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6. Abstract

About 1504 e.d.t.,, May 25, 1979, American Airlines, Inc, Flight 191, a
MecDonnell-Douglas DC-10-10 aircraft, crashed into an open field just short.of a
treiler park about 4,600 ft northwest of the departure end of runway 32R at
Chicago-O*'Hare International Airport, lllinois.

Flight 191 was taking ¢ff from runway 32R. The weather wes clear and the
visibility was 15 miles. i keoff r lef
assembly and about 2 ft_o_f._ma_.ﬂ’\ging_edgﬁ_ni_the lgf_t wing separated from the
aireralt_and fell to the runway. Flight 191 continued to climb to about 325 ft
above the ground and then began to roll to the left. The aircraft continued to ro"é
to the left until the wings were past the vertical position, and during the roll, th
aircraft's nose pitched down below the hcrizon.

Flight 191 crashed into the open field and the wreckage scattered into an
adjacent trailer park. The aircraft was destroyed in the crash and subsequent fire.
JLuwa hundred and seventv-on? persons on board Flight 191 were killed; two persons
on the ground were killed. and two others were injured. An old aircraft hangar,
several automobiles, and a mobile home were destroyed.

The National Transportation Safety Board determines that the probable cause
of this accident was the asymmetrical stall and the ensuing roll of the aircraft
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(Abstract Cont.)

because of the uncommanded retraction of the left wing outboard leading edge
slats and the loss of stall warning and slat_disagreement indication systems
yesulting from maintenance-induced damage leading to the scparation of the No. 1
El’Tg'il’l& and pylon assembly at a critical point du?ﬁg takeoff. The Separation
resulted from damsge by improper maintenance procedures which led to failure of
the pylon'structure.

Contributing to the cause of the accident were the vulnerability of the design
of the pylon attach points to maintenance damage; the vulnerability of the design
of the leading edge slat system to the damage which produced asymmetry;
deficiencies in Federal Aviation Administration surveillance.and reporting systems
which failed to detect and prevent the use of improper maintenance procedures;
deficiencies in the practices and communications among the operators, the
manufacturer, and the FAA which failed to determine and disseminate the
particulars regarding previous maintenance damage incidents; and the intolerance ..
of prescribed operational procedures to this unique emergency.
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NATIONAL TRANSPORTATION SAFETY BOARD
WASHINGTON, D.C. 20594

AIRCRAFT ACCIDENT KEPORT
Adopted: December 21,1979

AMERICAN AIRLINES, INC.
DC-10-10, N110AA
CHICAGO-O'HARE INTERNATIONAL AIRPORT
CHICAGO, ILLINOIS
MAY 25, 1979

SYNOPSIS

About 1504 e.d.t,, May 25, 1979, American Airlines, Inc., Flight 191, a
McDonnell-Douglas DC-10-10 aircraft, crashed into an open field just short of a
trailer park about 4,600 ft northwest of the departure end of runway 32R at
Chicago-0O'Hare International Airport, lllinois. .

Flight 191 was taking off from runway 32H. The weather was clear and
the visibility was 15 miles. During the takeoff rotation, Me left engine and pylon
assembly and about 3 ft of the Icading edge of the left wing separated from the
aircraft and fell to the runway. Flght 191 continued to climb to about 325 ft
above the ground and then began to re¢li to the left. The aircraft continued to roll
to the left until the wings were past the vertical position, and during the roll, the
aircraft's nose pitched down below the horizon.

Flight 191 crashed into the open field and the wreckage scattered into
an adjacent trailer park. The aireeaft was destroyed in the crash and subsequent
fire. Two hundred and seventy-one persons on board Flight 191 were killed; two
persons on the ground were Killed, and two others were injured. An old aircraft
hangar, several automobiles, and a mobile home were destroyed.

The National Transportation Safety Board determines that the probable
cause of this accident was the asymmetrical stall and the ensuing roll of the
aircraft because of the uncommanded retraction of the left wing outboard leading
edge slats and the loss of stall warning and slat disagreement indication systems
resulting from mnintenance-induced damage leading to the separation of the No. 1
engine and pylon assembly at a critical point during takeoff. The separation
resulted from damage by improper maintenance procedures which led to failure of
the pylon structure.

Contributing to the-cause of the accident were the vulnerability of the
design of the pylon attach points to maintenance damage; the vulnerability of the
design of the leading edge slat system to the damage which produced asymmetry;
deficiencies in Federal Aviation Administration surveillance and reporting systems
which failed to detect and prevent the use of improper maintenance procedures;
deficiencies in the practices and communications among the operators, the
manufacturer, and the FAA which failed to determine and disseminate the
particulars regarding previous maintenance damage incidents; and the intolerance
of prescribed operational procedures to this unique emergency.
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1. FACTUAL INFORMATION

11 History of the Flight

At 1459 c.d.t,, Y May 25, 1979, American Airlines, Inc., Flight 191, a
MeDonnell-Douglas DC- 10 series 10 aircraft (DC-10-10) (NllOAA), taxied from the
gate at Chicago-O'tiare International Airport, Illinois. Flight 191, a regularly !
scheduled passenger flight, was en route to Los Angeles, California, with 258
passengers and 13 crewmembers on board. Rlaintenance personnel who monitored
the flight's engine start, push-beck, and start of taxi did not observe anything out :
of the ordinary.

The weather at the time of departure was clear, and the reported
surface wind was 020° at 22 kns. Flight 191 was cleared to taxi to runway 32 right
(32R) for takeoff. The company's Takeoff Data Card showed that the stabilizer
trim setting was 5° aircraft noseup, the takeoff fiap setting was 10°% and the
takeoff gross weight was- 379,000 lbs. The target low-pressure compressor (N,)
rpm setting was 99.4 percent, critical engine failure speed (V ) wes 139 :kns
indicated airspeed (KIAS), rotation speed (V g) was 145 KIAS, and takeoff safety
speed (V,) was 153 KIAS. . ~

Flight 191 was cleared to taxi into position on runway 32R and hold. At
1502:38, the flight was cleared for takeoff. and at 1502:46 the captain acknowled-
ged, ""American one nifiety-one under way." Company personnel familiar with the
flightcrew's voices identified the captain as the person making this ¢all and the
ensuing v, and Ve speed callouts on the cockpit voice recorder (CVR).

The takeoff roll was normal until just ‘before rotation at which time

" sections of the left, or No. 1, engine pylon structure came off the aireraft. .Wit-

nesses saw white smoke or vapor coming from the vicinity_of the No. }, engine
pylon. During rotation the entire No. 1 engine and pylon separated from._the
aircraft, went ovér the top of mgg\ﬁ, and Tell to the runway.

Flight 191 lifted off about 6,000 ft down runway 32R, climbed out in a

| wings-level attitude, and reached an altitude of about 300 ft above the ground

(a.g.l.) with its wings still level. Shortly thereafter, the aircraft began to turn and
roll to the left, the nose pitched down, and the aircraft began to descend. As it
descended, it continued to roll left until the wings were past the verticnl position.

Flight 191 crashed in an open field and trailer park about 4,600 ft
northwest of the departure end of runway 32K. The aircraft was demolished during
the impact, explosion, and ground fire. Two hundred and seventy-one persons on
board Flight 191 were Killed, two persons on the ground were Killed, and two
persons on the ground sustained second- ana third-degree burns.

The aircraft crashed about 1504, during daylight hours; tke coordinates

- of the crash site were 42°00'35"N, 87°55'45"W.

1/ All times herein are central daylight time, based on the 24-hour clock.




12 Injuries to Persons
Injuries Erew Passengers Others
Fatal 13 258 2
Serious 0 0 2
Minor/None 0 0 0

13 Damage to Aircraft

The aircraft was destroyed.

14 Other Damage

An old aircraft hangar, several automobiles, and a mobile home were
destroyed. !
15 Personnel Information " v

All flight and cabin personnel were qualified. (See appendix B,}
16 Aircraft Information

Flight 191, a Mc¢Donnell-Douglas DC-10-10, N110AA, was owned and
operated by American Airlines, Inc., and was powered by three General Electric
CF6-6D engines (See appendix C.) According to the manufacturer, the left
engine weighad 11,512 ibs, the pylon, 1,855 lbs, for & total engine-pylon assembly

weight of 13,477 Ibs, ~ With the loss of the engine pylon structure, the aireraft's

center of gravity (e.g.) moved aft 2 percent to about 22 percent mean aerodynamic
cherd (MAC). The resultant e.g. was within the forward (16.4 percent MAC) and
aft (30.8 percent MAC) ¢.g. limits. The lateral e.g. shift was 119 inches to the
right.

17 Meteorological Information

At the time of the accident, the weather at the airport was clear. The
surface observations at O'Hare International were as follows:

1451, surface aviation: Clear, visibility—15 mi, weather—none,

temperature--63°F, dewpoint~-29°F, winds—020° at 22 kns,
altimeter~--30.00 inHg.

1511, local: Clear, visibility--15  mi, weather--none,
temperature--63° F, dewpoint--29° F, winds-~020° at 19 kns gusting to
28 kns, altimeter--30.00 inHg., remarks--aircraft mishap.

18 Aids to Navigation

Not applicable.




19 Communications

There were no known eommunications malfunctions.

1.1¢ Aerodrome Information

Chicago-O'Hare International Airport is located 16 mi northwest of
downtown Chicago, lllinois, and is served by seven runways. Runway 32R is 10,003
ftlong and 150 ft wide, and has a concrete surface." The runway elevation is 649 ft
mean sea level (m.s.l.) at its southeast end and 652 ft m.s.l. at its northwest end.

111 Flight Recorders

The aircraft was equipped with a Fairchild Model A-100 CVR, serial
No. 2935. The CVWK was recovered and brought to the Safety Board's laboratory
where a transcript of the recording was prepared. The recording was Incomplete
because of the loss of electrical power to the recorder during aircraft rotation.
However, the aircraft's gross weight, stabilizer trim setting, vl, and VR callouts
were recorded.

L2
»

The aircraft was equipped with a Sundstrand digital flight data recorder
(DEDR), serial no. 2298. The recorder had been damaged structurally, but there
was no fire or heat damage. The recording tape' was broken; upon removal from
the recorder the tape was spliced together and a readout was made. Two 6-sec
areas of data were damaged because of the breaks in the tapes; however, most of
these data was recovered.

The DFDR recorded 50 sec of data during the takeoff roll and 31 sec of
airborne data before the recording ended. (See appendix H.) The DFDR readout
showed that the stabilizer trim setting for takeoff was 6.5° aircraft noseup. The
DFDR's tolerance for this parameter is + 1°. Because of unusual aircraft attitudes'
during the last few seconds of the flight, the recorded altitude and airspeed data
were not correct. Therefore, the DFUR altitude and indicated airspeed values
cited hereafter have been corrected for the position errors resulting from the
aircraft's attitudes during the last few seconds of the descending flight.

Correlation of the DFDR and CVR recordings. disclosed that the.
flightcrew had set the flaps and stabilizer trim at 16° and about 5° aircraft noseup,
respectively, for takeoff. A rolling takeoff was made, takeoff thrust was
stabilized at EO KIAS, and left rudder and right aileron were used to compensate
for the right crosswind. The V. and V., callouts were made about 2 sec after these
speeds were recorded by the DFDR. 'ﬁﬁe elevator began to deflect up at V,,. The
aircraft began to rotate upward immediately and continued upward at a rate of 1.5°
per sec. Flight 191 accelerated through V, speed during rotation and before it
lifted off the runway. The last stable takeoff thrust on the No. 1'engine was
recorded 2 sec before liftoff. One second later, the word "damn' was recoraed on
the CVR, and then the CVR ceased operating.

Onr second before liftoff and simultaneous with the loss of the CVR
and the No. 1 engine's parameters, the DFDR ceased recording the positions of the
left inboard aileror, left inboard elevator, lower rudder, and Nos. 2 and 4 left wing
leading edge slats. The DFDK continued to record ali other parameters

<
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including the position of the upper rudder, the outboard aileron, the outboard
elevator, and the No. 4 leading edge slats on the right side of the aircraft. The
electrical power for the CVK and the sensors for the lost DFDH functions were all
derived from the aircraft's No. 1 a.c. generator bus.

Flight 121 became airborne about 6,000 ft from the start of the takeoff
roll and remained airborne for 31 see. It lifted off at v, + 6 KIAS and at 10° pitch
attitude. Two seconds after liftoff, the UFDR reading  for the No. 1 engine's N
was zero, the No. 2 engine's N, speed was increasing through 101 percent, and thé
No. 3 engine's N, was essentiaﬁy at the takeoff setting.

The flight lifted off in a slight left wing-down attitude. Application of
right wing-down aileron and right rudder restored the flight to a wings-level
attitude and the heading was stabilized between 325' and 327° The flight main-
tained a steady climb about 1,150 feet per minute (fpm) at a 14° noseup pitch
attitude--the target pitch'attitude displayed by the llight director for a two-
engine climb. During the climb, the No. 2 engine N speed increased gradually
from 101 percent to a final value of 107 percent; the do. 3 engine N, speed did not
change appreciably from the takeoff setting. During the injtig} pawt1 ®f the climb,
the aircraft accelerated to a maximum speed of 172 KIAS; it reached this value
about 9 sec after liftoff and about 140 ft a.g.l.

Flight 191 continued to elimb about 1,100 fom. The pitch attitude and
heading were relatively stable. Right wing-down aileron and right rudder were
used lo control and maintain the heading and the roll altitude during the climb in
the gusty right crosswind.

During the climb, the aircraft began to decelerate from 172 KIAS at an
average rate 01 about 1 kn per second. At 20 sec after liftoff, at 325 ft a.g.l. and
159 KIAS, the flight began to roll to the left and passed through 5° leftwing down.
The left roll was accompanied by increasing right-wing-down aileron deflection.
At this point, the previously stabilized right rudder deflected suddenly to zero,
remainec at zero for i1 see, and then moved toward its previous deflection. The
flight began to turn to the left, and the left roll inereased even though increasing
right rudder and right-wing-down aileron deflections wére being applied. At 325 {t
a.g.l. the flight had turned through the runway heading and was rolling to the left
at 4° per second. The right rudder deflection increased during the turn. The
previously stable pitch attitude began to decrease from 14° even though the
elevator was being increased to the full aircraft noseup deflection. The maximum
pitch rate of about 12° per second was reached just before the crash.

Flight 191 continued lo roll and turn to the left despite increasing right
rudder and right-wing-down aileron deflections. Three seconds before the end of
the DFDK tape, the aircraft was in a $0° left bank and at a 6° pitch attitude, The
DFUR recording ended with the aircraft in a 112° left roll and a 21° nosedown pitch
attitude with full counter aileron and rudder controls and nearly full up elevator
being applied. !
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DFDR longitudinal and vertical acceleration data were integrated to
determine the headwind components at points where the aircraft attained certain
speeds and where it lifted off; to establish an altitude profile; and to determine the
location where the DFDK stopped. These data showed that the DFDK ceased
operation 14,370 ft from the southeast end of runway 32R and 820 ft left of the
runway's extended centerline. Examination of the crash site showed that the first
point of impact was 14,450 ft beyond the southeast end of runway 32R and 1,100 ft
left of its extended centerline. Based on these data and the corrected altitudes,
the DFDK ceased operating at impact. The flight reached a maximum altitude of
350 ft a.g.l.

112 Wreckage and Impact Information

Flight 191 struck the ground in a left wing-down and rosedown attitude.
The left wingtip hit first, and the aircraft exploded, broke apart, and was scattered
into an open field and n trailer park. The disintegration of the aircraft structure
was S0 cxtcnsive that little useful data were obtained from postimpact examination
of the wreckage with the cxccption of the No. 1 pylon, which 'vas found off the
right side of runway 32R. (See figure 1.) n

Investigators located and documented identifiable aircraft components.
Except for the No. 1enginc and pylon, portions of the enginc cowling, and a part of
the leading edge of the wing directly nbove the pylon, the aircraft wreckage came
to rest in the open field and trailer park. (See appendix D.)

The first marks made by engine contact of the No. 1 engine and pylon
with. the runway began about 19 {t to the right of the ccnterline lights &nd about
6,953t beyond the southeast end of runway 32R. Other parts of engine and pylon
structure were located in this area; however, no spoiler aetuators or hydraulic linas
were found.

The pylor is attached to lhc wing using sphericul ball joints in three
different structural elements. Two of the spherical joints are aligned vertically in
a forward bulkhead which is attached to structure in the wing forward of the front
spar. Another spherical joint behind the forward bulkhead transmits thrust loads
from pylon structure into a thrust link which in turn is connected through another
spherical joint to structure on the lower surface of the wing. The third atbachment
point is a spherical joint in the pylon aft oulkhead which attaches 'to a clevis
mounted on the underside of the wing. The pylon forward bulkhead and portions ¢f
the flange irom the pylon aft bulkhead either remained with the separated No. 1
pylon or wcre sce*tered along the runwny. (See figures 2 and 3.) The No. 1 pylon's.
aft clevis attach assembly and portions of the pylon aft bulkhead, wing thrust angle
assembly nnd thrust link, and pylon forwnra bulkhead attach assembly remained
with the wing.

The pylon forward bulkhead was bent forward about 30° and most of the
bolts which held the bulkhead upper plates were missing. The upper 12 inches of
the forward plate were bent forward an additional 10° to 15% The aft plate was
broken below the thrust fitting connection, and a iarge piece of the upper left
corner was missing.
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Engine and pylon assembly.
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The wing's forward support fitting, which attached the pylon forward
bulkhead to the wing at the upper and lower plugs and spherical bearings, was found
at the main wrechage site. The upper and lower plugs and their attaching hardware
were intact, and the upper and lower spherical bearings were attached to the
fitting.

‘The pylon thrust fitting remained attached to. the forward portion of
the pylon's aft upper spar web. The pylon thrust link, which attached the pylon
thrust fitting to the wing thrust angles, was found at the main wreckage site
attached to a portion of the wing thrust angles. Its forward spherical bearing was
cocked to the exlreme left, and a segment of the bearing which had broken away
was found on the runway.

The thrust bushing bolt had broken in two parts, both of which wzre
found in the grass adjacent to the runway. The bolt nut was attached to one of the
broken pieces, and the faces of the nut were gouged severely. Except for one
lubrication retainer washer, which was not found, the remaining portions of the
thrust bushing bolt assembly were found along the runway. ~ One shim spacer froi
the assembly was crushed severely while the other was relatively und#maged.

The upper two-thirds of the pylon aft bulkhead separated from the
flanges around its periphery and wecs found in the wrerkage. The top two pieces of
its attach lugs had separated from the bulkhead, and the eft side of the bulkhead
was gouged heavily near the lower edge of the wing clevis lug, which attached the
aft bulkhead to the wing. The wii, clevis was attached to the wing. The aft
bulkhead's spherical bearing was attached to the clevis, tad the separated pieces of
the aft bulkhead's attach lugs were found on top of the spherical bearing.

The Nos. 2 and 3 engines were located in the main wreckage. , The
damage to the engines indicated that they were operating at high rpom at impact.
All three engines were taken to the American Airline's Maintenance Facility at
Tulsa, Oklahoma, where they were torn down and examined. There was no
evidence of any preimpect malfunctions.

The examinations Of the main and nose landing gears and actuators
indicated thnt the gear was down and locked at impact. The left and right
stabilizer jackscrews were recovered and the distance between the upper surfaces
of the jackscrews' drive nuts and the lower surfaces of the actuators' upper stops
was measured. These measurements indicated that the stabilizer was positioned at
5.71° aireraft noseup:

Examination of the hydraulic system components did not reveal any
evidence of internal operating distress. The: control valve of the 2-1 nonreversible
motor pump was in the open position, indicating that the No. 2 hydraulic system
was driving the No. 1 hydraulic system's pump.

All eight flap actuators were recovered, and investigators attempted to
verify the position of the trailing edge flaps by measuring the extension of the flap
actuator pistons. The piston extensions were compared to those of another
aircraft with flaps extended to 10°% Based on this comparison, some degree of
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e flap extension was probable, but the actual position could not be established.
However, the DFDR data showed that the flaps were set at 10°

A 3-ft section of the left wing's leading edge, just forward of the point
where the forward part of the pylon joined the wing, wsas torn away when
the engine pylon assembly separated from the aircraft. The No. 1 and No. 3
hydraulic system's extension and retraction lines and the followup cables for the
left wing's outboard slat drive actuators were severed. Thirty-five of the 36
leading edge slat tracks were examined. The examination disclosed that at impact
the left wing's outboard slats were retracted, while the left wing's inboard slats and
the right wing's inboard and outboard slats were extended to the takeoff position.

The examination of the cockpit instruments did not disclose any usable
informa“ion.

1.13 Medical and Pathological Information

A review of the autopsies and toxicological examinations of the
fl.zhterew disclosed no evidence of preexisting physiological prgbiemsswhich could
have affected their performance.

114 Fire
The aircraft was subjected to severe ground fire.

. 1.15 Survival Aspects

This accident was no? surviveble because impact forces exceeded
- human tolerances.

1.16 Tests and Research

1.16.1 Study of Photographs

Five photographs taken of Flight 191's departure by two cameras--one
in the terminal and one onbeard a DC-10 on final approach to runway S$R-—were
sent to Lockheed's Palo Alto Research Laboratories for a Photo-Image
Enhancement Study to determine the position of the flight controls. The process
produced black and white images containing expanded variations of gray shading
which, in the absence of the enhnncement process, would be too subtle for the eye

to distinguish.  Based on the study of 'these photo-images, the following
observations were made: (i) The tail assembly was not damaged; (2) the nose gear
was down during the initial climbout and before the onset of roll; (3) spoilers Nos.
[, 3, and 5 were extended on the right wing; and {4} the trailing edge of the right
wing inboard aileron was up. Although the position ¢f the slats was difficult to
determine, the left wing inboard slats appeared to be extended, and'the position of
all other control surfaces appenred to be the same as recorded by the DFDR. The
_ pitch and roll attitudes of the aircraft were extrapolated from the photographs,
and extrapolations agreed closely with those recorded by the DFDR.




R R RTINS

-12~

1.16.2 Metallurgical Examinations and Postaccident Inspections of the DC-10 ‘
Fleet

N110AA's pylon aft bulkhead was examined at the Safety Board's f
metallurg:cal luboratory. The examination disclosed a _fr e 1
‘forward flapge. (See figure 4.) ‘The larger prrt of this fracture was jns WA
fhie radius between the flange and Torward bulkhead plane énd was abou»t LTl inehes
Ihg in the inboard-outooaTd direetiom~-¢See Tigure 57) ine fracture characteristics
were {ypical of an overload separation. Chevron and tear marks on the fracture
indicated that the rupture progressed downward at the center of the flange, then in
inbourd and outboard directions on the flange. The bottom portion of the fracture
exhibited smeuring consistent with the compression portion of a bending fracture.
The sinear was more prevnlcnt—about 6 inches long—in the thinner center portion
of the upper flange structure, but became less prevalent at the outer ends of the
fracture. The 10-inch-long fractice resulted from overstressy The oviersiréss was'
initiated by the applicatien of a downward bending momefit at-the center sestion of
the flunge just forward of the fracture plane. The surface of the fraeture appeared:
to he relatively tree of oxidation and dirt. o

= ~

Fatigue erscking was evident at boeth.ends (f the fracture. At the
inboard end. the fatigue progressed inboard and aft; then, it progressed downward
and inboard 1o the upner inboard fastener that attached the forward section of the
bulkhead lo the aft seetion.  The fatigue progressed past the fastener r short
distance before exhibiting rnpid overstress characteristics in the downward
direetion as it procecded along the inboerd side of the side flange radius of the ‘

forwnrd flunge sccetion. At the outboard end of the fracture, the fatigue
propagated forward and shghtly outboard toward the most forward outboard hole in
lhc upper flange. The total length of the overstress fracture and fatigue cracks
was ubout 13 inehes,  he remainder of the fractures on the bulkhead und within
the pvlon structure resulted from overload.

