a i l u r e s  

Two previous CF6 engine f a n  f a i l u r e s  were brought t o  t h e  a t t e n t i o n  of 
t h e  Safety Board during i ts inves t igat ion.  Both of these  f a i l u r e s  occurred 
during test-cell operat ion,  but  t h e  s i m i l a r i t i e s  between the  f a i l u r e  modes 
found i n  these  engines and t h e  f a i l u r e  mode of t h e  No. 3 engine i n s t a l l e d  
on N60NA are valuable f o r  comparison purposes. 

The f i r s t  f a i l u r e  occurred during t e s t - c e l l  operat ion of a CF6-6 en- 
gine,  SIN 451-141, a t  t h e  American A i r l i n e s  Tulsa Maintenance Base on 
November 15, 1972. The engine had been removed from se rv ice  on November 
2, 1972, because of  a number of maintenance writeups concerning high 
vibra t ion.  A t  t h e  time of removal, i t  had a time s ince  new of 2,045 hours. 

At t h e  tine of the  f a i l u r e ,  t h e  engine was undergoing test f o r  t r i m  
balance of t h e  f a n  ro to r .  The engine was set at  maximum continuous power 
wi th  an  Nl f a n  speed of 3,308 RPM, core  speed 9,200 RPM, and f a n  vibra- 
t i o n  of 7.1 mils.  After  3 minutes of these  condit ions,  a loud explosion 
was heard ,  and it was found t h a t  t h e  i n l e t  and exhaust cone had separated 
from t h e  engine and t h a t  a l l  f a n  blades had been released from t h e  fan  
d isk .  The engine and t h e  test c e l l  were damaged considerably. 

This f a i l u r e  was  inves t igated  by representa t ives  of American A i r -  
l i n e s ,  Douglas A i r c r a f t  Conpany, and General E lec t r i c .  It was found t h a t  



5 of t h e  11 b o l t s  used t o  a t t a c h  t h e  i n l e t  bellmouth t o  the  engine became 
fat igued over 15 t o  50 percent  of t h e i r  cross-sect ions.  These b o l t s ,  
located over t h e  upper half  of t h e  bellmouth-to-engine a t t a c h  sec to r ,  
then f a i l e d ,  and t h e  other b o l t s  f a i l e d  by.tension/bending. The b e l l -  
mouth pivoted about t h e  7:00 loca t ion  forward and down t o  t h e  l e f t ,  and 
then f e l l  t o  t h e  test c e l l  f l o o r .  

It was fu r the rde te rmined  t h a t  t h e  d is turbed a i r f low i n t o  t h e  f a n  
caused dynamic a c t i v i t y  t o  t h e  f a n  blades. The dove ta i l ,  shank, and 
platform regions of a l l  38 blades were recovered e s s e n t i a l l y  i n t a c t ,  
together wi th  s u b s t a n t i a l l y  a l l  o ther  por t ions  of t h e  blades. There 
was evidence of severe b lade  t i p  rub and shingl ing of f a n  blade midspan 
shrouds. Also, the re  was evidence of a x i a l  racking of t h e  f a n  blades i n  
t h e i r  dove ta i l  s l o t s .  

These a c t i v i t i e s  caused forward motion of t h e  f a n  blades,  shearing 
of a x i a l  r e t e n t i o n  hooks, excessive a x i a l  load agains t  t h e  r o t o r  spinner,  
and f i n a l l y ,  s u f f i c i e n t  forward a x i a l  displacement of t h e  blades f o r  
blade and d i s k  dove ta i l  tangs t o  shear,allowing a l l  38 blades t o  leave 
the  r o t o r .  

The r o t o r  unbalance from t h e  i n i t i a l  r e l e a s e  of t h e  f a n  blades over- 
loaded the  No. 1 bearing and i t s  outer  r a c e  f a i l e d .  Multiple impacts of 
f a n  blades burs t  t h e  containment casing and t o r e  i t  from t h e  engine. 
Debris from t h e  f a n  a rea  was ingested by t h e  core  compressor and caused 
damage throughout. 

The second test-cell f a i l u r e  occurred on January 12, 1973, t o  a 
model CF6-50 production engine, SIN 455-201. The purpose of t h e  s p e c i a l  
engineering test was t o  inves t iga te  t h e  cause of f a n  blade shingling 
which occurred previously during t h e  o r i g i n a l  production engine run. 
Special  v ib ra t ion  instrumentation, a high speed movie camera, TV camera, 
sound recording equipment, and stroboscopic l i g h t  equipment were in- 
s t a l l e d  t o  a id  i n  studying fan-blade behavior. For t h i s  test, t h e  
o r i g i n a l  hardware had been returned t o  t h e  engine. 

Engine operat ion was normal t o  t h e  po in t  where f a i l u r e  had occurred. 
The inves t iga t ion  repor t  showed t h a t  the  f a i l u r e  occurred during an a t -  
tempted acce le ra t ion  t o  3,983 Nl RFM. Dis in tegra t ion  occurred at  3,742 
RFM. The f a i l u r e  was i n i t i a t e d  by the  rubbing between t h e  f a n  r o t o r  and 
casing. Vibratory response of the  ro to r  was s u b s t a n t i a l l y  synchronized 
wi th  t h e  casing so  t h a t  t h e  rubbing a c t i o n  fed  r o t o r  energy i n t o  both 
r o t o r  and s t a t o r .  The coincident  e x c i t a t i o n  which fed energy i n t o  t h e  
blade system produced high blade-t ip forces ,  which pushed t h e  blade out  
of i t s  dove ta i l  f i t t i n g  and led  t o  the  u l t ima te  f a i l u r e .  The e n t i r e  f a n  
r o t o r  separated from t h e  engine; t h e  f a n  s t a t o r ,  case, and bellmouth a l s o  
separated from t h e  engine. 

The probable f a i l u r e  sequence was  summarized i n  p a r t ,  a s  follows: 



- Fan t i p s  rubbed t h e  abradable shroud. 

- Fan case v ib ra t ion  response was a 6-wave mode t ravel ing a t  112 
f a n  speed' i n  the  d i r e c t i o n  of f a n  ro ta t ion .  

- Vibratory response of the  r o t o r  was subs tan t i a l ly  synchronous 
wi th  the  s t a t o r  so  t h a t  rubbing ac t ion  fed r o t o r  energy i n t o  both 
the  ro to r  and s t a t o r ,  r e su l t ing  i n  a rapid increase  i n  amplitude 
i n  both r o t o r  and s t a t o r .  

- Amplitude of r o t o r  and s t a t o r  response continued t o  bui ld  up. 
High blade t i p  forces  generated by the  rubbing ac t ion ,  together 
wi th  fore-and-aft rocking of t h e  blades i n  t h e  doveta i l ,  forced 
t h e  blades forward agains t  blade hooks and bul le tnose .  

- F i r s t  fan  blades l e f t  the  d isk ,  causing a l a rge  unbalance, which 
f a i l e d  b o l t s  a t taching No. l b e a r i n g  unbalance, which f a i l e d  
b o l t s  a t taching No. 1 bearing t o  bearing support cone. 

1.16.6 Evacuation S l ide  Study 

A study was conducted t o  determine the reasons f o r  t h e  f a i l u r e  of 
t h e  two forward door s l i d e s  t o  i n f l a t e  automatically and f o r  t h e  f a i l u r e  
of t h e  r i g h t  overwing escape s l i d e  t o  t r ack  properly across  t h e  engine 
pylon. 

It was determined t h a t  t h e  deployment s t r a p s  on the  forward l e f t  
door container were not rigged properly and tha t  one of t h e  s l i d e s  on the  
forward doors had an improper f i r i n g  handle assembly. The r i g h t  overwing 

' s l i d e  d id  not incorporate an optional  modification (PIC0 Service B u l l e t i n  
25-35) which recommended t h e  i n s t a l l a t i o n  of a length of velcro  tape f o r  
improved s l i d e  tracking during deployment. 

National Ai r l ines  maintenance records showed tha t  evacuation s l i d e  
AA002 had been i n s t a l l e d  on t h e  r i g h t  forward door while s l i d e  AA007 was 
i n s t a l l e d  on the l e f t  forward door. Examination of these  s l i d e s  showed 
t h a t  s l i d e  AA007 had been used extensively by evacuating passengers and 
t h a t  slideAA002 had not been used. Since t h e  l e f t  forward door had n o t .  
been used during t h e  evacuation, i t  w a s  concluded t h a t  these two s l i d e s  
had been reversed during i n i t i a l  i n s t a l l a t i o n  o r  while maintenance had 
been performed on them. The maintenance records showed t h a t  r e p a i r s  had 
been made on s l i d e  AA007 which included repa i r  of mult iple holes i n  the  
f a b r i c  and t h e  i n s t a l l a t i o n  of a new air b o t t l e .  There were no r e p a i r s  
indicated f o r  s l i d e  AA002. The r e p a i r s  on s l i d e  AA007 may, therefore ,  
account f o r  t h e  i n s t a l l a t i o n  of an improper f i r i n g  handle assembly. 



1.17 Other Information 

The procedures to be followed in the event of a generator bus failure 
are contained in the emergency and abnormal procedures manual carried on 
the aircraft. The applicable procedures outlined in this manual are as 
follows: 

"GENERATOR BUS FAILURE 

NOTE : If Captain's instruments are inoperative, utilize First 
Officer's and standby instruments. 

During critical phase of flight, 
EMER WIS. Sw . . . . . . . . . . . . . . . . .  ON 

CAUTION: With emergency power sw ON, airplane battery cannot be 
relied upon for more than thirty minutes. 

NOTE : If Captain's flight instruments and engine instruments 
are not restored, move emergency power sw to OFF and 
operate without affected bus. 

CONDITION 1 
GENERATOR BUS HAD BEEN OR SHOULD BE POWERED BY 

ASSOC IATED GENERATOR 

DC TIE Sw(s) . . . . . . . . . . . . . . . . . . . . .  Close 
GEN Control Sw . . . . . . . . . . . . . . . . . . . .  RESETION 
RESET Sw . . . . . . . . . . . .  GEN RLYIBUS TIE RLY LOCKOUT 

o IF AC BUS OFF LT IS NOW OFF or there is other evidence 
that power has been restored to the generator bus: 
Continue this procedure. 

o IF AC BUS OFF LT IS ON and failed generator bus had not 
been restored: 
Continue flight with affected circuits inoperative. 

