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NATIONAL, TRANSPORTATION SAFETY RBOARD
WASHINGTON, T+, C. 20591

AIRCRAFT ACCIDENT REPORT
Adopted: January 15, 1975

National Airlines, Inc,
DC~-10-10, N6ONA
Near Albuquerque, New Mexico
November 3, 1973

SYNOPSIS

On November 3, 1973, National Airtines, Inxc., Ylight 27 was operating
as a schedulel passenger flight Letween Miami, Florida, and San Francisco,
California, with interr 1fate stops at New Orleans, Louisiana, Houston,
Texas, and Lus Vegas, Revada. About 1649 wm.s.t. while the airersft was
crulsing at 39,000 feat 65 nmi southwest of Albuquerque, New Mexico, the
No, 3 engine fan assexbly disintegrated and its fragments penetrated the
fusclage, the Nos. 1 and 2 engine nacelles, ond the right wirg area. The
resultant damage caused decompression of the vircraft cabin and the loss
of certain electrical aud hydraulic services. Oie cabin window, which
was struck by a fragment of the fan asserbly, separated from the fusalage,

and the passenger who was sitting next to that window vas forced through
the opening and ejected from the aireraft,

The flighterew {nitiated an erergency descent, and the afrcraft was
landed safeiy at Albuquerque International Airport 19 minutes after the

engine failed. The 115 passengers ard 12 crewmembers exited thu aircraft
by using the emergency slides,

As a result of the accldent, 1 passanger died and 24 persont were
treated for smwoke inhalation, ear problems, and minor abrasions,

The National Tiansportatior Safety Board determines that the probable
cause of this accident was the disfntegration of the No, 3 engine fan
asserbly as a result of an {ateraction between the fan blade tips and the
fan case, The fan~tip rub condition was caused by the acceleratior of
the ersjine to an abiuormally lhigh fan speed which inftiated a multlwave,
vibratory res.nance within the fan section of the engine, The procise

reason or ruasons for the acceleration and the onset of the destructive
vibration could not be deter.sined concluaively,

A8 a result of this accident, .he Tafety Board has made nine recom=
mendations to the Federal Aviatfoa Administration (FAA) .

1. INVESTICATION

1.1 History of the Flight

Cn Novembar 3, 1973, National Afrlines, Ine,,Flight 27, NGONA, was a
scheduled passcnger flight from Miami, Florida, to San Francisco, Calif=~



ornia, with Intermedfate stops at New Orleans, Louisiana, Houstou, Texas,
and Las Vegais, Nevada.

The flight from Mlami to Houston was uneventful, At 1440 1/ the
fiight departed Hyuston for Las Vegas on an instrument flight rules (IFR)
clearance, The flight was to cruise at 39,000 feot 2/ and arriva at Lar
Vegas in 2 hours 49 minutes, There were 116 passengers and 12 crewmesbers
on board,

The climb tn 39,000 feet was conducted with the ule of tha autopilot
and autothrottle systems, Tha aircraft was leveled off at 39,000 faet
and when the desived cruising speed of ,82 MACH (257 knots 1ndicated alr=-
speed (KIAS)} was attained, the autothrottle was disengaged and the power
was reset manrually to maintain the speed,

According to the captain, at about 1640, when the aircraft was in the
vicinity of Socorro, New Mexico, he engaged the autothrotlle system in the
afrspeed mode with a target airspoed of 257 KIAS, After the airspeed
stabilized at 257 KIAS, and following a discussion with the flight engi-
neer aboat the operation of the engive N; (first stage fan) tachometers,
the €1 ght engineer pulled the N; circuit breakers, and the rarget air-
speed was reduced about 5kn, on the speed indicator, The captain stated
that when the throtties retarded slightly, he disengaged the auto~
throttles and remarked to the flight engineer that he was satisfied with
the funetion,

At this tire, the crew heard and felt an expi.sion, and the aircraft
began to huffat severely. The pilots immediately initiated an emergency
descent. The Albuquurque Air Route Tiaffic Control Center was alerted by
means of the emergency code on the :ransponder that an emergency was in
progress,

At 1645 radio contact was estahlished with Albuquerque Approach Con-
trol, and the flight was cleared to descand to 8,000 feet and vectored for
an approach to rumay 26 at the Aipuquerque International Airport. At
1659, the flight landed safely.

The emergency equipnent was available when the aircraft landed, Tae
passengere and crew avacuated the air: 1ft via the emergency evacuation
slides,

At the National Transportation Safety Board's public hearing concerne
ing the accident, the captain teatiffed that ha had detected no discrepan-
cies before the explosfon. Just before the explosion, he and the flight
engineer hid discussed the electvonic interrelationship betwaen the autow
throttle system and the associated Ny tachomaters. As a result of their

1/ All times herein are tmunta’n standard, based on the 24=hour clock.
2/ All altitudes herein ara méuﬁ“aew-levei, unless otherwisa indlcated.




discussion, it was decided to check certain functions of the system, The
captain stated that, "The flight engineer and I were gpeculating about
where the automatic throttle systen gets its various inputs, whether it
came from, for example,sthe tachometer, itself, the N, tachometer, or
from the tachometer generator, So wa sget up the aircraft in the auto-
pilot and in the airspeed (autothrcttle) mode, , , , allowed the airspeed
to stabilize (at the preselected 257 KIAS) then selectively, successively
pulled the N, circuit breakers on 1, 2, 3 engine." HMHe further stated,
‘We retained a spced mode on the enuncfator. I was satisfied at that
point that the pick up came at snme other point than the gage Ltseld, but
to check further, I retarded the speed bug on the airspeed indicator
slightly . . ..I rerely wanted to check to see 1f the throttla followed
the speed bug, I backed up the speed bug approximately 5 knots, aud
noticed Ehat the throttles were retardiny slightly, I reached in and dis-
engaged the autothrottles and turned to the engineer and made some remark
t> him that I was satisfied with this fun:tfon and at that point the ex-
p.osion took place." '

The flight engineer stated that after he had pulled the three Ny
eircuit breakers, he saw the captain engage the autothrottles and noted
that the throttles responded to the resetting of the speed bug, He
stated that the captain then disconnected tha autothrottle and that he
(the flight engineer) reached up &nd reset the My cixcuit breakers. He
believed that the captain wes going to reset the power at this point
but 2ould not remember if the throttles had been advanced when the exe
plosion occurred.

Following the explosion, the flight engineer saw the fire warning
light in the No, 3 engine fuel shutoff handle and obsarved that other
instrunents on his panel indicated various systems failures. He was un~
able to move thae No, 3 fuel shutoff handle. After several unsuccessful
attempts, the fiight engineer activated the firewall shutoff handle and
discharged two fire extinguisher bottlea into the No. 3 engine.

He stated that he realized the cabin was depressurizing so he closed
the cabin outflow valve and activated che release switch for the passens
gers' oxygen masks, The €irst officer, who had been back in the passen-
gor cabin, returned to the cockpit, While the door was open, the fiight
engineer noticed that the cabin was filling with smoke. He also noted
that warning lights on his panel were indicating a failure of the No. 3
AC generator, No, 3 AC bus, and the Ko, 3 DC bus, He stated that all ate
-empts to restore power on these lines were unsuccessful, He also roted
faflure indications for tho No. 1 generator and the left emergency AC
bus. The oil pressure and the hydraulic quantity for the No. 1 engine
ware low, According to the flight engineer, the captain switched on the
emergency power, which restored his riight instrumints, and subsequantly
electrical pover was restorad to the No, 1 AC and I buses. He stated
that during the approach, the wing slats and flaps operated normally, but
that the landing gear hadé to be extended by means of' the emergency
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extension lever. Although the No. 1 engine'’s oil pressure and hydraulic
quantity continued to deteriorate during the descent and approach, both
the engine and the system rermained operatidnal throughout the emergengy,

It was reported to the crew following the landing that a male pas-
senger, located in seat 17H, had been forced through a cabin window after
it had Leen dislodged from its frame by fragments from the disintegrated
No, 3 engine fan assembly, None of the flight attendants statfoned in
the passenger cabin witnessed this event nor were they made awaire that
it had occurred until after the emergency landing,

Statements from the flight attendants who were in the passenger
cabin and in the lower galley during the engine disintegration indicated
that the explosion was followed by blue-grey smoke in the cabin which be-
cane progressively more dense toward the rear of the aircraft., They also
reported that shortly after thes explosion, pussenger oxygen masks were
presented automatically in the mfidsection of the cabin, but that in other
sections of the cabin, it was ulmost 3 minutes before the masks cropped,
In the rear left aside of the cabin, the masks did not deploy at all., Pase
sengers seated in these gsecticns had either to pry the oxygen concalnars
open, or to rove to other seacs to obtain oxygen masks,

1.2 Injuries to Persons

Injuries Passenzers Other

Fatal 1 0
- Nonfatal 20 0
None 95

1.3 Damage to Aireraft

The aircraft was damaged substantially when the No, 3 engine fan
votor assembly disintegrated, Pleces of the fan penetrated the lower
fuselage, the Nos, 1 and Z engine nacelles, and the right wing arca, One
passenger window was struck by a fan fragment and separated from the air-
craft,

1.4 Other Damige

None.,

1.5 Crew Information

The captain, first officer, and flight engineer were certificated
for the flight, (See Appendix B.)

B (L Ll sl ok S he s ko s i R By s g g




1.6 Aircraft Information

N6INA, a Douglas DC-10-10, was regletered to National Airlines, Inc.
The airrraft was certificated and miintained according to PAA procedures.

1.7 Metaorological Information

The weather in the area of the accident was reported as: 10,000
feat scattered clouds with a broken cloud celiling of 25,000 feot. The
visibflity at the surface was 60 miles, and the wind \vas from 280° at 18
kn, with gusts to 20 kn, The altimeter setting at Albuquerque Inter-
national Airport was 30 in,

1.8 Aids to Navigation

Not applicable,

1.9 Communications

Radio communications between the flight and the Albuquerque Center
ware lost temporarily after the engine disintegrated; however, transmi s~
sions between the flight and the Center were relayed by another National
Airiines flight which was fn the area. Radio communications were reas-

tablished with Albuquerque Approach Control shortly thereafter and vere
satisfactory throughcut the remainder of the approdch and landing.

1.10 Aerodrome and Ground Facilities

Runway 26 at Albuquerque Internationsl Airport is 13,373 feet long,
300 feet wide, and is concrete surfaced. The field elevation is 5,352
feat.

1.11 Flight Recorders

The aircraft was equipped with a Lockheed Afreraft Sexrvice (LAS)
Model 209 digital flight data recorder (DFDR) serial No, 135, The
recorder was undamaged in the accident, However, despite extensive roeade
out efforts uaing electronic readout oquipment, no meaningful data could
te retrieved from the tape. A new tape was then placed into the recorder,
and test data were recorded and retrieved successfully,

Althougn other tests and examinations were conducted using the origi-
nal "FDR tape, no Information was obtained,

feating of the flight data acquisition unit (YDAU) which was installed
fn N6ONA showed that despite some minor discrepancies, this unit was
capable of satisfactory operatio:.
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Both the DFDR and the FDAU were reinstalled on N6ONA and ground
tested, The engine Ny self-test parameters and the a:celeration para-
meters were recorded, and the readout indicated satisfactory operation of
the system,

NAL maintenance procedures required that the DFDR system be tested
for satisfactory operation every 2,000 hours of operation. Records for
tha DFDR on N6ONA indicate that the last test on the system was performed
on July 30, 1973, Results of that test as indicated on the applicable
maintenance record were as follows:

"Failed test. Pg. 5 of 11 failed accelerometer chs
(checks) other chs unreliable pg. 5 thru pg. 10"

There was no record that these discrepancies had been corrected.

Testimony from NAL maintenance personnel ifndicated that the DFDR and
the FDAU were last tested using electronic testing equipment., When the
system did nat pass the test, tie DFDR and FDAU were replaced with other
stock units, and these units were tested., When these units also failed,
it was asscme! that the test equipment was faulty and the original units
were again inutalled in N6ONA. Reportedly, the self-test feature of the
system was tasted, and it indicated that the system was operacing satis-
factorily, These same DFDR components remained in N6OHA until after the
accident,

The aircrar’t was equipped with a Sundstrand (VCCD) Model V-557 cocke
pit voica recorder (CVR). The flnul 22:45.5 minutes of the tape were
transcribed.

The following excerpt from the transcript begins 48 seconds before
the engine fallure and continues for about 2 minutes 22 seconds there-
after:

LEGEND

CeM Cockplit Area Microphone

-1 Voice Identiffed as Captain

-3 Voice Identified as Flight tngineer

INTRA-COCKPIT

TIME ¢

SOURCE CONTENT

00300, Wonder «=~=-, wonder {f you pull the Nl,

CAM=3 tach wf{ll that, -~ autothrottle respond
to Nl?