The exainination also disclosed that three shims were instalied on the
upper surfaee of the forward upper flange. Two shims (Part No. AUB-7034-25)
were installed, one on the inboard top shoulder of the upper flange and one on the
owtbourd top shouider. These shims are about 2 inches long, 1 inch wide, and .063
inch thick. A 10-inch-long, .050-inch-thick shim was installed during production to
fill & gnp between the upper flange and upper spar web. (See figure 6.) The
manufacturer's drawings specify that the AUB-7034-25 shim may be required dong
the side of the bulkhesd: however, they do not indicate that shims may be required
on the upper surface of the flange. The fatigue propagation on the inboard and
outboard cnds of the overstress fracture began in the area underneath tre
A3 -ineh-thiek shims,

The aft frecture surface of the upper flange contained a erescent-
eaped-gelormuation which matched the .shape OFthe lower end oF the wing elewis.
e delormation was in line ‘with the vertical centerline Of the.aft. ouikheud
“IERENin et hole as 1dieated by arrow *d" in figure 7. A deformation was noted in
the lower surface of the aft wing support fitting's forward clevis lug in the area
indicated by the brackels in figure 9, A:small shallow geuge was apparent in the

w3t e arrow in figure 10, %mi Mge was in a position which woukd conform *
s dpstenot foedtion: on 1 op flifigé Bssembly -of the -aft. bulsheadis ‘
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ggure 4,  Dvera11 view of the ﬁing pylon aft bulkhead instéllétioﬁ'

portions. Pieces are numbered for identificatioq_buppoéés .
and placed in relative locations as if intact. n oo

Items 4 & 5.

—

Item 6.

Item 7.

Ttem 8.

Item 9.

,Aff bulkhead center section piece ﬁiéﬁ looking aft. -
Upper lug ears. L

Two pieces of the forward por:ién of the upper

fracture indicated by arrows "m,"
-8ide flanges  and lower portion of the aft
bulkhead. S

Piece of the flange at the upper outboard
corner,

Portion of the outboard side flange.
Piece of the intermediate flange,

. flange. Those pieces mated together along the




Figure 5. View of the aft bulkhead piece-
indicated as Item 1 in Figure 4.

i



1 pylon before

gh 9 in Figure 4,

_ g angle and the top
‘of the upper flange piece No. 7 teld in“pl¥ce by Phe fastener arrowed

"s" shows the locatioh for the shim on the inboard side between

: ihhulngle and upper surface:ofithe upper bulkhead flange.n 57 i
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.. Figure 7. Closer view of fracture on. upper flange in the %
- Aogreaof. defomnati n (agﬂ'ow d‘" see Figure 5).

Figiire 8. Detail of deformation denoted by arrows "d" in Figuwe 5 and 7.

BT T —
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Overall view looking up on the IV\'/ihg mounted aft 4
support fitting with spherical bearing attathed.

Figure 10. Close up view of damage in the area
between the brackets of Figure 9.

Ay
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The gouge appeared to be produced by a fastener head, hitting the clevis with a
sliding movement. The upper flange aft fracture surface and radius appeared to
have been deformed by the wing clevis' striking these surfaces in the dowrtward
direction. S - D
The cléarances between the upper flange surface and the bottom
surface of the wing clevis were examined using the aft wing support fitting from
N11GAA and the aft bulkheads of another DC-10-10 (N11SAA). (See figures 11 and
12.) With the aft spherical bearing and bushing in place; the vertical distance from
the bottom of .the clevis to the surface of the flgpge is about 0.5 inch. (See

figure 11.) Wheii‘the bushing’ was removed and the aft bulkhead.moved up against

the far inside portion of the wing fitting, the fl jsced about 0.6 inch
above its previous position. (See figure 12.) In Hadower portion of
the clevis was about 0.1 ifgh:below the fract: ulkhead. The 0.1
inch between the upper fl§# i@ ldWer portion of the
wing fitting clevis was the: s¢mation found on
N110AA's aft bulkhead. .. '

— Taking into account the .»stfaek_ué on the forward flange created by the ™

spar web, doubler, and fasteners, the cledrance between the bottom of the clevis -
and the top of the web fasteners could be about .005 to .045 inch. The addition of
a shim,_would narrow the clearance, and taking into account all tolerances in the

- spherical bearing assembly, there could be an interference. A-postaccident survey

of the DC-10 fleet revealed seven pylons with such interference. MecDonnell-
Douglas had not established a standard minimum clearance: between the bottom of
the clevis and the top of the fastener. =~~~ Uo7 87T v
Despite numerous searches of the runway and adjacent areas after the
accident, investigators were .not able to.find one of -the forward thrust bushing
attachment's retainer washers. = However, measurements between the matin
portions on the fracture and the undersides of the thrust bolt head-and nut as
as the physical evidence produced by the separation of the parts indicated that the
missing washer was in place when the pylon separated and that the thrust bushing
assembly had been installed properly. )

After the acéidént; the Fedaral Kvidtion Administration (FAA) required
a fleetwide insgijugiiViidtie BC-10. During these inspections, discrepancies were
found in the pylor-agamblies, -Among these discrepancies were variances in the
clearances on the spher ng's fore and aft faces; variances in the clearance
between the bottom of th#4a 1§ plevis and the fasteners on the upper spar web;
interferences between the bQ »af the aft clevis and-the upper spar web
fasteners; pylons with eithe¥ loose, failed, or missing spar web fasteners; and aft

F-with upper flange fractures. The fractured flanges were found
_series aireraft. L

fractured upper” o
DC-10's-~N106AA, NIG%A tinental Airlines
DC-10's--N68050, N680

The failure modes on the Continental Airlines' aircraft that were
examined by metallurgists were similar to those found on the American Airlines'
DC-10's. Of the two Continentel fractures discovered during the postaccident




Figure 11 Wing pylon aft bulkhead from N119AA aéiséiblad o wing mounted

aft support fitting of NIIOAA showing normal position of wing fitting clevis,,

with respect to the upper forward flange of the aft' bulkhead.
Note: The wing fitting on this figure is canted relative to thé bhlkhead
to simulate the dihedral of the left wing 'relative to the bulkhead,.

Figure 12. Same as Figure 1l except the é‘t-ta‘chment bushing was removed

and the aft bulkhead was moved up aghinst the far inside po¥tion of the
wing fitting. Note the location of the bottom portion of the wing fitting

clevis with respect to the fracture on the bulkhead.
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inspections, one crack was 6 inches long, and the other 3 inches long; neither crack
showed any evidence of fatigue propagation.

The investigation also disclosed that two other Continental Airlines
DC-1('s--NG68041, N68043--had had fractures on their tipper flanges. These two
aircraft were damaged on December 19, 1978, and February 22, 1979, respectively.
The damage was repaired and both aircraft were returned to service. In addition. a
United Airlines' DC-10, N1827U, was discovered to have a cracked upper spar web
on its No. 3 pylon and 26 damaged fasteners.

The damaged pylon aft bulkheads of the four other American Airlines'
DC-190's were also examined at the Safety Board's metallurgical laboratory. Each
o these aft bulkheads contained visible cracks and obvious downward deformations
along their upper flanges. The shortest erack appeared to be on the NIG7TAA
bulkhead and the longest crack—about 6 inches—wason the Ni19AA bulkhead. The
erack on the N119A A bulkhead was the only one in which fatigue had propagated;!
the fatigue area was about .03 inch long at each end of the overstress fLacture.

|
Of the nine DC-10'%s with fractured flanges, only the accident aircraft
had shims installed on the upper surface of the flange.

1.16.3 Stress Testing of the Pylon Aft Hul

As a result of the discovery of the damaged upper flange on the
accident aircraft, laboratory tests were conducted in an attempt to reproduce the
10-inch overload crack. The testing involved both static end dynamic loading with
and without the .050-inch-thick shim instatled on the flange. Static load tests
conducted by American Airline? involved the use of a Tinnius Olsen universal test
machine 2/ and a shimmed (.050-inch) spar web. The results showed that the flange
cracked under a 6,400-1b loa6 and when deflected .122 inch. The initial cruck was
11 inch long. The erack progressed through the 1lange when the flange was
deflected 0.2 inch after loading of 7,850 Ibs; its length was 2.8 inches. Once the
flange was -penetrated, it required lighter loads to produce greater deflections. A
crnck 7.4 inches long was produced with a 5,175-1b load at a 0.6-inch deflection.
At this point, the ends of the crack had disappcarcd under the spar web.

Additional static and dynamic load tests were conducted at
MeDonnell-Douglas. A test specimen, consisting of the aft bulkhead, connecting
spar web, and a .050~inch shim installed between the bulkhead flange and the spar
web, was used in one static test. A jackscrew was used to sppiy load to the
specimen. Cracking began when the flange was deflected 0.1 inch with an applied
load of about 6,900 Ibs. At 11,500 Ibs, the flange was deflected 0.2 inch. and the
crack prepagated to about 2 inches. Increasing the deflection to 0.6 inch
lengthened the crack to 7.5 inches; however, the required load was only 8,600 tbs.

The evidence indicated that the maximum interference that would
result from the insertion of the .050-inch-thick shim was .Q24 inch. The static
tests conducted by American Airlines and MeDonnell-Douglas showed that e crack
would begin. at a deflection of about 0.1 inch; thus, in the worst case, an additional
deflection would be required to crack the flange.

2/ A machine used to apply precise and measurable amounts of stress to materials
undergoing testing.

@

P
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During dynamic testing, seven specimens were subjected,to impact
loads of varying energy levels and numbers of strikes. Specimens struck at high
energy levels (6,000 inch-pounds) failed in unreluted modes. ,Specimens struck at
low energy levels (1,500 lo 2500 inch-pounds) required seven to eight strikes to
create an 8- to 10-inch-long Crack. The total absorbed energy required to produce
a 10-iach crack in an unshimrned specimen was 16,000 inch-pounds. The absorbed
energy required to create a 10-inch crack in a shimmed specimen (.050-inch thick)
was about 18,080 inch-pounds. In one test, a IO-Inch crack was produced on an
unshirnmed specimen nfter two blows; the total absorbed energy was 5200 inch-
pounds.

In ancther test, conducted by American Airlines, an aft bulkhead, in
which a 6-inch erack had bcen produced in the flange by forcing a simulated wing
clevis vertically down on pylon web bolts, was subsequently subjected to a thrust
load. With a thrust load of 11,625 pounds, the 6-inch Crack extended to 10 inches,
at which point the thru.t load was relieved.

The major elements of the pylon structure were also examined to
determine primary and fail-safe 3/ load paths. Normaily the vertical and side
forces, as well as torque or rolling moments in the plane of the bulkhead, are
transmitted from the pylon structure through the spherical joints in the forward
and aft bulkheads and into the wing strueture. All of th? thrust load from the
pylonis intended |l o be transrnilted through the thrust link.

The capability of the forward and aft bulkheads to serve as alternate
fail-sgfe load paths in the cvent of a thrust link failure wus assessed during the
postaccident investigations. Therefore, in addition lo the tests of the upper flange,
a full-scale wing pylon test was c¢ondueted to evaluate load distributions and
flexibility of the pylon-mounted bulkheads both with and withcat a thrust liﬁ!k
installed.

The design gap between the forward and aft faces of the oft spherical
bearing and the respective faces of the clevis is .080 inch. With this clearance,
minimal thrust toads of about 600 Ibs are experienced at the aft bulkhead.
However, during the postaccident investigation, this gap was measured throughout
the DC-10 fleet, and the smallest gap found was .647 inch. With that size gap and
the engine at maximum thrust, thrust loads of about 6,650 Ibs are experienced at
the aft bulkhead; this loadis still within the bulkhead's strength capability.

The failed thrust link tests showed that the thrust load was distributed
between the aft and forward bulkheads—75 percent of the load (30,000 lbs) at the
aft bulkheud and 25 percent at the forward bulkhead. The imposition of 75 percent
of the thrust load on the aft bulkhead will shorten its service life. According to
the evidence for the worst case, which is a DC-10-40 with the hirgest available
engines, the estimated life of the aft bulkhead would be greater then 3,000 flight-

3/ Fail-safe means that in the event 0f a failure of a major element, the loads
carried by that element arc rcdistributcd lo another load pnth which ecan

accommodate the load.
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hours. The bulkhead of the DC-IO series 10, 30, and 40 aircraft are essentially
identical.  Further analysis based on the DC-10-10 thrust showed that an
undamaged aft bulkhead would support the entire thrust load.

During the postaccident investigation, MreDonnell-Douglas conducted
flight tests to measure the wing pylon's relative deflection at the aft pylon mount
and the stress created at selected nearby structurnl members throughout the
normal flight regime. The flight regime investigated included, in part, taxi;
takeoff including normal and rapid rotations; 2-G turns; moderate turbulence
encounters; 2-G pullups, 0.2-G pushovers, landings, and rollouts; and the effectsof
maximum reverse thrust. The highest stresses measured on the aft bulkhead were
less than 18 percent of the static strength of the material in the bulkhead.

Other tests were conducted at MeDonnell-Douglas to determine the
stress distribution and residual. strength of the aft buikhead under various load
conditions with cracks in the forward flange. The aft bulkhead was mounted in a
cantilevered structure thnt simulated the aft 3 ft of the pylon. Loads were applied
to the bulkhead through the lug of the aft pylon at the wing attachment joint, The
damage to the butkhead was imposed by saw cuts, the ends of which“were further
cracked by the application of cyclic loads. Photo-stress and strain gage data were
taken with the flange crnckcd 6 inches, 10.5 inches, and 13 inches; the latter
condition was intended to replicate the crack and fatigue damage evident on the
accident nircraft. It was determined that even a 6-inch crack would extend by
fatigue progression with the application of cyclic loads representative of those
encountered in service. The vertical and side loads representing those for a
takeoff rotation with gusty crosswinds were npplied to the bulkhead with the
13-inch crack without producing failure. A thrust component load was then added
and increased to 9,000 Ibs. at which time the bulkhead failed. The ends of the
13-inch crack, however, progressed lo fastener holes, whereas the crnck in the
accident bulkhead did not. A theoretical nnalysis by a MeDonnell-Douglas stress
engineer showed that vertical and side loads alone could fail the bulkhead
completely with a 13-inch preexistent crack in the forward flange.

During the reassessment of the fail-safe analysis of the aft bulkhead,
the effect of a 6-inch fracture on the bulkhead's forward upper flange was further
analyzed and tested. The crack location was similar to the locations of those found
during postaccident inspections. The analysis and tests showed that the damaged
structure could carry the fail-safe design loads for the worst case—~the aircraft
with the largest engine.

Durin? ground operation of the aircraft--taxiing, landing, and takeoff
rolls—the aft bulkheed is subjected to compression loads and the aft end of the
pylon is forced upward. Uuring rotation, the loading changes and the aft bulkhead
is subjected to tension-type loads. Those loads were found to be significantly lower
than the fail-safe design loads.

1.16.4 Wwind Tunnel and Simulator Tests

The wind tunnel at the National Aeronautics and Space Administration's
Langley Research Center was used to determine the aerodynamic charaateristics
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of a DC-10 wing with the left engine and pylon missing, left wing leadit.g edge
damaged, and the left wing's outboard leading edge slats retracted. In this
configuration, the aircraft's stall speed, minimum control speeds with the critical
engine inoperative (VVl ), and controllability were calculated. The efre~ts that
the loss of the No. 1Hhydraulie system and the possible loss of the Yo. 3 t..drauti-
syfteqn v(\j/ould have on the aircraft's control authority were also inv stigawcd and
calculated.

The DFDR data, aerodynamic data derived from wind tunnel tests, ai.d
the atmospheric conditions on the day of the accident were intcgrsted into the
Douglas Motion Base Simulator. The following conditions were simulated: {1} Fhe
separation of the No. 1 engine and pylon and the aerodynamic effects of the
separation and rcsultant damage, such as changes in the aircraft's gross weight and
lateral and longitudinal ¢.g.; (2) the uncommrnded retraction of the left wing's
outboard leading edge stats; (3) the loss of the No. 1and No. 3 nydraulic systems;
(4) the loss of power from the No. 1 a.c, electrical bus and resultant loss of the:
captain's flight instruments; and (4) both the loss and retention of the stali warning
system and its stickshaker function. n 4

The wind tunnel data for the damaged aircraft were correlated with the
UFDR data so that the simulator data reflected those derived from Flight 191's
DFDR. With the slats =xtended, the ad-engine-operating stall speed was 124
KIAS; the asymmetric slat-retracted stall speed for the left wing was 159 KiAS;
and the estimated wings-level V,, . for,the damaged aircraft was 128 KIAS. With
a 4° left bank-- a bank into ttie missing engine — 159 KIAS was the minimum
speed at which directional control could be maintained with the engines operating
at takeoff thrust.

Each of the thirteen pilots who participated in the simulation was
thoroughly briefed on the flight profile of Flight 191. In the simulator the No. 1
engine and pylon assembly was programmed to separate at 16° of rotation on all
takeoffs with simultaneous 10ss of the No. 1 hydraulic system. On some test runs
the No. 3 hydraulic system was also programmed to fail. Generally, slats began to
retract about 1 see after the engine and pylon separated and were fy|jy closed in
about 2 sec. Some test runs were conducted with the slat retraction béginning 10
to 20 sec after the engine and pylon separated. Speed control guidance from the
flight airector was available for all runs, and the stickshaker, programmed for the
slat-retraclcd-airspeed schedule, was operational on some runs.

Uuring the tests, about 70 takeoffs and 2 simulated landings were
conducted. In all cases where the pilots duplicated the control inputs and pitch
attitudes shown on the Flight 191's DFDR, control of the aircraft was lost and
Flight 191's flight profile was duplicated. Those pilots who attempted to track the
flight director's piteh command bars also duplicated Flight 191's DFUR profile.

According to American Airline's procedures, the standard rate of
rotation is between 3° to 4° per second, whereas Flight 191 rotated at only about
1.5° per second. In those simulations in which the standard rate was used, the
aircraft lifted off at a lower airspeed, and the airspeed did not increase to the
levels recorded by Flight 191's DFDR. The left roll began at 159 KIAS; however.
because of the lesser amount of excess airspeed, the roll started below 100 ft a.g.l.
In those cases where slat retraction was deiayed, the left roii started ut & higher
altitude but its characteristics remained the same. In all cases, however, the roll
began at 159 KIAS.

L
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In .many cases, the .pilots; upon.recagnizing the start of the roll at .a
constant pitch attitude, lowered' the nose, inereased. airspeed, recovered, and
continued flight. :The roll angles were less than :30°% and -about 80 percent bight
rudder and 70 percent right-wing-down alleron)were requiréd for recovery. In
those cases where the pilot attempted to regain the 14° pitch attitude commanded
by the flight director command bars, the aircraft reentered the left roll.

On those test runs with an operative stickshaker programmed to begin
at the slat-retracted-airspeed schedule, the stickshaker activated 7 sec after
liftoff and the pilot flew the aircraft at the stickshaker boundary speed of 167 .to
168 KIAS (V,, +15). Also, when V
pitch comménd bars, a stable ch?nb-:was readily achieved. Attempts to.duplicate
the 1-sec interval of zero rudder displaoement did not have any noticeable effect
on the flight profile.

Based on the probable electrical configuration existing after the
takeoff of Flight 19.1, pilots and.test pilots who testified at the Safety Board's
public hearing believed that the stall warning system and the slat disagreement
warning light were inoperative.| They stated that the flightcrew cannot see the No.
1 engine and left wing from.the coekpit and; therefore, the .first warning the
flightcrew would have received of the stall was the beglnnlng of the roll. ]Under

ttﬁle,sg_cmggmstances, none: ofJneaeLots_ believed that it was reasonable

the flightcrew of Flight 191to react:in the same manner as did.the simulator pllots

, WhO Were ile_ and were able to.recover from the stall.
e—

8t pro cove l

The FAA conducted a second series of tests to determlne the ta,g,e,off
and landing characteristics of the DC-10 with an asymmetrical leaditg edge slat
configuration. The slat configuration which existed on Flight 191 before impact
was duplicated during about 84 simulated takeoffs and 28 simulated landings.
Takeoffs were performed at both normal and slow rotation rates, at normal V
speeds, at -5 kn, and with thrust reduced to simulate-a I|m|t|ng we1g%
condition dumng a second- -segment climb.

The "slat disagree™ light, takeoff warning system, and stall warning
system were programmed to operate properly for both the normal and asymmetrlc
outboard slat configuration. e )

Landings were performed at the maximum landing weight, 50° of flap,
and a normal approach speed. The-simulator was programmed so that a left
outboard slat failure would cause-the slat to fully retract at altitudes as low as 30
ft a.g.l. The FAA concluded that "The speed margins during the final portion .of
the landing approach are also very small; however, the landing situation ‘is
considered less critical since powered slat retractionosfrom - the landing
configuration rétjuires 18 'seconds and an additional thrust is; readily available!to
adjust the flight path." 4/

4/ Report to the Administrator on the Investigation of the Comphance of the
DC-10 Series Aircraft with Type Certification Requirements under Asymmetric
Slat Condition, July 9, 1979.

+ 10 was obtained and the pilot disregarded tiz——
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During these tests, none of the pilots experienced problems with
aircraft controllability. tn many of the test runs, the stickshaker activated at or
just after liftoff, and the pilots altered the aireraft's attitude and airspeed in

response to the warning. A loss of thrust from an ergine during the takeoff roll

was not simulated during any of the tests. Based on a study performed by the J. H.

Wiggins Company 5/, the best estimates of the probebilities of an uncommanded

slat8 retraction dursng takeoff ranged fr rgm one chanece in one hundred million (1 X
} to two chances in a billion (2 x 10 ) per flight.

1.17 Other Information

1.17.1 Air Carrier Maintenance Procedures

On May 31, 1975, and February 1, 1978, the MeDonnell~-Douglas issued
DC-10 Service Bulletins 54-48 and 54-59, respectively.’ Both bulletins were issued
to correct service-related unsatisfactory conditions. Service Bulletin 54-59 called
for the replacement of the pylon forward bulkhead's upper and lower spherical
bearings and contained procedures for accomphshmg the mamtenange. Compliance
was recommended at the "operator's convenience.’

Service Bulletin 54-48 ecalied for the replacement of the pylon aft
bulkhead's spherical bearing, and compliance with the modification was "optional,
based on operator's experience:' The procedures for accomplishing the

modification contained the following note: "It is recommended that this procedure

be sceomplished during engine removal. The Service Bulletin later reiterated the
recommendation and then stated, "The following instructions assume that engmes 1
and 3 ace remaoved." However. thgﬂg_e_pmsj,dmm_mnmm:mme and engineering,

' ufely Bourds public hearing that the
“waffalaciurer® cupiverativa fur maiutenanee Lhnng 1S 1oL Necessarily t.uuaiatem
with air carrier operations. For example, American Airlines’ maintenance éannot
forecast "with any great accuracy”™ when or where an engine would have to be
changed. Since "it has to be scheduled." it would have been impractical to try lo

carry out the procedures of Service Bulletin 54-48 in that manner, and the aircraft’

would hove to be scheduled to undergo the modification.

Service Bulletin 54-48 directed that the pylons were to be removed in
accordance with the procedures contained in Chapter 54-00-00 of the DC-10
Maintenance Manual, Chapter 54-00-00 called for, first, removal of the engine
and then remaval of the pylon. The pylon alone welghs about 1,865 Ibs. and its e.g.
is located about 3 ft forward of the forward attachment points whereas the pylon
and engine together weigh about 13,477 Ibs. and the ¢.g. of the assembly is located
about 9 ft forward of the forward attachment points. According to the manual, the
sequence shown for the removal of the attach fittings was: The forward upper
attach assembly. the forward lower attach assembly, the thrust link, and the aft
bolt and bushing.