NOTES: If generator bus 1 is not restored, move fuel quantity 
indicator power switch to ALTK. 

If generator bus 2 is not restored, move fuel system 2 
forward tank pump sw to ON and right aft tank pump ew 
to OFF. 

If generator bus 3 is not restored, select fuel system 
tank p q s  as required. 



AC Load Meters . . . . . . . . . . . . . . . . . . . . . .  NORMAL 
o IF ASSOCIATED GENERATOR IS NOW SUPPLYINS RESTORED 

GENERATOR BUS : 

Continue t h i s  procedure. 

o IF ASSOCIATED GENERATOR IS NOT SUPPLYING RESTORED 
GENERATOR BUS: 

Continue f l i g h t  wi th  generator o f f .  Restore dc t i e  sws 
as required.  

. . . . . . . . . . . . . . . . . . .  PARALLEL GENS Button PUSH 

I f  generator p a r a l l e l i n g  system is inoperat ive,  confirm 
p r e f e r e n t i a l  c i r c u i t .  Verify AC bus t i e  sw f o r  a f fec ted  
channel is  i n  NORM. Move ac bus t ie  sw(s) (associated 
wi th  o ther  operating engines) toISOL. Return ac bus t i e  
sw(s) t o  NORM. 

AC BUS TIE ISOL LT 

o IF AC BUS TIE ISOL Lt REMAINS ON: 

Continue t h i s  procedure. 

o IF AC BUS TIE ISOL L t  IS OFF: 

The ac channel has been restored.  Restore dc t i e  sws 
as required. 

ELEC SYS RESET Sw . . . . . . . . . . . . . . . . . . .  BUS FAULT 

PARALLEL GEMS Button . . . . . . . . . . . . . . . . . .  PUSH 

I f  generator  pa ra l l e l ing  system is  inoperat ive,  disregard 
t h i s  step. Restore dc t ie  sws as required. 

AC BUS TIE ISOL Lt . . . . . . . . . . . . . . . . . . . .  OFF 

I f  ac bus t i e  is01 It remains on, continue f l i g h t  with 
generator  out  of p a r a l l e l .  

DC TIE Sws . . . . . . . . . . . . . . . . . . . . . . . .  AS REQD. 



CONDITION 3 

GEHERATOR BUS HAD BEEN OR SHOULD BE POWERED BY AC TIE BUS 

DCTIESw(s) . . . . . . . . . . . . . . . . . . . . . . .  CLOSE 

ELEC SYS RESET Sw . . . . . . . . . .  BUS RLY/BUS TIE RLY LOCKOUT 

AC BUS OFF Lt . . . . . . . . . . . . . . . . . . . . . .  OFF 

o IF AC BUS OFF LT REMAINS ON: 

Continue t h i s  procedure. 

o IF AC BUS OFF Lt AMD AC BUS TIE ISOL LT ARE OFF: 

Restore dc tie sws as required.  

ELECT SYS RESET Sw . . . . . . . . . . . . . . . . . . .  BUS FAULT 

AC BUS OFF Lt . . . . . . . . . . . . . . . . . . . . . .  OFF 

o IF AC BUS OFF LT AND AC BUS TIE ISOL LTS ARE OFF: 

Restore dc t i e  sws a s  required. 

o IF AC BUS OFF LT AND AC BUS TIE ISOL LTS REMAIN ON: 

Continue f l i g h t  wi th  af fec ted  c i r c u i t s  inoperative." 

2. ANALYSIS AND CONCLUSIONS 

2.1 Analysis 

Fan Tip Rub 

The r e p o r t s  of t h e  two test-cell engine f a i l u r e s  a s s i s t e d  the Safety 
Board's understanding of t h e  f a i l u r e  of t h e  No. 3 engine on N60NA. I n  
each of these  f a i l u r e s ,  a l l  of the  f a n  blades were displaced from t h e i r  
f a n  d isk  s l o t s .  Other s i m i l a r i t i e s  between t h e  two cases were: (1) A l l  
blades were l o s t  i n  rapid succession. (2) The blades moved forward 
under s u f f i c i e n t  dr iv ing fo rce  t o  shear blade r e t a i n e r s  and t h e  r o t o r  
spinner and t o  overcome dove ta i l  f r i c t i o n .  (3) There was evidence of 
blade rocking motion during t h e  forward displacement. (4) Individual  
blade f a i l u r e  i n  every ins tance  resu l t ed  from impact wi th  surrounding 
s t ruc tu res  a f t e r  separat ion.  (5) Dis in tegra t ion occurred simultaneously 
wi th  a rapid accelera t ion of t h e  engine. 



I n  both t e s t - c e l l  f a i l u r e s ,  t h e  mechanism which allowed l o s s  of the  
f a n  blade was the  same-the i n t e r a c t i o n  of t h e  f a n  r o t o r  and t h e  fan  case  
during resonance between t h e  two during multiwave vibra t ions .  The bas ic  
d i f ference  between t h e  two f a i l u r e  sequences was t h e  a c t i o n  t h a t  preceded 
t h e  severe rub between t h e  f a n  blade t i p  and t h e  f a n  case ,  which i n  turn ,  
i n i t i a t e d  t h e  des t ruc t ive  in te rac t ion .  I f  t h e  second t e s t - c e l l  f a i l u r e ,  
(SIN 455-201) the  rub occurred "spontaneously" during an  acce le ra t ion  
under unusual t e s t  condit ions (including i n t e n t i o n a l l y  reduced blade t i p  
clearance).  I n  t h e  f i r s t  t e s t - c e l l  f a i l u r e ,  (SIN 454-141) t h e  f a n  was 
a l s o  accelera ted ,  b u t  was p rec ip i t a ted  by a severe f a n  s tal l  caused by 
l o s s  of t h e  t e s t  c e l l  bellmouth from the  engine. The consequent rapid 
fan  accelera t ion and a x i a l  excursion of t h e  f a n  blade t i p s  caused t h e  rub 
and the  ensuing l o s s  of blades. 

Regardless of t h e  t r igger ing element i n  t h e  o v e r a l l  f a i l u r e  sequence 
a f t e r  t h i s  type of ro to r / case  v ib ra t ion  begins, t h e  v ibra tory  forces  and 
t h e i r  des t ruc t ive  e f f e c t s  take  p lace  rapidly .  I n  t h e  f a i l u r e  ana lys i s  of 
engine 455-201, about 0.24 sec. elapsed between i n i t i a t i o n  of t h e  r o t o r /  
case  v ib ra t ion  and l o s s  of t h e  f i r s t  f a n  blade. A l l  remaining blades were 
l o s t  wi th in  3 revolutions,  o r  0.05 sec. l a t e r .  

From the  above da ta ,  GE calculated a time sequence of f a i l u r e  appli-  
cable t o  t h e  SIN 454-141 t e s t - c e l l  f a i l u r e .  Their analys is  indicated 
t h a t  a l l  f a n  blades were released about 0.92 sec. a f t e r  the  bellmouth had 
separated at  t h e  top s u f f i c i e n t l y  t o  s t a l l  the  fan. Some engine p a r t s  
from t h e  d i s in tegra t ion  reached t h e  f l o o r  before the  bellmouth did. 

Examination of. N60NA1s No. 3 engine revealed no ind ica t ion  of f a i l -  
ure  o r  malfunction wi th in  t h e  engine sec t ion  o r  f a n  assembly which could 
have caused t h e  d i s in tegra t ion .  The only damage t o  t h e  engine was a t -  
t r i b u t a b l e  t o  t h e  fo rce  e f f e c t s  of t h e  32 f a n  blades when they exited 
t h e i r  d i s k  s l o t s .  

Examination of t h e  f a n  blades and d i s k  and fan-blade r e t e n t i o n  de- 
vices revealed t h a t  t h e  blades were forced out  of t h e i r  s l o t s  by extremely 
high dynamic forces.  However, the re  was no evidence of a mechanical f a i l -  
u re  which could have caused t h e  f a n  blades t o  e x i t  t h e  d i s k  s l o t s  i n  such 
a manner. Moreover, a mechanical f a i l u r e  alone could not have caused t h e  
type of b lade  release exhibited. Without t h e  high vibra tory  e f f e c t s  ac t -  
ing t o  reduce the  extremely high cen t r i fuga l  forces  on t h e  f a n  blades and 
increasing t h e  forward a x i a l  loading on t h e  blades,  t h e  fan  blades could 
not have exi ted  t h e i r  s l o t s .  I n  t h i s  respect ,  t h e  mechanism of t h e  blade 
l o s s  w a s  t h e  same a s  the  mechanism i n  the  two t e s t - c e l l  f a i l u r e s .  

Thus, from the  t e s t - c e l l  experience and from a t h e o r e t i c a l  stand- 
point ,  a rapid  f a n  acce le ra t ion  together with a consequent fan- t ip  rub 
condit ion and a multiwave-vibratory condi t ion  would be  necessary i n  order 
f o r  t h e  32 f a n  blades t o  e x i t  a s  they did .  The v ib ra t ions ,  involving t h e  



interact ion between the fan rotor  and the fan case a re  necessary t o  pro- 
vide the fan blade "unloading." Without the interaction, a blade operat- 
i n g a t  high power could not move forward and out of i t s  disk s lo t .  The 
f r i c t iona l  "grip" of the blade against the rad ia l ly  outward surfaces of 
i t s  s l o t ,  which r e su l t s  from the centrifugal force of about 113,000 
pounds, would normally be greater than any force attempting t o  move the 
blade forward i n  i ts  s lo t .  Thus, i n  order for  the blade t o  move forward 
and past i ts  three mechanical re tainers ,  a unique interaction, during 
which a very rapid blade vibratory force (loading/unloading) must take 
place. The reason, or reasons, fo r  the onset of these vibrations,  then, 
would const i tute  the primary cause of the engine disintegration. 