00:11.,5
CAM-1

00:12,0

CAM= (1 or 3)

00:14,0
CAM- (1)

00:24.0
CAM-13

CAM- (1)

00:28.0
CAM~-1

CAM- ?
CAN-1

00:36.0
CAM~1

00:38.0
CAM=1 or 3

00:47.0
CAN-1

00:48.0
CAM

00:148.0
CAM

00:49.5
CAM~1

00155.5
CAM-?

60:57.5
CAM

00¢57.5
CAM

-7- ;-

Gre, I don't know

You want to try it and see?

Yeah, let's see here @I“$;

You're on speed right now though f?;fg
: 'Ii'- 3

Yeah il

You know what I mean if your annunciated

speed ==~=~ if you got, ~«==~

Still got ‘em il
N

Well === ««= haven't got it --- ;E/';
‘ Y

There it is fﬁ X

1 guess it does :f-fj

Yea, I guess it 'does ~~ right i?i

on the nose B

Sound of explosion ((sfmultaneous with ﬁif"i

word '"nose! above)) AR

Ratcheting sound begins

# (Goldy) what was that?

¢ ¢

Ratcheting sound ends b - o]

Sound simllar to rush of air begins If ;i?
L



00:59.5 Okay, that's it 3
CAM-3 -
CAM Sound of several clicks e
02:34,5 Sound aimilar to rush of air flow .
CAM ceases, ..

1,12 Afvcraft Wreckage ) ;-; :

Examinatioa of the aircraft at Albuquerque revealed that the No, 3 LG
powerplant disintegrated substantially at the first stage fan asgembly, _ Y
(See Appendix D., -~ Photographs of aircraft and engine.) The major com~ S
ponents which separated in flight included the nose cowl, the fan blade ~?
containmant ring, and 32 of the 38 first stage fan blades, '‘he bulk of N
these parts wece recovered in the desert area necar Socorre and were re- 3
turned to Albuquerque for examination, From Albuquerque, they were ship-
ped to the engine manufacturer's facility (General Electric Company) for
detailed inspection and avaluation by the Safety Board,

The nose cowl (inlet duct) was intact., It had broken away along f .
the aft attach area, and the aft portion had been crushed on ground {m- SRR
pact, Numerous blade fragmet.ts had penetrated through the inner barral

£ the cowl., The outer barrei was punctured in eight locitions,

The porous sheat from the first acoustic panel, extending from b ]
12:06 3/ to 4:00, was missing from the nose cowl. It had been torn E
lemgethwise at 12:30, A plece of this porous skin, about 230 square
inches in avea, was found restlng against the fan outlet guide vanes,

N

A R

The fan blade containment ring was recovered in an opened-up and
twisted configuration, Iv separated at the 7:00 position, and the en-
tire ring appeired torn and didtorted, with considerable abrasion along
the {nner surface of the ring, Of the 12 bolts that attach the nose cowl
to the containment ring, only portions of 5 bolts were recovered, The
fracture surfaces of the bolts showed eviderce of failure {n shear. The
12 attachment bolt holes had deformed in various Jirections. 1he pre- »
dorinant forces, however, as shown on both the nose cowl and the con- 19
tainment ring, were ir the direction of engine rotation. e,

Twenty=-four fan blade root sections, each with a different amount R
of blade remaining, incliding the six bladas which remained in the fan A

disk, were recovered. Damage to the blade roots and fan disk showed jfﬁkﬁ
forward movement past che blade restraining devides and vut of the slot 1Y
for each of the 18 blades which had departed the engina, For each of gt
3/ A1l locations herein designated {n reference to block positions are ?3{3f

{

as viewed frcm the rear of the powerplant looking forward toward the
front of the alrcraft,



-9—

the six blades that remained in the dlsk, the damige indicated some
rearward movement {n the alot,

The N; shaft had a spiral fractura near the forwavd end and was
bent elightly i1 the crack area.

Main bearings Nes, 1, 4, 5. 6, and 7 were fcurd in near serviceable
condition, Thne Noy, 2 and 3 main tearings had disintegrated. There was
3 no evidence of prefallure distress {n the engine mounts, in the high pres-
E sure covpressor, or in either of the turbine assemblies. The fuel nozzles
L and the combustion area showed no abnormalities, The fuel control unit
: was bench tested and was .7pable of normal operation.

Examination of the No. 1 engine revealed that it had been struck by
fragrents from the No. 3 engine fan asserbly. One fan blade sectfon had
punctured through and protruded out of, the far side of the engina oil
tank, Electrical wiring from the No, 1 generator constant ~£peed drive
(CSD) unit was severed. One fan blade tin section was found in the
bottom of the cowling in this area,

The torque values on the cowl to containment ring bolts were measured
to determine if they were within 335 to 384 inch-pounds, the prescribed
torque range, Only 1 of the 12 bolts was found to be within these toler-
ances, Three bolts were above the torque range, while the remaining
efght were below, When all the bolts were retorqued to 335 inche-pcunds,
the overhang on 10 bolts was more than the prescribed maximum,

Examination of the No. 2 engine revesled that it also had been
scruck by fragments from the No. 3 fan assecmbly and had been abraded in
the area of the fan blade shroud. There w-s also leading edge damage to
two fan blades, and thore iras a small piece of the fon blado embedded In
the front section of the nose cowl, Engine interior inspection by bore-
scope revealed 2 stage comprassor blade with one small nick ard a stage
7 blade with two small nicks,

The aircraft steucture exhibited numerous puncrures and tears in the
lower fuselage skin, primarily in the area of the No. 3 engtne. The
lower fuselage skin had been punctured irn six areas, each ranging between
170 and 540 square inches. Other small purntures and skin damage were
found in the right wing alorg i%e inboatd leading edge and the fuselage
fillet area. One puncture on the underside of the right wirg extended
into the inboard fuel tank,

A wirdow panel, located at statlon 1129, was missing., Tha vuter
pahel, inner panel, window snal acoustfic panel, and seal had separated
from the aireraft. The anacoustic seal support was cracked along tie
forward edga of the windew, Yrxom abova the horizontal centerline to the
lower edge veitical centarlire. Three of the eight window panel rataine
ing clipe, two on the upper forward side, one on tha lower forward sidc,
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were broken at or near the end of their adjuacing slote, All adjusting
screws were tight and in place. There was also a depresséd ckin tear in
the outer landing ar the window centerline,

The hydraulic lines for the No. 3 system, located in the right hand
wing fillet area, were torn and severed, The slat axtend line from hye
draulic system No. 1 was dented and slightly crushed, The Nos., 1 and 3
systen bydraulic reservoirs were enpty., Tha No, 2 hydraulic reservoir
wvas found at 1ts normal (full) level,

The control cables for rviglt elevator "up'" and rudder trim "nose
left" were severed and inoperable.

Examination of cockpit c¢ircuit breakdr panels and electricgl control
panel showed that all circuit breakers (C/B's) wera szt, except for the
DC bus 1 C/B which was in the "tripped" position, The three AC bus tie
relay switchees on the Zlight enginecr's panel were in the 'norm' position.
No lockouts were found on the corresponding busetie relays and all were
fn the “closed" position, The three IC bus tie switches were fouid in
the Yopen' position. Because of tha damage to the generator feeder cables
on the No., 3 engine, the ferry flight from Albuquerque to Long Beacli was
conducted without having the No, 3 generator connected, All systema
operated nornully off the AC tie bus to tha No, 2 AC bus and to the r.ght
emergency bus during this flight and {n the subegequent ground tests that
were cvonducted at the Douglas Afrcraft Company.

Power for electrical deployment of passenger oxygen masks is obtaine!
from the three AC electrical buses. The No, 1 bus powerc all maske fore
ward of fuselage staticn 816; No, 2 bus powers the masks for the midcabin
and the right-hand seats forward of fuselage station 1281, All other
passenger mask posfitions are powered from the No, 3 bus,

Inspection of the passenger cabin at Albuguerque showed that the
right aft cabin, midcabin, and forward cabin masks had deployed. The
left aft cabin masks had not depleyed, When the No, 3 bue was powered
during ground checks, these nasks daployed satisfactori.ly,

The pneumatic duct from the No. 3 engine to tha c¢entui accessory come
partment was severed in the rightehand wing fillet avea, Two holes, each
about 4 square inches, were found in the pneumatic ducv in the center
accessory compartment lsading to the No, 3 air conditioning pack, Three
holes, each between 2 and 3 squara inches, were .ound in the pneumatic
duct in the center sccescory compartment leading to the No, i air-
conditioning pack.

Before th2 examination of the aireraft at Albuquerque, c1e dattery
was removed, It was not daetermined whother DC electiical power was ape
plied to the battery bus before or during the removal of the battery,
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Wiring in the No. 3 engine nacelle had separated or had torn loose
at the AC gencrator. Also at the forwazd part of the right wicg fillet
area, four of the six No. 3 genarator feeder cabiea and tho wiring to the
diffarential current transformexr were saverad. Additionally, wiring
batwzen the No. 3 engine fuel flow transmitter and 'ts essociated fuel

flow electronica unit was se\v*:ed.

Wiring was also damaged in the MNo. 1 engine nacella, The lead be-
tween the No, 1 engine fuel flow transmitter and the fuel flow elec~
tronizs unit was severed,

The No. 3 AC generator bus tie relay switch was in the "norm" posi-
tion and thr velay was closad., The Na, 3 DC bus tie relay switch was
in the "oper.' posirion, and the relay was open,

Iustrument Readings

Saveral photographs of the instrument panel and the flight engl-
neer's panel were taken during the inspection of the aircraft at
Albuquerque, Examination of these photographs revealed the following
fnstrument displays:

P{lot's Instrument Panel

True Alrspeed/Stutic Alr Temperature

TAS 473 kn,
SAT - 59° ¢

Copilot'e Instrument Panel
Mach/Alxspeed Indicator

Mach ,82¢&
IAS 250 kn,

Centar Instrument Paancl
Engine No. 1 Pressure Ratio and Fuel Flow

ER 7.07
FF 6,640 1bs, /hr,

Engina No. 2 Pressure Ratio and Fual Flow

EPR 6.93
FF Not indicated.
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Engine No. 3 Pressure Ratio and Fuel Flcw lf{&-

BfR 6,93
FP 4,420 lbs./hr,

Plight Engineer's Panel

Engine No. 1 fual used-14,040 1bs,
Engine No. 2 fuel used=-12,930 lbs, .
Engine Mo, 3 fuel used=10,400 1bs, . Ng'

Total Fuei Quantity 00,400 1bs. I
Gross Weight 349,000 1bs, ?&
)

1,13 Medical and Pathological Information

Five persons raported that they become unconscious after the decone
pression, Three of the five were staniing and were acvtive. The remaining
two were seated in the lower galley area and lost consciousness when they

stood vz to obtain suppl-montal «.ygen, N

Twenty passengers and four crewmumbers were examined at the military
hospital at Kirtland Air Force Base. Tén persons wera treated for amoke
inhalation, and ten were treated for barotrauma.

1.14 Fire
Not applicable.

1.15 Survival Aspects

The missing passenger was forced through the cabin window near scat
location 17H, The window opening was 16 1/8- by 10 5/8 in, with curved \.
corners of 4 1/2 in, radius, Although the seatbelt was fastened, about 8 %
inches of slack exfsted when it was fastened around a parson of the
weight and build of the miesing passenger, According to a witnees, the
occupant of the seat was partially forced through the window opening and
was tempcrarily retained in this position by his seatbelt., Efforte to
puil the passenger back into the afrplane by another passenger were un-
successful, and the occupant of seat 17H was subsequently forced entively
through the cabin window, %

;

The New Mexico State Police and local organizationa searched exten- |
sively for the misaing passenger. A computer analysis was made of the R
possible falling trajectories which narrowed the search pattern. How- B\
evar, the search effort was unsuccessful, and the body of the presenger g
was not recovered, §
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To the passengers, the cabin decimpression sounded like a loud explo~
sion, The cabin filled with & blue-g:ey smoke, which becama progreesively
more dense toward the rear of the cabin., The DC~10 ig equipped with
emergency supplemental oxygen for all cabin occupants. Oxygen genaratiig
unite and appropriate dispensing equipment: generally ave located in come
partments in one of the seatbacke of each double seat unit, The other
seatba~ks contain storage space for 1ifavests, Oxygen valts ave also
located in compartment divider partitions snd at each flight attendant
station. In the galley, lavatories, and above some first row seals the
units are installed in ceiling compartmants,

The oxygen generators prnduce oxygen through the thermal decomposi-
tion of sodium chlorate by chemical reactzon, Vhen a laayard, attached
to tiie oxygen mask, is pulled, a pin at the end of the lanyard frees a
spring-loades striker on the oxygen generator which in turn ignites the ?
sodium chlorate core and thereby guneratas neat and produces oxygen. Tne R
oxygen 18 routed through a filter and a supply hose into a reservoir bag |
which 18 attached to an inhalstion valve on the face of the oxygen mask.
For storage purposes, the resorvelr bag s folded inside the mask and the
supply tubing is colled on top ot the bag;. The enf:ire mask asseubly is
held in place on the inside of the oxygen compartment door by a wire
holder. The compartment doors are hield closed by jleatromagnetic latche
ing devices which operate on a ningle-phase, 118 volts AC, 400«cycln
electrical signal, Various sections of tha paesenger cabin are supplied
this AC electrical power, senarately and independently, by one of the
three AC buses which comprise the AC elestrical systom, The cowpartment
door latehing mechanism may also be operated manually by inserting a
small diameter object into an opening in the bottom edee of th. door.