5/ Technical Report No. 79-1365, Estimating the Probability of Asymmetric
Deployment of the Leading Edge Slat System of the DC-10 Aireraft, J. H. Wiggins
Company. .
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American Airlines decided to comply with Service Bulletins 54-48 and
54-59 and lo perform the work during a maintenance "C" check at its Tulsa
meintenance facility. (See appendix C.) On July 28, 1978, American Airlines
issued Engineering Change Order (ECO) R-2693 establishing the maintenance
procedures for accomplishing the modifications contained in the service bulletins.

The' ECO was developed from the company's experiences during
modifications on four VC-10-30's during the spring and fall of 1977, at Los
Angeles, California. American Airlines, in accordance with a contract with a
foreign carrier. modified four of the foreign carrier's DC-10-30's. The carrier also
requested that American Airlines perform the spherical bearing replacement
program contained in Service Bulletins 54-48 and 54-59. While establishing the
maintenance _arocedures for the four DC-10-30', Amer:cans maintenance and

engineering personnel évaluated the feasibility of rafbmg - and 10 owering thé engine

and-pylon~asse mily ESJ“Sin% unit using a for /pe supporting device. This
technique would save about 200

man-hours per a;rc_;a_t bat ' more importantly {rom:
a safety standpoint, it would reduce the number of disconnects (i.e., hydraulic and
fuel lines, electrical cables, and wiring) from 79 to 27. American pe!bsonnel knew
that United Airlines was using an_overhead haist to lower and raise the engine and
pylon assembly as a single unit.

American Airlines personnel contacted Mc¢Donnell-Douglas personnel
about this procedure. According to the American Airlines' manager of production
for the Hoeing 747 and DC-10 in Tulsa, Oklahoma, who participated in the
development of the maintenance proceaures, a M«Donnell~Douglas field service
representative stated that MeDonneli-Douglas did not know of any carrier that was
removing the engine and pylon as single unit. He said that the field service
representative conveyed concern “in reference to clearances to me However,, he
assumed that these clearances involved those between the clevis and the fore and
aft faces of the aft pylon bulkhead's spherical bearing.

The McDonneli-Douglas field service representative who was contacted
by Ameriean's personnel stated that he conveyed American's intentions to his
superiors. According to him, "Douglas would not encourage this procedure due to
the element of risk irvolved in the remating of the combined engine and pylon
assembly to the wing attach points™ and that American Airlines' personnel were so
advised.

MebDonnell~-Douglas does not have the authority to either approve or
disapprove the maintennnce procedures ofF its customers. American Airlines
decided 'to lower the engine pylon assembly as a single unit and requested that
Mcbonnell-Douglas provide it information concerning the c.g. of the engine and
pylon, including the nose cowl and both fan cow! and core cowl thrust reversers, as
a single unit. The single unit was to be lowered by a forklift. On March 31, 1977,
the McDonnell-Douglas field service representative informed his company that
American Airlines "proposes to drop the wing engines, pylon . . . as a single unit
package directly on | o an engine stand by means of a (forklift)” and then asked for
the "C.G. of the pylon in the above deseribed condition.” On April 8, 1477,
Mebonnell-Douglas furnished the data to American.
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S The ewad\me showed that;,>during=the time the procedure was in use,
several MéDonnell—Douglas employees saw the engine and pylon assembly after it
was' loweredfrom the 'wi‘n'g‘; ‘however, none ‘of them’ observed either the actual
mating, separating, raising, or lowering df the unit. Those who stated that they
had seen the unit resting on the floor:of a hahgar also stated that they attached no
sngmflcance to what they saw.

‘ Amencan Airlmes uséd the. newly developed removal method to modlffr
the four foreign DC-10-30's.. While working on the first aireraft, the maintenance
personnel had difficulty removing the forward bulkhead's attach assemblies before
removing the aft bearing bolt and bushing. | They reversed.the procedure and found
that removing the aft bolt and bushing first expedlted tge_QMOva{l of the forw
attach assemblies and the thrust link. ' The reversed prac% e wee wed.on g
remaining three aireraft, and the modification program was @%mpleted " "The. aﬂ.ep‘t
inspection conducted after the accldent did not disclose any damage to the upper
flanges on these-four sircraft. ‘However, the DC-10-30's aft bulkhead. .design
affords more. clearance betwgern the bottom of the cle\ns and »the upper‘spar Web
fasteners than the DC-10- 10‘s design. - :

. i SRR ' *« :

When the declsion was made to modlfy‘ Amerlcan Alrlme’s DC

adopted and: incorpomt
_American: Ah‘lmes No. 31_
aﬂ

moved latera]ly by moving the mast in’ the desi .
DC-10<10'" éngine-and pylon assembly was computed by American:: At
instructions for centering-the forklift at the ¢.g, were incorporated in the ECO.
The operator was directed to insert the forks into an em new
attach the supported stand to the engine. "The .ECO stat
swpert m m s&%ﬂ“ e eenterlﬁrre cﬂ‘wm

The englne shlpplng stand WhICh can be used to suppor‘t elthep a JTSD
or CP6-6D engine, was used to support the engine and pylon asseidly on the lifting
forks. The stand can be adjusted for the different c¢.g.'s of the two engines, which
are denoted by an arrow. The stand has a movable top cradle to which the engine
is affixed; the cradle can ,be moved about 12 inches horizontally. There is also an
arrow on the cradle's frame. The arrow on the frame of the cradle must be aligned
with the arrow denoting the type engine to be loaded before,the engine is placed on
the cradle. Eight clamps secure the cradle in position on the stand. However, the
cradle can be moved on the stand after the engine has been affixed to it.

experiences with the forklift while handling the engine and pylon assembly.
Directions were transmitted to the lift.operator either by voice, hand signals, or
both. The testimony varied regarding the capability to raise or lower the lifting
forks a finite distance. One mechanic said it could be limited-to ,001 inch; the
estimates of others ranged from .25 to .06 inch. <

. .7
‘American Airlines’ maintenance personnel testified about their

_J
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When the full weight of the engine'and pylon assembly was on thg
lifting forks, the pressure gauge reading was 18,000 Ibs. Maintenance. personnel
stated that a 2,000-lb to 3,000-Ib pressure bleedoff on the prégsure gauge was
common; however, they'all stated that the lifting forks did not-move. * Supervisory
personnel stated that it was normal for the gafige reading to Meed off 2,000 to
3,000 1bs during a 15-min period without any perceptible load movement.:“The load
remains fixed because.of ‘the frictional load on the mast and-follersi « “Although
mechanics testified that“the load 'did' not move, -they also'said that théy would
manipulate the controls to restore the original readlng on the pressure gauge, One
mechanic ‘stated‘that 'the pylon' arid: englne assemibly would "]ump uigwermg
began. - He said the "jerking" motisn meéved the mﬂ@ dbo&‘&i ior 2- |[1ches

On October 5, 1979, McDonnell Douglas tested the capablhty of its
Hyster 460B. An 18, 000-1b load was placed-on the forks, &nd" the eQulpment‘ was
tested for drift down and eontrol capabllity The tests showed that'an experienced
operator was able to move the load in both directions vertically in steps of .187 to
.250 inch consistently. When the load was stopped the peak dynarﬁie déflections
were (+) .03 to (+).06 inch about the final rest value. A sink’ rate"aﬁiabbut 1.25
inches 7 per hour was measured durmg the dnft down test. - SRS

. RN *ggénr
d From Marc‘h 29 thre\iﬁh 31 1—9?9 the aecldent alrcraft underwerit ‘the
spherical bearing modification. On: ﬂﬁ@ﬂﬁ&lm the forklift's”miainténaivce:log

~contained a writeup which’ noted,"in’ part, ™rouble shooting, forks creeping down

under load. There was™no record that iy corbédtiviess uk f"tgken On
May 17, 1979, the log showed "Inspet 1ift eylindercopbaihy ‘UPlerd was
no record of any findings. On June 20, 1979, the: fdmﬁtt‘w&s“test’émﬁ?cﬁq ‘down:
An engme—pylon assembly was placed on the lifting forks, and the forks:drifted
down 1 inch in 30 min. A llft cyllnder check valve was found to be-deféctivé-and
was replaced

The ECO's procedures for detachmg the pylon from the: wmg were ds
follows: Item F of the ECO cdlled for the removal of the lower attach plug and
attaching parts; item G called for removal of the‘upper attach plug und attaching
parts; item H calléd for removal of the thrust linky and‘item 1--csgllsdfor ‘removal
of the aft bolt and bushing. The ECO did not eaﬁtlon or advise that items F
through I must be perforfmed in the seguence listed.: Accor&ng* to American
Airlines maintenance and supervisory' malntenance personnel; sifice’ the ' ECO did
not contain such advice, it did not reqaire that items F through-I-be: performed in
sequential order. Rather, it-merely provided a checklist and #ignoff sheet to insure
that all the steps were performed. Consequently, maintenance personnel saw no

_harm in performing the modification by first removing the aft spherical bearing's

bolt and bushing. Engineerifig personnel ‘who drafted the ECO were not informed
forma]]y of the d1ff1cu1ties experlenced in removmg the flttmgs as prescmbed.

Mechanics and the inspector who perfdrméd the spherical bearlng
modification on the accident aircraft recounted the operation for the Safety Boasdh
The ntidnight shift started the 'modification and removed the aft spherical beating's
bolt ‘and bﬂshing before going off duty on March 39y When the day shift:reported
for duty, two'of the mechanics 'saw 'the uppér lug of the aft bulkliead come in
contact With the - bolts attaehmg the elévis t0 the wing. These bolts:areé located at
the top of'theé -etevis. - The forklift's engine was running at the time, and the
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pressure gauge reading.was 18,000<1bs.:. When' the:crew.could not remove the
forward attach assemblies, they. diseovered:that the engine stand was. misaligned.
The clamps hoigding the cradie to the:stand were lopsened,:and the llftmg forks: and
engine stand were shifted to the left--forward on the engine~-until the cradle was
properly aligned.on the stand, The:clamps: were:then. affixed. Accom:lmg to one
mechanic, the stand was moved forward about. 12 inehes. - After the stand was
reallgned, the-forward upper and lower attagh assemblies were. removed and the
englne and: pylon assembly was: lowered ta the hangar floor.. - .« oo

or T

for this modification. was limited to on-the-job. training. - . The (inspector had not

D& ' a The testxmmy of Ihe mechames dxselosed thgt the mechamcs‘ tramm?

received any training with rcgard to this part:uular mo&frmtaon. —t

e

; The work eqrds used to aceomphsh the mOdlfl(:&tldn on the accident
alreraft were exginined. . The inspector's signoff blocks en the ECO's work cards did
not contain any requirement for .the:inspector to inspect the forward or aft. attach
assemblies after the pylon and engine had been reinstalled on the wing... The work
cards included in the ECO showed that.after. the inspector: cleared. the pylon for
installation, his only inspection requirgments: were :to. inspect-the “econnections for
integrity and to cheek for fuel and hydraulic leaks. The-work.eards also disclosed
that there.was awmick on the top surface of the pylon aft:-bulkhead's attach lug,‘ynd
some of the: mechamcs recalled seemg the nick.

: The mspector stated that chromc problems m the mamtenance
p;qcedures should be reported on a.sigpificant item form. This form is then
channeled;through maintenance supervision to engineering Ior agtion, He §aid that
he;thought that:the out-of-sequence performance of the «\tesks in alﬁECO should be
repoeted to those whmfeekmm.ate the ECO's. e .

j : In summary, an overa.ll assessment of the manner in whlch Amerlcan
- Airlines' Engineering developed and then monitored the twg ECO's used to replace
the pylon's spherigal bearings showed they had evaluated. the: eapabllmes of. the
forklift- before theqdgpeision was made to use the: equipment. .The:engineer who
wrote. the procedures Knew that the forklift was.capable of applumg; high forces.
He believed that the movement of the lifting forks could be coptrolled within "very
small fractions" of an inch, but he did not know the resultant rate of movement of
these forks in response to a control.input.- However,.:since the maintenance
persormel were -familiar with the forkhft, he beheved that 1ts use would be more
suitable: for "our operatlon 3 _ 5 ‘
S T
Accordmg to the engineer the. pmcedures of the I';CQ's and the
capabllltles of the forklift were analyzed.for safety of operation .and personnel
informally.- .However, they did net use or perform a formal fault analysis to
evaluate the effect on the structure that might result from either personnel error
or equipment malfunction. Procedupes of . thig nature, accordmg £fa.the engineer,
had never been:used to evaluate ECO'%s. Members of the engineering department
observed the prototype procedure on the first two DC-10-30's, -However, they only
'observed the lowering and raising of the engine and pylon as 4 single unit, They did
not witness the removal .of the wing to pylon attach assemblies; consequently they
were not aware.of the dlfﬁlcultles that were encountered, -and the subsequent
departure from the sequence aontained in the ECO. -
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. - The maintenance: proeedures used by Continental ‘Airlines to-accomplish

SB 54-48 were similar to'those of :American Airlines.: The same: type forkllft was .

used to raise and lower the pylon and engme asaembly
. 1. T

On December 19 1978 the upper ﬂange of the No 1 py].on aIt bulkhead
on Continental Airlines. DC-lO 10 ‘N68041, sustained a crack which penetrated the
flange. The-upper and-lower. forward attach -agsemblies had been removed, and the
aft spherical bearmgs bolt and bushing had been removed and a pin inserted in its
place. When the pin'was removed, the aft end of the pylon moved up slightly and a
"oud pop deseribed as a pistol shot™ was heard. The fracture was dlscovered the
upper flange repaired, and the aireraft was returned to senme. S :

»

On February 22, 1979, the upper flange of the No. 3 pylon aft bulkhead
in Continental Airlines DC~10- 10 N68049, sustained a crack whieh penetrated the
flange. In this case the pylon had:'been..disconneeted and the.lead mechanic was
attempting to clear the aft bulkhead lug from .the clevis.He instructed the forklift
operator to raise the riose of the engine in order to lower the aft end of the pylon.
The forklift operator either misunderstood or inadvertently moved the wrong lever
and lowered the nose. The aft end of the pylon was raised with the same results
and noise effects:described above. Continental. Airlines' investigation concluded
that both mlshaps were mamtemnee errors and nelther was reported to-the FAA. -

TN L FTITET o I
d : The forkhft was chockeﬁ;ﬁo‘l'r dm&tmwn after the Deeember mshap and
"nothing was found.” Several months:later-the:unit was neehgggagﬁ@qwmyavd drift
was found, the malfunctlon was ‘corrected, and no further difficult;es were
encountered : M

During the postaccident investigation, the maintenance procedures of
all United States carriers operating DC-10 series aircrafts were inspected. The
evidence disclosed that United States carriers had removed and. reinstalled 175
pylon and engine. assemblies. - Eighty-eight :of.. these operations involved the
iowering and raising of the pylon and engine as-a single unit. .Of these 88, 12 were
lowered and raised:with an overhead crane. .The remaining 76 were lowered and
raised with a forklift. The nine situations wherein impact damage was sustained
and cracks found mvoived the use of the f orklift. : ‘

4

1.‘1‘7.,2 _ Federal Avmtlon Admmistranon Reportmg and Survell.lgnce Procedures

T T

o —
B -

Air carrier reportmg requlrements are. established m-, JA CFR Part 121,
and. are basically contained in two regulations. 14 CFR 1215?903 .establishes the
mechanical reliability report (MRR) system.. The regulation pequires a certificate
holder to report "the occurrence or detection of each failure, malfunction, or
defect toncerning ...." The regulation contains 16 parggraphs setting forth the
conditions that must be reported. 14 CFR 121.703(14).requires  the .carrier to
report "Aireraft structure requiring major repair” and papagraph (15) requires the
carrier to report "cracks, permanent deformation, or corrosion of -aircraft
structures, if more than the maximum acceptable to the manufacturer or the
FAAM . Aecsording to the FAA, the MRR system is, for the most part, limited to
service-related problems and to failures and.malfunctions which have occurred
after the pircraft's engines are.started .with the intent for flight and;while they are
running. -In response to:a question as to whether paragraph (15) would apply to the

I
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December 19878, and February 1979, :upper flange cracks at Continental Airlines, a
FAA air’ carrier maintenance-spdoialist :stated that historically and traditionally
the ‘MRR procedurés-have always dealt’ with .service-related problems. He said
that under the' MRR ¢oncept "we would not consider it because it was not a service
rélated problem.™" « ¢ i .

N

- 1¢€FR 121.707, Alteration and Repair‘Reports reads as follows:

@ BreharaesHHISale oPUSEh Shar. BSMRILL PRSP LBMPISHOM
airframe, aircraft engine, propeller, :or-appliance of an aircraft
operated by it.

(b) “The certificate holder shall submit a copy of each report of a

-+ major alteration to, and-shall keep a 'copy of each report of a
major repair available for inspection by, the representative of the
Administrator assigned to it.

i 'The authority for en aitscarrier t0 perform maintenance is derived from
several sources. Pupsuént 10 the provizions.ét 14 CFR 21, Subpart M, an air carrier
may ‘be dertified by the FAA as a Designated Alteration Station (DAS), as were
American and Continental Airlines. In accordance with this certification, either
carrier could issue supplemental type certificates and perform its own alterations

W]ithlgxkprior FAA approval; however,, the required reports must:-be submitted to
e :

- ~,
14 CFR 121.379 also contains authorization for a Part 121 certificate

holder to perférm -mdintenance and alterations. This section reads, in part, as
follows:'

"(a) A certificate holder may perform, or it may make arrangements
with 'other persons to perform maintenance, preventive maintenance,
and alterations as provided in its continuous airworthiness maintenance
program and its maintenance manual. ...

*(b) A certificate holder may approve any aircraft, airframe, airerafi
engine, propeller, or appliance for return to service after maintenance,
preventive maintenance, or alternations that are performed under
paragraph(a) of this section, However, in the case of a major repair or
alteration, the work must have been done in accordance with technical
data approved by the Administrator.”

The investigation showed that there were large differences in the interpretation of
what constituted a major alteration or repair despite the guidelines contained i

the Federal regulations." 14 CPR 1.1 defines a major repair and alteration
fallows:

"A major alteration means an alteration not listed in the aircraft,
aircraft engine, or propeller specifications--(1) That might .appreciably
affect weight, balance, structural strength, performance, powerplant
operation, flight characteristics or other qualities affecting airworthi-
ness; or (2) That is not done according to accepted practices or cannot
be done by elementary operations.
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Major Repair' means a repair: (1) That, if improperly done might
appreciably affect weight, balance, structural strength, performance,
powerplant operation, flight characteristics, or other qualities affecting
airworthiness, or (2) That is not done according to accepted practices or
cannot be done by elementary operation."

The FAA air carrier maintenance specialist stated that the
Slessificaion. o maien t5retion, o, feal el ates 0. Mg feauigment thheiiney
protectlng the type certificate deS|gn and of assuring that the repair or alteration
does not change or modify a design feature.

Continental Airlines' principal maintcnance inspector stated that there
are no "clear cut rules' for interpreting the regulation. "It has been argumentative
for YO years that | know (sic) it! Although it was his opinion that the major part of
the bulkhead was a structurally significant item, he did not consider the upper
flange part of the bulkhead.

*

The FAA team investigating maintenance and airworthiness procedures
after the accident found that FAA regulations and guidance did not adequatgly

efine what co sHIute a ma or regalr The team found that the repairs made t8
ive pylons, Including the t upper flanges at Continental Airiines, constitute

major repairs since critical structure was involved. Therefore, the team concluded
these repairs should have been submitted to the FAA for approval 6/

The FAA principal maintenance inspectors are responsible for the
surveillance of the maintenance activities and procedures of those air carriers
- assigned to their office. The principal inspector for Continental Airlines was not
- aware of the cracks sustained in the upper flanges of the two Continental aircraft -
during the modification procedure, nor did he know when the carrier began the
modifications contained in Service Bulletins 54-48 and 54-59.

The principal maintenance lnsH)_ector at American Airlines' Tulsa
Maintenance Rase was also the chief of the Tulsa Air Carrier District Office, and
had served 7 years as chief. ~ However, he had been principal inspector for
American Airlines since January 15, 1979. The principal maintenance inspector did
no know that American Airlines was removing the pylon and engine assembly as a
sagle unit until May 30, 1979. In accordance with a request from his office
sometime before Nay 23, 1977, American Airlines had been requested to revise its
ECO distribution to the Tuisa Air Carrier District Office to "include cover sheets
only, without the detailed technical data.” Thus, the FAA received only the cover
sheet of ECO K-2693. The material containing the maintenance procedures was
retained by the carrier. and the Tulsa Air Carrier District Office did not conduct
any checks on the pylon maintenance.

6/ Report to the Administrator of the Federal Aviation Administration in the
Matter of Maintenance and. Airworthiness Procedures Concerning DC-10 Aircraft

Operated By American Airlines, Continental Airlines, and six other U.S. Air
Carriers.
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. ..sThe cover sheet of ECO. R+2693 classified the ‘repairs #s: minor, The
principdl. inspeetor. said :that. the ‘cover sheet!also contained the:FAA-approved
Service'Bulletins 54~48 and.-54-58.. Therefore, lie had no reason to either doubt the
classification or:the carrier's capab,lhty to carry out the f«repau-. «in his oplmon,
there was no reason to expend manpower m survex].lance of a mmor repa]r. :

Ev1dence de.veioped during the mvestlgatlon showed that FAA approval
of & service bulletin indicates to the cperator that the change in design included in
the bulletin has been approved by the FAA, thereby relieving the: operator of the
necessity of obtaining: his own design approval. - ‘However, the FAA approval does’\

(not apply to the. mamtenance procedures mcorporated in the service. bulletm.

1.17.3 DC- 10 Certlflcatlon

The DC- 10's pqun strueture, fhght controls) hych'aullc system, and
electrical system were. certificated in accordarice with the.applicable provisions of
14 CFR Part 25 effective February. 1, 1965, as-amended, and Spec;gl G’.ondttlon No.
25-18-WE-7, January 7 1970,m amended. (See appendlx E.)

“"

Speclal, Qohdmon No 25- 18 WE 7 Docket No. 10058 was issued
pursuant to 14,CFR 21.16 because the airworthiness regulations of Part 25 did not
contain adequate or appropriate safety standards for the aircraft because of a
novel or unusual design feature. In the case of the DC 10, this feature was the
fully powered flight control system. R o 1

. The. functlon of assessmg compliance with certain:aspects of the “type
certification was delegated to FAA Designated Engmeermg Representatives who
were employed by McDonnell-Douglas. Such representatives are designated by the
FAA to represent the. -Administrator . pursuant' to Section. 314 of the F ral
Aviation..  Aet: of 1958 and .14 -CFR - 183.29. - According to FAAT
McDonnell-Douglas witnesses, the workload involved in. the certification. process
far exceeds the FAA's manpower resources.