The a i r c ra f t  was i n  level  f l i g h t  a t  39,000 fee t  when the No. 3 engine 
fan assembly disintegrated. Shortly before the disintegration, the cap- 
t a in  had engaged the automatic th ro t t l e  speed control system, and he and 
the f l i g h t  engineer had speculated about the e f fec t ' tha t  pulling the three 
MI tachometer c/B's would have on the  ATS operation. 

According t o  the captain and f l i g h t  engineer, the airspeed mode was 
selected on the autothrot t le  control panel and the cruise  mode was 
selected on the TRC. After the airspeed stabilized, the f l i g h t  engineer 
pulled the three N 1  tachometer C/B1s,  which a re  located on the f l i g h t  
compartment overhead emergency c i r cu i t  breaker panel. The captain 
stated that  he retarded the speed bug t o  decrease speed 5 kn. i n  order 
t o  determine whether the t h r o t t l e  would respond to such a command; a f t e r  
watching the th ro t t l e  levers retard,  he disengaged the autothrot t le  
system. Both crewmembers t e s t i f i ed  that the engine f a i lu re  occurred iin- 

mediately a f t e r  disengagement of the autothrot t le  system. The f l igh t  en- 
gineer rese t  the N 1  tachometer c i r c u i t  breakers; the exact sequence of 
h i s  action with engine f a i lu re  could not be determined. 

It is d i f f i c u l t  t o  r e l a t e  the procedures described by the crew with 
the engine fai lure .  It must be assumed that  the a i r c r a f t  was reasonably 
s tab le  and maintaining an airspeed close t o  the commanded airspeed when 
the f l i g h t  engineer pulled the N 1  C/B1s.  Although t h i s  act ion would have 
removed the limiting authority imposed on the autothrot t le  system by the 
TRC c i rcu i t ry ,  the t h r o t t l e  levers would move forward only i f  an airspeed 
error  existed which would require additional thrust. I f  such an error 
did ex is t ,  the t h r o t t l e  levers would have moved a t  a r a t e  which i s  deter- 
mined by the magnitude of the error.  

Since the captain and f l igh t  engineer were interested i n  determining 
t h r o t t l e  response with the c i r cu i t  breakers pulled, they probably would 
have observed and acted t o  prevent an undesirable thrust  increase. The 
captain's action t o  retard the speed bug should have produced a retarding 
motion of the t h r o t t l e  levers. 

It is, therefore, hard t o  rat ional ize engine operation outside of 
the  normal cruise envelope. The engine instrumentation does, however, 



imply tha t  such a condi t ion  occurred. After  the f l i g h t ,  t h e  operat ion of 
the  engine-pressure r a t i o  and fuel-flow ind ica to r s  w a s  examined with re- 
spect  t q  t h e  wiring damage. The d i g i t a l  readout on t h e  engine-pressure- 
r a t i o  ind ica to r s  remained i n  t h e  last pos i t ion  a t t a ined  before  removal of 
e l e c t r i c a l  power. Since a l l  th ree  ind ica to r s  a r e  powered from t h e  No. 3 
AC generator bus, a l o s s  of bus-power would e f f e c t i v e l y  f reeze  t h e  EFR 
indicat ion when power was l o s t .  The Safety Board bel ieves  tha t  t h e  NOS 
3 AC generator power was l o s t  a s  a r e s u l t  of wiring damage i n f l i c t e d  when 
t h e  f a n  d is in tegra ted .  Therefore, EPR reading noted during t h e  a i r c r a f t  
examination a f t e r  t h e  accident should have been va l id  at  t h e  i n s t a n t  of 
engine f a i l u r e .  These readings were 7.07, 6.99 and 6.93 f o r  the  Nos. 1, 
2,  and 3 engines, respect ively .  Furthermore, i f  the  wires  between t h e  
f u e l  flow t ransmit ter  and f u e l  e l ec t ron ics  un i t  were severed, t h e  d i g i t a l  
counter of t h e  f u e l  flow ind ica to r  w i l l  f r eeze  a t  t h e  l a s t  indicated 
reading. Such wiring damage was evident i n  both the  Nos. 1 and, 3 engine 
nacelles.  The f u e l  flow indicat ions  of 6,640 lbs . /hr .  and 6,420 lbs. /hr .  
f o r  the  Nos. 1 and 3 engines, respect ively ,  a r e  compatible with the  cor- 
responding engine pressure r a t i o s  indicated f o r  these  engines. This com- 
p a t i b t l i t y ,  along wi th  the  s i m i l a r i t y  of the  values f o r  the  three  engines. 
appears t o  be  more than coincidenta l .  Thus, it  is s t rongly  indicated t h a t  
the  engines were o p e r a t i n g a t a n  abnormally high power s e t t i n g  a t  t h e  time 
of f a i l u r e .  

Possible Triggering Mechanisms 

Possibly, t h e  cap ta in  inadver tent ly  advanced t h e  levers  beyond the  
required s e t t i n g s  while manually r e s e t t i n g  the  t h r o t t l e  l evers  without 
the  Nl tachometer o r ,  t h e  a u t o t h r o t t l e  system may s t i l l  have been i n  
operat ion and t h e  t a r g e t  airspeed was a t  a higher s e t t i n g  than t h e  pre- 
va i l ing  airspeed,  which caused a s igna l  f o r  increased th rus t .  Because of 
the  lack of evidence t o  support e i t h e r  of these  postula t ions ,  no pos i t ive  
determination can be assessed. 

It ismost  important, however, thattheindicatedpowersetting, although 
higher than t h a t  required f o r  t h e  c r u i s e  condit ion and beyond t h e  normal 
a u t o t h r o t t l e  system l i m i t s ,  was sti l l  wi th in  the  c e r t i f i c a t e d  maximum al- 
lowable operating l i m i t s  speci f ied  f o r  t h e  CF6-6D engine. Furthermore, 
a t  39,000 f e e t ,  under a normal c ru i s ing  environment, i t  i s  d i f f i c u l t  t o  
conceive of any condi t ion  under which engine l i m i t s  can be exceeded, even 
wi th  maximum t h r o t t l e  lever travel. Therefore, t o  apply p a r t i c u l a r  s igni -  
f icance t o  t h e  engine power s e t t i n g  wi th  regard t o  t h e  f a n  d i s i n t e g r a t i o n  
would be pure conjecture. 

One must quest ion whether operat ion at  an engine speed g rea te r  than 
encountered normally but  less than speci f ied  l i m i t s  i s  explored adequately 
during t h e  a i r c r a f t  c e r t i f i c a t i o n  process. The p o s s i b i l i t y  of untested 
v ibra tory  modes caused by t h e  i n t e r f a c e  between t h e  engine and t h e  a i r -  
frame must, therefore ,  be considered as a t r igger ing device f o r  such 



f a i l u r e .  To determine other poss ib le  t r igger ing devices of t h e  engine 
d i s in tegra t ion ,  t h e  CVR sound s p e c t r a l  analyses developed by G.E. and 
Douglas were studied. 

I n  t h e  G.E. ana lys i s ,  bas ic  t i m e  coincided wi th  t h e  i n i t i a l  00:OO.O 
time a s  presented i n  t h e  CVR t r a n s c r i p t ,  a t  which point  t h e  f l i g h t  engi- 
neer s t a t e d ,  ". . . wonder i f  you p u l l  t h e  N 1  tach  (C/B) w i l l  t h a t ,  auto- 
t h r o t t l e  respond t o  Hi?" A t  t h i s  same time t h e  analys is  shows the  No. 3 
engine speed t o  be 97 percent N1. This engine speed would have been al- 
most normal f o r  t h e  c r u i s e  f l i g h t  condit ions a t  t h a t  time. Twenty-four 
sec. later, t h e  N 1  speed increases  t o  100 percent ,  and t h e  o ther  two en- 
g ines  increase  p a r a l l e l  t o  t h i s  speed. The most obvious explanation f o r  
t h i s  genera l  increase  i n  engine power i s  t h a t  i t  resu l t ed  from t h e  auto- 
t h r o t t l e  system. 

The ana lys i s  a l s o  shows tha t  between t i m e s  00:31 and 00:44 sec. t h e  
No. 3 engine N, speed o s c i l l a t e d  a t  random between 94 and 100 percent.  
The o the r  two engines maintained Nl s t a b i l i t y .  A t  00:48, when the  explo- 
s ion  sounded, t h e  No. 3 engine speed was 99 percent N i  and accelerated t o  
a lmost  110 percent Nl a t  00:49.42, a f t e r  which t h i s  engine sound is no 
longer detec table .  The other  two engines accelerated t o  high power set- 
t i n g s  (109.5 percent and 107 percent Nl) s h o r t l y  a f t e r  t h e  i n i t i a l  explo- 
s ion  and remained at  t h i s  s e t t i n g  f o r  26.6 sec.  

Again, t h e  acce le ra t ion  of t h e  engine t o  these  high power s e t t i n g s  
would suggest t h a t  t h e  a u t o t h r o t t l e  system was s t i l l  opera t ional ,  but  
without the  benef i t  of t h e  thrus t - l imi t ing fea tu re .  However, t h e  p i l o t  
could have set t h e  t h r o t t l e s  manually beyond t h e  required t h r u s t  pos i t ion .  
However, t h e  cap ta in  did not t e s t i f y  t h a t  he  manually advanced t h e  Nos. 1 
and 2 power l evers  immediately a f t e r  t h e  explosion, and i t  is  inconceiv- 
a b l e  t h a t  he would have elected t o  increase  power under those condit ions.  

It cannot be determined what e f f e c t  t h e  unrestrained N l  acce le ra t ion  
had on t h e  No. 3 d i s in tegra t ion ;  however, it  is  highly coincidenta l  t h a t  
both test-cell f a i l u r e s  occurred during rapid  accelera t ions .  Moreover, 
t h e  January 1973 t e s t - c e l l  f a i l u r e  occurred at  an N1 speed of about 109 
p e r c e n t ~ t h e  same approximate N 1  speed as t h e  subject  engine at  t h e  t i m e  
of f a i l u r e .  The Safe ty  Board does not imply t h a t  these  f a n  speeds are 
hazardous. The prescribed N 1  opera t ional  l i m i t a t i o n  is  111 percent ,  a l -  
though t h e  assembly is designed t o  withstand much g rea te r  speeds. I n  
t h i s  case ,  t h e  nominal N 1  speed of the  No. 3 engine was most probably ex- 
ceeded because of t h e  combination of a v i b r a t i o n  o r  some o the r  extremely 
rare condition. 