Statements from the flight attendants and passengers indicated that
the passenger oxygen mas!  were not all presented simultancously, Depend-
ing on the cabin iocation, the time lapse betwaen the start of the decom= 2l
pression and the presentation of masks ranged {rom a few seconds to over g |
3 minutes. Several flight attendants and some of the passengers forced
open the oxygen compartment doors to obtain oxygen.

Some of the passengers reported that they did not know how to use
the equipment. Some removed the mask from the compartment dosr, and
leaned forward toward the mask, rather than pulling the mesks toward them.
This prevented the lanyard from being pulled, and consequently the unit
was not activated, Other passengers stopped using the maeks, eithor ba-
cause they could not discern oxygen flow or the reservoir bage did not
inflate, or both, which caused them to beliave that tha equipmant was
defective.,

At three seat locations, the oxygen generators were pulled from
their mountings and the hot cylinders (as high as 547° F.) ssverely
scorched seat upholstary. One flight attendant attempted to pick up one
of these cylinders from a seat, and her fingers were burned saverely.
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Most flight attendauts circulatad throughout the cabin to als passen=
gers with their oxygen equipment and to prepare them fo: a possible ewmer-
gency landing, Despite the heavy irritating smoke in the cabin, nore of
the attendants used the portable oxygen equipment. A few attandants ve-
~orted thac they would occasionally take oxygen at individual seats by
asing passengers' masks,

In the lower galley, two flight attendants were seated in the jump-
seat facing the elevators when they heard the explosion, They immadiately
falt a surge of air and saw napkins and pot holders £ly through the
air toward the rear of the galley., The doors tu the storuge and serving
cart areas opeited, and some of tha serving carts moved partially into
the galley area, The personnel lift dropped to the lower galley posi-
tion, and the 1ift access door opened, The flight at:tendants ncticed
that the overhead oxygen compartmeant was still clesed, and they stood up
to obtain the portable nxygen equipment which was etored behind the es-
capa ladder. Both flight ettendants becama unconscious before they could
‘reach the equipment, One of them regained consciousness shortly after
ward and was able to get up to the passenger cabin by means of the cart
11ife.

All passangers were instructed about the bracing position in prepara-
tion for an emergency lamling at Albuquerque. The landing waa relatively
uneventful, and after the aircraft stopped, the flight attendants opened
the exits ard deployed the evacuation slides.

The slide pack at the left forward door fell to tha floor of the

cabin, and the rlight attendant at that position threw it out of the
door, She noted that the slide did not finflate, whereupon she followad
the instructions printed on the flap which covers the girt ditching re-
leas¢ .aerdle, The instructions on the flap read:

1. LIFT FLAP
2, PULL HANDLE
lumediately abova this ilap are printed the words:

"WOR DITCHING ONLY"
and a red handle labeled "PULL" is situated to the left
- .de of thesa words, When the flap is pulled up, the
words "TC REIEA3E SLIDE" become visible and a white
handle, labeled "PULL" {s situated directly below these
words, Also, '"IO INFLATE" 18 trinted beluw the red handle.

The £light attendant stated that she did not see the red inflation
handle and therefore followed the inestructions on the girt flap, lifted




the flap, and pulled the handle. The slide was consequently je:tisoned
from the door aill, The red inflation handle 18 not irmmediataly visible
to flight attendants on an uninflated emergency 3lide because it is
located beyond the door sill,

The emergency siide at the right forward door deployed normally but
did not inflate. The £1light attendant at that door pulled the manual in.
flztion handle, and the slide ir®lated prynerly. All other emergency
slides deployed and inflated auvtomatically, However, the slide at th2
right overwing exit did not deploy across the engine pylon but remained
on top of the wing and was useless, The a..craft was evacuated without
majyor difticulties in about 60 seconds through six of the uvight cabin
exits,

1.16 Teast and Research

1.16,1 Autothrottle System Study

Postaccident examination of the aircraft 1 and testimony given at
the public hearing fndicate that the crew was Ing the automatic throttle
syatem for thrust control at or shortly bifore .i¢ engine failed, The
evidence further disclosed that the captain and the flight engineer, after
sperulating about the effects of interrupting certain electrical circuits
upon autothrottle system operution, pulled the circuit breakers to observe
the resuits, The circuit breakers were subsequently reset. The exact
time seque.ace of resetting the circuit breakers and the disintegratioa of
the engine fan asserbly was not established.

The DC-10 aircraft has two independent autothrottle/speed control
syatems which are usually engaged separately, When operating in the autc-
land mode, botn systems are engaged and operate to pr 7ide the required
degree of redundancy,

The autothrottle system fs designed to automatically position the
throttles to maintain eithor a selected airspeed or a thrustelevel sched-
ule based on the engine low-pressure compressor rotational speed (Ny).
The heart of the sysiem {8 the autothrottle/speed control (AT/SC) come
puter. This unit accepts irputs from the central air data computer
(CADC), the thrust rating computer (TRC), engine speed sensors, alrcraft
attftuda and acceleration sensors, control surface position sensors, and
other signjficant parameter transducers and provides the propec¢ output
to an elextrical serve which drives the throttles, Tho pilot ergages
efther or b.:ti systems and selects the desired operating mode, f.e., N
or airspeed from an autothrottle control panel located on the instrument
panal glare shield. The desired airspeed is also selected on this panel,

The 1RC accapts pertinent alr data auwd generates a signal which cor-
responds to the meximum engina Ny limit allowablu for a particular opera-
ting mode selucted by the pllot, i.e., takeoff, clim, e¢ruise, maximum
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continuous thrust, or go-around, This N1 limit established by the TRC
controls the upper limlt of the AT/SC authority., A selected airspeed
wiiich would require thrust in excess of that developed at the apprcpriare
Ny ifwmit will cause rha throttles to advance only to the position which
correspornds to the eatablished N; limit,

Thus, in speed mode operation, the AT/SC system drives the throttles
to a position which nulls out the arror between the selected alrspesd and
tlie CADC airspeed input., As the throttles advance, an engine Nj signal
generated by the Ny fan epeed sansor through the Ny RPM fndicator, 14 com-
pared with the signal which corresponds to tha TRC Ny limit., When this
orror reaches null, the throttle stops advancing regardless of the exist-
fng airspeed error. When onerating in the Ny mode, the AT/SC system
drives the throttles to a position where engine Ny is maintained at the
TRC Ny limit,

The automatic throttle speed control system wss examined
theoratically to deterndna the affects on system operation produced wher
thu crew pulled accessible circult breakers,

The examinatfon r cwaled that the autothrottle system can move the
throttle levers to a maximum throttle quadrant position under certain
conditions, The conditions vary depanding on ths autothrottle operating
mode selected, - If the Ny mode is in use and the circult breakers for all

three Nj tach {ndicators are opened, the throttles will advance to the
mechanical stop. If the speed nwde 18 selected and the three Nj circuit
breakers are opened, the tnrottlas can advance without limit, if an air-
spead error is sensed which would require thrust application.

These N, tach civcult breskers are accessible to the flightirew,
gince they are located on the fiight compartment overhead panel., Basice
ally, these circuits provide the signal propertionate to engine speed,
vhich {8 compared with the N; limiting signsl established by the TRC to
control autothrottle system authority., Whan thece cdrcuits are opened,
the N} error signal cannot be nulled and the liriting authority in
removed.

The rate at which the throttles will advance in response to auto-
throttle system cormand was also studied., 1In the N; mode, the throttles
advance at an angular rate measured at the control pedestal quadrant of
3%/sec. In the speed mode, a saturated speed error of 16 kn, causes the
throitles to move forward at 6%fsec. A speed error esignel of lass magni-
tude produces slower throttle motion. If the throttles' positions coxe
respond to the weximum limit established by the thrust rating computer for
eruise, 1.0., 93.5 percant N) when the threa circuits are opened, a
giturated speed error would cause the throttles to move to the forward
stop within 2 seconds,




1.16,2 Engina Operating Pacxameters and Limitations

Tha 1imfits approved by the FAA for continuous operation of the GE
CP6-6D engine with Service Bullevin :1-7 incorporated, urder all environ-
mantal conditions, specify the maxirmum low-pressure compressor spsed (M;)
as 111 percent of the reference rating, and the maximum high-pressure
conpressor speed {N,) as 101 percent of the reference rating,

The engine 1imits normally {mposed upon autothrottle auwthority us
established by the TRC for 39,000 feet pressure altitude andé a total nfr
temperature {TAT) of «30° ¢ wore obtained for tha selectable operating
modes, These linits are as folilows:

lakeoff = 102,8 peaycent Ny
Go Arou! = 101.8 percent XNi
Max Continuous =~ 100.8 percent Ny
Ciimb - 100.6 percent Ny
Cruise - 98.5 percent N;

The ~30° ¢ TAT corresponds to a static air tempurature (SAT) of
»§9% C with an indicated atrrpeed of 255 kn,

The engine parameters shown on tha DC=10-10 cruise contxol tables
fcr the No. 3 engine, long range cruise operation at 39,000 feast, a
st:andard day SAT of -56.5° C and an aircraft weight of 300,000 lbs, ara
as follows:

Mach Nl . 319

1AS 255 kn,

N 96.2 percent
}&R 99.1 percent
Ny 89,3 percent
EPR 5.25

Fual Flow 4,104 1bs,/hr,
EGT 687° C

TAT 27.,4° C

TAS 470 kn.

These valuas for fuel flow and ongine pressure ratio which were evi-
dent on the instrument photos were examinad co datermine compatibility
and to establish a relatfonship with the specified limits. The estimated
parameters listed below were based on an extrapolation of GE CF6-6D
engine data for the 39,000 feet pressure altitude, =592 C SAT, and 473
kn, TAS condition.

Other engine parameters astimated to correspond with fuel flow
values:




Egine 1 Engine 3

¥y = 108.7 percent - Ny, = 107.7 percent
9 = 97.8 percen: - Np = 97.1 percent
EGT - 824° C - EGT - 8120 ¢

KR = 7.39 - EPR - 7,23

Other englne paramecers estimited to corruspond with EPR valuess

Engine 1 Bugine 2 Engine 3

N, = 106.9 percent Ny = 106.5 percent Ny = 106.0 percent

& -~ 96,5 percent N, = 96,2 percent Np = 95,8 percent
T » 8030 ¢ Bfr - 7970 ¢ EGT - 793° ¢

FF « 6,243 1bs. /hr. FF « 6,117 lbs,/hr, FF - 6,033 1bse,/hr.

1.16.3 Ganeral Electric Company Analysie o. CVR Tape

At the request uf the Safaty Board, the General Electric Company
conducted a sound spactral examiration of the recorded sounds on the CVR
tape from N6ONA. Because of difffcultiss in matching the recorder head
spacing of the original GVR tapa Lo the laloratory recording equipment,
the Safety Board recorded tha cockpit area microphone (CAM) channal data
orto a standard 1/4=in. tape at 3 1/2 I8, Taia tape was used foc the
atudy.