‘ : 'I‘he chtef of the FAA's Western Reglon Au'creft Engineering Division
stated that during the type certification process the review of the basic data and
the most critical tests are reserved to the FAA itself. The:fault analysis.data are '
reviewed and approved by: FAA engineering personnel. - He also- said- that little
delegation is done in the flight test area.. The-chief of the FAA's Western Region
Flight Test Branch stated that the DC-10's type certification required 500.hrs of
flight testing, and 90 percent of that tlme was flown by FAA test pllots. -

The principle underlymg the regulatlons concernmg the certification
the mrcraft's systems was redundancy. This principle contemplates that, while
each critical component of a system is required to perform funetions within the
design envelope of the aircraft, its failure will nevertheless be assumed.
Accordingly, appropriate analyses and tests are required to insure that sufficient
redundancy exists so that after a single failure of any component or element its
functions will be distributed to other components capable of assuming them safely.
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i The _eriteria-far: the . eertification >of - the:-aircraft's pylon and its
eompcnents .were . contgined: in. 14 CFR 25.571; "Fatigue -Evaluation. of Flight
Structure™.{See appendix E.) ;This regulation required-the manufacturer to show,
by.. analysis, tests; or both; that those parts of.the strueture whose failure could
result in. catastrophic. failure of: the .aircraft:would: be . able .to ;withstand - the
repeated loads of variable magnitude expected in flight, that catastrophic failure
or ~excessive structural deformation. that .could K adversely affeet the flight
characteristics of .the. aircraft are. not.prabable after fatigue failure or obvious
failure of a single. principsl structural element, and. that.after: this type of failure

of & smglg prineipal; structural element, the. .remaining structure must be.able to

provide:an alternate:load path. . The: regulatlon ‘only| required that fatigue damage
be evaluated. The chief of the FAA's Western Region Aircraft Engineering
Division testified that under normal loading there was extremely low stress".on
the upper flange and "the possibility of fatigue was believed to be extremely low,
low enough that you would not constder fattgue fallure.

Because all fllght controls were hydraulscally actuated and the basic
regulatlons did not cover this configuration, Special Condition No. 25-18~WE-7 was
formulated. However, the trailing edge flap -and leadlng edge slat systems were
certified under the basrc regulatlons C :

‘ The leadmg edge slat sytstem was certlfled in aocordance with 14 CFR
25. 671~-genera1 control: system J:aqmrements, 14. CFR 25.675--control system
stops, 14 CFR 25.685--detailed design- r? wirements: for.flight control systems, and
14 CFR 25.689--cable system design. The chief pr g;gi %g A& MeDonnell-
Douglas said that the flap control requirements: of 14.C §5.¥%1£a) were also
applied to the slats. Paragraph (a) states* :

"The motion on the flaps ‘on opposne sides of the plane of symmetry
must be synchronized unless the aircraft has safe characteristics with
the flaps retracted on one s:de and. extended on the other." ' -

Since the left and right inboard slats are controlled by a smgle valve and actuated
by a ecommon drum and the left and right outboard slats receive their command

from mechamcally linked control valves which are "slaved" to the inboard.slats by. .

the followup cable, the synchronizatioii requirement was satisfied.-. However, since
the cable drum actuating mechanisms. of-the left and right outboard slats were
independent of each other, the possibility existed that one outboard slat might fail
to respond to a commanded movement.. Theréfore, the safe flight characteristics
of the aircraft with asymmetrical outboard slats were demonstrated by test flight,
These flight characteristics were investigated within an airspeed range bounded by
the limiting airspeed for the takeoff slat positions --260 kns--and the stall warning
speed; the flight test did not investigate these characteristics under tekeoff
conditions. In addition, a slat disagree warning light system was installed which,
when illuminated, indicated that the slat handle and slat: position - disagree, or the
slats are in transit, or the slats have been extended automatlcally.. S )

The program engmeer stated that the commanded slat posmon is held
by trapped fluid in the actuating eylinder, and that no consideration was given to
an alternate locking mechan_lsm. The slats’ hydraulic lines and followup cables

| | e __—_._/ ..
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were routed as close as possible to primary structure for protection; however,
routing them behind the wing's front spar was not considcrcd because of
interference with other systems.

The branch chief of the Reliability and Safety Engineering Organization
of the Douglas Aircraft Company described the failure mode and effects analysis
(FMEA) and fault nnalysis. The witness indicated that the FMEA wns r basic
working document in which rational failure modes were postulated and analyzed;
vendors and subcontractors were requested to pcrforrn similar analyses on equip
ment they supplied to MeDonnell-Douglas. Previous design and service expertence
was incorporated in the initial DC-10-10's FMEA's and analyses were modified as
the design progressed. The FMEA's were synthesized to make fault analyses. which
were system-oriented summary documents submitted to the FAA to satisfy 14 CFK
25.1309. The FAA could have requested and could have reviewed the FMEA's.

The basic regulations under which the slats were e¢ertified did not
require accountability for multiple failures. The slat fault analysis submitted to
the FAA listed 11 faults or failures, all of which were correctable by the flight-
crew. However, one multiple failure--erroneous motion transmitted | o the right~
hand outboard slats and an engine failure on the nppropriate side--was considered
by MebDonnell-Douglas in its FMEA, The FMEA noted that the "fnilure increases
the amount of yaw but would be critical only under the most adverse flight or
takliﬂff conditions. The probability of both failures occurring is less than 1 X

." The evidence indicated lhat this FMEA was not given to the FAA formally
but was available for review.

Special Condition No. 25-18-WE-7 requires the applicant to show that
the aircraft is capable of continued flight and landing after "any combination of
frilures not shown to be extremely improbable." According to FAA witnesses. the
definition for extremely improbable that they huvc been using émd have been
accepting for a number of years is one chance in a billion, or | x 10

The regulation. 14 CFR 25.207. requires that "Stall warning with suf{j-
cient margin to prevent inndvertcnt stalling with the flaps and landing gear in any
normal position must be clear and distinctive to the pilot in straight ond turning
flight."" The warning can be furnished through the inherent aerodynamic qualities
of the aircraft or by a mechanicul or electronic device. A visual warning device is
unacceptable. The warning must begin at a speed exceeding the stall speed or the
minimum speed demonstrated . ...by seven percent or at any lesser mnrgin if the
stall warning has enough clarity and duration, distinctiveness, or similar
properties,*  The flight testing of the UC-1O disclosed that the inherent

. aerodynamic stall warning exceeded the required regulatory margin in all flap’
configurations until the Innding flap configuration {50% was reached. According lo
the chief of the FAA's Flight Test Branch, with 30° flaps the stall buffet still
precedes stall onset, "but it occurs quite close, within just a few knots of the
aerodynamic stall.” Since the margin did not meet the regulatory criteria, a stall
wsrning system was installed.

The initial DC-10 design incornorated the left (No. 1} and right (No. 2)
sutothrottie speed computers (AT/SC) as stall warning computers, The No. 1 and -
No. 2 AT/SC's were powered by the No. | and No. 3 a.c. buses, respeetively. The
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No. | AT/SC received inputs from the left inboard flap position transmitter, from a
position sensor on the left outboard slat section, and the left angle-of-attack
sensor. The No. 2 AT/3C received its inputs from counterpart sensors and
components on the right side of the aircraft. ‘The stickshaker motor was mounted
on the captain's control e¢lumn and was powered by the No. 1 d.c. bus. A stall
signal from either computer would actuate the stickshaker motor. The design
contained provisions for a second stickshaker motor to be mounted on the first
officer's control ecolumn; however, the second stickshaker was a customer
desiznated option. The accident aircraft's stall warning system did not incorporate
the second stickshaker described above.

The December 1, 1978, revision of 14 CFR 25571 retitied the
regulation "Damage-Tolerance und Fatigue Evaluation ¢f Structure.”* The fail-safe
evaluation must now include damage modes due to fatigue, corrosion, and
accidental damage. According to the manufacturer, the wvonsideration for
accidental damage was limited to damage which can be inflietcd during routine
maintenance and aircraft servicing. .

. »

The FAA's Aircraft Engineering Uivision chief also stated that while
the recertification process disclosed a deficieney in design data on file with the
FAA it did not disclose any deficiency in the pylon's design. In some eases, the
manufacturer had the data on file. In one instance, the data conceening the
alternate load paths for thrust loads following a thrust-link failure were
guestioned. The manufacturer's analysis assumed the loads would be carried by the
forward bulkhead. The manufacturer also stated that the thrust loads could be
carried out by the aft bulkhead. @ The FAA asked McDonpell~Douglas to
substantiate this claim, and they did so successfully.

As aresult of the postaceident simulator tests. an AD was issued which d
required, as a condition for reinstatement of the type certifirate, that the aircraft
be operated either with both AT/SC’s installed and operating, or with a modified
single AT/SC that would receive slat information from both sides Of the aircraft.
(8ee appendix F).

On July 30. 1979, a Notice of Proposed Rule Slaking (NPRM), dockel
No. 79WE-1TAD, was issued. (See appendix F.) The NPRM contained an AD which
will require that the stall warning system incorporate two AT/SC's and two
stickshaker motors, and that the AT/SC's be modified to receive position
information from both outboard wing leading edge slat groups.

1174 BC~10 Maintenance and Inspection Programs

During the investigation, the development of the DC-IO maintenance
program was studied to determine the methods used to establish the aircraft's
maintenance program and the inspection requirements for the wing pylons. The
program guidelines were embodied in the "Airline hianufacturer Maintenance
Program Planning Document, MSG-2."* The document was formulated by a working
group composed of representatives of user air carriers, McDonnell-Douglas, and
one or morc FAA observers. The document was then submitted to the FAA'
Maintenance Review Boerd where FAA observers and engineers met to evaluate
the proposats. The review board issued a report which prescribed the minimum
maintenonce program for DC-10 operators end required a review of the specific
work programs of each operator by its FAA principal maintenance inspector to
assure conformance with the program.
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When an aircraft is delivered to an operator, the manufacturer must, by
reguiation, furnish the operator with a maintenance manual (14 CFR 25.1529). The
manual must contain the essential information and procedures necessary to
maintain the aircraft.

The maintenance programs for modern aircraft are comprised generally
of three primary maintenance processes known throughout the industry as "hard-
time,” “condition-monitoring.” and “on-condition.” Hard-time is a preventive
maintenance process which requires that an appliance or part be overhauled or
replaced after a specific period of service. This process is generally applied to
" parts which are subject to predictable wear, such as engines or engine components.
Condition-monitoring is a process which applies to components, the output of
which can be monitored to detect degradation in performance indicating that the
maintenance is required. When applying the condition-monitoring process, the
potential effect of an unpredicted failure of the part is also considered.

The airworthiness of most of the structural elements of the aircraft is
maintained by the on-condition maintenance process. This process requires that a
part be periodically inspected Against some physical standard to determiné whether
it can continue in service. Thus, the maintenance program established for the
aircraft includes specified inspection requirements for each structural element.
The inspection interval depends upon an analysis which considers the susceptibility
of the part to fatigue damage, corrosion, and crack propagation. The degree of
redundancy and the accessibility for inspection are also considered.

The on-condition process also incorporates the principle that similar
parts behave in similar ways. Thus, if a part is analyzed to be relatively resistant
to damage throughout the anticipated life span of the aircraft. an inspection of
that part on every aircraft—a 100-percent inspection--may not be required; the’
part will be placed in a sampling inspection program and a statistically repre~
sentative sample of the parts on the entire fleet of aircraft will be inspected. If a
problem is detected during the sampling inspection program, the FAA's service
difficulty reporting program incorporates the mechanism whereby revised
inspection requirements can be evaluated and levied on the operators for
application to the entire flee: of aircraft. The on-condition maintenance program,
thus, is intended to be a conservative method to verify the design resistance lo
fatigue or corrosion damage during the aircraft’s service life. However, the
maintenance programs are not designed to detect damage resulting from improper
manufacturing processes or maintenance.

During the investigation, the Safety Board examined closely the
sampling inspection program for the wing pylon. The program. sampling base. and
inspection frequency were based upon factors. including projected aircraft life as
well as structurally significant items and their resistance to fatigue and corrosion.

The maintenance document (MSG-2) defined structurally significant
items as “those local areas of primary structure which are judged by the
manufacturer to be relatively the most importent from a fatigue or corrosion
vulnerability or from a failure defect standpoint,” and it required that these items
be classified as to relative importance. The classification and ratings of these
items were based upon the fatigue. corrosion, and crack-propagation resistance
properties of the structure. rhese properties were analyzed on the basis of fatigue
testing, special tests for crack growth rates, ana the company’s previous
experience with the aircraft structure.
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The structurally significant items with a classification o rating number
of 1 ar 2 (indicative of a lower overall level of structural integrity) would probably
be placed on a 100-percent inspection program. The 100-percent program would
require that these items be inspected on every aircraft at an interval which is
determined by testing and analysis. Structures classified as 3 or 4 would probably
be sampled. The sampling program required the inspeclion of some structurally
significant items on only a specified fraction of an operator's fleet and at a pre-
determined interval..

The initial DC-10 program required 100-percent inspection for some
items and pleced others on a fractional sampling program. The inspection
frequency for some items on the 100-percent program was based on their
classification. Structurally significant items (S8}, classified as a Class-1 $81, were
to be inspected on &laircraft every 4,000 hrs, Class-2 8Si's every 8,000 hrs, and a
Class-5 SSI every 20,000 hrs. In the fractional sampling program, only a certain
proportion of a carrier's aircraft was to be inspected to'monitor the e8fitiftion of a
structurally significant item. Thus, only 1/5 of a carrier's aircraft population was
to be inspected at a 20,000-hr interval to monitor a Class-1 SSI, whereas 1/12 of
its aircraft population was to be inspected at a similar interval to momitor a
Class-5 88i. For example. under the sampling program, the upper attach lug of the
pylon aft bulkhead was on a 100-percent inspection program, while. the aft
bulkhead's upper fange and other portions of the bulkhead were on a fractional
sampling program. The upper attach lug is designed to faitl in the event of a
wheels-up landing and thus prevent fuel tank rupture: accordingly, the lug was not
overdesigned and is subjected to Significant stresses which places it in a class
requiring 100-percent inspection every 4,000 hrs. In contrast, the rest of the
bulkhead is subjected | o relatively low stresses: therefore, it is considered to be
less suseeptible to difficulty in service and suitable for sample-type inspection,

1.17.5 Manufacturer's Service Bulletin and Customer Service Programs

The FAA's service difficulty reports and MecDonnell-Douglas service
bulletins were reviewed |o determine if any chronic difficulties related to aft
bulkhead cracking had existed before the accident. The service difficulty reports
indicated that some problems existed with wing spherical bearing atlach fittings.
These problems were not anticipated during design and did not develop until the
aircraft was placed into service. As a result, programs were launched | o replace
the old spherical bearings with stronger and more efficient bearings through
Service Bulletin 54-48 and 54-59.

MeDonnell-Douglas maintains a customer support program. Under this
program, the compuny mainlains field service representatives at the operators'
maintenance facilities and receives reports from operators concerning service
difficulties encountered by its aircraft.

During December 1878, when Continental Airlines cracked the forward
flange of an aft bulkhead during its bearing modification program, MeDonneli-
Douglas provided the operator with a engineer product specialist to assist it in
repairing tho flange. The product engineer specialist testified that he was
responsible for, investignting. analyzing, and interpreting customer reports
regarding unsatisfactory performance and service failure of the aircraft structure.
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He was also responsible for supplying any necessary corrective procedures. At the
Safety Board's public hearing the engineer specialist testified that he did not see
the pylon and engine assemblies raised or lowered, that he assisted the carrier in
making the required repairs, and that he was told that the carrier "cracked the part
while lowering the pylon. And that was the extent of the discussion."

According to the engineer, about 1 week later he wrote a short
paragraph describing the problem and its disposition for inclusion into a company
Operational Occurrences Keport. This was published on January 5, 1979, as part of
Keport No. 18-7901 and read as follows

"An operator has reported a case of damage to the wing pylon
aft monoball (spherical) bearing support bulkhead, P/N
AUB7002-1. This apparently occurred when the pylon shifted
while it was being lowered. The aft end of the pylon rotated
up, and the forward lug of the wing clevis fitting contacted the
upper horizontal flange of the support bulkhead. The flange on
the support bulkhead was sheared off for mast of its length;
necessitating removal of the support bulkhead from the pylon
for repairs.” - .

Operational Occurrence Keports are distributed to &l DC-10 operators.
American Airlines did not recall receiving this Operational occurrence Report, but
Continental Airlines found it in & service library after the accident. The:
Operational Occurrence Report contained reports concerning dl types of mishaps.
system malfunctions, and structural defects that the manufacturer believed would
be of interest to his customers. The report which contained the description of the
bulkhead damage also contained reports of an air conditioning pack malfunction, a
lightning strike, collapse of a passenger loading stand; #nd a flight attendant injury
suffered in the galley cart lift.

14 CFR 21.3 establishes the responsibility of the holder of a type
certificate to report failures, malfunctions, or defects to the FAA. The regulation
requires a certificate holder to report any defect in any product or part it
manufactures and thnt it has determined resulted in any of the occurrences set
forth in the regulation. The primary structural defects the certificate holder is
required to report are limited to those caused by "any autogenous condition
(fatigue, understrength, corrosion. ete.)." Further, 14 CFR 21.3 {dXi} states that
the reporting requirements do not apply to failures, malfunctions, or defects that
the certificate holder "determines were caused by improper maintenance.""

1176 Manufacturer's Production Line Procedures

The production line procedures of the facilities producing the wing
pylon assembly were investigated, including the installation of shims on the upper
surface of the horizontal flange on the accident aircraft. According to the
McDonnell-Douglas' Vice President for Quality Assurance, the .063-inch-thick
shims installed on the upper shoulders of the upper flange were standard shims. He
snid that these shims can be installed any place they are needed to reduce a
clearance. N6 spproval is needed since the proecedure is authorized by Douglas

. Process Standard 2.70.2 (DPS 2.70.2).

1
."a
|
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The 10-inch-long, .050-inch-thick shim installed on the accident
aircraft was not a standard shim and, according to McDonnell-Douglas engineers
who testified at the Safety Board's public hearing, written authorization was
required to use it. Such an authorization is processed through the company's
engineering liaison group and reviewed by Stress liaison personnel of the structural
analysis group. Rejection and Disposition Item A081757 had been issued
authorizing the insertion of the shim, and had been signed by an engineer in the
liaison group. Although a Mc¢Donnell-Douglas engineer assumed that the proper
stress analysis had been performed before the issuance of the Rejection and
Disposition Item, there was no signature to indicate specifically that the analysis
- had been done, nor was space provided for such a signature.
’ The evidence disclosed that 23 pylons were placed into service with
shims on the top of the upper flange. The clearance prohlem on the upper flange
began with fuselage No. 15 and continued through fuselage No. 36 (the accident
aircraft was fuselage No. 22). A MecDonnell-Douglas investigation disclosed that
the clearance problem was the result of a tooling malfunction, and it was resolved
by reposttioning locator pins on the tooling jigs. .

L
In October 1974, the pylon production line was transferred from
MeDonnell-Douglas' Santa Monica. California, locntion to the Huntington Beach,
Califorfnia, facility. The transfer was made at fuselage NO. 208. During an
inspection conducted after the accident, 31 aircraft were found to have had wing
pylons with loose, failed, or missing fastcncrs. Fifteen of these aircraft were
between fuselage No. 170 and 208. Six of these 15 aircraft had more then 5 loose
or missing fasteners. Qf the other 16 aircraft, 1 had 7 and another had 5 lopse or
missing fasteners; the remaining 14 aircraft had less than 5§ loose or missing
fasteners. McDonneil-Douglas personnel believed that one of the causes of this
production breakdown was the effect the impending transfer of the production line
had upon worker experience. morale, and productivity.

The investigation of the upper spar web cracks and fasteners found on
United Airlines PC-10, N1827U, fuselage No. 196, also showed that ks problems
probably were traceable to production line procedures at MeDonnell-Douglas. The
damage on the United Airlines DC-10 was limited to the cracking of the upper spar
web and faiture of 26 fasteners, There was no damage lo the aft bulkhead flange.
An examination of the aircraft's history showed that it had not been exposed to any
hard landings; however, it had experienced an engine feilure and had been subjected
to vibrations resulting from the windmilling of an unbalanced engine during 1 hr 20
min of flight.

Engine vibration testing was conducted at the General Electric facility
at Pccblcs, Ohio, to investigate the possibility that a significant imbalance accom-
panied with windmilling for 80 min was a possible oF plausible explanation of the
damage. 'l"he results were negative.

A metallurgical examination of the spar and fasteners showed evidence
of high-cyele, low-stress fatigue along the majority of the upper spar web
fractures as well as fatigue eracking in 26 of the 29 fasteners. Only one fastener
tud failed due to overload. Evaluation of the data indicated that there was no
sinilarity to the damage noted on the accident aircraft; that no single event
explains the damage on the United DC-10's upper spar web; and that the damage
- occurred over a long period of time and was likely to have initiated from
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manufacturing discrepancies. Fuselage NO. 196 was among those manufactured at
the Santa Monica plant where the greatest frequency and number of production
discrepancies to the fasteners occurred.

1.17.7 DC-10 Hydraulic and Electrical Systems

Hydraulic power is provided by three hydraulic systems. Each system is
powered by two engine-driven hydraulic pumps. Additionally. two electric
auxiliary pumps are provided in system NO. 3. Emergency hydraulic power is
available from one of these auxiliary pumps when powered by the air-driven gene-
rator. Two reversible motor-puinps can transfer power from an operating system
to an unpressurized system if an engine fails. In eddition. two nonreversible motor-
pumps ¢an provide a similar transfer of power to certain components of the night
control system.

The three hydraulic systems normally operate independently of each
other and are pressurized by their respective engine-driven pumps. The systems
power the flight controls, horizontal stabilizer, landing gear, brakes, and nosewheel
steering. 1he two electric auxiliary pumps in hydraulic system No. 3 are prigiarily
for ground use when the engines are shut down; however, auxiliary hydraulie pump
No. 1 can be used as an emergency pressure source lor the night controls if all
three engines are lost. This can be done inflight by deploying the air-driven
generator which will provide electrical power to operate the pump.

The system 1-3 and system 2-3 reversible motor pumps are installed to
trnnsfer pressure from on operating hydraulic system to an unpressurized hydraulic
system; pressure can be transferred in either direction. NO fluid transfer takes
place--the transfer of energy is mechanical: Control switches for these pumps ere
provided on the flight engineer's panel. If the fluid in the reservoir OI either the
operating system or the system being pressurized falls below a preset minimum,
that motor-pump combination will automatically stop operating. Two
nonreversible motor pumps are installed in the stabilizer and rudder hydraulic
systems to provide backup hydraulic power should the normal power source fail.

Under normal operating conditions, hydraulic power is provided by the
two engine-driven pumps in each system. The reversible motor pump controls are'
in the "arm" position to provide automatic operation in the event of engine failure,
and the rudder standby power control switch is in the "arm" position to provide
automatic standby power for the rudders if the No. 1 or No. 2 hydraulic system
fails.

Except for the spoilers and the upper ‘and. lower rudders, each flight

control surface is powered by two hydraulic systems. Hydraulic system No. 1
powers the No. 2 and No. 4 spoiler panels on each wing; hydraulic system No. 2
powers the No. 1 and No. 5 spoiler panel on each wing, and hydraulic system No. 3
powers the No. 3 spoiler panel in each wing. The Iandlng gear is powered by the
No. 3 hydrauhc system.

The lower rudder is powered by hydraulic system No. 2, and its backup
power is provided by the 3-2 nonreversible motor pump. The upper rudder is
powéred by hydraulic system Ne. 1. Backup power is provided by the 2-1 nonrever-
sible motor pump. Each backup power system has its own independent reservoir
and fluid. Consequently, a complete l0ss oi hydraulic {luid in system No. 1 wiiii not

affect the operatlon of the backup system,
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The 2-1 nonreversible motor pump also supplies backup power to the
horizontal stabilizer, and the operation of the stabilizer trim reduces the fluid flow
and pressure available to operate the upper rudder. However, the check valves in
the rudder actuator will prevent a drop in hydraulic system pressure from causing a
loss of any rudder deflection being held.