For example, t h e  G.E. sound spectral ana lys i s  ind ica tes  random os- 
c i l l a t i o n s  of t h e  No. 3 engine, which began about 17 sec. before  the  ex- 
plosion. These o s c i l l a t i o n s  suggest an i n l e t  air disturbance o r  turbu- 
lence e f f e c t ,  which i n t u r n  caused theN1 cycling. Aswas noted during t h e  



examination of t h e  nose cowl, a l a rge  por t ion  of the  inner pe r fo ra ted  
l i n e r  (between t h e  12:00 and 4:00 posi t ions)  had been to rn  away and was 
found i n  t h e  engine aga ins t  t h e  o u t l e t  guide vanes. One theory is t h a t  
t h e  inner  l i n e r  worked loose, disrupted a i r f low i n t o  t h e  fan ,  and i n i -  
t i a t e d  the  f a i l u r e .  The accelera t ion r a t e ,  a s  ca lcula ted  f o r  t h a t  
engine which showed a 266 rev/min/sec. maximum s lope between t h e  time of 
the  i n i t i a l  explosion and t h e  l o s s  of d i sce rn ib le  sounds from t h e  engine, 
support t h i s  theory. According t o  supplementary da ta  supplied by G.E. ,  
a maximum acce le ra t ion  r a t e  of 238 rev/min/sec. could be expected from a 
complete f a n  s t a l l ,  but  t o  achieve t h e  266-rev/min/sec. r a t e ,  a i r f low t o  
the  f a n  would have t o  b e  r e s t r i c t e d  severely. 

To f u r t h e r  support t h e  theory, the  G.E. sound spectrograph shows 
tha t  t h e  explosive sound of t h e  engine f a i l u r e  was a c t u a l l y  composed of 
two separa te  and d i f f e r e n t  explosive sounds and wi th in  a c l o s e  time re- 
la t ionsh ip  t o  each other .  The f i r s t  sound could conceivably b e  t h e  mis- 
s ing piece  of i n l e t  duct  acoust ic  l i n e r  tearing loose and allowing t h e  
fan  t o  acce le ra te  suddenly as a r e s u l t  of a i r f low disruption.  However, 
extensive examination of t h e  recovered por t ions  of t h i s  l i n e r  i n d i c a t e s  
t h a t  t h e  f a i l u r e  of t h e  bonding was caused by shear and not by tension.  
This, then, would i n d i c a t e  t h a t  t h e  l i n e r  was sheared from i ts bonding by 
fragments of t h e  d i s in tegra t ing  f a n  and not t o r n  loose before  fan-blade 
re lease .  Moreover, t h e  fragment damage t o  t h e  honeycomb mater ia l  where 
t h e  l i n e r  is missing appears t o  have been made whi le  the  l i n e r  was s t i l l  
i n  place,  which would a l s o  tend t o  r e f u t e  the  p o s s i b l i t y  t h a t  t h e  l i n e r  
separated before the  engine d is in tegra ted .  

I n  addi t ion ,  the Douglas sound s p e c t r a l  ana lys i s  shows t h a t  t h e  
major por t ion  of acoust ic  energy occurred i n  the  f i r s t  200 mil l iseconds 
and was  t h e  only time of sustained high-level noise i n  t h e  f i r s t  10 sec- 
onds of the  f a i l u r e .  Thus, t h e  massive f a i l u r e  occurred instantaneously 
and was not preceded by a separate explosive sound. 

A second theory was t h e  p o s s i b i l i t y  t h a t  t h e  nose cowl separated o r  
began t o  separa te  from i t s  engine mounting before the  engine d is in tegra ted .  
Such a condi t ion  would expla in  t h e  t r igger ing device of t h e  f a i l u r e  and 
would be  s imi la r  t o  t h a t  of t h e . f i r s t  t e s t - c e l l  engine, s i n c e  t h e  l o s s  of 
a nose cowl i n  f l i g h t  would have r e s u l t s  s imi la r  t o  t h e  l o s s  of t h e  be l l -  
mouth i n  t h e  t e s t  cell. Conceivably, t h e  f i r s t  explosive sound could 
have been t h e  nose cowl tear ing away from the  engine. The nose cowl 
had, i n  f a c t ,  separated i n  f l i g h t  and was r e l a t i v e l y  undamaged except f o r  
impact crushing on the  a f t ,  o r  attachment, end and fragmeitpunctures 
sca t tered  throughout t h e  b a r r e l .  There was  evidence of f r e t t i n g  o r  work- 
ing found on a l l  of t h e  attachment f i t t i n g  surfaces ,  which would ind ica te  
tha t  the re  was at  l e a s t  some looseness between t h e  cowl and i t s  mounting 
surface. However, t h e  deformed b o l t  holes  a t  t h e  12 attachment f i t t i n g s  
ind ica te  t h a t  a l l  of t h e  b o l t s  were i n  p lace  when t h e  cowl separated 
from t h e  containment r ing .  The deformations a l s o  ind ica te  t h a t  t h e  con- 
tainment r i n g  ro ta ted  i n  t h e  d i r e c t i o n  of f a n  r o t a t i o n ,  probably as a 



resu l t  of the sudden fan blade s t r ike  which sheared the at tach bolts.  
Examination of the f ive  recovered bol ts  supports t h i s  evaluation. There- 
fore,  i t  i s  concluded that the loss  of the nose cowl did not precede the 
disintegration of the  fan. 

I n  summary, the  catastrophic f a i lu re  of the No. 3 engine must have 
been precipitated by a blade-tip rub condition which produced the blade 
exiting sequence. The two most prominent theories a s  to the in i t i a t ing  
mechanism of the blade t i p  rub, a s  based on the evidence available, are: 
(1) An acceleration of the engine to  an abnormally high Nl speed, e i ther  
by an unrestricted th ro t t l e  advance by the autothrot t le  system or a manual 
th ro t t l e  advance by the p i lo t ,  which created a resonant frequency and sub- 
sequent destructive vibratory mode. (2) A piece of inner acoustic panel 
from the i n l e t  duct separated from i ts  honeycomb bonding and restr ic ted 
airflow into the engine resulting in-  a very rapid fan  acceleration and a 
destructive vibratory mode. 

Regardless of the cause of the high fan speed a t  the time of the fan 
fa i lure ,  the Safety Board is concerned that the flightcrew was, i n  effect ,  
performing an untested f a i lu re  analysis on th i s  system. This type of 
experimentation, without the benefit of training or specif ic  guidelines, 
should never be performed during passenger f l i gh t  operations. 

Electrical System Diff icul t ies  

The f l igh t  engineer stated that he saw the f a i lu re  warning l ights  on 
h is  panel illuminate, which indicated a f a i lu re  of the No. 3 AC generator, 
No. 3 DC generator, No. 3 AC generator bus, and the No. 3 DC bus. Post- 
accident examination of the a i r c ra f t  disclosed that the wiring i n  the No. 
3 nacelle had been severed. The wiring damage was such that an apparent 
bus fau l t  would have been detected by logic c i rcu i t ry  and, thereby, would 
have caused the No. 3 AC bus t i e  relay t o  open. Power on both the No. 3 
AC generator bus, the No. 3 DC bus, and the r ight  emergency bus would 
have been los t .  An analysis of the readings of the cockpit instrutnenta- 
t ion a f t e r  the f l i g h t  substantiated the loss and nonrestoration of power 
on these buses. 

Postaccident examination also disclosed that  power could have been 
restored to  a l l  buses by normal procedures required during completion of 
the emergency checklist; specifically,  activation of the bus reset  switch 
on the f l igh t  engineer's panel to  the "bus faul t"  position would have 
caused the bus t i e  relay t o  close. DC power alone was restorable by 
positioning the DC bus t i e  switch t o  the "closed" position. 

The f l igh t  engineer did not complete these checklist items, probably 
becauseof h is  heavy workload of coping with the c r i t i c a l  aspects of the 
emergency. Pa r t i a l  loss of e l ec t r i ca l  power had only one significant ef- 
fec t  on the system performance-the depressurization warning system and 
the automatic oxygen deployment system a re  powered from the r ight  



emergency bus and were, therefore,  deactivated.  The f l i g h t  engineer 
ac t ivated  t h e  manual oxygen deployment switch properly and thereby re-  
leased a l l  of t h e  passenger seatback oxygen generat ing c a n i s t e r s ,  except 
f o r  the  24 u n i t s  which a r e  released through t h e  No. 3 bus. 

Although t h e  f i r s t  o f f i c e r ' s  instrumentat ion was a f fec ted ,  t h e  cap- 
t a in ' s  was not.  The operat ion of e s s e n t i a l  navigation and communication 
equipment, which is  powered by t h e  l e f t  emergency bus, remained normal. 
The Safety Board therefore  bel ieves  tha t  t h e  f a i l u r e s  experienced during 
t h i s  accident  demonstrate the  value  of redundant systems i n  t h e  design of 
modern a i r c r a f t .  

Extent of Decompression 

Decompression curves were calculated i n  order t o  determine the extent  
of the  decompression which took place  i n  t h e  cabin  and the  pressure a l t i -  
tudes t o  which t h e  a i r c r a f t  occupants were exposed. The decompression 
p r o f i l e  indicated t h a t  the  a i r c r a f t  decompressed t o  about 34,000 f e e t  i n  
26 sec. The ca lcu la t ion  is  based on the  assumption that the  a i r c r a f t  
descended 5,000 f/min. beginning 6 sec. a f t e r  t h e  explosion. Calcula- 
t ions  f u r t h e r  indicated t h a t  a i r c r a f t  occupants were exposed t o  a l t i t u d e s  
tf.\ove 30,000 f e e t  f o r  about 1 minute and t o  a l t i t u d e s  above 25,000 f e e t  
f o r  more than 2 minutes. Though t h e  average t i m e  of use fu l  consciousness 
is about 60 sec. at  30,000 f e e t  f o r  persons without supplemental oxygen 
and l e s s  than 2 minutes a t  25,000 f e e t ,  t h e  lack of physical  a c t i v i t y  
could explain why more hypoxia symptoms w e r e  not encountered by more of 
the passengers. 