Through a process of scund filtration and speolal photographic
mathods, predordnant resonanczes wers identified for thn time base being
examined. The identity of the No, 3 engine was established through au
ergine eound signatire frequency thet was picked up during the beginning
of the explosive sounds and wlich terminated shortly thereafter, Two
additional engine scunds could subsejuently be detected but could not be
identified individually by engine poiltion. Tha thres ergine sounds
were traced back to time 00:00 (all times correspond to the times listed
in the CWR transcript) by visually tracking their resonance traces,

The General Electric report statasi ''This study does not purport
to have extrem accuracy and there could be variations of a smill magni~
tude resulting from interpretation and poseible CVR speed variations and
tape flutter . . , .A summirization of the results of this study are as
followa: :

"At tize 00100, the speea 1fre of the No, 3 angine is at 579
Ny, and another speed 1ine, beliaved to be the superimposed speeds
ol-' the Noa. L and 2 engtines, is at 96,57 Nz. Thase frequencies
;) €

remain stable and constant uncil time 00:2 ommanourate writh the
voice on the CVR 'you'ra right on upeed right now though!, At
this time the speed lines inerease in parallel with the No, 3
engine, which is the higher, reaching 1007, Ny .
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"The next activity s:arts at time 0G:31 when both speed lines
decrease in parallel about 37%. The No. 3 engine then, almost imme-
diately, atarts a series of random oscillations of speed between
94% and 1007 Ny with smoothness reappearing oc¢ about 00344, During
this pariod of randor oscillation of the No. 3 engine. the No. 1
and No., 2 engines' spaed line remains stable,

"The No. 3 engine's speed line starts another oscillation
at time 00347 reaching a spaeed orf 997 N, at the r art of the first
bang at time 00:48, The acceleration of the engine is linear and
reaches about 1107 N, at time 00:49,42 whereupon the No. 3 engine
Ni cau no longer be detected.

"“The other two engine sounds appear to evolve out cof the lower
speed line as previously discussed &s a probable superirposition
of these two frequencies, 7The first of these engines appears to
start its acceleration during the period relative quiel following
the firot bang and at time 00349.42 has achieved a speed of about
100% Nj. Acceleration appears to ha complete in about seven seconds
of elapsed time with the speed stabilizing at approximitely 100,5%
N;. The other of the remiining engines appears to start accelera-
t}ng at time 00:50,2 and reaches stabilization in about eight sec~
onda at about 107% N;. The two remaining engines continue to
operate at thete speeds until time 01:14,6 whereupon a substantial
opeed reduction £s made and the engine sounds are no longer dis-
cernible,

"The scceleration rate (maxjmum slope) was calculated for each
engine from measurcment of ime and frequency change. These are as
follows: Engine ho. 3 « 266 rev/min/sec; the faster engine (of tiie
remaining two) = 129 rev/min/seci and the slowver engine -

96 rav/min/sec,"

According to the General Electric study, a maximum acceleration rate
of 233 rev/nin/sec had beean achieved as a result of a comleta fan stall,
The acceleration rate of the other two engines corresponds to a value
slightly less than that calculated for a 3%/sec. throttle advance. The
condition riquived to achieve the azceleration rate of the No, 3 engine
fs to unload o1 block the fan air flow.

Tha supslesaucal conclusions listed in the report are summarized as
follows!

1. The speed of the No. : vngine was 99 percant Ny at the time of
the initial explosive suund, '

2, Tha No. 3 engine accelerated following tha initial explosive
sourd at a rate of 266 rev/minfsec., whi~h requires a savere re-
sttiction of the ongine fanair flow in ord... to be achieved,
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The two remaining engines were accalerated to & high power set-
ting very shortly after ‘nitisl explosive sound and remained at
this high power until 26,6 seconds aft.. the initial explosive
sound .

The No. 3 engine exhibited randow speed fluctuations of % per-
cent Ny before the initial explosive sound.

The No, 3 engine gearbox and electrical system were disabled 7
seconds ater the initial axplosive sound,

Engines No., 1 and No, 2 did not exceed the limit speed of 1lil
percent Nj. The speed of engine No, > was no longer discernible
after achieving .10 percent .Nj during acceleration, hence the
maximum speed attained could not be determined,

1.16.4 Douglas Aircraft Company Analvsis of CVE. Area Microphone Siznals

The Douglas Aircraft Company conducted an fadepth study of the scunds
found on the cockplit area microphone to analyze ind interprat these sig-
nals, The stated objectivas of the astudy wera: (1) Establish the
characteristics of the Ca:/CVR and, in turn, the charactevistics or
limitations of the syctem in providing engine related evidence, and (2)
determine ongine speeds, character of' the massive failure sounds, and the
nature of other sounds ralative to the No. 3 engine failure,

The source of the N6ONA CVR/CAM signals was a 2-channel, 1, 4-in, re-
cording tape which was rae«recorded from the original CVR tape by the
National Transportation Safety Board., Two analysie tapes were prepared
from this tape and were used f{n the processing displaying tcchnigques em-
ployed in this study.

Several supplementary tests were conducted during the study to ac-
quire comparative data from which to astablish CAM/CVR {nstallation
characteristics and performance exd to determine the type and level of
engine-related tones in the cockpit during flight and ground operation,
Host of these tests utilized multiple cockpit acoustic recording systems,

The significant conclusfons outlined in the Douglas study are as
follows:

1, The large value of observed tape speed variacion of tha CAM/CVR
system limits the capability of the system to reproduce any
type of discrete frequency tones., The narrow acoustic fre-
quency range of the system further limita tha tone capacility
ralated to engine speeds during cruise flight,

Enginee~speed-related tones cannot he detected in the cockpit
during high-altitude erufse flight with the CAM/CVR, or
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even with precision fiight test acoustlc recovditg/repcoducing
systems, coupled with advanced spectral aralyeis systems. This
is because a 1 engine speed tono laveln are much lower than the
background noiss levels, Engine-specd-ralated tomes were de=
tected during lowe-altitude low-Mach flight testing,

The major porticn of acoustic energy, during the massive fallure
period, occurred in the first 200 rilliseconds and was the only
tive of sustained high-level noise in the f£irst 10 seconds of
the failure pericd,

The cockpit vibratory noise (ratcheting sounds), 4 to 6 seconds
after thre start of the maseive failure period, corresponds with
cockpit equipment noiess during heavy cockpit vibration, The
vyibratory frequanty corrasponds to excited modes of the wing/
pylon and fuseluge excited by a steadily-decreasing-frequency
source from 22 to 16 He,

The cockpit flow noise, which began about 10 seconds after the
start of the wassive Zfailure, is similar to the noise made by
cockpit prassura-denand oxygen masks discharging automatically
in the 100 percent: oxygen mode. Thie fdentification is sub~
stantiated with a cabin decompression calculation,

1.16.5 Pravious CF6 Enginc fatlures

Two previous CF6 engire fan follures were brought to the attention of
the Safety Board during ite favestigation, Both of thesa fallures occurred
during testecell operation, but the similarities between the failure modes
found in these engines and tha failure mode of the No. 3 engine irstalled
on N6ONA are valuable for conparison purpoces,

The first failure occurrod during testecell operation of a CF6-6 en-
gine, S/N 451-141, at the Anerican Alrlines Tulsa Main'.enance Base on
November 15, 1972, The engine had bezen removed from service on November
2, 1972, because of a number of maintenanca writeups concérning high
vibration. At the time of ramoval, it had a time since new of 2,045 hours,

At the time of the failure, tha2 engine was undergoing test for trim
balance of tha fan rotor. ‘the anjine was set at maximum continuous power
with an Nl fan speed of 3,308 RPM, core speed 9,200 RPM, ard fan vibra-.
tion of 7.1 mils, After 3 winutes of these conditions, a loud explosion
wac heard, and it was found that the inlet and exhaust cone had soparatad
from the engine and that all fan blades had bean released from the fan
disk, The engine and the test cell were damaged conaiderably,

This failure was investigated by representatives of Amasrican Adye
1ines, Douglas Afrcraft Cewpany, and General Electric. It was found that
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5 of the 11 bolts used to attach the inlet hellmouth to the ongine became
fatigucd over 15 to 50 percent of thelr cross-vections, Thase bolts,
losated over the upper hali of the belimouth«:o-engi.a sttach sector,
then failed, and the other bolts falled by -tensfon/bending. The bell~
mouth pivoted about the 7:30 location forward and doum to the left, and
then fell to the test cell floor,

5 It was further dotermined that the distuxbed alrflow into the fan
i, caused dynamie activity to the fan blades. The dovetail, shank, and
‘* platform regions of all 38 blades were recovered essentially intact,
together with substantially all other porticns of the blades. There
was evidence of sevare blade tip rub and shingling of fan blade midspan
E shrouds. Algo, there wog evidence of axial racking of the fan blades in
: their dovetail slots.

These activities caused forward motion of the fan blades, shearing
of axial retention houks, excessive axial load against the rotor spinner,
N and finally, sufffcfent forward axial dZeplacement of the blades for
it blade and disk dovetail tangs to shear,allowing all 38 blades to leave
% : the rotor.

The rotor unbalance from the initial release of tne fan blades over-
loaded the No, 1 bearing and its outer r/ce failed, Multiple impacts of
fan blades burst the containment casing and tore it from the engina,
Debris from the fan area was ingested by the core compressor and caused
damage throughout.

The second test-cell failure occurred on January 12, 1973, to a
wodel CF6-50 productior engine, S/N 455-201, The purpose of the special
engineering test was to investigatc the cause of fan blede shirgling
which occurred previously during the originul preduction engina run,
special vibration instrumentation, a high sjeed movie camera, TV camera,
sound recording equipment, and stroboscopic light equipment were in-
stalled to aid in studying fan-blade behavi(r. VYor this test, the
nriginal hardware .ad teen returned tuv tic englne.

tngine operation was normal to the point where failure had cccurred.
The fnvestigation report showed that the failure occurred during an at-
tempted acceleration to 3,983 N; RPM, Dieintegration occurred at 3,742
RPM. The fallure was initfated by the rubbing between thc fan rotor and
casing. Vibratory responsa of the rotor was substantially synchronized
with the casing so that the rubbing acticn fed rotor energy {nto both
rotor and stator, 7The coincident excitation which fed energy into the
blade system produced high blade-tip forces, which pushed the blade out
of 1ts dowetafl fitting and led to the ultimate failure. The entire fan
rotor separated from the engine; the fan stator, case, and bellmouth aleo
separated from the engine.

The probable fzilure sequenca was summarized in part, as followss

g e a e A s aare o e < e Boaas g conil Ly
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Fan tips rubbed the abradable shroud.

- Fan case vibration responsc was a 6-wave moce traveling at 1/2
fun speed in the direction of fan rotati.n,

~ Vibratory response of the rotor was substantially synchronous
with the stator so that rubbing astion fed rotor energy fnto both

the rotor and stator, resulting in a rapid increase in amplitude
in botha rotor and stator, °

= Amplitude of rotor and statn: vesponse comtinued to build up.
High blade tip forces generated by tuhe rubbing action, together
wvith fore-and-afv rocking of the blades in the dovetail, forced
<he blades forward egainst blade hooks and bulletnose,

- First fan blades left the disk, causing a large uhbalance, which
failed tolts attaching No. 1 bearing unbalance, which failed
bolts atiaching No. 1 bearing to bearing support cone.

1.16.6 Evacuation Slide Study

A study was conducted to detormine the reasons for the failure of
the two forward door slides to inflat: automatically and for the failure

of the right overwing escape slide to track properly across the engire
pylon,

It was determined that the deploymant straps on the forward left
door container were not riggad properly and that one of the slides on the
forward doovs had an ivproper firing handle assembly, The right overwing
slide did not {ncorporate an opticnal modification (PICO Service Bulletin
25+35) which recormsnded the installation of a length of velero tape for
improved slide tracking during deployment.

National Airlines maintenance records showed that evacuation slide
AA0O2 had been installed on the right forward door while slide AAQO7 was
installed on the left forward dcor. Ixamination of these slides showed
that slide AAJ07 had been used extensively by evacuating pessengers and
that slide AAQ02 had not been used, Since the left forward door had not
been used during the evacuation, it was concluded that these two slides
had been reversed during fnitfal instailation or while maintenance had
been performed on them. The maintenance records showed that repairs had
been made on slide AA0O7 which included repafy of multiple holes in the
fabric and thie tnstallation of a new air bottla. There were no Yepairs
indicated for slide AACO2. The repairs on vlide AAGO7 may, therefore,
account for the installation of an {sproper firing handle assemdly,



1.17 Other Information

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

YGENERAT(R BUS FAILURE

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

During critical phase of flight,
MRMSWCiCIIIOOOO'IQIOOOON

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
ara not restored, move emergency power sw to OFF and
operate without affected bus,

CONDITION 1 _
GENERATOR BUS HAD BEEN OR SHOULD BE POWERED BY
ASSOCTATED GENEPATOR

MTIBSW(B)naoaoococlconeucccooo01039

GEN ContYol SW + « « o ¢ o o s o o s s s o s o s o o « RESRT/ON

RESET S% + 4+ o « s s &« « o« » » o GEN RLY/BUS TIE RLY LOCKOUT

o IP AC BUS OFF LT IS NOW OPF or there is other evidence
that power has been restored to the genurator bus:
Continue this procedura,

IF AC BUS OFT LT 1S NN and falled generator bus had not
been restored:
Continue flight with affected circuits inoperative.