When the No. 3 hydraulic system's lines to the outboard slat actuator
were severed, ¢ *-'ng pylon separation, hydraulic fluid beganto be lost. The rate of
loss was depen.ent upon the positioning of the slat control valve, and the amount
of pinching of the hydraulic lines at the point of severance. According to the chief
program engineer for DC-IO design, under the worst case--the control valve wide
open and no pinching of the lines--it would require 4 minutes to deplete the¢
reservoir. He further estimated that over a 30-se¢ lo 40-sec period after the
rupture there would be no pressure loss and that the retraction of the landing gear
would not create significant pressure drain during the time the system remained
operable. The witness testified that the hydrnulic system was certified in
accordance with the existing regulations and compliance aith 14 CFR 25.1309 was
shown by FMEA and flight testing.

[N

During the early service history of the aircraft, some difficulties with
the nonreversible motor pumps were encountered. The pumps were of a new
design, and the FMEA's did not predict the in-service difficulties which occurred
early in the aircraft's service history. The pumps were redesigned, and the
malfunction has not recurred.

According to the witness, thare has been only one incident of dual
hydraulic system failure. That failure resulted from a tire failure; however, the
aircraft was landed safely with one hydraulie system.

The DC-10 electrical system is normally powered by three engine- '

driven generators. Portions of the system may be powered by a battery and an
air-driven generator. The electrical generating system is a.c. with necessary d.c.
power provided by transformer rectifier units or a battery. The generators \nA
function either paralleled, unparalleled, or isolated, and each generator can supply
enough power to operate &l essential electrical systems.

A battery and static inverter combination can provide about 30 min of
emergency a.¢. and d.c. bus power for the captain's flight instruments, essential
communication, and navigation equipment when normal sources are inoperative.
The battery and static inverter operations can be obtained by rotating the emer-
gency power switch on the pilot's overhead panel to the "on" position.

Three independent a.c. channels provide power to associated generator
buses, which feed associated main a.c. buses. The channels are paralleled through
the a.c. tie buses which permits assumption of electrical loads by any functioning
generator or generators. The g.c. system is operated normally in parallel with the
bus tie relays closed. Two emergency a.¢. buses are powered by a.¢. buses 1 and 3

The four transformer rectifier units, which are powered from
designated a.c. buses, are the primary sources of d.e. power. Excgpt for
transformer rectifier No. 2B, which is powered from the a.c. ground service bus
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during ground operation, the other three transformer rectifier systems are similar
to their counterpart a.¢. systems. However, the d.c. buses are electrically isolated
during normal operation.

Protective circuitry automatically isolates faulted buses 0r components
from the other parts of the system. If the protective circuitry senses a generator
fault, such as an under voltage condition, the generator rciay wM open and isolate
the generator from itsbus; the rest of the system v be powered by the remnining
generators. However, if a bus fault is sensed, such as a differential currert, the
bus tie relay vl open and isolate the generator and its associated a.¢. buses from
the a.e. tie bus. If this occurs, the protective circuitry will also engage aiockout
mechanism to protect the remaining buses from damage. The lockout mechanism
can be released and power restored to the bus, provided the fault has been cleared
by appropriate actions by the flight engineer on his electrical and generator reset
panel located at the top of the upper main circuit breaker panel. When he is
positioned for takeoff, the flight engineer cannot reach this panel. He must
reposition his seat to face his panel, release his snfety belt. and get out of his seat
to reach the switches. Company procedures only auttigrize one attempt to restore
power. This procedure is not classified as an emergency procedure; it js an
"abnormal procedure.” The procedure does not contain any immediate &ction items
whinh must be done without a checklist.

The 10ss of the No. 1 engine and its associated generator causes a 10ss
of many aircraft systems end instruments. Among these are: The captain's flight
instruments, ‘the left statl warning computer, the stickshakees motor, No. 1 engine's
instruments, the slat ‘disagrée’ warning light system, portions of the. flight control
indicating system, portions of the DFDR sensors, and the CVR. " In addition to these
losses, the flightcrew would be presented with numerous warning lights. The
caution and master warning lights on the glaieshield would be illuminated.
Hydraulic and electrical malfunclion lights would be illuminated on the annunciator

anel and on the flight engineer's panel. Power | o the left a.c. and d.c. emergency
Buses could have been restored by rotation ofthe emergency power switch to the
"on" position. This action would have powered the left a.c. and d.c. emergency
buses and restored the operation of the captain's instruments as well as some of the
\engine instruments.

1.17.8 Flightcrew Procedures

American Airlines Operating Manual contains the recommended proce-
dures for operating the DC-10 aircraft and its personnel are required to comply
with the procedures set forth therein. Since the failure of the pylon and engine did
not occur until after Vl' only those company procedures relating to continued

flight were examined. These procedures are contnined in the Emergency

Procedures Section of the Operating Manual.

The E'iergency Procedures Section is prefaced with the following
guideline:

"The preedures on the Emergency Checklist are those where
immediute and precise action on the part of the crew WA
substantially reduce the possibility of personal injury or loss of
life.
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The emergency procedures in this section are presented as the
best.way t0 handle these specific situations. They represent
the safest, most practical manner of coping with emergencies,
based on the judgment of the most experienced Pilots and F/E's,
the FAA approved procedures, and the best available
information. If an emergency arises for which these procedures

are not adequate or do not apply, the crew's best judgment
should prevsil.”

The manual also provides guidelines as to how the flightcrew will use
the emergency cheeklist. The manual states, in part:

The cheeklist isa tool provided to minimize usually hasty

and perhaps improper action. Though all checklist procedures
are not required to be committed to memory it is expected
that all crewmen understand fully ear!?snd every procedure.

The nature and seriousness of any given emergency cannot
alwaysbe immediately and accurately determined Asa profes: .«
sional you will always fly the aircraft and/or immediately
correct the obvious prior to any specific reference to the
cockpit checklist. Some of the items which fall into the cate-
gory of attending to the obvious are donning of O, masks

_ goggles, esiablishing interphone eommunications, resetting

@ : the fire aural warning, etc.

The emergency procedure for a takeoff engine failure, flaps 15° or less
a 22° states, in pari: :

"'"This procedure assumes indication of engine failure where the
takeoff is eontinued. Each takeoff shouldbe planned for the . .
-possibility Of an engine failure. Normal takeoff procedures
ensure the ability to handie an engine failure successfully at
any point.

If an engine failure occurs when meking a Standard Thrust
takeoff, Standard Thrust on the remaining engines will produce
the required takeoff performance. If deemed necessary, the

remaining engines may be advanced to 'Maximum Take-Off
y Thrust.

Speed.. +uusa...CLIMBOUT AT V,, UNTIL REACHING

800 FEET AGL OR OBSTACLE CLEARANCE
: ALTITUDE, WHICHEVER 5 HIGHER
. B THEN LOWER EOSE AND ACCELERATE"

The Operating Manual's diseussion of the procedure contained an annotated profile
drawing of the takeoff. (See figure 14.) The annotations accompanying the profile
sketch state (after the aireraft is airborne), “Continue rotation te ¥, (Deck angle
: @ 12°-20%." Over the next picture of the aircraft is the note, nposifive rate-Gear

up'* 'The next picture shows the aircraft level at 800 ft AGL and contains the
accelerate instructions noted above.

q4q.
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EMERCENCY PROCEDURES

AA Section 4 Page 25
DC-10 OPERATING MANUAL 4-10-79

TAKE-Off ENGINE FAILURE
FLAPS 15* OR LESS OR 22*

This procedure assumes indication of engine failure where the take-off is
continued. Each ta,.- ff should be planned for the possibility of an engine
failure. Normal take-off procedures ensure tne ability to handle an engine
failure successfully at any point.

If an engine failure occurs when making a Standard Thrust rake-off. Standard
Thrust on the remaining engines will produce the required take-off performance.

1f deemed necessary. the remaining engines may bc advance to Maximum Take-Off
Thrust.

Speed & & s & w = o= w2 ow o« CLIMB OUT AT V2 UNTIL REACHING 800 FEET AFL
OR OBSTACLE CLEARANCE ALTITUDE. WHICHEVER 18 HIGHER
THEN LOWER NOSE AND ACCELERATE

At O°/EXT Min Maneuver Speed.
Flaps

At\'2+50 60 »

SIatS s s s s = s 5 2 5 &8 8 2 " 8 ® om ® o E R ERE EoEEoEEoEE RETRACT
If returning to land. slats may be left extended.

lrlm-'-l-r § onlead

Level & . Fnamwe i_ it
Accolerate Sl Acemierate W g oy L
Haps Up sy Retract at 0 RET A -
0 EXT Min. V2460 Ny Mo Alan Speml g e
Postive —_—a .
Ruckter Strering After Ccrnl-n.:.e Rotation g™ Man. Speed [V? v Conhnunm‘w.—
Hunway Alignment A 10 V2 {0Deck Gea Up '* _\.— — N
Apply T.O. Power v rgle 12 20} e
! R N ]
W Nngu™ el T e i S e
800 Fret or Otwtacte: - -
Clearaxe Altutade, - * il returmng to lang
whichesss u hugher - slats may be left extended.

Figure 14, Diagram of AAL emergency procedure.
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On July 23, 1979, American Airlines issued Operations Bulletin No.
DC-10-73 which amended the procedure. The bulletin states, in part:

mThe following climb speeds will be utilized to obstacle clearance

altitude when an engine failure occurs after v, on takeoff:

= If engine failure occurs after vV, but not above VZ’ maintain
V2 to obstacle clearanee altitude,

- If engine failure occurs after ¥,, maintain speed attained
at time of failure but not abové)‘v2 + 10 to obstacle
clearance altitude.

-If engine failure occurs at a speed higher than Vv, + 10, reduce
speed to and maintain Vo + 10 to obstacle ¢learande altitude.

NOTE:

If the FD Take-Off mode is engaged at the time of engine
failure the Pitch Command Bar (and the Fast/Slow Indicator. N
will command V¥,. Therefore, if the failure occurs above V,,,
disregard these ihdications and fly the speed called for in tie

above procedure."* :

117.10 Suspension and Hestoration of the DC-10 Tvpe Certificate

On June 6, 1979, after a series of postaccident inspections disclosed
damaged aft bulkheads in the wing to engine pylons, the Administrator of the FAA
issued an Emergency Order of Suspension. The Order suspended the DC-10 series b
aircraft type certificate "until such time as it can be ascertained that the DC-10 v
aircraft meets the certification criteria of Part 25 of the FAR and is eligible for a
Type Certificate."

On June 26, 1979, the FAA issued Special Federal Aviation Regulation
40 which prohibited the "operation of any Model DC-10 aircraft within the airspace
of the United States."

On July 13, 1979, after a series of formal investigations. the
Administrator found that the DC-10 met ihe requirements for issuance of a type
certificate.  Accordingly, 'the Emergency Order of Suspension was terminated.
(See appendix G.)
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2. ANALYSIS

The facts developed during the investigation disclosed that the initial

event in the accident sequence was the structural separation of the No. 1 engine
and pylon assembly from the aircraft's left wing. Witness accounts, flight data
recorder parameters, and the distribution of the major structural elements of the
aircraft following the accident provided indisputable evidence that the engine and
pylon assembly separated either at or immediately after rotation and about the
same time the aircraft became airborne. At that time, the flightcrew wascommitted
to take off, andtheir decisionnot to attempt to discontinue takeoff was inaccordance
with prescribed procedure; and was logical and proper in light of information
available to them.

The investigation and analysis were concentrated primarily in two
major areas. First, the investigation sought to identify the structural failure which
led to the engine-pylon separation and to determine its cause; second, the
investigation attempted to determine the effects the structural failure had on the
aircraft's performance and essential systems. and the operational difiiculties which
led to the lass of control. In addition, the investigation went beyond these prima’?y
areas and probed such areas as the vulnerability of the DC-10's design to
maintensnce damage, the adequacy of the DC~10Q's systems to cope with unique
emergencies, the quality control exercised during DC~18 manufacturing and
aircraft assembly, the adequaey of operator maintenance practices, the adequacy
of industry communications of service and mainitenance difficulties, the extent of
FAA's surveillance of overall industry practices, and the adequacy of an accepted
operational procedure.

Pylon Structural Failure

The attachment points of the pylon were examined thoroughly. The
fractures and deformations at the separation points in the forward bulkhead and
thrust link were all characteristie of overload. The pylon separation began at the
aft end in the upper flange of the aft bulkhead, which attnched to other elements
of the pylon. The upper flange, side flange. and the lower part of the aft bulkhead

separated Irom the remainder of the aft bulkhead and were found on the runway
with the engine and pylon structure. The upper portion of the bulkhead containing

the spherical bearing remained attached to the wing. Except for the 3 inches of
fatigue cracking at the corners of the upper flange. the remainder of the
separations and defeprrattons found enthe aft bulkhead were &l characteristic of
ovcrload.

Ihe deformation and fractures at the aft bulkhead's inboard side ilange,
the thrust attachment, and forward bulkhead indicated that the final separation of
the pylon began with a failure at.the aft bulkhead which permitted the aft end of
the pylon to move down and inthoard before total separation. This separation
sequence and direction of -movement 0i the pylon before it broke free were
consistent with the loads imposed on it during rotation when the combination of
serodynamie loads and thrust imposed a downward vertical tensile load on the
bulkhead. The Safety Board could not determine exactly when the aft bulkhead
failed, out the weigiit of the evidence indicated that it most probably failed during
the takeoii roil and rotation.
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The crescenl-shaped deformation on the fracture surface. the shape of
which exactly muatched the radius of the bottom surface of the wing fitting clevis
to which the bulkhead was mated, was strong evidenct that the overstress crack in
the flange was introduced during removal and installation of the pylon during
maintcnance. With the bulkhead to clevis attaching hardware in place. the upper
surface of the flange was about 0.5 inch below the bottom of the clevis. In order
for the clevis to have tontacted the flange ond deformed the fracture surface, the
bolt and bushing through the clevis and the bulkhead's spherical bearing would have
had to have becn removed, Since this attaching hardware was still 1n place after
the crash, the crescent-shapeddeformation was not produced at ground impact and
must hnve been produced when the pylon was instaltzd s removed from the wing.

About 8 weeKs before the acaident, the No. 1 p-lon and engine had been
separaled from the wing of the accident aircraft in order to replace the spherical
bearings i compliance with Mclonnell-Douglus' Service Bulletins 54-48 and 54-59.
The four other American Airlines and two Continental Airlines aireraft, in which
cracks were detected in the aft bulkhead's upper flange, had also been sutjected to
the same programmed maintenance during which the engine and pylog was
removed. Further corroboration that the cracks had bcen produced during these
maintenance operations was obtained when it was learned that Continentnl Airlines
had, on two occasions before the accident, damaged the upper flange on the aft
bulkhead as pylons were being removed or reinstalled. In these two instances, the
damage was detected; the bulkheads were removeq and repaired in accordance with
a method approved by Melonnell-Douglas,

Therefore, the evidence indicated that the overstress cracks in the aft
bulkhead's upper flange were being introduced during a maintenshc¢e operation used 7
by American and Continentd Airlines. Both operators had devised special
programs to replace the forwnrd and aft bulkhead's spherical bearings. The
manufacturer's service bulletins recommended that the maintenance be performed
during an engine removal nd that the engine be removed from the pylon before the
pylon was removed from the wing. Both American Airlines and Continental
Afrhines pelieved that 1t would be more practical to comply with the service
bulletin when an aircraft was scheduled for major maintenance--maintensance
which would not necessarily otherwise necessitate engine removal. Therefore.
American and Continentnl devised a procedure which they believed to be more
efficient than that saedfmimended by MeDonnel-Douglas--removal of the engine
and pylon as a single unit. An engine stanag and cradle were affixed to the engine
and the entire weight of the engine and pylon, engine stand, and cradle was
supported by a forklift positioned at the proper c.g. for the entire unit. The pylon
to wing attaching hardéware was removed, and the entire assemnoly was lowcrcd for
access to the spherical bearings. These were replaced and the entire unit was then
raised and the attaching hardware reinstalled.

A close, examination Of these maintenance procedures disclosed
numerous possibilities for the upper flange of the aft bulkhead, or more specifically
the bolts attaching the spar web to this flange, to be brought into contact with the
wing-mounted clevis and a frncturc-producing load applied durirg or after removal
of the attaching hardware in the aft bulkhead's fitting. Becaise of the close fit
between the pylon to wing attachments and the minimal clearance between
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the structural elements, maintenance personnel had lo be extraordinarily cautious
while they detached and attached the pylon. A minor mistake by the forklift
operator while adjusting the load could easily damage the aft bulkhead and its
upper flange. The flange could be damaged in an even more insidious manner; the
forks could move imperceptibly as a result of either am internal or external
pressure leak within the forklift's hydraulic system during pylon removal. The
testimony of the mechanias who performed the maintenence on the accident
aircraft confirmed that the procedure was difficult.

Two mechanics slated that they saw the upper lug of the aft bulkhead
resting rgainst the bolts attaching the wing-mountcd clevis to Ihe wing. To do so
would have required a 0.6-inch relative movement between the aft bulkhead nnd
the clevis, relative movement which could only have occurred after the upper

flange was deformed. The tests performed by i Airlines end
Meilonnell-Douglas following the -accident _gp_g[jg_mjmz?@\ﬂ_@gm

magnilude would produce an averload crack.

Except for the 10-inch fracture found on the accidcnt airgraft, the
longest maintenance-induced crack found on other upper flanges wus 6 inches.
Postaccident tests conducted by MceDonnell-Douglas and American Airlines indica-
ted thnt n 6- to 7-ineh crack wes the longest which could be introduced typically by
toading and deformingthe flange wtth a single dynamic impact or steady contact of
the flange with the clevis as is believed to have oecurred during maintenance.

The accident nircraft's pylon aft bulkhead assembly was the only one in
which shims were installed between the bulkhead fiange and the attaching spar
caps and spar web. The Board believes that the installation of the shimsnay have
had a stiffcnrng effect on ihe flanges. Load applied Io the flange through a spar
web atluehment-bolt by the wing clevis could be spread out through the shims and
might huve a tendency to produce a longer crack. The shims would also further
reduce the clearance between lhe fastener heads and the lower surface of the wing
clevis fitting. Thus, any upward movement of the aft bulkhead would produce &
greater downward deflection on a shimmed upper flange thnn on an unshimmed
upper flange. However. the shim mighl also add strength lo the flange and a
greater force mighl be required o crack the shimmed flange. The tests conducted

after the accident failed lo produce conclusive evidence that installation of shims -

caused a difference, in the damage induced to the flange under similar loading
conditions. Thus, the precise effect of the shims remains undetermined.

Tests conducted by MeDonneli-Douglas however, did show that
repeated load applirations could produce a 10-inch crack in the upper flange. This
could imply that the upper flange of the accident aircraft contacted the elevis two
or more times during the conduct of the maintennnce operation.  Another
possibility proposed by American Airlines which might explain the crack fength in
the accident aircraft is that the crack occurred in two steps; a crack on the order
of 6 inches which occurred during maintenance extended to 10 ‘inches upon the
initial application of an abnormal operational load. It was theorized that, in the
accident airplane, the installed clearance between the front surface of the aft
bulkhead spherical bearing and the rear face of the wing clevis forward ear wus
less than the nominal minimum clearance of 0.080 in. American Airlines indicated
that the aft bulkhead forward flange could huve been subjected 1o a thrust load
(tension) of sufficient magnitude to extend the crack during the application of
engine takeoff power. To logically.explain this possibility it was further theorized
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that the tensile load would be transferred to other pylon members thus accounting
for stoppage of the crack at the 10-inch length. The investigation could not
determine the preaccident tolerances in the aircraft pylon structure; however,
other aircraft were found during the postaccident inspections of the DC-10 fleet in
which the clevis to bulkhead clearance was sufficiently small that a thrust load
would have been imposed on the flunge. Further credence is given this theory by
the McDonnell-Douglas tests in which it was demonstrated that a flange with a
13-inch preexisting crack including the fatigue growth would not fail uriless the
vertical and horizontal operating load.. were nugmentcd by a thrust load. Ilowever.
the simulated preexisting damage in this test did not replicate the nccident finnge
and thus the Safety Bonrd did not view this test as conclusive evidence that a
thrust load was applied to the bulkhead in the accident aircraft.

While the Snfety Board considers the use of shims, the uceurrence of
repeated flange to clevis impacts, and the application of thrust loads because of
improper tolerances as possible factors, other variables such us material grain
flow, other material parameters. tolerances, and type of load application might
also hove resultad in the crack length found in the accident aircraft. &

Based upon &l the evidence, the Safety Board concludes that the
structural separation of the pylon resulted from a complete failure of the forward
flange of the aft bulkhead after its residual strength had been critically reduced by
amaintenance-induced Crack which had been lengthened by service loads.

Aircraft and Flightcrew Performance

The flightcrew of Flight 181 were certificated properly and were
qualified for the flight. [I'here was no evidence that their pcrformnnce was

affected by medical problems.

The No. 1 engine and pylon assembly separated after the flightcrew was
committed to continuing the takeoff. Witnessessaw the pylon nnd engine assembly
travel up and over the left wing after it separated. and the deformation of the
pylon's forward bulkhead was consistent with their observations. The left wing's
leading edge skin forward of the pylon's front bulkhead was found on the runway
with the pylon structure." There was no evidence that the pylon and engine
assembly struck any critical -eerodynamic surfaces of the aircraft or any of the
flight control surfaces.

Since the loss of thrust provided by the No. 1 engine and the
asymmetric drag caused by the |eading €dge damage would not normally cause |oss
of control of the ai 2raft, the Safety Board sought to detcrmtne the effects the
structural sepnration had on the aircraft's flight contro! systems, hvdraulie
systems, elect-ical systems, flight instrumentation and warning systeims, and the
effect, if any, that their disablement hod on the pilot's ability to control the
aircraft.




|

o N3 1 §~§‘i}fch in the cockpit. There was no evidence to indicate that this was

52

As the engine separated from the aircraft, those accessories which
were driven by the engine were lost. This included the pumps which provided
pressure to the aircraft's No. | hydraulic system, and the a.e. generator which
provided electrical power to a.c¢. generator bus No. t. During a routine emergency
wherein the No. 1 engine ceases to operate, all of the Services provided by these
accessories will remain operable, deriving their respective hydraulic pressure and
electrical power from redundant sources driven by one o both of the remaining
aircraft engines. llowever, when the engine separates from the aircraft. the
hydraulic pressure and supply lines connecting the pumps with the system are
severed, the hydraulic system loses all of its fluid, and thus, hydraulic pressure IS
not recoverable.