The l o s s  of a passenger through a cabin  window opening ind ica tes  t h e  
extent  and immediacy of t h e  decompression. A d i f f e r e n t i a l  pressure of 
about 8.7 p.s.i. exis ted  i n  the  cabin  at  the t i m e  t h e  window a t  seat loca- 
t i o n  17H was dislodged. The sudden opening i n  t h e  pressure  h u l l  of about 
160 square inches created by t h e  l o s s  of t h i s  window resu l t ed  i n  an imme- 
d i a t e  l o s s  of cabin pressure as i t  attempted t o  equal ize  wi th  t h e  atnos- 
pheric pressure at  39,000 f e e t .  The flow of air thus created by t h e  pres- 
su re  d i f f e r e n t i a l  would have reached i t s  highest  v e l o c i t y  at t h e  window 
opening exer t ing  a wind b l a s t  e f f e c t  on anything i n  i t s  path. Although 
no tests have been performed i n  l a rge  volume a i r c r a f t  concerning t h e  s i z e  
of an opening i n  a pressure h u l l  r e l a t i v e  t o  e j e c t i o n  p o t e n t i a l ,  decom- 
pression tests 4/ have been performed on small pressurized a i r c r a f t  at 
various pressure d i f f e r e n t i a l s  and pressure h u l l  opening areas.  These 
tests have shown t h a t  even wi th  small volume cabins a t  pressure d i f f e r -  
e n t i a l s  as low a s  5.2 p.s.i., the danger of e j e c t i o n  e x i s t s .  It was 
found t h a t  t h e  r e l a t i v e  e j e c t i o n  p o t e n t i a l  depends on t h e  s i z e  of the  
opening and t h e  d i s t ance  of the  object  o r  person from tha t  opening. 

41 Reference: John J. Swearingen, M.S.. "Evaluation of Po ten t i a l  De- - - 
compression Hazards i n  small Pressurized A i r c r a f t  " Aerospace Medi- 
c i n e  -Y Vol. 38, No. 10, October 1967. 



Evidence also indicates that a significant pressure d i f fe rent ia l  existed 
between the passenger cabin and the lower galley. The decompression pro- 
f i l e  for  the lower galley could have been significantly steeper and thus 
would have exposed the two galley occupants to an a l t i tude  above 35,000 
fee t .  The f ac t  that  both f l i g h t  attendants stationed i n  t h i s  area los t  
consciousness shortly a f t e r  the explosion lends credence to  th i s  possi- 
b i l i t y .  

Overall, the extensive compartmentaliza'tion of the a i r c r a f t  and i t s  
i n t r i c a t e  interconnections may account, i n  par t ,  for  the d ispar i ty  be- 
tween the expected physiological e f fec ts  on the a i r c ra f t  occupants and 
those actually encountered. 

2.2 Conclusions 

a. Findings 

The crew was qualified and cer t i f icated for the operation. 

The a i r c ra f t  was cer t i f icated and maintained i n  accordance 
with applicable regulations. 

About 36 sec. before the i n i t i a l  explosion, the flightcrew 
pulled the N l  tachometer c i r cu i t  breakers to  determine how 
t h i s  disconnection would affect  the automatic th ro t t l e  sys- 
ten's operation. The system c i rcu i t ry  i s  such that  with 
these c i r cu i t  breakers pulled, the autothrot t le  system's 
Nl limiting authority i s  cancelled. 

If  the Nl c i r cu i t  breaker were disengaged with the auto- 
th ro t t l e  system i n  use, the th ro t t l e  could advance beyond 
normal authority l imits.  

The flightcrew was, i n  e f fec t ,  performing an untested f a i l -  
ure  analysis on the autothrot t le  system. 

A t  the time of the f a i lu re ,  the three engines were operating 
a t  a power set t ing above that  specified for normal operation, 
but below the approved maximum continuous operating l imits  
of the engines. 

There was no evidence of any f a i lu re  or  malfunction within 
the engine which would have caused the fan disintegration. 

Thirty-two of the 38 fan blades exited i n  a forward direc- 
t ion  out of the i r  fan disk s lo ts .  

The damage t o  the No. 3 engine which resulted from the rub- 
bing of the  fan blade t ip s  and the exiting,of the fan blades 



was s imi la r  t o  t h e  damage found i n  the  two t e s t - c e l l  engine 
f a i l u r e s ,  t h e  t r igger ing  mechanism of which was i n t e r a c t i o n  
between the f a n  r o t o r  and the  f a n  case  during resonance be- 
tween the  two a t  a multiwave, v ibra tory  mode. 

A por t ion  of t h e  i n l e t  duct inner l i n e r  was missing from the -  
duct.  A piece of t h i s  l i n e r  was found lodged agains t  the  
fan  o u t l e t  guide vanes. 

Fragments of the  No. 3 engine f a n  assembly penetrated the  
fuselage,  the  Nos. 1 and 3 engine nacel les ,  and t h e  r i g h t  
wing area.  A cabin  window was s t ruck  by a fragment and 
separated from the a i r c r a f t .  

A s  a r e s u l t  of the  l o s s  of a cabin window and cabin  decom- 
pression,  a passenger was forced out  of t h e  window and was 
l o s t .  

Damage t o  the  wiring i n  t h e  No. 3 engine nace l l e  caused a 
p a r t i a l  e l e c t r i c a l  power l o s s  which af fec ted  various air- 
c r a f t  systems. 

E l e c t r i c a l  power could have been restored t o  a l l  systems 
through completion of the  emergency check l i s t  procedures. 

b. Probable Cause 

The National Transportat ion Safety Board determines tha t  t h e  probable 
cause of t h i s  accident  was  the  d i s i n t e g r a t i o n  of the  No. 3 engine f a n  
assembly as a r e s u l t  of an i n t e r a c t i o n  between the f a n  blade t i p s  and t h e  
f a n  case. The fan- t ip  rub condi t ion  was caused by the  acce le ra t ion  of the  
engine t o  an abnormally high f a n  speed which i n i t i a t e d  a multiwave, vibra- 
to ry  resonance wi th in  t h e  f a n  sec t ion  of t h e  engine. The p rec i se  reason 
o r  reasons f o r  the  acce le ra t ion  and t h e  onset of the  des t ruc t ive  v i b r a t i o n  
could not be determined conclusively. 

3. RECOMMENDATIONS 

A s  a r e s u l t  of t h i s  accident ,  t h e  Safety Board submitted 9 recom- 
mendations t o  t h e  Administrator, FAA. Three of these recommendations 
(A-73-116, 117,and 118) p e r t a i n  t o  t h e  inspect ion and maintenance of d ig i -  
ta l  f l i g h t  da ta  recorders ,  and f i v e  (A-74-7 through 11) concern the  pas- 
senger and por table  oxygen systems i n s t a l l e d  i n  the  DC-10. The f i n a l  rec- 
ommendation (A-74-18) pe r ta ins  t o  assessment of a i r c r a f t  damage by f l i g h t -  
crews during in - f l igh t  emergencies. (Copies of these recommendations and 
the  Administrator 's response a r e  contained i n  Appendix E.) 

Because of t h e  prompt and e f f e c t i v e  ac t ions  taken by t h e  FAA, General 
E lec t r i c ,  Douglas Ai rc ra f t  Co., and a i r l i n e s  f ly ing  t h e  DC-10, no recom- 



mendations were necessary concerning t h e  engine i n s t a l l a t i o n .  Inmedi- 
a t e l y  following t h e  accident ,  t h e  FAA issued a te legraphic  Airworthiness 
Direct ive  appl icable  t o  a l l  DC-10 a i r c r a f t  t o  r equ i re  inspect ion of t h e  
engine nose cowl mounting i n t e g r i t y  and t o  cor rec t  any poss ib le  defien- 
c i e s  i n  t h a t  area.  Also, it  was recognized e a r l y  t h a t  fan-t ip rub was a 
necessary condi t ion  i n  t h e  sequence of events t h a t  brought about t h e  
l o s s  of t h e  f a n  blades.  A s  a preventa t ive  measure agains t  t h e  recurrence 
of t h i s  type of condit ion,  t h e  f a n  blade tip-to-shroud clearances were in- 
creased. Fur ther ,  as backup f o r  t h e  p o s s i b i l i t y  of blade-t ip rub w e n  
a f t e r  t h e  t i p  c learance  was modified, an  extensive development, t e s t i n g ,  
and production programwas es tabl ished t o  increase  t h e  c a p a b i l i t i e s  of the  
blade r e t e n t i o n  devices. One of t h e  primary r e t a i n i n g  devices has been 
redesigned t o  provide each blade wi th  a rearward re ta in ing  c a p a b i l i t y  of 
60,000 pounds a s  compared t o  t h e  18,000-pound c a p a b i l i t y  of the  accident  
engine. These modified blade-retaining devices have now been incorporated 
i n  a l l  of t h e  in-service engines. 

With regard t o  t h e  f l ightcrew's  performing an untested f a i l u r e  analy- 
sis of t h e  autothrot t le /speed con t ro l  system, t h e  Safety Board stresses 
t h a t  t h e  operator  and t h e  pilot-in-command should be f u l l y  cognizant of 
t h e i r  opera t ional  r e s p o n s i b i l i t i e s  t o  conduct t h e  f l i g h t  i n  a profession- 
a l  manner and not t o  conduct experiments t o  a i r c r a f t  systems i n  which 
they have not received s p e c i f i c  t r a in ing  o r  ins t ruc t ion .  
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APPENDIX A 

INVESTIGATION ACT) HEARING 

1. Investigation 

The Safety Board was notified of the accident at 1700 m.s.t. on 
November 3, 1973, and air safety investigators were dispatched to the 
scene. Working groups were established for operations and air traffic 
control, powerplants, structures, systems, human factors, maintenance 
records, autoflight systems, digital flight data recorder, and cockpit 
voice recorder. Parties to the investigation included: National Air- 
lines, Inc., the Federal Aviation Administration, Douglas Aircraft 
Company, General Electric Company, Air Line Pilots Association (ALPA), 
and Flight Engineers International Association (FEU) .  