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

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

If generator bus 3 18 not restored, select fuel system
tank pumps as requlired,




u25-

GEN OFF Lt L L] * [ I L] L . & LI ] v & ] * @ L] L] [] L] * L] s ¢ OFF
m I‘oad Heter' » L . L] e 4 ] 4 . 0 ] » [ ] L] ] [ ] L ] » L] *& 0 wm

© IR ASSOCIATED GENERATOR IS NOW SUPPLYING RESTORED
GENERATOR BUS:

Coniinua this procedure.

0 TF ASSOCIATED GENERATOR IS NOT SUPPLYING RESTORED
GENERATOR BUS!

Continue flight with generator off. Restore d¢ tie sws
a8 required.

PARALIEL GENS Button L] ] L L 4 * ] 2 ] L] » * a [ ] [} [ ] L L ] PUSH
If generator paralleling system is inoperative, confirm
preferential circuit. Verify AC bus tie sw for affected
chaunel is in NORM, Move ac bus tie sw(se) (associated
with other operating engines) to ISOL. Return a¢ bus tie
sw(s) to NORM,

AC BUS TIE ISOL LT

o IF AC LUS TIE ISOL Lt REMATNS ON:
Continue this procedure,
o IF AC BUS TIE ISOL Lt IS OPF:

The a¢ channel has been restored., Rastore dc tie sws
ag required.

EIAEC SYS RBSET sw LI ] ¢ ¢ & 1 e & @8 «. & 4 o & 2 [] BUS FAULT
PARALLEL GENS Button [ ] [ ] [ ] +* ] * L # [ ] L J L ] L ] . L L} ] [ ] ] wsu

1f generator paralleling system is inoperative, disregard
this step, Restore dc tie sws as required,

Ac BUS TIB ISOL Lt L I > & & 8 2 * 4 b * v @ L I | * & @ L I wF

If ac bus tie fs0l 1t remains on, continue flight with
generator out of parallel,

m TIE S"a 4 ¥ [ ] . B [ [ . L ] 8 LI ] L] L I L I ] L | L] [ ] As REQDQ

. [Pa— G o g e
N e . - T EY ' e adadtyd . " iz 4 3 . }
- - S P o - y R WX 3 D S e e i - fdoi s B i i :
ot - I o TS ” . i i . . L
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3 CONDITION 3

GENERATOR BUS HAD BEEN OR SHOULD BE POWERED BY AC TIB BUS

DG TIE SW(B) o + o « « o + ¢ o ¢ o s s » s o s e o os s CLOSE
-4 ELEC SYS RESET S . + + + + o + o « . BUS RLY/BUS TIE RLY LOCKOUT
| ACBUS OFF LE + 4 4 v v o o o o o s o c o oo oo v oo s OFF
o If AC BUS OFF LT REMAINS ONt
'!Ji Continue this procedure,

" o TP AC BUS OFF Lt AND AC BUS TIE ISOL LT ARE OFF:

?f Restore dc tie sws as required,

‘ BLECT SYS RESET SW o ¢ « o o ¢ o o o o o s o o « s o « » BUS PAULT

ACBUS OFF LE o o ot o o o o v v v o o s o o v s v o v s OFF

o IP AC BUS OFF LT AND AC BUS TIR ISOL LTS ARE OFFi

Restore d¢ tie sws as required.

o JT AC FUS OFF LT AND AC BUS TYE 1SOL LTS REMAIN ON:

‘f Continue flight with affected circuits inoperative,”

2, ANALYSIS AND CONCLUSIONS

i 2,1 Analysis
Pan T{p Rub

spinner and to overcome dovetail friction,

blade cocking motion during the forward displecement,
blade failure in every instance resulted from iuwpact with surrounding

;»”Q structures aftex asgparation., (5) Disintegration occurred simultaneously
w with a rapid acceleration of the engine.

S The reports of the two test-cell engine failures assisted the Safety
e Board's understanding of the failure of the No. 3 engine on N6ONA,

. each of thess failures, all of the fan blades were displaced from their
fan disk slots, Other similaritiecs between the two cases were:
biades were lost in rapid succeszsion, (2) ™he blades moved forward
under sufficient driving force to shear blade retainers and the rotor
(3) Thara was evidence of
(4) Individual
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In both test-ceil failures, the mechanist which allowed 1088 of the
fan blade was the same-~the interaction of the fan rotor and the fan case
during resonance between the two during multiwave vibracions, The basic
difference betweer tha two fallure sequences was the action that preceded
the severe rub betwuen the fan blade tip and the fan case, which in turn,
initiated the dastructive interaction, If the second testecell failure,
(S/W 455+201) rhe rub occurred "spontansously" during an acceleration
under unusual test conditions (including intentionally reduced blade tip
clearance), In the first teet-cell fatlura, (S/N 454-141) the fan was
also accelerated, but was precipitated by a <evers fan stall caused by
loss of the test cell bellmouth from the engine, Tha corsequent rapid
fan acceleration and sxial excursfon of the fan blade tips caused the rub
and the ensuinz lose of blades,

Regardless of the triggering elemont {n the overell faflure sequence
after this type of rotor/case vibration begins, the vibratory forces and
their destructive effects take place rapidly, In the failure analysis of
engine 455-201, about 0.24 sec, elapsed between fnitiation of the rotor/
cage vibration and loss of the first fan blade. All remaining blades were
lost within 3 revolutions, or 0.05 sec., later. ’

From the above data, GE calculated a time sequence of failura appli-
cable to the S/N 454-1L1 test-cell failure, Their analysis indicated
that all fan blades weve released about 0,92 sec, after the bellmouth had
separated at the top sufficiently to stall tha fan, Some engine parts
from the disintegration reached the floor befo:'e the belimouth did,

Examination of N6ONA's No, 3 eagine revsialed no indicatica of faile
ure or malfunstion within the engine section or fan assembly which could
have caused the disintegration. The only damage to the engine was ate
tributable to the force offects of the 32 fan blades when they exited
theflr disk sleta,

Examination of tha fan blades and disk &and faneblade retention dee
vices revealed that the blades were forced out of thoir slcts by extremely
high dynamic forces. However, there was no evidence of a rechanical fail-
ure which could have caused the fan blades to axit the disk slots {n such
a manner, Moraover, a mechanical faflure alone could not have caused the
type of blade ralease exhibited. Without the high vibratory effects acte
ing to reduce the extremely high cantrifugal forces on the fan blades and
increasirg the forward axial loadirg on the blades, the fan blades could
not have exited their slots. In thls respect, the machanism of tla blade
loss vas the same ae the wechanism in the two taste-cell faflures,

Thus, from the testecell exparience and from a theoretical stande
point, a rapid fan accaleration togather with a consequent fan-tip rub
condition and a multiwave-vibratory condition would be necesgsary in order
for the 32 fan blades to exit as they did. The vibrations, imvolving the
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interaction betwean the fan rotor and tho fan case are necessary to pro-
vide the fan blade '"unioading." Without the interaction, a blade operat-
{ng at high power cou'd not move forward and out of ite disk slot, The
frictional "grip" of the blade againat the radially outward surfaces of
its aslot, which resul*s from the centrifugal force of about 113,000
pounds, would normally ba greater than any force attempting to move the
blade forward in ites slot, Thus, in order for the blade to move forward
and past its three mechanical retainert. a unique interaction, during
vhich a very rapid blade vibratory force (loading/unloading) must take
place. The reason, or reasons, for the onset of these vibrations, then,
would constitute the primary caugse of the engine disintegration.

The alroraft was in level flight at 39,000 feet when the No, 3 ergine
fan asserbly disintegrated, Shortly before the disintegration, the cap=-
tain had engaged the automatic throttle speed control system, and he and
the flight engineer had speculated about the effect ‘that pulling the three
Ny tachomater C/B's would hsave on the ATS operation,

According to the captain and flight engineer, the airspeed mode was
gelected on the autothrottie contro) pinel and the cruise mode was
selected or the TRC, After the a‘cspeed stabilized, the flight engineer
pulled the three Ny tachometer C/B's, which are located on tha flight
compartment overhead emergency circuit breaker panel, The captain
statel that he retarded the speed bug to decrease spead 5 kn, in order
to determiny whether the throttle would respond to such a command; after
watching the throttle lavers retard, he diseéngaged the autothrottle
systom, Both crewmerbers testiffed that the engine failure occurred im-
 mediately after disengagement of tho autothrottle system. The flight en-
gineer reset the Nj tachomecer circuit breakers; the exact sequence of
his action with engine failure could not be deterrined,

It 18 d4f'icult to relate the procedures desccibed by the craw with
tha engine failure. It must be assumed that the sircraft was reasonably
stable and maiataining an aivapeed close to the cormanded airspeed when
the flight engineer pulled the Ny C/B's. Although this action would have
removed the limiting authority imposed on the autothrottle system by the
TRC oircuitry, the throttle levers would move forward only if an afrepeed
error existed which would require additional thrust, If such an error
did exist, tha throttle levers would have moved at a rate which is deter-
mined by the magnitude of the error.,

Since tho captain and flight engineer were interested in determining
throttle response with the circuit breakers pulled, they probably would
have obssrved amd acted to prevent an undesirable thrust increase, 7The
captain's accion to retard the speed bug should have produced a retarding
motion of the throttle levers,

It {6, therefore, hard to rationalize engine operation outaide of
the normal orulse envelope., The e~gine instrumentation does, however,
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fuwply that esuch a condition occurred, After the flight, the operation of
the engine-pressure ratio and fuel=flow indicators was examined with re-
spect tq the wiring damage. Tne digital readout on the engine-pressure-
rvatio {ndlcators remained in the last position attained before removal of
electrical power., Since all three indicators are powered from the No, 3
AC generator bus, a loss of bus, power would effectively freeze the EPR
indicatfon whon power was lost. The Safety Board believes that the No,

3 AC generator power was lost as a result of wiring damage infllcted when
the Jian disintegrated. Therefore, EPR reading noted during che aireraft
examinat{on after tha accident should have been valid at the instant of
engine failuve, These readings were 7.07, 6.9% and 6,93 for the Nos. 1,
2, and 3 engines, respectively. Furthurmore, {f the wires batween the
fual flow transmitter and fuel electrornics unit were severed, the digital
counter of the fuel flow indicator will freeza at the last indicated
reading, Such wiring demage was evident in both the Nos. 1 and 3 ergine
nacelles, The fuel flow indications of 6,640 lbs,/hr. and 6,420 1bs./hr,
for the Noas. 1 and 3} engines, respectively, are compatible wtth the cor-
refponding ergine pressure ratios indicated for these engines., This come
petibility, along with the similarity of the values for the three engines,.
arpears to be more than coincidental, Thus, it {s &trongly indicated that
the engines were operating ot an abnormally high power setting at the time
of failure,

Pogsible friggering Mechanisms

Possibly, the captain inadvertently advanced the levers beyond the
tequired settings while manrually resatting the throttle luavers without
the Ny tachometer or, the autothrottle system may still have been {n
operation and the target airspeed was at a higher setting than the pre-
vailing airspaed, which caused a signal for increased thrust., Because of
the lack of eviderce to support elther of these prstulations, no positive
determination can be assessed.