The separation of the engine and pylon also severed the electrical wire
bundles inside the pylon. These included the main feeder circuits between the
generator dnd the No. | a.c. generator bus. Although this would remove the normal
source of power from the bus, the bus could have been powered by the a.e. tie bus,
which is powered by generators on the other engines. The No. 1 a.c. generator bus
is connected | o the rc. tie bus through a bus tie relay. Protective logic is provided
in the aircraft's electrical system. If an electrical fault is dateeted“on the
generator bus, the protective logic v cause the bus tie relay to trip, which will
open the e¢ircuit between the gcncrator bus and the tie bus. This prevents a fault
on one generator bus from affecting the aircraft's remaining electrical services. In
this accident. the loss of the CYR_and certain parameters on the FDK provided
evidence that the No. 1 bus tic relay opened when the engine separated, probably.
as a result of transient short circuits during the separation. The Safety Board
concludes that the electrical system's protective circuitry functioned as it was
intended and power 1o the No. 1 generator bus and the services powered by that
bus, including d.e. bus No. 1 and left emergency a.e. and d.e. buses, were lost.
None of these buses was restored for the remainder of the flight. :

The flightcrew might have been able to restore the No. 1 generator bus
and all of Bs services by activating the guarded bus tie relay switch on the
electrical and generator reset panel. This action would have been effective only if
the bus fault sensed during the separation was temporary. The evidence indicated
that the left emergency a.c. and d.c. buses, and the No. 1 d.e. bus could have been
restored separately by the activation of the emergency power switch and the No. 1
done. -

The Safety Board believes that the flightcrew probably did not try to °

restore the lost electrical power, either because of the nature of the overall :
emergency involving other systems, which they probably perceived to be more :

eritical than the electrical problems, or because the time interval did not permit

them to evaluate and respond to the indicated electrical emergency. The Safety
Board does not criticize the crew's inaction in this regard; however, since
electrical power was not restored, the captain's flight director instrument, several
sets of engine instruments and, most importantly, the stall warning and slat
disagree warning light systems remained Inoperative.
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Because of the designed redundancy in the aircraft's hydraulic and
electrical systems, the losses of those systems powered by the No. 1 engine should
not have affected the crew's nbility to control the aircraft. However, as the pylon
separated from the aircraft, the forward bulkhead contacted end severed four
other hydraulic lines and two cables which were routed through the wing leading
edge forward of the bulkhead. These hydraulic lines were the operating lines from
the lending edge slat control valve, which was located inboard of the pylon, and the
actuating cylinders, which extend and retract the outboard leading edge slats. Two
of the lines were connected to the No. 1 hydraulic system and two were connected
tothéNo. 3 system, thus providing the redundancy to cope with a single hy&ratilic
system failure. The cables which were severed provided feedback of the leeding
edge slat position so that the contsol valve would be nulled when slat position
agreed with position commanded by the cockpit control.

The severing of the hydraulic lines in the leading edge of the left wing
could have resulted in the eventual loss of NO. 3 hydraulic system because of fluid
depletion. However, even at the most rapid rate of leakuge possible, the system
would have operated throughout the flight. The extended No. 3 spoiler panel on the
right wing, which was operated by the No. 3 hydraulic system, confirmed that this
hydraulic system was operating. Since two of the three hydraulic systems were
opcrntive, the Safety Honrd concludes that, except for the No. 2 and No. 4 spoiler
panels on both wings which were powered by the No. 1 hydraulic systems, all flight
controls were operating. Therefore, except fof "the significant effect that the
severing of the NO. 3 hydraulic system's:lines had on the left leading edge slat
system, the fluid lenk did not play a role in the accident.

During takeoff, as with any normal takeoff, the leading edge slats were
extended to provide increased aerodynamic lift on the wings. When the slats are
extended and the control valve is nulled, hydraulic fluid is trapped in the actuating
cylinder nnd operating lines. The incompressibility of this fluid reacts against any
external air loads and holds the slats extended. This is the only lock provided by
the design. Thus, when the lines were severed and the trapped hydraulic fluid was
lost, air loads forced the left outboard slats | o retract. While other failures were
not critical, the uncommanded movement of these leading edge slats had a
profound effect on the ncrodynamic performance and controllability of the
aircraft. With the left outboard slats retracted and all others extended, the lift of
the left wing was reduced and the airspeed at which that wing would stall was
increased. The simulator tests showed that even with the 1055 of the No. 2 and NO.
4 spoilers, sufficient lateral control was avaifable from the ailerons and other
spoilers to offset the nsymmetric lift caused by left slat retraction at airspeeds
above that at which the wing would stall. However, the stall speed for the left
wing increased to 15Y KIAS.

The evidence was conclusive that the aircraft was being flown in
accordance with the carrier's prescribed engine failure procedures. The consistent
14° pitch attitude irdicated that the flight director command bars were being used
for pitch attitude guidance and, since the captain's flight director was inoperative,
confirmed the fact that the first officer wns flying the aircraft. Since the wing
and engine cannot be seen from the cockpit nnd the slot position indicating system
was inoperative, there would have been no indication to the flightcrew of the slat

retraction and its subsequent performance penalty. Therefore, the first officer
continued to comply with carrier procedures and Maintained the
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commanded pitch attitude; the flight director command bars dictated pitch
. attitudes which decelerated the aircraft toward V,, and at V, + 6, 159 KIAS, the
roll to the left began.

The aircraft configuration was such that there was little o no warning
of the stall onset. The inboard slats were extended, and therefore, the flcw
separation from the stall would be limited to the outboard segment of the left wing
and would not be felt by the left horizontal stabilizer. There would be little or no
buffet. The DFDR also indicated that there was some turbulence, which could
have masked any aerodynamic buffeting. Since the roll to the left beganat V, * 6
nnd since the pilots were aware that V,, was well above the aircraft's stall speed,
they probably did not suspect that the r.ozn to the left indicated a stall. Infact, the
roll probably confused them, especially since the stickshaker had not activated.

The roll to the left was followed by a rapid change of heading,
indicating that the aircraft had begun to yaw to the left. The left yaw == which
began at a 4° left wing down roll and at 159 KIAS--continued until impact. .The
abruptness of the roll and yaw indicated that lateral and directional control was
lost almost simultaneous with the onset of the stall on the outboard secti0n~of the
left wing. m

The simulator tests showed that the aircraft could have been flown
suyccessfully at speeds above 159 KIAS, or if the roll onset was recognized as a
stall, the nose could have been lowcred. and the aircraft accelerated out of the

stall regime. llowever, the stall wnrning system, which provided a warning based *

on the 159 KIAS stall speed, was functioning on the successful simulintor flights.
Although several pilots were able to recover control of the aircraft after the roll
began, these pilots wcre all aware of the circumstances of the accident. All
participating pilots agreed thnt brrscd upon the accioent circumstances and the lack
of available warning systems. it was not reasonable to expect the pilots of Flight

141 either to hnve recognized the beginning of the roll as a stall or to recover from

the roll. The Safety Hoard concurs.

In addition, the sitaulator tests showed that the uircraft could have
been lundea safely in its neeident configuration using thgn current American
Airlines procedures. The simulator tests also disclosed that the aircraft could have
hcen landed with an Asymmetric leading edge slat configuration. The-speed
margins during the final positions of the landing approach are also very small;
however, fhe landing situation is considered less critical since additional thrust is
readily available as required to either adjust the flightpath or accelerate the
aircrnft. In addition, service cxperiencc has shown thnt 1055 of slats on one Wing
during the npproach presents no significant control problems.

The pilot's ndherence to the airspeed schedules contained in the
company's engtne-out emergency procedure resulted in the aircraft's entering the
stall speed regime of night. Had the pilot maintained excess airspeed, or »ven Y
+ 10, the accident may not have occurred. Since the airspeed schedules cr-ntaine%
in American Airlines' emergency procedures at the time of the accident Were
identical to those currently contained in the emergency procedures of other a&ir
carriers, the Safety Board believes that speed schedules for engine-out climb
profiles should be examined to insure that they afford the mdximum possible
protection.
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In summary, the loss of control of the aircraft was caused by the
combination of three events: the retraction of the left wing's outboard leading
edge slats; the loss of the slat disagreement warning system; and the loss of the
stall warning system == all resulting from the separation of the engine pylon
assembly. Each by itself would not have caused a qualified flightcrew to lose
control of its aircraft, but together during a critical portion of night, they created
a situation which afforded the flighterew an inadequate opportunity to recognize
and prevent the ensuing stall of the aircraft.

..DC-=10 Design and Certification

« The pylon design. and in particular the aft bulkhead and its upper
flange. satisfied the fail-safe requirements of the 1965 Federal Aviation Regula-
tions. The stress analysis of the pylon structure showed that the stress level in the
upper flange of the aft bulkhead was well below the fatigue damage level and the
material was not considered to be vulnerable to stress corrosion. Therefore, since
it was not necessary to apply fail-safe criteria to the flange, the design did -not
provide on alternate path for the transmittal of loads in the event the flange
failed.  Although the flight tests conducted after the accident disciosed, that
additional thrust loads were peing imposed on the aft bulkhead whith were not
accounted for in the original certification analysis, the stress levels were still
below the fatigue-damage level. In addition, postaccident tests and analyses of
alternate load paths for other pylon structural members showed that, even'with a
failed thrust link, the bulkheads could carry the takeorf thrust load. Furthermore,
the postaccident inspections of the DC-10's did not disclose any evidence of
fatigue damage on any of the bulkheads within the fleet. Therefore, the Safety
Board finds that the original certification's fatipue-damage assessment of fatigue
damage was in conformance with the existing requirements.

The Damage-Tolerance concept embodied in the December 1, 1978,
amendment to t4 CFK 25.571 levies different requirements on the certification of
structural design. thile the regulations in effect prior 1o the adoption of this
amendment. considered susceptibility of undamaged structure to fatigue. this new
concept requires that an evaluation of the strength, detail design, and fabrication
must show that catastrophic faiiure due to fatigue. corrosion, or accidental damage
will be avoided throughout the operational life of the aircraft. The evaluation
must include a det ;rmination of the probable locations and modes of damage due to
fatigue, corrosion, or accidental damage. If a part is determined to be susceptible
lo thcse types of damage, its operational life must be established by analysis and
supporting tests. The operational life must be consistent with the onset of damage
and its subsequent growth during testing. The results of these tests and analyses
are used to establish inspection areas and frequencies to monitor the structural
integrity of the part.

Had the requirement for accidental damage evaluation been in effect
when the the DC-10 was designed, one might expect that 'such consideration would
have been given to accidental damage to the upper flange of the pylon aft
bulkhead. However, this would still have depended upon the interpretation of the
type of accidental damage required to be considered. The manufacturer contends
that accidental damage should be limited lo damage which can be inflicted during
routine aircraft maintenance ar servicing. such as contact at galley and cargo

T AL e .
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doors ar dropping of tools in areas of frequent maintenance. Rased on this o
interpretation, the accidental contact between the pylon aft bulkhead and the
wing-mounted clevis probably would not have been considered since it did not
constitute routine maintenance. And, even had this accidental contact been
considered, the design may not have been different; however, inore stringent
inspection requirements might have been imposed, particularly following mainte-
nance. Following the accident, the FAA required MeDonnell-Douglas 1o conduct a
damage-tolerance assessment of the pylon structure in accordance with the new
regulation. When the program was conducted it was presumed that a crack in the
bulkhead flange could be -detected visually before it was 3 inches long and that the
residual strength of the damaged element would far exceed the operational load
requirements. Based on these criteria, the analysis and tests showed that the
design meets the current damage-tolerancerequirement.

Although the design of the pylon complied with the strength require
ments of the regulations, tne Safety Board believes that neither the designers nor
the FAA certification review team adequately Considered the vulnerability of the '
structure to damage during maintenance. In several places, clearances were
unnecessarily small and made maintenance difficult to perform. HistorYeally,
pylons have had to be lowered and replaced for many reasons, such as ground
nccidcnts. fatigue, and corrosion. In fact, parts of the pylon structure are either
on a snmpling inspection or 100-percent inspection schedule. Under these 3
circumstances, MeDonnell-Douglas should have foreseen that pylons would be
removed, and therefore, the mating parts of the aft bulkhead should have been
designed to eliminate, or at least minimize, vulnerability to damage during _
maintenance. Whenever major components nrc made up of parts that can be @
removed, the design must protect each part from damage during removal or
reinstallation, Either the parts should be made strong enough to withstand .
inadvertent contact, or clcnrances should be provided that WA not allow contact.
The pylon aft bulkhead could have been designed so that the upper part of the lug ¥
would bottom on the base of the wing-mounted clevis, before the. upper spar web X
and aft bulkhead flange assembly contacted the clevis ear. On the actual design
there is only .080-inch clearance between the bolt heads on the flange assembly
and the clevis with the pylon installed. With adverse tolerances, this clearance of
the fitting cnn be reduced to less than .030 inch. The evidence. provided by a.
dimensional analysis, which included the thickness of the shims, showed that an
'interference fit of about .030 inch could have existed. Following the accident, :
in. ference was also found in some other aircraft in which shims were installed. b 3

In order to reinstall a pylon with an interference fit between the aft
bulkhead flange assembly and the wing clevis, the flange assembly would have to be
brought into contact with the wing clevis and the flange would have to be loaded
angd deflected enough to allow the bushing and bolt | 0 be inserted through the clevis
and spherical joint. Although tests showed that the load required to create this
deflection would not fracture the flange, the maintenance operation, regardless of
the procedures used, would be difficult 1o perform and would be particularly
vulnerable to damage-producing errors. Thus, the Safety Board concludes that the
basic design of the aft attachment of the pylon to the wing was unnecessarily
vulnerable to maintenance damage.

The Safety Board is also concerned that the designs of the flight
control. hydraulic, and electrical systems in the BC-10 aircraft were such that all
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were affected by the pylon separation to the extent that the crew was unable to
ascertain the measures needed to maintain control of the aircraft.

The airworthiness regulations in effect when the DC-10 was
certificated were augmented by a Special Condition, the provisions of which hadto
be met before the aircraft's fully powered control system would be certificated.
The Special Conditipn required that the aircraft be capable of continued flight and
of being landed safely after failure of the flight control system, including lift
devices. These capabilities must be demonstrated by analysis 0I tests, Or both.
However, the Special Condition, as it applied to the slat control system, was
consistent with the basic airworthiness regulationsin effect at the time. The basic
airworthiness regulations specified requirements for wing flap asymmetry only and
did not include specific consideration of other lift devices. Because the leading
edge slat design did not contain any novel or unusual features, it was certificated
under the basic regulation. The flap control requirements for symmetry and
synchronization were applied to and satisfied by the slat system design. Since e
malfunction of the slat actuating system could disrupt the operation of an outboard
slat segment, a fault analysis was conducted to explore the probability and effects
of both an uncommanded movement of the outboard slats and the failur® of the
outboard slats to respond to a commanded movement. The fault analysis concluded
that the aircraft could be flown safely with this asymmetry.

Other aircraft designs include positive mechanical locking devices to
prevent movement of slats by external loads following a primary failure. The -
DC-10 design did not include such a feature nor-was it deemed necessary, since
compliance with the regulations was based upon analysis of those failure modes
which could result in asymmetrical positioning of the leading edge devices and a
demonstration that sufficient lateral control was available to compensate for the
asymmetrical conditions throughout the aircraft's flight envelope. The flight tests
conducted to evaluate the controllability of the aircraft were limited to a
minimum airspeed compatible with stsll-warning activation predicated upon the
slat-retracted configuration.

The takeoff regime at lower airspeeds was not examined in flight.
However. analysis of the takeoff regime showed that, with all engines operating,
the aircraft would be acnrelerated to and maintain a positive stall margin
throughout the night. The analysis also showed that if a loss of engine thrust and
slat retraction were to occur during takeoff, the aircraft's capability to accelerate
to and maintain a positive stall margin was compromised. Further consideration of
this hazardous combinaticn was limited to a mathematical probability projection,
which showed that the combination was extremely Improbable. Thus, the design
was accepted as complying with the requirements. {f the structurnl [0ss of a pylon
had been included in the probability projection, the vulnerability of the hydraulic
lines and position feedback cables may have influenced adversely the probability
projection.

Also, the influence on aircraft centrol of the combined failure of the
hydraulic and electrical systems was not considered. When aircraft controllability
was first evaluated based on asymmetric leading edge devices, it was presumed
that other flight controls would be operable and that slat disagree and stall warning

e devices would be functioning. Flight 191 had accelerated to an airspeed at which
an ample stall margin existed. Postaccident simulator tests showed that, if the
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airspeed had been maintained, control could have been retained regardless of the
multiple failures of the slat control, or loss of the engine and Nos. 1 and 3
hydraulic systems. On this basis alone, the Safety Poard would view the design of
the leading edge slat system as satisfactory. However, the additional loss of those
systems designed to alert the pilot to the need to maintain airspeed was most
critical. The stall warning system lacked redundancy; there was only one
stickshaker motor; and the left and right stall warning computers did not receive
crossover information from the applicable slat position sensors on opposite sidés of
the aircraft. The accident aircraff's stall warning system failed to operate because
d.c. power was not available to the stickshaker motor. Even had dc. power been
available to the stickshaker motor, the system would not have ‘provided a warning
based on the slats retracted stall speed schedule, because the computer receiving
position information from the left outboard slat was inoperative due to the loss of
power on the No. 1 generator bus. Had power been restored to that bus, the system
would have provided a warning based on the slat retracted stall speed. However, in
view of the critical nature ofF the stall warning system, additional redundancy
should have Leen provided in the design.

In summary, the certification of the DC-10 was \carrie® out in
accordance with the rules in effect at the time. The premises applied to satisfy
the rules were in accordance with then accepted engineering and aeronautical
knowledge and standards. However, in retrospect. the regulations may have been
inudequate in that they did not require the manufacturer to accounit for multiple
malfunctions resulting from a single failure, even though that failure was
considered to be extremely improbable. MeDonnell-Douglas considered the
structural failure of the pylon and engine to be of the same magnitude as a
structural failure of a horizontal stabilizer & a wing. It was an unaceptable
occurrence, and therefore, like the wing and horizéhntal stabilizer, the pylon
structure was designed to meet and exceed =kthe foreseeable loads for the life of,
the aircraft. Therefore, just as it did not analyze the effect the 1055 of a wing on
horizontal stabilizer would have on the aircraft's systems, MeDonnell-Douglas did
not perform an analysis based on the loss of the pylon,and engine.

Logic supports the decision not to analyze the l0ss of the wing and

horizontal stabilizer. With the 105 of either of thcse structures. further flight is
aerodynamically impossible and the subsequent effect of the loss on the aircraft's
systems is academic. However, similar logic fails to support the decision not to
analyze the structural failure and loss of the engine and pylon, since the aircraft
would be nerodynamically capable of continued flight. The possiblity of pylon
fnilure, while remote, was not impossible. Pylons had failed. . Therefore, fault
analyses should have been conducted to consider the possible trajectories of the
failed pylon, the possibilities of damage to aircraft structure, and the effects on
the pilot's ability to maintain controlled flight. Since the capability of continued
flight was highly probable, the fault analysis might have indicated additional steps
or methods which could have been taken |o protect those systems essential to
continued flight.

Therefore, the Safely Board concludes that the design and
interrelntionship of the essential systems as they were affected by the structural
loss of the pylon contributed to this accident.
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Manufacturing and Quality Control

The Safety Board did not determine whether the installation of the
shi.s in the pylon aft bulkhead and spar web assembly was a factor in this
accident. However, the inclusion of these shims On certain aircraft raised concerns
regarding the adequacy of manufacturing quality control. These concern? were
heightened when several pylons were found to have failed, loose, or missing
fasteners, including the significantly damaged pylon on the United Airlines DC-I10,
N1827U. These too were attributable to production deficiencies at the
McDonnell~Douglas facilities where the pylons were assembled.

Beginning with fuselage No. 18 end ending with fuselage No. 36, there
were 23 pylons which required the insertion of 10-inch-long, .650-inch-thiek shims.
Within these 21 fuselages, there was interference between the bottom of the clevis
and the fastener heads on? pylons.

A Rejection and Disposition Item had been issued for the shim on the
accident aircraft; however, the evidence was inconclusive as to whether the proper
procedures were followed in issuing the authorization. The authorzation“was
signed by a liaison engineer, indicating that a stress analysis had been made on the
effects of the shim. However, there was no evidence that a dimensional analysis
had becn conducted to determine whether the insertion of the shims would
adversely affect clearance during assembly of the pylon to the wing, a clearance
which could affect the loads jmposed on primary structural .elements. The
clearance problem on the upper flange was resolved by repositioning locator pins on
the tooling jigs; however, before this solution was found, 21 fuselages had passed .
through the line and 23 pylons had required the shim. The Safety Board believes
that proper quaiity controi procedures wouia nave brought stout an earlier
resolution of this problem.

In addition, despite inspection and quality control procedures. 31
fuselages left the assembly line with defective pylon fasteners. The number of
defective fasteners ranged from a minimum of 2 to a maximum of 26, found on the
United Airlines DC-10.

In summary, the evidence showed that there were deficiencies in the
pylon assembly . ve procedures at MeDonnell-Douglas and that the quality-control
procedures in eticet did not detect and effect a timely correction of these
deficiencies. While these were not causal to this accident, the Safety Board
believes that they illustrate deficiencies of the type which could lead to accidents.

Maintenance Programs

Although the Safety Board believes that the design of the pylon
structure was less than optimum with regard to maintainebility, the evidence is
conclusive that many pylons were removed from the wing and reinstalled without
imposing damage to the structure. There is no doubt, however, that this
maintenance operation requires caution and extreme precision because of the
minimal clearances at the pylon-to-wing attachment points and the danger of
inadvertent impact of the structure.
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McDonnell-Douglas was apparently aware of the precision which would
be required, and as 6 result it specified inits original maintenance procedures and
subsequent service bulletins that the engine be separated from the pylon before the
pylon isremoved from the wing. While removal of the engine would not completely
eliminate the possibility of imposing damage to the pylon structure, the likelihood
would certainly be much less than that which existed when handling the pylon and
engine as single unit. The pylon assembly without the engine weighs about },865
lbs and the e.g. is located approximately 3 ft forward of the forward bulkhead
attachment points. The pylon and engine together weigh about 13,477 1bs. and the
¢.g. is located about 9 {t forwsrd of the forward bulkhead attachment points. W/ith
the engine removed, the pylon can be supported relatively close to the
pylon-to-wing attuchment points where precise relative motion between the pylon
and wing structure can be closely observed and controlled. Thus, MeDonneli-
Douglas did not encourage removing the engine and pylon assembly as a single unit
because of the risk involved in remating the combined assembly | o the wing attach
points. The Snfety Bonrd. therefore, is concerned with the manner in which the
procedures used to comply with Service Bulletins 54-48-and 54-59 were evaluated,
established, and carried out. .

]

American Airlines 1s a designated alteration station, as are the other
major cnrriers that conduct henvy maintenance programs. Pursuant to that
designation and the applicable regulations, carriers are authorized to conduct
major maintenance in accordance with the maintenance and inspection program
established by the FAA's Maintenance Review Board when the aircraft was
introduced into service. Carriers are also authorized to conduct alterations nnd
repairs in accordance with the procedures set forth in ks maintenance manuals or
established by its engineering departments. The FAA, through it$ pcincipal
maintenance inspectors, is responsible for surveillance of carriers’ maintenance
programs. However, this surveillance is broadly directed toward insuring that the
carriers comply with the established maintenance and inspection program and that
their maintenance programs. including administration, general prectices. and
personnel qualifications. are consistent with practices acceptable to the
Administrator. The FAA can review the carriers' mnintenance manual, but its
formal approval is not required. Carriers are permitted to develop their own
step-by-step maintennncc procedures for a specific task without obtaining the
approval of either the manufacturer of the aircraft or the FAA. It is not unusual
for a carrier to develop procedures which deviate from those specified by the
manufacturer if #s engineering and maintenence personnel believe that the task
can be accomplished more efficiently by using an alternate method.