2. Hear i s  

A public hearing was held by the Safety Board in Miami, Florida, on 
December 10, 11, and 12, 1973, and on February 12, 13, and 14, 1974. 



APPENDIX B 

CREW INFORMATION 

Captain W i l l i a m  R. Broocke 

Captain W i l l i a m  R. Broocke, 54, was employed by National Ai r l ines ,  
Inc., i n  May 1946. He holds A i r l i n e  Transport P i l o t  C e r t i f i c a t e  No. 
503900, wi th  type r a t i n g s  i n  C-46, Lockheed Lodestar,  Convair-340 and 
440, DC-6, DC-7, Lockheed Elect ra ,  Boeing 727, and DC-10 a i r c r a f t .  H e  
was upgraded t o  cap ta in  i n  t h e  DC-10 on May 13, 1972. 

Captain Broocke's l a s t  proficiency check was May 2,  1973. H i s  last 
l i n e  check was on August 3, 1973. H e  passed both  checks s a t i s f a c t o r i l y .  
A s  of t h e  d a t e  of t h e  accident ,  Captain Broocke had 21,853 f l ight-hours,  
801 hours of which were i n  DC-10 equipment. Captain Broocke had 2 days' 
rest before t h e  f l i g h t .  

F i r s t  Officer  Eddie H. Saunders 

F i r s t  Off icer  Eddie H. Saunders, 33, was employed by National A i r -  
l i n e s ,  Inc., i n  September 1965. H e  holds a Commercial C e r t i f i c a t e  wi th  
s ing le  engine, multi-engine, and instrument r a t i n g s .  He completed h i s  
DC-10 t ra in ing  i n  September 1972, and requa l i f i ed  f o r  t h e  DC-10 i n  Apr i l  
1973 a f t e r  which he was assigned as a DC-10 f i r s t  o f f i ce r .  

F i r s t  Off icer  Saunders had accumulated 7,086 f l ight-hours as of the  
da te  of t h i s  accident ,  445 hours of which were i n  t h e  DC-10. H e  passed 
h i s  l a s t  proficiency check s a t i s f a c t o r i l y  on September 25, 1973. He.had 
a, 17-hour rest period before  t h i s  f l i g h t .  

F l i g h t  Engineer Golden W. Hanks 

F l igh t  Engineer Golden W. Hanks, 55, was employed by National A i r -  
l i n e s ,  Inc . , i n  June 1950. H e  holds an Airplane/Powerplant Mechanic 
Cer t i f i ca te ,  F l i g h t  Engineer C e r t i f i c a t e ,  and Commercial P i l o t  Single- 
Engine C e r t i f i c a t e  wi th  an  instrument ra t ing .  He completed h i s  DC-10 
t ra in ing and passed h i s  o r i g i n a l  q u a l i f i c a t i o n  and l i n e  check on January 
28, 1972. 

F l i g h t  Engineer Hanks had accumulated 17,814 f l ight-hours,  1,252 
hours of which were i n  the  DC-10. H i s  l a s t  prof ic iency check was accom- 
plished on August 29, 1973. He had 2 days' rest before  t h e  f l i g h t .  

F l igh t  Attendants 

The nine f l i g h t  a t tendants  assigned t o  t h i s  f l i g h t  were qual i f ied  
and had received adequate rest before  t h e  f l i g h t .  
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Ai rc ra f t  Data 

A i r c r a f t  N60NA is  a McDonnell-Douglas DC-10-10, serial No. 46700. 
It was manufactured on November 1, 1971, and regis tered  t o  National A i r -  
l i n e s ,  Inc. A standard airworthiness c e r t i f i c a t e  was issued f o r  t h e  air- 
c r a f t  i n  November 1971. The a i r c r a f t  had accumulated 5,954 hours a t  t h e  
time of t h e  accident. 

A review of a i r c r a f t  and component records revealed t h a t  a l l  inspec- 
t i o n s  anditem changes had been made wi th in  t h e  prescribed time l i m i t s  and 
tha t  t h e  a i r c r a f t  had been maintained i n  accordance wi th  a l l  company proce- 
dures and FAA Regulations. A s  of November 3 ,  1973, a l l  applicable a i r -  
worthiness d i r e c t i v e s  had been complied with.  

The a i r c r a f t  was  equipped wi th  th ree  General E l e c t r i c  CF-6-60 engines. 
The No. 1 engine, s e r i a l  No. 451146, had 4,130 hours. It had not been 
overhauled. The No. 2 engine, s e r i a l  No. 451341, had 2,660 hours. It 
had not been overhauled. 

History of the  No. 3 Engine 

The No. 3 engine had 5089.23 hours s i n c e  new and 2,779 cycles.  The 
engine was o r i g i n a l l y  i n s t a l l e d  on DC-10, N61NA on November 17, 1971, with 
a time s i n c e  new (TSN) of 0:OO. It was removed on Ju ly  31, 1972, f o r  
threshold inspect ion a t  Southwest Airmotive Company. Tota l  t i m e  was 
2,231 hours with 1,123 cycles.  It was i n s t a l l e d  on N62NA on October 21, 
1972, o n l y t o  be removed 8days l a t e r  f o r  acompressor dischargepressure leak. 
It was repaired a t  t h e  Miami f a c i l i t y  of National Ai r l ines ,  Inc. Tota l  
time on t h e  engine was 2,267 hours wi th  1,153 cycles.  On March 23, 1973, 
the  engine was removed from N62NA. and returned t o  Southwest Airnvtive Coin- 
pany because of performance d e t e r i o r a t i o n  and vane and 10th-stage blade 
f a i l u r e .  Total  time on t h e  engine was 3,513 hours wi th  1,866 cycles. On 
Apri l  21, 1973, t h e  engine was i n s t a l l e d  on N65NA. On August 25, 1973, 
the  engine was removed, modified and replaced on t h e  a i r c r a f t  t h e  follow-. 
ing day. The t o t a l  time of t h e  engine at  t h i s  time was 4,632 hours wi th  
2,486 cycles.  On September 13, 1973, t h e  engine was again removed from 
N65NA. f o r  turbine  damage and combustion f a i l u r e .  Metal was found i n  t h e  
t a i l  p ipe  assembly. The t o t a l  time on t h e  engine was 4,790 hours wi th  
2,589 cycles.  The engine w a s  i n s t a l l e d  on N60NA on September 23, 1973. 
The engine remained on N60KA. and i n  t h e  No. 3 pos i t ion  u n t i l  t h e  accident  
on November 3, 1973, when t h e  fan  d is in tegra ted .  

The f a n  r o t o r  assembly, s e r i a l  No. 21x91102, was received new i n  
March 1973. This f a n  assembly was i n s t a l l e d  on engine SIN 451151 on 
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August 27, 1973. Time on the  f a n  r o t o r  assembly a t  t h i s  t i m e  was 617 
hours wi th  337 cyc les  and 3 modifications, Q-7230-03, -22, and -21, 
had been completed. The engine and f a n  assembly were i n s t a l l e d  i n  t h e  
No. 3 pos i t ion  of N60NA on September 23, 1973. 

The engine nose cowl was i n s t a l l e d  new on engine SIN 451146 on 
March 10, 1973, and removed on August 24, 1973. Tota l  t i m e  s ince  new 
was 1,473 hours. The nose cowl was  i n s t a l l e d  on engine SIN 451151 on 
September 23, 1973, and was re ta ined i n  t h i s  pos i t ion  u n t i l  t h e  accident .  
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Front  V i e w  No.  3 Engine 
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Right side view showing damage to  No. 3 engine, fragment damage and 
missing window. 



Fan disk with recovered blade portions and spinner attachment f lange segments. 



- 44 - 
NATIONAL TRANSPORTATION SAFETY BOARD 

WASHINGTON, D.C. 

APPENDIX E 

ISSUED: January 22, 1974 

 orw warded to: 
Honorable Alexander P. B u t t e r f i e l d  
Administrator 
Federa l  Aviation Administration SAFETY RECOMMENDAT I ON (S)  
Washington, D. C. 20590' 

A-73-116 t h r u  118 . - 

( revised)  

The National Transportation Safe ty  Board's inves t iga t ion  of a National 
Ai r l ines  Douglas DC-10 accident, which occurred i n  f l i g h t  near Albuquerque, 
New Mexico, on November 3, 1973, d isc losed a malfunction i n  t h e  d i g i t a l  
f l i g h t  d a t a  recorder (DFDR). This  malfunction precluded recovery of any 
da ta  r e l a t e d  t o  t h e  accident .  The Board i s  very much concerned about t h i s  
type of f a i l u r e ,  because it i s  not de tec tab le  by t h e  test equipment aboard 
t h e  a i r c r a f t  and, therefore,  might e x i s t  on a l a r g e  number of a i r c r a f t  
equipped with t h e  new DFDR. 

National Air l ines  subsequently performed readouts of t h e  DFDR throughout 
t h e i r  e n t i r e  f l e e t  of wide-bodied a i r c r a f t  t o  a ssess  t h e  extent  of s imi la r  
undetected malfunctions. Testimony at t h e  Safety Board's public hearing 
held i n  M i a m i ,  Florida,  on December 10-l2, 1973, and subsequent readout ex- 
aminations disclosed t h a t ,  of 13 wide-bodied j e t s  i n  t h e  f l e e t ,  7 had been 
operat ing with undetected malfunctions which would have precluded recovery 
of acceptable d a t a  f o r  some parameters required under 14 CFR 121.343(a) ( 2 ) .  