It ismost important, howaver, that the fndicated power setting, although
higher than that requirzed for tha ¢ruisa condition and beyond the normal
autothrottle system limits, was still within the certf{ficated maximum al-
lowable operating limits specifial for thae CF6-6l) engine. Furthermore,
at 39,000 feet, under a normal crulsing envivoument, it is difficult to
co-ceive of any condition undor which engine limits can be exceeded, even
with makinum theottle laver travel., Therefore, to apply purticular signi-
ficancoe to the ongine power setting with regard to the fan disintegration
would be pure conjectura,

One must question whether operation at ant engine speed greater than
encountaered normally but less than specified limits is explored adequataely
during the alreraft certification process. The possibility of untested
vibratory modes caused by the interface between the angine and the air-
freme must, therefore, be considered as a triggoring device for such
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fallure, To datermine other possible triggeriny devicas of the engine
disintegration, the CVR sound spectral analyses developed by G.E, and
Douglas were studied,

In the G,E, enalysis, basic time coincided with tha initial 00:00.0
time as presented fn the CVR transcript, at which point the flight angf-
neer stated, ", . , wonder if you pull the Ny tach (C/B) will that, auto-
throttle respoud to N7 At this same time the analysis shows the lio, 3
engine speed to be 97 percent Ny. This engine speed would hava been ul-
most normal for the cruise flight conditions at that time, Iwenty-four
sec, later, the Ny speed increases to 100 percent, and the other two en-

ed. The most obvious explsnation for
n engine power 1s that i+ resulted from the auto=
throitle systen,

: The analysis also shows that between times 00:31 and 00344 gec, the
No. 3 angine N; speed cscillated at random between 94 and 100 percant,
The other two engines maintained N stability. At 00:48, when the explos
‘slon sounded, the No, 3 englne speed was 99 percent N1 and accalerated to
almost 110 percent N; at 00:49.42, after which this engine sound 1s no
longer detectable., The other two angines accelerated to high power sate
tings (109.5 percent and 107 percent Kj) shortly after the {aitial explo~
slon and remained at this setting for 56.6 sec, |

Again, the acceleration of the angine to these hizh power settings
would suggest that the autothrotetle system was stil) operational, but .
without tia benefit of the thrustelimiting featura, However, the pilot
could have set the twottles manually beyond the raquired thrust position,
Howaver, the captatn did not testify that he menuaily advanced the Nos, 1
and 2 power levers lmmediately after tha explesion, and it {y inconceiye
able that he would have elected to inerearg pwer under those condfitions,

It cannot be detormined what effact the unreatrained Ny accoleration
had on the No, 3 disintegration; however, {t is highly coincidental that
both testwcell fatlures occurred during rapid accelerations. Moreover,
the January 197 - red at an Ny speed of about 109

pproximate Ny speed as the subject engine at the time
The Safety Board does not luply that these fan speeds are
hazardous, The preseribed K) operational 1imitation £e 111 percent, ale
though the assembly fs designed to withstand rach greator speeds, 1In
this casae, the nominal N speed of the No, 3 engine was most probably exe
ceeded because of the combination of a vibration or soma other extxemaly
rare condition,

For example, the G.E, sound Gpectral annlysis {ndicates random ose
cillations of the No. 3 engine, which began about 17 sec. before the axe
plosion, These oscillations suggest an inlet air disturbance or turbye
lence effect, whichin turn caused ths N1 eyoling, Atwas noted during the
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exanination of the nose cowl, a large portion of the inner perforated
liner (between the 12100 and 4300 positions) had been torn away and wss
found in the engine against the outlet gulde vanes., One theory is that
tho {nner liner worked loose, disrupted airflow into the fan, and inie
tiated the fallure, The acceleration rate, as calculated for that
ongine which showed a 266 rev/min/sec, maximum slope batween tha tims of
the initial atplosion and the loss of discernible sounds from the engine,
support this vheory. According to supplemantaery data supplied by G,E,,
a maximum acceleration rate of 238 vev/min/rac, could be expected from a
complete fan stall, but to achieve the 266~rev/mir/sec. rate, afrflow to
the fan would have to be restricted severely.

To further support the theory, ihe G,E, sound spectrograph shows
that the explosive sound of the engine failure wis actually composed of
two separate and different explosive sounds and within a close time re-
lationship to each other. Tha first sound could corceivably be tho mise
sing pleca of inlet duct acoustic liner tearing loocse and allowing the
fan to accelerate suddenly as a result of airflow disruption, Huwever,
extensive exanmination of the recovered portions of this liner indicates
that the failure of the bonding was caused by shear and not by tensien,
This, then, would indicate that the liner was sheaved from its boudiig by
fragmante of the disintegrating fan and not torn lovse befora fan+blade
release. Moreover, the fragment damage to the honeycomb material where
the liner is missing appears to have been made vhile the liner was still
in place, which would also tend to refute the possihlity that the liner
separated before the engine disintegrated.

In addition, the Douglas sound spectral analysis shows that the
major portion of acoustic energy occurred in the g£irst 200 milliseconds
and was the only time of sustained high-level rofse in the first 10 sec~
onde of the fallure, Thus, the massive failure occurred instantaneously
and was not préceded by a separate explosive sound.

4 second theory was the possibility that the nosa cowl separated or
began to separate from its engine mounting before the engina disintegrated.
Such a condftfon would explain the triggering device of theé failure and
would ba similar to that of the first test-call ongine, siunce the loss of
a nose cowl In flight would have rasults siwilar to the lcas of tha balle
mouth in the test cell. Conceivably, the firat explosive sound could
have lbeen the nose cowl tearing away from the engine, The nosa cowl
had, in fact, separated in flight and was relatively undamaged except for
fupact crushing on the aft, or attachment, end and fragmeit punctures
gcattered throughout the barrel, There was evidence of fretting or worke
1ing found on &all of the attachmuut fitting surfaces, which would indicate
that there was at least some looseness betirean the cowl and 1ts mounting
surfaca, itowever, the deformed bolt holas at the 12 attachment fittinge
indicate that all of the bolts were if place when the cowl separated
from the containment ring, The doformations also indicate that the cone
tainment ring rotated in the direction of fan votation, probably ue a
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result of the sudden fan blade strike which sheared the attach bolts,
Examination of the five recovered bolts supports this evaluation. Theze=
fore, 1t {s concluded that the Joss of the nose cowl did not precede the

disintegration of the fan,

In sunmary, the catastrophic faflure of the No, 3 engine must have
been precipitated by a blade~tip rudb condition which produced the blade
axiting Sequence. The two most prominent theories as to the inftiating
nechaniem of the blade tip rub, as based on the aevidence available, arap
(1) An acceleration of the engine to an abnormally high N; speed, either
by an unr¢_iricted throtcle advance by the autothrottle aystem or a manual
throttle advance by the pllot, which created a resonant frequency and sube
sequant destructive vibratery mode. (2) A plece of inner acoustie panel

and restricted

~ Regardless of the cause of the high fan speed at the timo of tha fan
fallure, the Safety Board 1&¢ concernad that the flightciew wae, in effect,
petforming an untested failure analysts on this system. This typa of -
experimntatfon, without thae benefit of training o specific guidelines,
should never be performed during paseuvnger flight operations,

Electrical System Difficulties

The: £light engineer stated that he saw the failure warning lights on
hie panal Alluminate, which {ndicated a failure of the No. 3 AC generator,
No, 3 DC generator, No., 3 AC generator bus, and the No, 3 DC bus, Poste
acoident examination of the afreraft disclosed that the wiring in the No,
3 nacells had bee.. severed. The wiring damage was such that an apparent
bus fanlt would hava been detected by logtc ¢lreuitry and, thereby, would

&va caused the No, 3 AC bus tie relay to open, Power on both the No, 3

AC gererator bus, the No, 3 ne bus, and the right emergency bus would
have been lost,

tion after the £1
on theea busas,

Postaccldent examination also disclosed that power could have been
restored to &1l buges by normal procedures requived during completion of
the emergency checkliat; specifically, activation of the bus reset switeh
on the flight engfneer's panal to the "bus fault" positison would have.
caused the bue tie telay to cloge, DC power alone wag restorable by

positfoning the NC bus tie switch to the "cloged" posftion,

The £1ight enginaer 41y not complete thesa checklist items, probably
because of hig heavy workload of coping with the crittcal aspects of the
etorgercy, Partial loss of electrical powes had only one significant ef-
fact on the 8yaten performance-~the depressurivatton warning system and

the automatie oxygen deployment system are powered from the right




- 33

emergency bus and were, therefore, deactivated. The flight engineer
activated the manual oxygen deployment switch properly and thereby re-
leased all of the passeager seatback oxsygen generating canisters, except
for the 24 units which are released through the No. 3 bus.

Although the first officer's instrumentation vss affected, the cap-
ta'n's was n~t, The oparation of essentiil navigatfon and communication
equipnent, which i3 powared by the left emergensy bus, remained normal,
The Safety Board therofore bolieves that thé failures experienced during
this acocldent demonstrate the value of redundant systems in the design of
modern afrcraft, |

Extent of Decompression

Decompreasion curves ware calculated in order to determine the axtent
of the decompression vhich took place in the cabin and tha prassure alti-
tudes to which the aircraft occupants were exposed, The decompression
profile indicated that the aircraft decompressed to about 34,000 feut in
26 sec, The calculation £s based on the assumption that the aireraft
descenaed 5,000 f/min, beglnning 6 sec, after tha explosion, Calcula-
tions further Jadicated that aircraft occupants were exposed .to altitudss
<hove 30,000 fee. for about ! minute and to altitudes atovs 25,000 feet
for mre than 2 minutes. Though the average time of useful consdelousness
is about 40 sec, at 30,000 feat for persons without supplemental oxygen
and less fhan 2 minutes at 25,000 feet, the lack of physical activity
could explain why more hy yoxia eymptoms were not encouncered dy more of
the passengers, |

The loss of a passenger through a cabin window opening indicates the
extent and imnediacy of the decompression, A differantial pressure of
about 8,7 p.s.i., existed in the cahbin at the time the window at eeat loca=
tion 17H was dislodged. The sudden opening in the pressure hull of about
160 square inches created by the loss of this windew resulted in an fmme-
diate loss of cabin pressure as it attempted to equalize with the atmose
pheric pressure at 39,000 feet. The fluw of air thus created by the pres«
sure differential would have reached its highest valocity at the window
opening exerting a wind blast effect: on anything in its path, Although
nc tests have been performed in large volume afircraft concerning the size
of an opening in a pressure hull relative to ajection potentfal, decom=
pression tasts 4/ linve been performad on small pressurized aircraft at
various prossure differentials and pressure hull opening areas. These
tests have shown that even with small volume cabins at pressure differe
entials ae low as 5.2 p,s.i., the danger of ejection exists, It was
found that the relative ejection potential depends on the size of tha
opening ard the distance of the object or person from that opening,

4/ Refarence:r John ., Swearingen, M.S., "Evaluation of Potantial Dee
covpression Hazards in Small Pressurized Afreraft" Aerospace Medie
¢ine, Vol, 38, No, 10, October 1967,
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Evidence also indicates that a significant pressure differential existed
betweon the passenger cuabin and the lower galley, The decompression pro-
file for the lower galley could have been sf;nificantly steeper and thus
would have exposed the two galley occupants 0 an altftude above 35,000
feet, The fact that both flight attendants stationed in this area lost
congcfousnese shortly after the explosion lends credence to this possi-
bility.

Overall, the extensive compartmentalization of the aircraft aund its
incoicate interconnentions may account, in part, for the disparity be-
tween the expected physiological effects on the alreraft occupants and
thoee actually encountered.

2,2 Conclusiong

a. Findings
The crew was qualified and cortificated for the operation,

The atircraft was certificated and maintained in accordance
with applicable regulations,

About 36 sec, before the initial explosion, the flightcrew
pulled the Ny tachometer circuit breakers to determine how
this disconnactfon would affect tie automatfic thrs tle syse
ten's operation. The system c¢ircuitry is such that with
these circuft breakers pulled, the autothrottle syotem's
Ny limiting authority is cancelled,

If the Ny circuit breaker were disengaged with the autoe
throttle system in use, the throttle could advance beyond
rormal authority limfts,

The flighterew was, in effect, performing an untested faile
ure analysis on the autothrottle systen,

At the tima of the failure, the three engines were operating
st a pover setting above that specified for normal operation,
but below the appruved maximum continuous operatirg limits
of the engines,

7. There was no evidonce of any failure or malfunction whithin
the engine which would have caused the fan disintegration,

8., Thirty-two of the 38 fan hlades exited in a foxward direc~
tivn out of their fan disk slots,

9. The damaga to the No, 3 engine which resulted from the rube
bing of the fan blade tips and the exiting. of the fan blades
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was gimilar to the damage found fn the two testecell engine
failures, the triggering mechanisn of which was interaction
between the fan rotor and the fan ¢ase during resonance be-
tween the two at a multiwave, vibratory moda,

LT I o BT T

A portion of the inlet duct {nner liner was rmissing from the.

duct, . A plece of this liner was found lodged against tha
fan outlet guide vanes,

Yraguents of the No, 3 engina fan assembly penetrated the
fuselage, the Nos. 1 and 3 ergine nacelles, and the right

wing area. A cabin window was struck by a fragment and
saparated from the afrerafe.