Thus, in what they perceived to be in the interest of efficiedcy. safety,
and economy. three major carriers developed procedures t0 comply with the
changes required in Service Bulletins 54-48 and 54-59 by removing the engine and
pylon assembly as a single unit. One carrier epparently developed an alternate
procedure which was used without incident. However, both American Airlines and
Continental Airlines employed a procedure which damaged a critical structural
member of the aircraft. The procedure, developed by American Airlines and issued
under ECO R-2693, was within Americen Airlines' authority, end approval or
review wns neither sought nor required from the manufacturer or the FAA.
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The evidence indicated that American Airlines' engineering and
maintenance personnel implemented the procedure without a thorough evaluation
to insure that it could be conducted without difficulty and without the risk of
damaging the pylon structure. The Safety Board believes that a close examination
of the procedure might have disclosed difficulties that would have concerned the
engineering staff. Inorder to remove the load from the forward and aft bulkheads
spherical joints simultaneously, the lifting forks had to be placed precisely to
insure thnt the load distribution on each fork was such that the resultant forklift
load was exactly beneath the ¢.g. of the engine and pylon assembly. To accomplish
this, the forklift operator had lo control the horizontal, vertical, and tilt
movements with extreme precision. The failure oF the ECO to emphasize the
precision this operation required indicates that engineering personnel did not
consider either the degree of difficulty involved or the consequences of placing the
lift improperly. Forklift operators apparently did not receive instruction on the
necessity for precision, and the 'maintenance and engineering staff apparently did
not conduct an adequate evuluation of the forklift to ascertain thnt it was capuble
of providing the required precision. = «

The evidence showed that during the actual maintenance, the forklift
operator used the supported weight gauge to adjust the forklift; however, the
ndjustment was made in a trial-end-error fashion until the attaching hardware was
removed from the forward bulkhead. If the load applied by the forklift with
respect to the ¢.g. Of the assembly was not balanced. a load would be applied at the
aft bulkhead attachment joint. Thus. after the maintenance personnel removed the
forward bulkhend and thrust link attachments, they would not be able to remove
the loaded bolt and bushing from the aft bulkhead fitting until the forklift wns
repositioned. More precision was required o reposition the forklift because of the
15-ft distance from the forklift to the aft bulkhead. |f the bolt and bushing were
forced out of the bulkhead attachment while under load, the aft end of the pylon
could move and the upper spar web to aft bulkhead flunge attachment bolts could
strike the forward lug of the wing clevis and apply a bending load to the flange.
Whethee the force applied through the contaeting surfaces would be enough to
damage the pylon structure depended upon the alignment precision of the forklift
operator.

Maintenance personnel testified that it was difficult to adhere to the
removal sequence of the atteching hardware that was specified in the ECO. The
Safety Board believes that the difficulty encountered in repositioning the forklift
o remove the load 4t the aft bulkhead was the basis for such an assessment. As a
result. maintenance personnel altered the sequence of hardware removal, and
removed the attachments at the aft bulkhead before those of the forward bulkhead.
Using this procedure, the forklift was positioned to remove the load at the aft
bulkhend first. Although this still required extreme precision, the pivot nction at
the attnched fwward bulkhend reduced the lever arm over which minor
misalignments of the forklift would act. However, while easing the tusk of
removing the aft bulkhend fitting. the chnnge to this sequence greatiy increased
the risk of damage to the pylon structure.
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After the bolt and bushing were removed from the aft bulkhead
attachment joint, the forwnrd bulkhead would continue to act as a pivot. Thus, any
advertent ... inadvertent vertical movement of the forklift would result in a
vertical movement at the pylon's aft bulkhead. If the lifting forks were lowered,
the spar web attachment at the aft bulkhead flange would be brought into contact
with the forwardlug of the wing clevis; and if the forks were lowered further. the
supported weight of the combined assembly would be transferred from the forklift
to the aft bulkhead to wing clevis contact. As the load is transferred. it v
increase and can eventually reach the limit wherein the aft bulkhead is reacting
the total moment about the forward bulkhead created by the weight of the
combined assembly and the 9 ft distance to the e.g. This could impose a load of
over 20,000 Ibs. on the aft bulkhead (which is about 6 ft from the forward
bulkhead). The tests showed that the flange would fracture with aload application
of less than 8,000 Ibs. Z/

Had a proper evaluation of this procedure been conducted, it should
have been apparent that there are two probable reasons which would cause lifting
forks to lower: First, it was almost certain that the forklift operator Would have
to readjust the forklift to relieve the load in the forward bulkhead spherical joints
before their removal. In doing so, it was conceivable that he would operate both
elevation and tilt controls in a manner which would momentarily lower the lifting
forks. Second. any removal of power from the forklift when combined with
externyl or internal leakage within the forklift hydraulic system would resuit in a
slow descent of the lifting forks.

The testimony at the public hearing disclosedthat the forklift hadto be
repositioned after the attachment hnrdware of the aft bulkheed was removed
during a pylon removal, nnd the evidence indicated that this occurred on the
accident aircraft. The testimony also indicated that the forklift was not powered
for a period of time because it ran out of fuel. The postaccident forklift tests
showed that...uraes-theseomalions, leakage would allow 8 drift down of 1 inch in

30 min. The postaccident flange loading tests_showed that a movement of .4 inch

or less at the e.g. would produce a 7-inch fracture of the flange.

The evidence also showed that, intwo instances at ineptal Airlines.
the sound caused by the flange [raciuring was heard by mnintenance personnel.
The Tact that It was nol-heard-by—maiatenance personnel in the other cyses can
provadly be attributed 10 several fnctors: the surrounding noise level in the work
aremtiE Tocations of the maintenance personnel when the flange broke; the sound
produced by the fracture may not have been as loud; or a combination of all these
fnctors. The Safety Board, therefore, concludes that there were several
possibilities wherein the aft bulkhead flange could have been damaged, and that
such damage could have occurred without being detected by maintenance personnel
working in the vicinity of the pylon. The Safety Board also concludes that lhcse
hazards might have been detected had a proper evaluation been conducted.

7/ With the engine removed, the maximum load which can be imposed on the
aft bulkhead because of the moment about the forwnrd bulkheedis about 800

1hs.
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There was no evidence that the American Airlines maintenance
personnel informed either the engineering or quality control department about the
difficulties they encountered using the ECO sequence Or that the sequence was
changed. Had they done so, it was possible that the cognizant engineers would
have examined more closely the entire operation from the standpoint of damage
risk. However, the testimony at the public hearing indicated that without specific
instructions to the contrary, séquential adherence to the times in the ECO was not
mandatory. Also, there was no evidence to show that either engineering or quality
control personnel routinely examine maintenance procedures in a step-by-step
fashion to determine whether such procedures were particularly damage-inducing.

The Safety Board believes that other shortcomings were evident in the
ECO and in the manner in which it was implemented on the accident aircraft. The
ECO did not specify in the requirement for inspection that the pylon structure be
inspected either before or after it was reinstalled on the wing. The evidence
showed that the pylon upper spar web to the mating structure attachmett was
inspected and the new sealant was installed after the assembly was lowered from
the wing. However, the Safety Board could not determine the extent to which the
aft bulkhead flange was examined. Furthermore, the ECO did not require~that
quality control personnel inspect either the pylon structure or the pylon to wing
attachment hardware after the pylon was reinstalled toe the wing. While this
omission does not appear to be a factor in this accident, it does present the

potential for an accident-producing €rror to escape detection.

The Safety Board, therefore, concludes that there were other
deficiencies within the American Airlines maintenance program, some of which
~ contributed to -this accident. Among these was the failure of engineering
department to ascertain the damage-inducing potential of a procedure which
deviated from the manufacturer's recommended procedure, their failure to
adequately evaluate the performance and condition of the forklift o assure its
capability for the task, the absence of communications between maintenance
personnel and engineers regarding difficulties encountered and the procedural
changes which were required in the performance of the pylon maintenance, gnt the
failure to establish an adequate inspection program to detect maintenance-imposed
damage. Although the Safety Board directed its investigation to American
Airlines, the Safety Board is concerned that these shortcoming were not unigue to
that carrier. Since two of Continental Airlines BC-18's were found to have been
flying with damaged bulkheads, similar shortcomings were also present in its
maintenance program.

The Safety Board is also concerned about broader issues of maintenance
and inspection as they relate to the program established by the DC-10 Maintenance
Review Board when the aircraft was initially introduced-into service. While the
inspection program appears to be monitoring the on-condition maintenance process
adequately, the postaccident investigations of the DC-10 fleet disclosed areas
where sho: teomings within the inspection program may exist.

Much of the DC-10's pylon structure was subject to a sampling
iuspection program. Consequently, damage related to manufacturing deficiencies
on certain aircraft would only have been detected if one of those aircraft had been

B among the population of the inspected sample. Therefore, the failures of the
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fasteners and the cracks on the upper spar web of United Airlines DC-10 N1827U
would not have been detected had it not been for the inspections required as a
result of the accident. The area in which the damage was located was not a
100-percent inspection area. While other items on the pylon near the damaged
area were under the 100-percent inspection pregram and the inspector should,
when the area was opened for the required inspection, inspect all areas that are
visible, the probability of finding the damage would be limited by the grea open to
his vision and the manner in which he conducted the inspection. Despite the
requirements for the LOO-percent inspections on nearby pylon structure. the
probability of detecting damage in an adjacent ares was not good, as cvidenced by
the 31 aiceralt with loose, failed, or missing fasteners discovered during
postaccident inspections. The facts indicate that inspection requirements should
be estaplished that w allow for the detection of these types of discrepancies.

The Safety Board is al'se concerned that, as indicated in this accident,
significant struetural items can be damaged during major maintcnance without the
knowlcdgc of the personnel pcrforining the task. The postaccident investigation
disciosed that six NC-10's were returned to service with a cracked {lange in the
pylon aft bulkhead, one of which contained fatigue ecracks “at the ends of the
frncture.  The evidence points out the necessity for establishing inspection
programs that W insure that significant structural items damaged in this rsnncr
can be detected before they arc returned to service and to reassure. by a ltater
inspection, that the repaired structure and the structure which has beeh exposed to
major maintcnancc has not been damaged or flawed.

In summary. the Safely Board bclievcs that the criteria used by the
Vtaintenance Hevicw Hoard to establish inspection requirements should be reviewed
to determine their adequacy for insuring detection of damage to ctructurally
significant parts which can result from faults introduced during tnanufactuting,
assembly, and maintenance operations.

Industey Communications Regarding \Maintenance Difficulties

The Safety Board is particularly concerned that because of the
limitations of the current reporting system the FAA »nd key engineering und
maintenance personnel at Amecican Airlines were not aware that Continental
Airlines had damaged two aft bulkhead flanges on two of its DC~t8's until after the
accident. In December 1978, after it discovered the first damaged bulkhead,
Continental npparently conducted a cursory investigation and determined that the
damage rcsultcd from a maintenance error. A repuir was designed for the dulnheed
and was submitted to MeDonnell-Douglas for stress analysis upproval. The repamir
was approved and performed. and the aircraft returned to service.

On January 5. 1979, Operational Occurrence Report So. 10-7901 was
publistied by MeDonnell-Douglas. The publication contained descriptions of several
DC-10 Occurrences involving vnrious aircraft systems, personnel injury, and the
damage inflicted on the Continental Airlines DC-18. The report deseribed the
damage lo the upper flange of the Continental airersft and indicated that 1t
occurred. during maintenance procedures used at the time it was damaged.
However, the way in which the damage was inflicted was not mentioned. The
manufacturer had no authority to investigate air cafrier maintenance practices
and, therefore, accepted the carrier's evaluation of how he flange was damaged.

%
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Since the damage was inflicted during maintenance, 14 CFR 21.3 relieved
McDonnell-Douglas of any responsibility to report the mishap to the FAA.
Although American Airlines weas on the distribution list for Operational Occurrence
Reports. testimony disclosed that the maintenance and engineering personnel
responsible f a the pylon maintenance were not aware of the report.

Continental Airlines discovered the damage to the second bulkhead in
February 1979. Again the carrier evaluation indicated that the cause of the
damage was related to personnel error, and that there was apparently N0 extensive
effort to evaluate the engine-pylon assembly removal and reinstaliation
procedures. The bulkhend was also repaired using the procedure previously
approved by MeDonnell-Douglas.

The carrier did not report the repairs that were made to the two
bulkheadas to return them to service, and there was no regulatory requirement to do
so. What constitutes a major repair may be subject to interpretstion, but what is
to be reported 1s not. The bulkhceds wcre not altered; they were repaiged. Even
had the repates been classified by the carrier as major.’ 14 CFR 121.707(b) only
requires that a report be prepared and kept available for inspection by a
representative of the FAA. Second, the fregulation does not indicate that the
contents of the required report include a description of the manncr in which the
darnage was inflicted. The regulation and the evidence indicated that the purpose
of the reports was to permit the FAA to evaluate the end-product to insure thnt
the basic design of the repaired or altered part had not been changed.

The Mechanical Reliability Reporting criteria of #4 CFK 121.703
requires the certificate holder to report "the oocurrenee or detection of eaeh
fadure, malfunction. or defect concerning. .." and then lists 16 criteria to whicl’y
these apply. The FAA and apparently the aviation industry have traditionally
interpreted 121.703 to apply to only service-related problems, which would
therefore exclude reporting of the flange damage caused by maintenance. in view
of this interpretation, the Board concludes that there is a serious deficiency in the
reporting requirements which should be corrected.

Thercfore. the Safety Board concludes that neither the air carrier nor
the manufacturer interpreted the regulation to require further investigation of lhe
damages or to report the damage to the | \A. However. the Safety Board views
the omission of such requirements as a serious deficiency in the regulations.

The Safety Board also believes that regardless of the regulation,
Continental Airlines had the opportunity and should have conducted a thorough
investigation into the damage risk involved in the procedure being used lo
accomphsh the pylon meintenance, particularly after it was known that two
bulkheeds haa been damaged. Certainly. the possibility that similar damage could
have occurred on other aircraft without detection and the possibility that other
carriers using similar maintenance procedures could encounter the same problem
should have been considered. Had a more thorough investigation been conducted,
the incident might have been given more emphasis in the report to the other
carriers. Action then might have becn taken to revise the maintenance procedure
and to inspect those aireraft which had been exposed to the potential damage.
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MecDonnell-Douglas did' not -investigate Continental Airlines' mainte-
nance procedures and accepted its finding that the damage was due:to:maintenance
error.. However, 2 months later MeDonnell-Douglas received- the:report that a
second bulkhead was damaged, that the location and type of damage was almost
identical to the damageirflieted on the first bulkhead, end that the damage was
again due to maintenance error. McDonnell-Douglas then had the opportunity to
question whether maintenance error was the result of a procedural problem rather
than accepting personnel error as the cause, They should have investigated ‘the
procedure and perhaps diseovered the flaws within the procedure. However, they
accepted the company's evaluatlon of cause and did not pursue the matter further.

The Safety Board, therefore, believes that the regulatory reporting
structure had and still has a serious deficiency. Damage to a component identified
as "structurally significant" must be reported in & manner which will assure that
the damage and the manner in which it is inflicted is evéluated; and the results of
that evaluation ' disseminated to the operategs . ant -airframe manufacturers.
Second, damage to a. component: of thisewypsssholl be reportedivigerdless of
whether it was incurred during fdghtjground operations, or maintendnce: Finally,
damage suffered by-thest’ typsess of! steuctures should be investigated by representa-
1iveM the Wtﬁﬁﬁtﬂﬂmé *ﬁfanufactul'er, and the Administrator.

st tleg o usiEn
*Survei!lanc’eaof Industry Practlces by Federal AVlathl'l Administration

The Safety Board believes that the facts, conditions, and circumstances
of this accident and the information obtained during the investigation illustrate
deficiencies in ‘the evistion industry ranging from aireraft design tbroughtopera-
tions.» The Safety Board recognizes thet resource-limitations prohibit the FAA
from’ exercising rigid:tevarsight of all facets ofrthe ‘industry: Therefore, the FAA
must. exerdise-its vautidosity by insuring that -aireraft designs::do comply with
regulationsy. that -inanyfdeturers~quality control programs are . ‘effective,. that
aireraft operators adhere to a proper maintenance program; and that operational
procedures adopted by the carriers consrder even unique emergencles ‘which rmght
be encountered. _

In summary, the Safety Board recognizes that the overall safety record.
of the current generation of jet aircraft clearly indicates that the regulatory:
strueture . under -which U.S, commercial aviation operates and the industry's
commitment to safety:is bgsically sound. The Safety Board, however, is concerned
that this accident may be indicative of a climate of complaceney. Although the
aceident in Chicago on May 25 involved only one manufacturer and one carrier, the
Safety Board is concerned-that the nature of the identified’ deficiencies in design,
manufacturing, quality control, maintenance and operations may -reflect an
environment which could mvolve the safe operatlon of other mrcraft by other
carners.r s .
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3. CONCLUSIONS

Findings

1.

3,

The engine and pylon assembly separated either at or immediately

after liftoff. The flightcrew was committed to continue the
takeoff.

The aft end ot the pylon assembly began to separate in the
forward flange df the aft bulkhead.

The structural separation of the pylon was caused by a complete
failure of the forward flange of the aft bulkhead after its residual
strength had been critically reduced by the fracture and
subsequent service life. '

e overload frecture and fatigue cracking og the pylon aft

Th
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oulkhead, ~ The length of the overload fracture and fatigue
cracking was about 13 inches. The fracture was cawed by an
upward movement of the aft end of the pylon which brought the
upper flange and its fastenersinto contact with the wing clevis.

The pylon to wing attach hardware was properly installed at all
wLaciiheit

AU elgatrical Dower to the NO._1a.c. generator bus and Ne. 1 d.c.

was lgst after the pylon separated The eaptain's, flight
irector instrument, the “stall warning system, and the siat
disagreement warning light systems were rendered inoperative.
Power to these buses was never restored,

The No. 1 hydraulic system was lost when the pylon separated.
Hydraulic systems No. 2 and No. 3 operated at their {ull
capability throughout the flight. Except for spoiler paneis No. 2
and No. 4 on each wing, ait flight controls were operating.

The hydrawic lines and followup cables of the drive actuator for
the 1e{t wing's outhoard IEEAMNT-Edge sIal_were severed By The

separation of the pylon "and t_t_\wg;lert_u%gz;_ﬁy_;b"ﬁm slats
retracted during climbout. The-retraction of the slats caused an

e

asymmetric stall and subsequent 6"t FoftroTot=te & ors L.

The flightcrew could not see the wings and engines froim the
cockpit. Because of the loss of the slat disagreement light end
the stall warning system, the flightcrew would not have received
an electronic warning of either the slat asymmetry ar the stail.
The loss of the warning systems created a situation .which
afforded the flightcrew an inadequate opportunity to recegnize
and prevent the ensuing stall of the aircraft.

.z
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13.

14.

15.

16.
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The flightcrew flew the aircraft in accordance with the
prescribed emergency procedure which called for the climbout to
be flown at V,, speed. V, speed was 6 KIAS below the stall speed
for the left %ving. Thé deceleration to V, speed caused the
aircraft to stall. The start of the left roll was the only warning
Ihe pilot had of the onset of the stall.

The pylon wes damaged during maimtenance performed on the
accident aireraft at American Airline's Maintenance facility at
Tulsa, Oklahoma, on March 29 and 30, 1979.

The design of the aft bulkhead made the flange -ulnerable to
damage when the pylon was being separated 0Or attached.

American_Airlines engineering personnel dcvel?&éd an ECQ to
remove and reinstall.the pylan and engiRg.as—e—simgla-wnit, The

ECO directed that the combined engine and pylon assembly be
supported, lowered, and raised by a forkNft. American Airlines
engineering personnel did not perform an adequate evaluation Of
either the capability of the forklift to provide 'the required
precision for the task, or the degree of difficulty involved in
placing the lift properly, a the consequences of placing the lift
improperly. The ECO did not emphasize the precision required to
place the forklift properly.

The FAA does not approve the carriers' maintenance procedures.
and a carrier has the ripht lo change ¥ maintenance procedures
without FAA approval. ,
American Airlines personnel removed the aft bulkheads bolt and
bushing before removing the forward bulkhead attach fittings.
This permitted the forward bulkhead to aet as a pivot. Any
advertent or rnndvertent foss of forklift support to the engine and
pylon assembly would produce an upw: Lgt the aft
bulkhead's upper flange and bring it into contael with the wing
clevis.

American Airlines maintenance personnel did not report formally
to their maintenance engineering staff either their deviatien_{rom
the removal sequence contained in the ECO or the difficulties
they had encountered insecomplishing the ECO's procedures.

American Airline's engineering personnel did' not perform a
thorough evaluation of all aspects of the¢ maintenance procedures
before they formulated the ECO. The engineering and supervisory
personnel did not monitor the performance of the ECO to insure
either that it was being eccomplished properly or if their mainte
nance personnel were encountering unforeseen difficulties in
performing the assigned tasks.

v
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18. The nine situations in which damage was sustained and cracks
were found on the upper flange were limited to Ihme operations
wherein the engine and pylon assembly was supported by a
forklift.

19. On December 19, 1978..and February 22, 1979, Continental

Airlines maintenance personnel damgg_!}dwait “bulkhead _ upper.
anges i 4 manner simuar {0 the damage noted on the accident

airera The carrter—Clgssified "the cause of the damage-as
mamtenance error. Neither the air carrier nor the manufacturer
interpreted the regulation | o require that it further investigate or
report the daniages to the FAA.

20. The original certification's fatigue-damhge assessment was in
conformance with the existing requirements.

21. The design of the stall warning system lacked sufficient redun~
dancy; there was only one stickshaker motor; ahd further, the
design of the syslem did not provide for erossover information |o
the left and right stall warning computers from the applicable
leading edge slat sensors on the opposite side of the aircraft.

22. The design of the leading edge slat system did not include positive
mechanical locking devices to prevent movement of the slats by
external loads following a failure of the primary controls. Certi-
ficalion was based upon acceplable night characteristiss with an
asymmetrical leading edge slat condition.

2. At the time of DC-10 certification, the structural separation of
an engine pylon was not considered. Thus, multiple failures of
other systems resulting from this single event was not considered.

32 Probable Cause

The National Transpuriation Safety Board determines that the probable
cause of this. accsdent was the asymmemcal stall ‘and the ensuing Toll "of tﬁe
aircraft because of the uncommanded r outboErd Teading
nge slats and the loss of stall werning and stat. -disagreement indication systems
resulting irom migintenance-induced demage leading to.the separation of the N6 T
engine and pylon sssembly at e critical point during. takeoff. The seéparation
_resulted from damage by ‘improper maintenance procedures which led’ to failure of
the p_xlgg_struclu;ﬁ. .

Contributing to the cause of the accident were the vulnerability of the
design of the pylon attach points to maintenance damege; the vulnerability of the
design of the leading edge slat system |o the darnage which produced asymmetry;
deficiencies in Federal Aviation Administration surveillance and reporting systems
which failed 1o detect and prevent the use of improper maintenance procedures;
deficiencies in the practices and communications among the operators, the
manufacturer, and the FAA which failed to determine and disseminate the
particulars regarding previous maintenance damage incidents; and the intolerance
of prescribed operational proceduresto this unique emergency.

LX)
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4. Jafety Recommeandations .