I n  meetings with your s t a f f ,  t h e  Board's s t a f f  has discussed t h e  
preliminary f indings  of t h e  survey of DFDR's conducted under GENOT 8000.92. 
I n  t h e  Board's opinion, these  prel iminary f indings  a l s o  ind ica te  t h a t  t h e  
current  2,000- t o  3,000-hour inspect ion i n t e r v a l s  a r e  u n r e a l i s t i c  and should 
be adjusted t o  be commensurate with t h e  mean-time-between-fallure (MTBF) 
r a t e s  t h a t  these  recording systems have been experiencing during t h i s  ea r ly  
period of operation. 

Therefore, t o  insure  t h a t  recorders i n  t h e  current  f l e e t  of wide-bodied 
j e t s  are operat ing i n  an approved manner, as speci f ied  under 14 CPR 121.343 
( a ) ( l ) ,  (2), and Appendix B, t h e  National Transportat ion Safety Board recommends 
t h a t  t h e  Federa l  Aviation Administration: 
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1. Require, within t h e  next 100 f l i g h t  hours, a. readout 
of da ta  recorded i n  f l i g h t  on t h e  d i g i t a l  f l i g h t  da ta  
recorders, a s  required under 14 CFR 121.343(a)(2), and 
take  ac t ion  t o  insure t h a t  t h e  parameters required a re  
being recorded within t h e  ranges, accuracies, and re -  
cording i n t e r v a l s  speci f ied  i n  Appendix B thereof .  

2. Require r e p e t i t i v e  readout-inspections,  a s  speci f ied  
above, at 500-hour in te rva l s ,  u n t i l  t h e  r e l i a b i l i t y  of 
these  recorder systems improves. 

3. Require re ten t ion  by t h e  operators of t h e  da ta  received 
i n  t h e  two most recent  readout inspections.  

Personnel from our Bureau of Aviation Safety o f f i c e s  w i l l  be made 
avai lable  i f  any f u r t h e r  information o r  ass is tance  is  desired.  

REED, Chairman, McADAMS, BURGESS, and HALEY, Members, concurred i n  
t h e  above recommendations. THAYER, Member, was absent ,  not voting. 

Chairman 
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DEPARTMENT OF TRANSPORTATION 
FEDERAL AVIATION ADL'-iiNSSTRATiON 
~ ~~ 

WASHINGTON, D.C. 20590 

FED 3 1974 
Honorable John 11. Reed 
Chairman, National Transportation Safety Board OFFICE OF 
Department of Transportation THE ADMINISTRATOR 

Washington, D. C. 20591 

Dear  Mr. Chairman: Notation 1230 

This i s  in reply to  your Safety Recommendations A-73-116 thru  118 
issued January 22, 1974, concerning your recomn~endat ions on 
digital flight data r ecorde r s  relative to the National Airlines DC-10 
accident of November 3, 1973. In addition, your re lease  identified 
National Airlines operating with seven of 13 digital flight data 
recorders  with undetected malfunctions. 

The FAA has  already initiated appropriate correct ive action with 
regard to  the National Airlines readout deficiencies which were  
cited in your letter.  

Several other actions have been taken by the  FAA. Immediately 
following the accident we initiated a national survey regarding the  
performance of all  installed digital flight data recorders .  Our  
accumulated data i s  sufficiently conclusive that a rule  o r  regulation 
change at this t ime i s  not necessary. We have determined that the 
present maintenance programs with cer tain adjustments a r e  
adequate. We have a lso  initiated a related maintenance bulletin 
to be released soon to all  maintenance personnel which recommends 
corrective action in those cases  where mean-time-between-failure 
(MTBF) and inspection frequencies a r e  not deemed sufficient t o  
properly service and maintain the digital flight data recorder .  

The equipment combination involved in the National Airlines DC-10 
accident is peculiar only to National Airlines. We believe the 
actions taken a r e  appropriate and that our  present ru les  a r e  adequate. 
To apply your stringent recommendations based on a single accident 
would be inappropriate and would not s e r v e  the best in teres ts  of the 
aviation industry. 

Sincerely, 
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NATIONAL TRANSPORTATION SAFETY BOARD 
WASHINGTON, D.C. 

ISSUED:  February 7, 1974 

Honorable Alexander P. Butterfield 
Administrat or 
Federal Aviation Administration 
Washington, D. C. 20591 

SAFETY RECOMMENDAT I ON (S)  

A-'74-7 thru  11 

The National Transportation Safety Board's continuing 
investigation of the  National Airlines DC-10 accident near 
Albuquerque, New Mexico, on November 3, 1973, has disclosed 
unsafe conditions i n  the passenger oxygen system, portable 
oxygen system, and cabin pressurization system. The Board 
believes tha t  these unsafe conditions merit your immediate 
at tention and the  at tentions of a l l  a i r  ca r r i e r s  which operate 
a i r c r a f t  with t h i s  equipment. 

When the  a i r c r a f t  l o s t  a cabin window and the  passenger 
cabin decompressed, many of the  passenger's oxygen-generating 
units were activated. Three oxygen canisters came out of t h e i r  
mountings i n  the seatback oxygen compartment and f e l l  onto 
passenger sea t  cushions. Two of these canisters, which become 
very hot when operating, scorched the  cushions and burned fingers 
when seat  occupants t r i e d  t o  remove them. The t h i r d  reportedly 
caused a small f i r e .  The canisters  came out of t h e i r  mounting 
brackets because of the pull ing force exerted on e i ther  the  
i n i t i a t i o n  lanyard of the canisters or the oxygen supply hose. 
The Safety Board believes t h a t  these canisters  consti tute a 
potential  f i r e  and injury hazard when they a r e  not retained 
properly i n  t h e i r  mountings. 

A subsequent inspection of a similar DC-10 a i r c r a f t  a t  
National Air l ines '  maintenance base i n  M i a m i ,  Florida, a l s o  
revealed improperly mounted canisters. The improper mountings 
were a r esu l t  of a s l igh t  distort ion of the  base p la te  and 
short mounting studs on the  canister.  Also, some of the  oxygen 
supply hoses and the  masks were improperly packaged. The Board 
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found t h a t  shortcomings e x i s t  i n  both t h e  design of t h e  mounts 
of these  oxygen un i t s  and r e l a t e d  maintenance and servic ing 
pract ices .  

Another unsafe condit ion e x i s t s  i n  t h e  s torage  and avai l -  
a b i l i t y  of t h e  por table  oxygen equipment aboard t h e  DC-10 
a i r c r a f t .  Por table  oxygen b o t t l e s  a r e  contained i n  enclosed 
cabinets  near t h e  cabin a t t endan t s '  s t a t i o n s .  The regula tor  
assemblies were covered wi th  cellophane-type wrapping which 
was held  by an e l a s t i c  band. K-S disposable oxygen masks and 
supply tubing were sea led  separa te ly  i n  p l a s t i c  bags and s tored 
with,  or near, t h e  por table  oxygen b o t t l e s .  

Paragraph (4)  of 14  CFE 25.1447 "Equipment, Standards f o r  
Oxygen Dispensing Units" requires  t h a t  por tab le  oxygen equipment 
be immediately ava i l ab le  f o r  each cabin a t tendant .  The Board 
questions t h e  "immediate a v a i l a b i l i t y "  of such equipment when 
it must be unwrapped and assembled before it can be used, con- 
s ide r ing  t h e  reduced t i m e  of use fu l  consciousness a t  f l i g h t  
l e v e l  a l t i t u d e s .  

A t h i r d  condition which t h e  Board bel ieves  mer i t s  your 
a t t e n t i o n  i s  t h e  d i s t i n c t  p o s s i b i l i t y  t h a t  separa te  pressure  
losses  of d i f f e r e n t  magnitudes may occur on t h e  DC-10. 
Preliminary est imates suggest t h a t  t h e  lower lobe gal ley  and 
t h e  adjacent  cargo compartment of t h e  subject  a i r c r a f t  decompressed 
f a s t e r  than t h e  main passenger cabin o r  t h e  cockpit area.  This 
theory i s  re inforced by t h e  f a c t  t h a t  t h e  two cabin a t tendants  i n  
t h e  lower lobe gal ley  l o s t  consciousness almost immediately a f t e r  
t h e  decompression. 

The Board's concern about t h e  t h i r d  unsafe condit ion i s  
twofold : 

1. The aneroid device, which de tec t s  unacceptable 
cabin pressure  a l t i t u d e s  i n  t h e  a i r c r a f t  and causes 
t h e  oxygen dispensing un i t s  t o  be deployed automat- 
i c a l l y  i n  such cases,  i s  located  i n  t h e  c e i l i n g  of 
t h e  forward passenger cabin. It controls  t h e  
deployment of oxygen masks i n  t h e  e n t i r e  a i r c r a f t .  
Therefore, i f  decompression occurred i n  t h e  lower 
lobe of t h e  a i r c r a f t ,  it might no t  be sensed by 
t h e  aneroid device i n  t h e  passenger cabin, and 
supplemental oxygen would not  be ava i l ab le  t o  t h e  
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occupants i n  t h e  lower galley.  This apparently 
occurred i n  t h e  subject  accident ,  and both cabin 
a t tendants  i n  t h i s  sec t ion of t h e  a i r c r a f t  l o s t  
consciousness as they attempted t o  re t r i eve ,  t h e  
por table  oxygen b o t t l e s .  The Board bel ieves  
t h a t  such a s i t u a t i o n  can ser ious ly  th rea ten  t h e  
sa fe ty  of occupants of t h e  lower galley.  

2. Two por table  oxygen un i t s  which were located  i n  
t h e  lower lobe galley of t h e  a i r c r a f t  were stowed 
on t h e  forward wa l l  of t h e  gal ley  and outboard of 
t h e  escape ladder.. One b o t t l e  was  f i t t e d  wi th  a 
"full-face" smoke mask, which was sealed  i n  a 
p l a s t i c  container. The other b o t t l e  was t h e  type 
which must .be f i t t e d  wi th  a supply hose and a 
K-S disposable mask before it may be used. Not 
only i s  t h e  Board concerned about t h e  time required 
t o  unpack p a r t s  f o r  these  u n i t s  and assemble them, 
bu t  it a l s o  believes that t h e i r  locat ion makes them 
v i r t u a l l y  inaccess ib le  when se rv ice  c a r t s  a r e  i n  
t h e i r  s torage  place  i n  t h e  galley.  