As a retult of the lose of 4 vabin window and cabin decon~

pression, a passenger was forced out of the window angd wsg
lont,

Damage to the wiring in the No. 3 engine nacelle caused a
partial electrical power loss which affected various aire
craft systems,

14, Electrical power could have been restored to all systems
through completion of the emergency checklist procedures,

b. Probable Causge

The National Transportation Safety Board determines that the ptobable
cause of this accident was the disintegration of the No. 3 engine fan
asserbly as a result of an fnteraction batween the fan blade tips and the
fan case, The fan-tip rub condition was caused by the acceleration cof the
engine to an abnormally high fan speed which injtiated a multiwvave, vibra=
tory resonance within the fan section of the erg;ine, The precise reason

or reasons for the acceleration and the onset of the destructive vibration
could not be determined conciusively,

3. RECOMMENDATIONS

As a result of this aroident, the Safety Foard submitted 9 recoms
wendations to the hdndnistrator, FAA, Three of these recormendations
(A=73-116, 117, apd 118) pertain to the inspaction and maintenance of digi=
tal flight data vecorders, and five (A«74e7 thiough 11) concern the pas~
senger and portable oxygin systeme fnstalled in the DC~10, fThe final reaw
ommendation (A=74-18) pertains to assessment of afrcraft damaga hy flighte

crews during in-flight emer, “ncies, (Coples of these recormendations and
the Administrator's response are contained in Appendix E,)

Because of the prompt amd affective actions taken by the FAA, General
Blectric, Douglas Aircraft Co., and airlines flying the DC=10, no recoms

I N T T N T R Ty W ¥ T TNy i
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mendations were necessery concerning the engine installation, Imedi-
ately follcwing the accident, ths FAA issued a telegraphic Alxrworthiness
Directive applicable to all DC-10 afreraft to require inspection of the
engine nose cowl mounting integrity and to correct any possible defiene
cles in that area. Also, Lt was recognized early that fan-tip rub wias a
necessary condition in the sequence of aevents that brought about the

loss of the fan blades. As a preventative -neasure againat the recurrence
of this type of condition, the fan blala tipeto-shroud clearances were ine
creased, Further, as backup for the possii.(iity of blade-tip rub even
after the tip clearance was modified, an +xtemnsiva development, tasting,
ard productfon program was established to increase the capabilitias of the
blade retention devices, One of the primary retaining devices has been
redesigned to provide each blade with a rearward retainirg capability of
60,000 pounds as compared to the 18,000-pound capability of the accident
engine, These mudified blade-retaining devices have now been incorporated
{n all of the ineservice engines,

With regard te the flightcrew's performing an untested failure analy-
ais of the autothrottle/speed control system, the Safety Boaxd stresses
that the operator and the pilot-in~commnd should be fully cognizant of
their operational responsibilitles to conduct the flight ir. a profession-
a) manner and not to conduct experiments to aircraft systems in which
they have not recuived specific training or fnstruction,

BY THE NATTORAL TRANSPORTATION SAFETY BOARD

/s8] JOHN H, REED
Chafrmsn

/8/ TRANCIS H., MeADAMS
Member

/s/ 1LOUIS M, THAYER
Member

/s/ 1SABEL A, BURGESS
Mermber

WILLIAM R, HALRY
Member

January 15, 1975
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APPENDIX A
INVESTIGATION AND HEARING

1. Investigation

The Safety Board was notified of the accident at 1700 m.s.t, on
Noveaber 3, 1973, and air safety investigators were dispatched to the
scena, Working groups were established for operations and air traffic
control, powerplants, structures, systems, human factors, maintenance
records, autoflight systems, digital £light data recorder, and tockpit
volce recordar, Parties to the investigation included: National Aire
lines, Inc,, the Federal Aviation Administration, Douglas Alreraft
Company, General Electric Company, Air Line Pllots Association (ALPA),
and Flight Enginears International Association (FEIA), '

2, Hearing

A public haaring was held by tha Safety Board in Miasd, Rlorida, on
Decembsr 10, 11, and 12, 1973, and on Fabruary 12, 13, and 14, 1974,
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APPENDIX B

CREW INFORMATION

Captain William R, Broocke

Captain William R, Broocke, 54, was employed by National Airlines,
Inc,, in May 1946, He holds Airiine Transpor: Pilot Certificate HNo.
503900, with type ratings in C-46, Lockheed Lodestar, Convair=340 and
440, DC«6, DC~7, Lockheed Electra, Boeing 727, and DC~10 afrxeraft. He
was upgraded to captain in the DC-10 on May 13, 1972,

Captain Broocke's last proficiency check was May 2, 1973, His last
1ine check was on August 3, 1973, He passed Lotk checks satisfactorily.
As of the date of the accident, Captain Broocke had 21,853 flight-hours,
801 hours of which were in DC=10 equipmant, Captain Broocke had 2 days'
rest baefore the flight,

Piret Officer Eddie H, faundexrs

Firet Officer Eddie H, Saurders, 33, was employed by National Air-
1ines, In¢,, in September 1965, He holds & Commercial Certificate with
single engine, multi-engine, and instrument ratings. He completed his
DC=10 trafining in September 1972, and 1equalified for the DC~10 in April
1973 after which he was assigned ag a DC=10 first orficer,

Firat Officer Saunders had accumilated 7,086 £lizht=hours as of the
date of this accident, 445 hours of which were in the DC-10, He passed
his last proficiency check satisfac*t.rily on September 25, 1973, He had
a 17=hour rest period before this flight,

Flight Engineer Golden W, Hanks

Flight Engineer Golden W, Hanks, 55, was employed by National Aire
l1ines, In¢., in June 1950, He holds an Airplane/Powerplant Mechaniz
Certificate, Flight Engineer Certificate, and Commercial Dilot Singlee
Engine Certificate with an instrumant rating. He completed his DC-10
;gah;;t;g and passed his original qualification and line check on January

) »

Flight Engineer Hanks had accumwlated 17,8i4 £light=hours, 1,252
hours of which were in the DC~10, His last proficiercy check was accox
plished on August 29, 1973, Hae had 2 days' rest before the f£flight,

Flight /ttendants

The nine flight attendants assigned to this flight were qualified
and had receivad adequate rest before the flight,
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‘ APPENDIX C
ATRCRAFT INFORMATION

Alrcraft Data §

Alrcraft N6OIA 1s 1 McDonnell-Douglas DC-10-10, serial No. 46700,
It was manufactured on November 1, 1971, and registered to National Afre '

AR e R BRWER DN

| 1ines, Inc, A staniard airworthiness certificate was issued for the aire _
craft in November 197). The aircraft had accumulated 5,954 hourse at the
-~/ 3 g time of the accident,
;: !
e A reaview of atrcraft and component records revealed that all inspec

tions and item changes had been made within the prescribed time limits and
that the aircraft hud been meintained in accordanie with all company proce=
dures and FAA Regulations, As of November 3, 1973, all applicable air-
worthiness directives had buen complied with,

S SORTIARNR, S <4 P o e o, Sl e 4 T

T Tha aircraft was equipped with threa General Electric CF«6-60 engines.
f The No, 1 engine, serial No, 451146, had 4,130 hours., It had not been

s overnauled, The No, 2 enzine, serial No, 451341, had 2,660 hours., It

-3 . had not been overhauled.

History of the No. 3 Ergine

-
Lot et ST VAR e WRATEN s odE A

. The No, 3 engine had 5089,23 hours eince new and 2,779 cycles, The
E ergine was originally installed on DC=10, N61NA on Noverber 17, 1971, with
’ a time sinca new (TSN) of 0100, It was removed on July 31, 1972, for
threshold inspection at Southwest Alrmotive Company. Total time was
2,231 hours with 1,123 oycles, It was installed on N62NA on Octoher 21,
1972, only to be removed 8 days later for a compressor discharge pressure lesk,
It was repaired at the Miami facility of National Airlines, Inc, Total
time on the engine was 2,267 hours with 1,153 cycles. On March 23, 1973,
the engine was rvuwoved from N62NA and returned to Southwast Afrmotive Com-
pany because of parformance deterioration and vane and 10th-stege blade
failura, Total time on the engine was 3,513 hours with 1,866 cycles. On
April 21, 1973, the engine was installed on N65NA, On August 25, 1973,
the engine wesa removed, modified and replaced on the aircraft tha follow- ;
ing day., The total time of the ongine at this time was 4,632 hours with
2,486 ¢ycles, On September 13, 1973, the ergine was again removed from
N6SNA for turbine demage and combustion faillure, Hst:al was fouvd in the
tail pipe assembly, The total time on the engine was 4,790 houru with
2,589 cycles. The engine was installed on N6ONA on September 23, 1973,
The engine remained on N60ONA and in the No. 3 position until the accident
on November 3, 1973, when the fan dieintegrated,

NN oy e
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The fan rotor assembly, serial No, 21X91102, was received new in :
March 1973, This fan aseembly was installed on engine 8/N 451151 on f .
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August 27, 1973, Tiwe on the far rotor assenbly at this tima was 617
hours with 337 cycles and 3 modifications, Q-7230-03, -22, and -21,
had been completed, The engine and fan assembly were installed in the
No., 3 position of N6ONA on September 23, 1973.

The engine nose cowl was installed new on engine S/N 651146 on
March 10, 1973, and romoved on August 24, 1973, Total time since new
was 1,473 hours, ‘the nose cowl wae installed on engine S/N 431151 on
Septemher 23, 1973, and was retained in this position until the accident,




APPENDIX D
Front View No. 3 Engine
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Fan disk with recovered biade portions and spinner attachment flange segments.
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NATIONAL TRAMNSPORTATION SAFETY BOARD
WASHINGTON, D.C.

APPENDIX E

ISSUED: January 22, 1974
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Forwarded to:
Honorable Alexander P, Butterfield
Administrator
Federal Aviation Administration SAFETY RECOMMENDATION(S)
Washington, D. ¢. 20590
A=73=116 thru 118

(revised)
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The National Transportaticn Safety Board's investigation of a Nagisnel
Airlines Douglas DC~10 accident, which oceurred in flight near Albuquerque,
Hew Mexico, on Novexber 3, 1673, disclosed a malfunction in the digital
flight data recorder (DFDR). This malfunction precluded recovery of any
data related to the accident. The Board is very much concerned about this
type of failure, becauze 4t 1s not detectable by the test equipment aboard
the aircraft and, therefore, might =xist on a large numbsr of aircerafi
cquippeé with the new DEDR.

National Airlines subsequently performed readcuts of the DFDR throughout
their entire {lea! of widesbodied aireraft to assess the extent of similar
undetecied malfunctions. Testimony at the Safety Board's public hearing
held in Miami, Florida, on December 10-12, 1973, and subsequent readout exe
snirations disclosed that, of 13 widesbodied jets in the fleet, 7 had been
operating with undetected malfunctions which would have precluded recovery
of acceptable data for soma paramsters required under 14 CFR 121.343(a)(2;

In meetings with your staff, the Board's steff has discussed the
praliminary ¢indings of the survey of DFNR's conducted under GENOP 8000.92.
In thu Board's opinion, these preliminary rindings also irdicate that the
current 2,000=- to 3,000-hour inspection intervals are uarealistic and should
be adjusted to be commensurate with the mean-time-between-failure (MIEF)
rates that these recording systems have been experiencing during this early
pericd of operation. . 3

Taerefore, to insure that recorders in the current fleet of wide-bodied
iets are oparating in an approved meuner, as specified under 14 (FR 121.343

a)(1), (2), and Appendix B, the National Transportation Safety board recommends
that the Federal Aviation Adninistration:
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1. Require, within the next 109 flight hours, a, readout
of' data recorded in flight on the digital flight éats
recorders, as required uider 14 CFR 121.3k3(a§(2), and
take action te insure that the parameters required arae
being recorded within the ranges, accuracizs, and ree
cording intervals spesified {1 Aprendix B therecf.

Require repetitive readout.inspectiuns, ac specified
avove, at 500-hour intervals, untll the reliability of
these recorder systems iayvcves,

3. Require retertion by the op:2raturs of the data peceived
in the two wmost recent readoeut inspections.

Personnel from ¢ur Buremv of Aviation Safety offices vwill be mada
available if ary further information or assistance ja desired,

REED, Crairran, McADAMS, RUPGESS, and HAUEY, Vembers, ceoncurred in
the atove recorprendations. THAYER, Nember, wag atsert, nol votirg,

2§

John H. Reed
Chaliman
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DEPARTHMENT CF JNANSFORTATION
FEDERAL AVIATION ADIIMISTRATION

WASHINGTON, D.C. 20590

FEB 31974
"Honorable John I, Reed .
Chairman, National I'ransportation Safety Board

Department of Transportation THE ADMINISTRATOR
Washirngion, D, C., 20501

Dear Mr, Chairman: Notation 1230

This is in reply to your Safety Recommendations A-73-116 thru 118
lgsued January 22, 1974, concerning your recommendations on
digital flight data recorders relative to the Nalional Alrlines DC-10
accidenl of Novamber 3, 1073, In addition, your release fdentified
National Airlines operating with seven of 13 digital flight data
recorders with undetected malfunctions,

The FAA has already initiaird appropriate corrective action with
regard to the National Airl! .cs readout deficiencies which were
cited in your letter,

Several other actions have been taken by the FAA., Immediately
foliowing the accident we initiated a national survey regarding the
performance of all fnstalled digital flight data recorders, Qur
accumulated data ts sufficiently conclusive that a riule or regulation
change at this time {3 not necessaty., We have dotermined that the
present maintenance programs with cevtain adjustnients are
adequate. We have also initiated a relaled maintenance bulletin
to be released soon to all maintenance personncl which recommends
. corrective action in those cnses where mean-time-between+failure
MTRE) and inspection frequencies are not deenied sufficiel “to
properly service and maincain the digital flight data recordor.

The equipment combinaticn involved in the National Afplines DC-10
acc demt ie peculiar only 1o National Airlines, We belicve the
act'ons taten are appropriute and that our present rules «re adequate.
T¢ apply vour stringent reconmmendations based on a single accident

wiuld be inappropriate and would not serve the best interests of the
a riation industry, >

St cerely, |
ol

Neder \ u-:iu‘a.-
Adminictrator
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NATIONAL TRANSPORTATION SAFETY BOARD
WASHINGTON, D.C.

I1SSUED: February 7, 1974
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Forwa:ded to:

Honcorable Alexnnder P, Butterfield

Administrator SAFETY RECOMMENDATION(S)
Federal Aviation Administration

Washingten, D. €. 20591 A=Th=7 thru 11

The National Transportation Safety Board's continuing
investigation of the National Airlines DC«10 accident near
Albuquerque, New Mexico, on Rovember 3, 1974, bas disclosed
unsafe conditions in the passenger oxygen system, portable
oxygen system, and cabin pressurization system. The Board
believes that these unsafe conditions merit your immedfate
attention and the attenticns ¢f all air carriers which operate
aireraft with this equipment.

When the airerait lost a cabin window and the passenger
cabin decumpressed, many of the passenger's oxygenegenerating
units were activated. Three oxygen canisters came out of their
rountinge in the seatback oxygen compartment snd fell onto
ragsenger seat cushions. 1Two of these canistera, which becone
very hot when operating, scorched the cushions and burned fingers
when seat occupants tried to rerove them. 'fhe third reportedly
caused a cmall fire. The canisters came cut of their mounting
Lrackets because of the pulling force exerted on either the
initiation lanyard of the canistars or the oxygen supply hose.
The Safety Board believes that these canisters constitute a
potential fire and Injury rezard when they are not retained
properly in thoir mountings.

A subseguent inspecticn of & similar DCwl0 aircraft at
National Afrlines' maintenance base in Miami, Florids, also
revealed improyerly mounted canisters. The improper mountings
vere a result of a slight distortion of the base plate and
short mountiry; studs on the canister, Alsb, some of the oxygen
supply hoses ard the maske were inproperly puckaged. The Board

B - 19 T T .
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H

found that shortcomings exisi‘in both the design of the mounts
of these oxygen units ang related maintenarce ang servicing
practices,

~Ancther unsafe condition exists in the storage and availe
ability of the portable oxXygen equipment abcard tha DC=)0
afrcraft. Portable oxygen bottles are contained in enclogsed
cabinets near the cabin attendants' stations, The reginletor
assembiies vere coveved with cellophane~type wrapping which
wvas held by an elastic band, K=3 disposable oxygen meskes and
supply tubing were sesled separately in plastic begs #nd stored
with, or near, the portable oxygen bottles, |

Paragraph () pment, Standards foy
Oxygen Dispensing U requires that, portable oxygen equipment
for each cabin attendant, The Bourd
questions the "immediate availabllity" of such equipment when
1t nust be unwrapped and assembled before it can be used, cone
oidering the reduced time of useftl conseciousness at flight
level. altitudes,

The Board's convern about the third unsafe condition is
twofold:

l. The aneroid device, which detects unacceptable
caoin pressure eltitudes in the aircraft ang causes
the oxygen dispensing units to be deployed aut;omaute
ically in such cases, 1s located in the cetling of
the forvard passenger cabin, It conirols the
deployment of oxygen masks in the entire airerafs,
Therefore, ir decampression occurred in the lcwer
lobe of the aireraft, it might not be s2nsaed by
the aneroid device in the passenger cabin, aud
surplemental oxygen would not be available %o the
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Honorable Alexander P. Butterfield (3)

occupants in the lower galley. This apparently
occurred in the subject accident, and both cabin
attendants In this section of the aircraft lost
consciougness as they attempted to retrieve the
portable aoxygen bottles, The .loard believes
that such & situation can sericusly threaten the
safety of occupants of the lower galley.

Two portable oxygen units which were lccated in
the lower lobe galley of the aircraft were stowed
on the forward wall of the galley and outboard of
the escape ladder. One bottle was fitted with a
"full-face" smoke mask, which was sealed in a
Plastic container., The other buttle was the type
which must be fitted with a supply hose and a

K-S disposable nask before it muy be used, Nob
only is the Board concerned aboit the time r2quired
to unpeak parts for these units and assemble then,
but, it also believes that their location makes them
virtually inaccesdible when service carts are in
their storage nlace in the galley.

Our staff has learned informally that some of the problems
delineated above are being assesased by Flight Standards personnel
of the FAA's Western Reglon to determine whetheyr shortcomings in
design and servieing exist,

The Safety Board is continuing 1ts investigation and may make
further recommendations regarding this accident. However, it
believes that the safety of the traseling public requires immadiate
steps to prevent recurrence of the problems outlined above,

Accordingly, the National Transportation Safety Board
recomends that the Federal Aviation Administration:

1. Require all operators of afreraft which cortain |
individual chemical oxygenegenerating units to
inspect these installations to ensure that
canisters are correctly installed in the mounts
and that approved packing procedures have been
followed for the supply hose: and oxygen masks.

Issue an Afrvorthiness Divecsiive to require
changes in the method of mounting these oxygens
generating units to eliminate the posaibility
of imprcper installation and inservice failuves,
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3, Issue a maintenance bulletin to verify
operator compliance with the provision of
1h CFR 25.1547 regarding the immediate avail=
ability of portable oxygen units and the
necessity of having supply hoses and masks
attached to these units,

Issue an Airworthiness Directive to require
aircraft certificated under 14 CFR 25, that
each occupieble area, which is separated from
others to such an extent that significantly
different decompression rates can occur, is
equipped with an anerold device to detect
pressure losses in that area,

Require a more accessidble location for the
portable oxygen units in the lower lobe
galley of all DC-10 aircraft and relocate
portable oxygen units in all other ailrcraft,
wvhere required, to ensure accessibility of
portable oxygen units and compliance with the
FAR's,

G o an e

Personnsl from our Bureau of Aviation Safety offices will
be made availavle if any furvther information or assistance is
desired.

REED, Chairman, McADAM3, and HALEY , Members, concurred in
th2 above recommendations., THAYER and BURGESS, Members, vere

absent, no% voting.

L/o/éL

H. Reed
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Honorable John H. Reed Thi ADMINISTRATL

Chafrman, National Transportation Safety Board
¥ @ Department of Transportation
K f Washington, D, C. 20591

- Notation 1230A
Dear Mr, Chairman:

& i This isﬂin xespodse to NISB Safety Recommendations A-74-7 thru -1,

Recommendation No. A-74+7, Require all cperators of airceraft which
contain individual chemical oxygen-generating units to inspect these
installations to ensure that canisters ar2 correctly installed in

the mounts and inat approved packing prncedures have been folluwed
for the supply hoses and oxygen masks,

Comment, We are fssuing a maintenance bulletin which will instruct
principal Inspectors to review the air carrier opevators' maintepance
programs to determine that sufficfent {nspectfons arec speciffed for
the oxygen gencrating units and associated supply hoses and masks.
Principal inspectors will request more frequent inspections if

necessary,
:.{ Recommendacion No, A«74-8, 1ssue an Alrworthiness Divective to
3 require changes in the method of mounting these oxygen-generating
- unita to eliminate the possibility of improper installation and lne

service failures,

3 Comnent. We are warking with the Douglas Afreraft Company to assess
s the L3-10 passenger oxygen units, This investigation will result in

a redesign and modification of the units. Afrxworthiness directives or
other appropriate directives will be issued to implement the new design,

Recommendation No. A-74-9, 1ssue a maintenance bulletin to verity
operator compliance with the provision of 14 CFR 25,1447 regarding the
immediate availability of portable oxygen units and the necessity of
having supply hoses and maske attached to these units,

Corment, The maintenance bulletin will fnclude fnstructions to the
principal fnepectors to determine that portable oxygen hottles with

hose end mask assemblies attached are fimmedfately avaltable to all
crewmenbers,
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Recommendation No, A~74-10., 1ssue an Afrworthiness Directive to
requiré afrcraft certificated under 14 CFR 25, that each occupiable
area, which is separated from others to such an extent that
significantly different decompression rates can cccur, is equipped
with an aneroid device to detect pressure losses in that area,

Comment. ‘2 are working with Douglas to 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
portavle oxygen units in the lower lobe galley of all DC-10 afrerzft
and relocate portable oxygen units in all other aircraft, where
required, to ensure accessibility of portable oxygen units and
compliance with the FAR's,

Comnent, We are working with Douglas to select more accessible locations
for the portable oxygen units in the lower lobe galley. When the new

locations arce determined, we will take appropriate action to implement
relocation,

Sincerely,

A&mgef P. gtétter;i db@

Adminigtrator
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WASHINGTON, D.C.

ISSUED: February 26, 197k
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forwarded to:
Honorable Alexander P, Butterfield

g ; Administretor

1 'y Federal Aviation Administrat’on SAFETY RECOMMENDAT 10N(S)
| Washington, D. C. 29591 A-T4-18
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v 5 l On Novemoer 3, 1973, an in-flight emergency took place aboard

3 a National Airiines DC«10 near Albugquerque, New Mexico. The
accident cccurred when the fan assembly of the No. 3 engine dis-
integrated axnd pieces struck the aireruft, ceausing rapid decompression
of the fusclage. f{re passenger was eJected from the afrcraft, cther
passengers were injured, and cebin attendants were incapacitated. The
captain inmedlately nade an emergency descen: and landed the aireraft
12 ninutes later at Albuyuerque,

According to testimony given by National Airlines personnel
during the National Transportation Safety Board's public hearing,

the crgwnembers did not assess the structural damage to the ajreraft
in £light’ after “nc emergency vas under initial control. Also, the
cabin attendants did rot inform the flightcrew of the damage to the
fuselage and galley or of the fire and smoke in the csabin.

The flighterew, cabin attendants, and truining personnel of
National Airlines testified that the carrier does not have established
procedures for assessing damage that results from in-flight energencies.

Flightcrews of some other carriers who were questioned asboub theiyr
in-flight emergency procedures alco indicated that they do not have
such procedures nor receive training on the subject. This has been
evident in other aceidents where the flightcrew was unaware of the
extent of damage.

The Safety Board believes that flightcrews should be provided
procedures by which damage that results from in-flight emergencies can
be assessed so that they may have all the inforwation possible to

handle such emergencies adequately.
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Honorable Alexsuder P, Butterfield
Therefore, the National Transportation Safety Board recommends
that the Federal Aviation Administratioa;
Issue on operations slert bulletin Lo asceriain compliance
L0 a procedure for

with 1k CFR 25.1508(a)(h), relative
sessaent of alreraft danage that resulés from

the as

in-flight caergenniss,
Sufety will be made

Personnel from our Burcasu of Aviation
available if any further infsrmatisn or assistance ls desived
McADAMS, TiHAYER, BURGESS, and HALEY, Members, concurred in

ndation. FELED, Chafrman, was absent, nos voting.

the ubove recomme

‘John H, Reced
Chairmar

-




AFPENDIX E

DEPARTMENT OF TRANSIORTATION
FEDERAL AVIATION ADMINISTRATICN

el i il D g Bt SB 4 P b At @ e o W R Aoy RN

YIASHINQYON, D.C,

. e OFFICE OF
S THE ADMINISTRATOR

Honorable John H, Reed At 2330
Chafirman, National Transportacion 6¢7Pt°°t1fv“ /
Safety Board
Department of Transportation
Washington, D, C, 20591

Desr Mr, Chairmant

I have reviewed Safety Recomnendation A-74-18 concerning the
Board's investigation of National Afrlines' DC«10 accident near
Albuquerque, New Mexlco, on November 3, 1973,

We essentially agree on the need for prozedures to assist air
carrier flight crews to assess inflight damage to the alrcraft
and will {ssue an appropriate bulletin on this subject,

Sincerely,

el 2NVe
J;ﬂ' (. &

dlexander P, Putterfield
Administrator