O u r  s t a f f  has learned informally t h a t  some of t h e  problems 
delineated above a r e  being assessed by F l i g h t  Standards personnel 
of t h e  FAA's Western Region t o  determine whether shortcomings i n  
design and servic ing ex i s t .  

The Safety Board is  continuing i t s  inves t igat ion and may make 
f u r t h e r  recommendations regarding t h i s  accident .  However, it 
bel ieves  t h a t  t h e  sa fe ty  of t h e  t r ave l ing  publ ic  requires  Immediate 
s t eps  t o  prevent recurrence of t h e  problems outl ined above. 

Accordingly, t h e  National Transportation Safety Board 
recommends t h a t  t h e  Federal  Aviation Administration: 

1. Require a l l  operators of a i r c r a f t  which contain 
individual  chemical oxygen-generating u n i t s  t o  
inspect  these  i n s t a l l a t i o n s  t o  ensure that 
can i s te r s  are correct ly  i n s t a l l e d  i n  t h e  mounts 
and t h a t  approved packing procedures have been 
followed f o r  t h e  supply hoses and oxygen masks. 

2. I s sue  an  Airworthiness Direct ive t o  requ i re  
changes i n  t h e  method of mounting these  oxygen- 
generating units t o  e l iminate  t h e  p o s s i b i l i t y  
of improper i n s t a l l a t i o n  and inservice  f a i l u r e s .  
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3. Issue a maintenance bul let in  t o  verify 
operator compliance with the  provision of 
14  GFE 25.1447 regarding the  immediate avail- 
a b i l i t y  of portable owgen units and the 
necessity of having supply hoses and masks 
attached t o  these units. 

4. Issue an Airworthiness Directive t o  require 
a i rc raf t  cer t i f ica ted  under 14 CFR 25, tha t  
each occupiable area, which i s  separated from 
others t o  such an extent t h a t  significantly 
different decompression ra tes  can occur, i s  
equipped with an aneroid device t o  detect 
pressure losses i n  tha t  area. 

5. Require a more accessible location f o r  the 
portable oxygen uni ts  i n  the  lower lobe 
galley of a l l  DC-10 a i r c r a f t  and relocate 
portable oxygen units i n  a l l  other a i r c ra f t ,  
where required, t o  ensure accessibi l i ty  of 
portable oxygen uni ts  and compliance with the 
FAR'S. 

Personnel from our Bureau of Aviation Safety offices w i l l  
be made available i f  any fur ther  information or assistance i s  
desired. 

REED, Chairman, McADAMS, and H A W ,  Members, concurred i n  
the  above recommendations. THAYER and BUEGESS, Members, were 
absent, not voting. 

V Chairman 
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DEPARTMENT OF TRANSPORTATION 
FEDERAL AVIATION ADMINISTRATION 

Honorable John H. Reed 
Chairman, Nat ional  Transporta t ion Safe ty  Board 
Department of Transporta t ion 
Washington, D. C. 20591 

OFFICE OF 
THE ADMINISTRATOR 

Notat ion 1230A 
Dear M r .  Chairman: 

This is i n  response t o  NTSB Safe ty  Recommendations A-74-7 thru -11. 

Recommend!?tion No. A-74-7. Require a l l  opera to rs  of a i r c r a f t  which 
con t a in  ind iv idua l  chemical oxygen-generating u n i t s  t o  inspec t  these  
i n s t a l l a t i o n s  t o  ensure t h a t  c a n i s t e r s  a r e  c o r r e c t l y  i n s t a l l e d  i n  
the  mounts and t h a t  approved packing procedures have been followed 
f o r  the supply hoses and oxygen masks. 

Comment. We a r e  i s su ing  a  maintenance b u l l e t i n  which w i l l  . i ns t ruc t  
p r i n c i p a l  Inspectors  t o  review the a i r  c a r r i e r  opera to rs '  maintenance 
programs t o  determine t h a t  s u f f i c i e n t  inspect ions  a r e  spec i f i ed  f o r  
t he  oxygen generat ing u n i t s  and associa ted supply -hoses and masks. 
P r i n c i p a l  inspec tors  w i l l  r eques t  more f requent  inspect ions  i f  
necessary.  

Recommendation No. A-74-8. I s sue  an  Airworthiness Di rec t ive  t o  
requ i re  changes i n  the method of mounting theseoxygen-generat ing 
u n i t s  t o  e l imina te  t he  p o s s i b i l i t y  of improper i n s t a l l a t i o n  and in -  
s e rv i ce  f a i l u r e s .  

Comment. We a r e  working wi th  the Douglas A i r c r a f t  Company t o  a s s e s s  
t he  DC-10 passenger oxygen u n i t s .  This i nves t i ga t i on  w i l l  r e s u l t  i n  
a redes ign  and modif icat ion of the  u n i t s .  Airworthiness d i r e c t i v e s  o r  
o ther  appropr ia te  d i r e c t i v e s  w i l l  be issued t o  implement the new des ign ,  

Recommendation No. A-74-9. I s sue  a  maintenance b u l l e t i n  t o  v e r i f y  
opera to r  compliance w i t h  the  provis ion of 14 CFR 25.1447 regarding the  
immediate a v a i l a b i l i t y  of po r t ab l e  oxygen u n i t s  and the  nece s s i t y  of 
having supply hoses and masks a t tached t o  these  u n i t s .  

Comment. The maintenance b u l l e t i n  w i l l  include i n s t r u c t i o n s  t o  the  
p r i n c i p a l  inspec tors  t o  determine t h a t  por tab le  oxygen b o t t l e s  wi th  
hose and mask assemblies a t t ached  a r e  immediately ava i l ab l e  t o  a l l  
crewmembers. 
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Recommendation No. A-74-10. Issue an Airworthiness Directive t o  
require" aircraft certificated under 14 CFR 25, that each occupiable 
area,  which is separated from others to such an ex ten t  that 
significantly different decompression rates can occur, i s  equipped 
w i t h  an aneroid device to detec t  pressure losses i n  that area. 

Comment. We are working with Douglas t o  determine the best method 
to prevent significant pressure differentials in different compartments 
from occurring and what changes in the aneroid system are required to 
ensure oxygen system operation in all areas. 

Recommendation No. A-74-11. Require a more accessible location for the 
portable oxygen uni t s  in the lower lobe galley of all DC-10 aircraft 
and relocate portable oxygen units i n  all other aircraft, where 
required, to ensure accessibility of portable oxygen units and 
compliance w i t h  t he  FAR'S. 

Comment. We are working with Douglas to select more accessible locations 
for  t he  por t ab le  oxygen uni t s  in the lower lobe galley. When the new 
locations are determined, we will take appropriate action t o  implement 
relocation. 

Sincerely , 

/ 
Administrator 
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NATIONAL TRANSPORTATION SAFETY BOARD 
WASHINGTON, D.C. 

ISSUED: February 26, 1974 

Honorable Alexander P. Butterf ield 1 
Administrator 
Federal Aviation Administration 
Washington, D. C. 20591 [ A-74-18 

On November 3, 1973, an in-f l ight  emergency took place aboard 
a National Airl ines BC-10 near Albuquerque, New Mexico. The 
accident occurred when the fan assembly of the No. 3 engine dis-  
integrated and pieces struck the a i rc ra f t ,  causing rapid decompression 
of the fuselage. One passenger was ejected from t h e  a i rc ra f t ,  other 
passengers were injured, and cabin attendants were incapacitated. The 
captain immediately made an emergency descent and landed the a i r c r a f t  
19 minutes l a t e r  a t  Albuquerque. 

According t o  testimony given by National Airl ines personnel 
during the National Transportation Safety Board's public hearing, 
the  crewmembers did not assess the s t ructura l  damage t o  the a i r c r a f t  
i n  f l i g h t  a f t e r  the emergency was under i n i t i a l  control. Also, the 
cabin attendants did not inform the flightcrew of the damage t o  the 
fuselage and galley or of the  f i r e  and smoke i n  the cabin. 

The flightcrew, cabin attendants, and t ra in ing personnel of 
National Airl ines t e s t i f i e d  tha t  the  ca r r i e r  does not have established 
procedures f o r  assessing damage t h a t  r e su l t s  from in-f l ight  emergencies. 

Flightcrews of some other ca r r i e r s  who were questioned about t h e i r  
in-f l ight  emergency procedures also indicated tha t  they do not have 
such procedures nor receive t ra in ing on the subject. This has been 
evident i n  other accidents where the flightcrew was unaware of the  
extent of damage. 

The Safety Board believes tha t  flightcrews should be provided 
procedures by which damage tha t  r e su l t s  from in-f l ight  emergencies can 
be assessed so tha t  they may have a l l  the information possible t o  
handle such emergencies adequately. 
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Honorable Alexander P. Butterfield 

Therefore, the National Transportation Safety Board recommends 
that the Federal Aviation Administration: 

Issue an operations alert bulletin to ascertain compliance 
with 14 CF% 25.1585(a)(4), relative to a procedure for 
the assessment of aircraft damage that results from 
in-flight emergencies. 

Personnel from our Bureau of Aviation Safety will be made 
available if any further information or assistance is desired. 

McADAMS, TBMER, BURGESS, and HA.LEY, Members, concurred in 
the above recommendation. FiEED, Chairman, was absent, not voting. 

V Chairman 
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Honorable John H. Reed 
Chairman, National Transportation 
Safety Board 

Department of Transportation 
Washington, D. C. 20591 

Dear Mr. Chairman: 

OFFICE OF 
THE ADMINISTRATOR 

I have reviewed Safety Recommendation A-74-18 concerning the 
Board's investigation of National ~irlines' DC-10 accident near 
Albuquerque, New Mexico, on November 3, 1973. 

We essentially agree on the need for procedures to assist air 
carrier flight crews to assess inflight damage to the aircraft 
and will issue an appropriate bulletin on this subject. 

Sincerelv. 

f~ - hesander P. Butterfield 
'Administrator 
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