As a result Of this accident, the National Transportation Safety Board
has recommended that the Federal Aviation Administration:

4 Issue immediately an emergency Airworthiness Directive to
inspect & pylon attach points on &bDC-18 aircraft by approved ¥
inspection methods. (Class I, Urgent Action) (A-79-41) ﬁ :

Issue a telegraphic Aitworthiness Directive to require an
immediate inspection of all DC-10 aircraft in which an engine
pylon assembly has been removed and reinstalled for damage to )
the wing-mounted pylon aft bulkhead, including its forward flange
and the attaching spar web and fasteners. Require removal of any . K
sealant which may hide a crack in the flange area and employ . N ]
eddy-current or other approved techniques to ensure detection of f -
such damage. (Class I,Urgent Action) (A-79-45) - ~

zm Issue a Maintenance Alert Bulletin directing FAA Maintenance
inspectors to contact -their assigned carriers and advise them to -
immediately discontinue the practice of lowering and raising the (1
pylon with the engine still aftached. Carriers should adhere to,
the procedure recommended by the Douglas Aircraft Company
Service Bulletin which include removing the engine from the pylon .
before removing the pylon from the wing. {Class §, Urgent Action} o '

e T e

(A-79-46)

Issue a Mantenance Aierl Bullein to U.S. certtficsted air;
carriers, and notify States that have regulatory responsibilities
over foreign air carriers operating DC~1Q aircraft, to require
appropriate structural inspectians of the engine pylons following
engine failures involving significant imbalance conditions oOr
severe side loads. (Classl, Urgent Action) (A-$9-52)

L e s e it

tneorporate in type certification procedures consideration of:

{a} Factors which affect maintainability, such as
accessibility for inspection, positive or redundant
retention of connecting hardware and the clearances
of interconnecting parts in the design of critical
structural elements; and

{b)  Possible failure combinations which can result from
primary structural damage in areas through w:hich
essential systems are routed. (Class U--Priority
Action) (A-79-98)

. Insure that the design of transport category aircrafl provides
positive protection against gsymmetiy of lift dedices during
critical phases f flight; or, if certification is based upon




As a result of this accident, the National Transportation Safety Board
has recommendedthat the Federal Aviation Administratiom

Issue immediately an emergency Airworthiness Directive |0
inspect all pylon sttaen points on al DC-~18 aircraft by approved
inspection methods. (Class I, Urgent Action) (A-73-41)

Issue a telegraphic Airworthiness Direclive to require an
immediate inspection of all DC-10 aircraft in which an engine
pylon assembly has been removed and reinstalled for damage to
the wing-mounted pylon aft bulkhead, including its forward flange
and the attaching spar web and fasteners. Require removal of any
sealant which may hide a crack in the flange area and employ
eddy-current or other approved techniques to ensure detection of
such damage. (Class I, Urgent Action) (A-79-45) - ~

,mlssue a Maintenance Alert Bulletin directing FAA Maintenance
inspectors 1o contact their assigned carriers and advise them to
immedistely discontinue thepactice of lowering and raising the
pylon with the engine still attached. Carriers should adhere to
the' procedure recommended by the Douglas Aircraft Company
Service Bulletin which include removing the engine from the pylon
before removing the pylon from the wing. (Class{, Urgent Action)
(A-79-06) T

Issue a Maintenance Aljert Bulletin to U.S. certificated air:
carriers, and notify States that have tegulatory responsibilities
over foreign air carriers operating DC-10 aircraft, 1o require
appropriate structural inspectians of the engine pylons following
engine failures involving significant imbalance conditions a
severe side loads. (Classl, Urgent Aetion) (A-19-52)

fncorpocate in type certification procedures consideration of:

{a} Factors which affect maintainability, such as
accessibility for inspection. positive or redundant
retention of connecting hardware ang the clearances
of inlerconnecting parts in the design of critical
structural elements; and

{b}) Possible failure combinations which can result from
primary structural damage in areas through which
essential systems are routed. (Class U--Priority
Action) (A-79-98)

. Insure that the design of transport c¢ategory aircraft 5roviq1es
_positive protection &gainst ssymmetty of 1ift devices during
‘critical phases of flight; or, if certification IS based upon
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demonstrated controllability of the aircraft under condition of
asymmetry, insure that asymmetric warning systems, stall. warn-
ing systems. Or other eeritieal systems needed to provide the pilot
with information essential to safe flight are_completely redun-
dant, (Class U--Priority Action) (A-79-99)

initiate and continue strict and comprehensive surveillance
ef{orts in the following areas:

(a)  Manufacturer's quality control programs to assure full
compliance with approved manufacturing and process
specifications; and

{6)  Manufacturer's service difficulty and service informa-
tion collection and dissemination systems to assute
that all reported service problems are properly
analyzed and disseminated to users of the gguipment,
and that approriate and timely cosréetive actions are
effected. This program should include ful review and
specific FAA approval of service bulletins which may
affect safety of flight. (Class {{--Priority Action)
(A-79-100)

Assure that the Maintenance Review Board fully considers the
following elements when it approves an Airline/Manufgcturer
Maintenance Program:

(a)  Hazard analysis of maintenance procedures which in=
valve removal, installation, or work in the vicinity of
structurally significant 1/ components in ¢eder to
identify and eliminate the risk of damage to thase
components;

(b}  Special inspections of structurally significant compo-
nents following maintenance affecting these compo-
nents; and

(¢) The appropriateness of permitting "On Condition™
maintenance and, in particular, the validity of Sam-
pling inspection as it relates to the detection of
damage which could result from inhdetected flaws or
damage to structurally significant elements during
manufacture a maintenance.  (Class 11--Priority
Action) (A-79-101)

Require that ar carrier maintenance facilities and other desig-
nated repair stations:

/
20

S
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tructurally significant items as defined in Appendix 1 of Advisory Circular

"Maintenance Control By Reliability Methoas.'
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(a)  Make a hazard analysis evaluation of proposed mainte-
nance procedures which deviate from those in the
manufacturer's manual and which involve removal,
installation, or work in the vicinity of structurally
significant components; and

(b)  Submit proposed procedures and analysis to the appro-
priate representative of the Administrator, FAA, for
approval. (Class 11--Priority Action) (A-79-102) ,

Revise 14 CFR 121.707 to more clearly define "major" and

"'minor" repair categories to insure that the reporting requirement
will include any repair of damage t0 a component identified as

"structurally significant."" (Class 11--Priority Action) (A-79-103)

Expand the scope of surveillance cF air carrier maintenance by: <

L4
{a)  Revising 14 CFR 121 to require thbt operators investi-
gate and report t~ a representative of the Administra-
tor the circumstances of any incident wherein damage
is inflicte® yupon a component identified as
"structurally significant” regardless of the phase of

flight, ground operation, or maintenance in which 'the
incident occurred; and

(d)  Requiring that damage reports be evaluated by
appropriate FAA personnel *o determine whether the
damage cause is indicative of an unsafe practice and
essuring that proper actions are taken to dissemiinate
relevant safety inlormation *o other operators a..d
maintenance facilities. (Class IS--Priority Action)
(A-79-104)

Revise operational procedures and instrumeniation to increase
'stall margin during secondary emergencies by:

(&) Evaluating the takeoff-climb airspeed schedules pre
scribed for an engine failure to determine whether a
continued climb at speeds attained in excess of V,, u,
to v, + 10 knots, is an acceptable means of incregsing
stall” margin without significantly degrading obstacle
clearance.

(b} Amending applicable regulations and approved flight
manuals to prescribe optimum takeoff-climb airspeed
schedules; and .

{e} Evaluating and modifying as necessary the logic of
flight director systems to insure that pitch commands
in the takeoff and go-aroun¢ modes correspond to
optimum airspeed schedules as determined by (&)} and
(b) above. (Class 11-Priority Action) {A-79-105)
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BY THE NATIONAL TRANSPORTATION SAFETY BOARD
/s/  JAMES B. KING
Chairman

/s/ ELWOOD T. DRIVER
Vice Chairman—

/8/  FRANCIS H. McADAMS
Member

PATRICIA A. GOLDMAN

Member
/s/ G.H. PATRICK BURSLEY
hlember = -

December 21, 1979
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5. APPENDIXES

Appendix A
Investigation and Hearing

1 Investigation

The National Transportation Safety Board was notified of the accident
about 1615 e.d.t,, on May 25, 1479, and immediately dispatched an investigative
team to the scene. Investigative groups were established for operations, air traffic
control, aircraft structures, airers{t systems, powerplants, weather, human
factors, witnesses, cockpit voice recorders, night data recorder, maintenance
records, aircraft performance. metallurgy, and engineering.

Parties to the investigation were the Federal Aviation Administration,
American Airlines, Ine,, Douglas Aircraft Company, Allied Pilots Association,
Flight Engineers International Association. Association of Pr3fsssional Flight
Attendants. General Electric Company, Inc.,, and the Professional Air Traffic
Controller Organization.

2 APuinc Hearing

A 10-day public 'hearing was held in Rosemont, lllinois. beginning
July 30, 1979. Parties represented at the hearing were the Federal Aviation
Administration, American Airlines. ine¢., Douglas Aircraft Company, Allied Pilots
Association, Flight Engineers International Association, Transport Workers Union,,
and the Air Line Pilots Ag:~xiation, ;
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Personnel Information

Captain Halter ti. Lux, 53, was employed by American Airlines Inc.,
November 1, 1950. lie held Airline Transport Certificate No. 271336 with an
aircraft multiengine land rating and commercial privileges in aircraft single engine
lend and sea. He was type-rated in Convuir CV 240, CV 9490, Lockheed L-188,
Boeing 727. Boeing 707, Mebonnell~Douglas BC-6, 7, and 10 aircraft. ttis first-
class medical certificate Wss issued Vecember 12, 1978, and he was required to
"have avaitsble glasses f a near vision while flying."

Captain Lux qualified as captain on Douglas DC-10 aircraft on
December 15, 1971, He passed his proficiency check on July 14, 1978; his last line
cheek on September 21, 1978; and he completed recurrent training February t8,
1979. The cnptain had flown 22,500 hrs, 3.000 of which were gs captain in the
DC-10. Uuring the last YO days and 24 hrs before the accident, he Had flown 104
hrs and 7 hrs 46 min, respectively. At the time of the accident, the captain had
been on duty about 7 hts 5 min, 4 hrs 30 min of which were flight time. tte had
been off duty 11 hrs 28 min before reporting for duty on the day of the accident.

First Officer James R. Dillard, 49, was employed by American Airlines,
Inc., June 20, 1968, He held Commercial Pilot Certificate No. 1428394 with single,
multiengine land, and instrument ratings. .His first-class medical certificate was
issued March 16, 1979, and he was required to "wear lenses that correct for distant
vision and possess glasses that correct for near vision while exercising the
privileges of his airman certificate."

First Officer Dillard qualified as first officer on the DC-10 on July 12,
1977. He passed his original proficiency check on July 12, 1977, and his recurrent
training on August 18, 1978. The first officer had flown about 9,275 hrs. 1,688 hrs
of which were in the DC-IO. Vuring the last YO days and 24 hrs before the
accident. he had flown 148 hrs and 7 hrs 46 rnin, respectively. The first officer's
duly and rest times preceding the accident were the same as the captain's.

Flight Engineer Alfred F. Udovich. 56, was employed by American
Airlines. Inc.. January 10, 1955. He held Flighl Engineer Certificate No. 31305944
with reciprocating engine and turbojet powered aircraft ratings. His second-class
medical certificate was issued on February 8, 1979, and he was required to "wear
coerecting glasses while exercising the privileges of his airmen certificate.""

Flight Engineer Udovich qualified on the DC-IO on September 26, 1971.
After {lving other equipmment, he requalified in the DC-10 on October 6, 1978. The
flight engineer had flown about 15.000 hrs. 750 hrs of which were in the DC-10.
During the last 90 days and 24 hrs before the accident, he had flown 192 hrs and 7
hrs 46 min, respectively. The flight engineer's duty and rest time preceding the
accident were the same as the captain's,

The 10 flight attendants were qualified in the DC-10 in aerordance
with applicable regulations and had received the required traintng.
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ARpendix C
Aircraft Information

MeDonnell- Douglas QC"‘Q'W N!!Qgé

The aircraft, manufacturer's serial Mo, 46510, fuselage NO. <2, wus
delivered February 25, 1972. A review d the aircraft's flight logs end maintenance

‘records showed that no mechanical discrepancies were ncted for May 24, 1879,

The logs for May 25, 1979, the day of the accident. had not been removed Irom the
logbook and were destroyed in the accident. The review of the records disclosed no
data which the maintenance review groun characterized as other than routine.

- The aircraft was powered by three General Electric CF6-6D engines
rated at 40,000 Ibs of thrust for takeoff.

The following statistical data were compiled:

n 4
Aircraft
Tolal hours 19.871
Last "C" check March 28, 1878
Hours at "C" check 19.530
Hours since ""C" check 341
Powerplants 7
EQHgne No. 1 No. 2 No. 3 : {‘II’
Serial No. 451179 451305 451118 '
Date of instaliation May t, 1979 November 7, 1978  April 2, 1978
Total Time 16.363 15,770 16,856
Total Cycles 6,877 6,933 7,444

The "C" check is accomplished every 3.600 hrs of operation, end ‘the
compuny's maintenunce facility at Tulsa, Okiahoma, is the only station where this
check is accomplished. Structural sample items and items controlled to time
frequency changes and inspection are scheduled to be aceomplished in conjunction
with "C" checks. The manufacturer's Service Bulletins Nos. 54-48, and 54-59.
replocement of the forward and eft wing pylon spherical bearings, were
accomplished duzing the March 28, 1979, "C' check.

Forty-five Airworthiness Directives have been issued f a the DC-16, 37
had been complied with; the remaining directives were not applicable to NIIOAA.

Seven Airworthiness Directives were issued for the engine installation
and & Were completed; the remainder were not applicable to NITOAA.

[npae
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(38) ENGINE#YLON ASSEMBLY

' FROM RUNWAY

ECGE TO GRASS

34/ AIR FORCE TAXIWAY

@

ENGINE IMPACT

38’ FROM AUNWAY EDGE TO GRASS

5100

A

32

NGpALN .

[

9.
.
11,

12
13.
14,

15"

RUNWAY LEGEND

. Pylon Fairing (Fiberglass).

Seal and Torn Metal.
Pylan Fairing (Fiberglass).

. Pylon Thrust Line Shim Washer.

Flange from Pylon Fhrust Link Bushing.

Pylor: Preumatic Fitling.

Sheet Metal AUB 7108-413.

Sheet Metal ARB 1679-21NC.

Steel Ferrule.

Pneurnatic Duct Clamp.

{Piece) 6 Dia. .

%" Preurnatic Line 2v2" Long).

Wing Sheet Metal ARB 23385 with
Ceptive Nuts.

Standoff Bracket with 2 Rubber Covered

Clamps.

Rib Section, i

Fuel Ling ARL0124.23.

Gontrol Bracket AUN-7020-1

NUN 8001-401.

‘Piece of Mono Ball {Thrust Line).

Thrust Link Washer.

Wing Leading ARB 1065-1G 5# Mac 22

{Wing L.E. to Pylon Interface Edge with

Jay Box)y- .

Control Bracket AUN 7009-1 {4 Pullays).

6.
17.
18.

19.
20.
2t
22,

Bo#t Mafch to No. 21.

-Sheet Metal ARE 1680 (Bulkhead Type).

Fuel Line with DBL Wall Coupling with
Fuel Orain “T" Coupling.

Fan Cowl ASL 0209-2 (275 70704).
Acoustic Material.

Sheared Bolt and Nut %" Dia.

Engine Pylen Impact.

. Inlet Acoustic Face Sheet Piece.

Right Side Cowling Pieces, CSD SV Door.
Cowling Plece. .

Cowling Infet, -

Right Side Fani Cowl (Piece) -

Fan Blades.

Engina Drain,

Right Hand Fan Cowl.

Front Spar Attach Bulkhgad, Piece.

‘Pylon Thiust Line Bushing.

CSD Generator Gearbox. *

‘Séction of Front Spar Attach Bulkhead.

Ignition Unit,
Reverser Actuator.
Hinged Cowling.
Control Bracket.
Fuet Line (Pylan).

APPENDIX D

NATIONAL TRANSPORTATION SAFETY BOARD .

Wreckage Diagram

American Airlines

Flight No.191

Chicago O'Hare International Airport
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APPENDIX E

The following 1965 airworthiness regulations were pertinent to

the accident investigation.

8 25571 Fatigue evaluation of flight structure.

(a)

(b)

Strength, detail design, and fabrication. Those parts of the
structure (including wings, fixed and movable control surfaces,
the fuselage, and their related, primary attachments) , whose
failure could result in catasttophic failure of the airplane,
must be evaluated under the provisions of either paragraph

(b) or (e¢) of-this sectic‘)/n.

Fatigue strength. The structure must be shown'by analysis,
tests, or both, to be able to withstand the repeated loads of
variable magnitude expected in service. In addition, the
following apply:

(1) The evaluation must include ==
(1) The typical loading spectrum expected in service;

(11) ldentification of principal structural eleménts and Yetail
design points, the fatigue failure of which could cause
catastrophic failure of the airplane; and

(111)An analysis or repeated load tests, or a combination of
analysis and load tests, of principal structural elements
and detail design points identified in subdivision (i1} of
this subparagraph.

(2) The service history of airplanes of similar structural
design, -taking due account of differences in operating
conditions and procedures, may be used.

(3) If substantiation of the pressure cabin by fatigue tests
is required, the cabin, or representative parts of it,
must by cycle-pressure tested, using the normal gperating
pressure plus the effects of external aerodynamic pressure
combined with the flight loads. The effects of flight may
be represented by an increased cabin pressure or may be
omitted if they are shown to have no significant effect
upon fatigue.




(e)

- 80 ~-

Fail safe strength. It must be shown by analysis, tests, or
both., that catastrophic failure or excessive, structural deforma-
tion, that could adversely affect the flight characteristics

of the airplane, are not probable after fatigue failure or
obvious partial failure of a single principal structural
element. After these types of failure of a single pfincipal
structural element, the remaining structure must be able to
withstand static loads corresponding to ‘the ‘following:

(1) An ultimate maneuvering load factor of 2.0 at Ve.

(2) Gust loads as specified in 8 § 25.341 and 25.331(b),
except that these gust loads are considered to be ultimate
loads and the gust velocities, are ==

(1) At speed Vn, 49 fps from sea ievel to 20,000 feet, thereafter
decreasing linearly to 28 fps at 50,000 'feet;

(11) At speed V., 33 fps from sea level to 20,000 feet, thereafter
decreasing linearly to 16.5 fps at 50,000 feet; and

(11i)At speed Vd, 15 fps from sea level to 20,000 feet, thereafter
decreasing linearly to 6 fps at 50,000 feet..

- L7

(3) Eighty percent of the limit loads resulting from the conditions
specified in & 25.427. These loads are considered to be
ultimate loads.

(4) Eighty percent of the limit maneuvering loads resulting
from the conditions specified in § 25.351(a), except that
the 'load need not exceed 100 percent of the critical
load obtained in compliance with & 25,351(a), using a
pilot effort of 180 pounds. This load is an ultimate
load.

The loads prescribed in this paragraph must be multiplied

by a factor of 1.15 unless the dynamic effects of failure
under static load are otherwise considered. For a pressurized
cabin, the normal operating pressures combined with the
expected external aerodynamic' pressures must be applied
simultaneously with the flight loading'conditions specified

in this paragraph.

* * *




§ 25.671

(a)

(b)

(e)

(d)

8 25.675

(a)

(b)

(c)

8§ 25.685

(a)

(b)

(c)

(d)
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General.

Each control and control system must operate with the ease,
smoothness, and positiveness appropriate to its function-

Each element of each Flight .control system must be designed,
or distinctivsly’ dnd pérmanently marked, to minimize the
probability"of “ficofrect assembly that could result in the
malfunctioning of the system.

Each tab control system' st be dégi g'ned go that disconnection
or Tailure of any element at ‘spésdds up“¥o V. cannot Jeopardize
safety.

Each adjustable stabilizer must have means to allow any
adjustment necessary for continued safety of the flight

after the occurrence of any reasonably probable singl= failure
of the actuating system.

% * *
*

StOpS T ’ L !-)5 ; 7 =
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Each control system must have stops that p05|t|vely limis the
range of motion of the control sutfaces)

Each stop must be located so that wear, slackness, or take-up
adjustments will not adversely affect the control characteristics
of the airplane because of a change In the range of surface travel.

Each stop must be able to withstand any loads corresponding to the
design conditions for the control system.

o * * 0k it
Control system details.

Each detail of each control system must be desiznad and installed

to prevent jamming, chafing, and interference from cargo, passengers,

or loose objects.

There must be means iIn the cockpit to prevent"theentry of foreign
objects into places where they would jam the® "system.

There must be means to prevent the slapping of cables or tubes
against other parts.

Sections 25.689 and 25.693 apply to cable systems and joints.

BRI ) % * *




8 25.689

‘(a)

(b)

Cable systenms.

' Each cable, cable ,fitting, turn—buckle, splice, and pulley
must be approved. In"addition —="

@ No cable smaller than 1/% inch in "diametermay be used in
the aileron, elevator, or rudder systems; and

(@ Each cable system must be designed so that there will be

no hazardous change in cable tension throughout the range
of travel under operating conditions and temperature
variations.
1
Each kind and sizg of pulley. myst ;cqrrespond to the cable with
which it is used.  Pulleys gng s,pnocket;s must have closely

Titted k9 preve ,the "cables and chains from being
displa eﬁisk&foulid ach pulley must Tie in the plane passing

through,the cable so that the cable does not rub against the

. pulley flange.

(c)

(d)

8 25.701

(a)

(b)

(c)

(d)

Fairleads must be installed so that they do not cause a change
in cable direction of more than three degrees.

Clevis pins subject to load or motion and retained only“by
cotter pins.

* * *

Flap " interconnection.

The motion of flaps on opposite sides of the plane of symmetry
must be synchronized by a mechanical interconnection unless the
airplane has safe flight characteristics with the flaps retracted
on one side and extended on the other.

IT a mechanical interconnection is used, there must be means to

~ prevent hazardous unsymmetrical operation of the wing. flaps after

any reasonably possible single failure of thz.flap actuating system.

IT a wing flap Interconnection is used, It must be designed to
account for the applicable unsymmztrical loads, including those
resulting from flight with the engines on one side of the plane
of symmetry inoperative and the remaining engines at takeoff
power .

For airplanes with flaps that are not subjected to slipstream

conditions, the structure must be deS|gned for the loads imposed

when the wing flaps on one side are carrying the most severe load

occurring iIn the prescribed symmetrical conditions and those on

the other side are carrying not more than 80 percent of that load.
* * *

*
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§ 25.1309 Equipment systems and installations.

(a)

(b)

(e)

(d)

®

The equipment, systems, ,and installations whose™functioning is
required by this subchapter, must be designed and,installed tO
ensure that they perform fR31¢ ‘{nténded functions unded any
foreseeable operating, condition.

The equipment, s¢¥stems’, 4rid {nstallarions must be designed to
prevent hazards o the airp.‘la_ne,. if they malfunction or fall.

Each installation 'Whosefdnctioning :La required by this subchapter,
and that requires a power supply, "isan eSsent’ial load" on the
power supply. The power sources and the systém midt be able to
supply the following power loads in probable operating combinations
and for probable durations:

(1) Loads connsct=d 1O the system with the System Functlonlng
normal Iy 7

(2) Essential loads, after failure af a one prime mover,
pbwer converter, or én'éf,;gy‘ ssfarage evice.

(3) Essential Toads’ afte.r f.ailu"re of - _“'E‘""'" :
..._.'? ¥ o ‘-.:._ "

(1) Any one engine, on two- or 1'hree—eng|ne alrplanes and
(11) Any two engines on four-or-more-engine airplanes.

In determining compliance with paragraph (c) (2) and (3) of this
section, the power loads may be assumed to be reduced under a
monitoring procedure consistent with safaty In the kinds of
operation authorized.” Loads not required in controlled flight
need not be considared for the .two-engine-inoperativecondition,
on airplanes with four'or more engines.

In showing compliance with garagraphs @ and .(b) of ‘this section
with regard to the electrical systen and squipment design and
installation, critical.environmsental conditions"iist be "considered.
For electrical generation, distribution, and utilization equipment
required by or used in complying with this chapter, sxcept =quip~
ment covered"by Technical Standard Orders containing "environmental
test procedures, the ability to provide continubus, "safe service
under foreseeable environmental conditions may be Shown by envizon-
mental tests, design analysis, or reference to previous comparable
service experience on other aircraft.

* * *
*




8§ 25.1435 Hydraulic systems.

! (a) Design. Each hydraulic system.must he designed as follows:

(l) Each element of the hydraulic system must be des1gned to
i withstand without detrimental, permanent deformation, any
. structural loads that may be imposed simultaneously with
i . the maximum operating hydraulic loads.

i (2) ' 'Each element of the hydraulic system must be designed to

j ~ withstand pressures sufficiently greater than those. prescribed
i "~ in paragraph (h) of this sectipn to show that the system

! ,.will not rupture under service condltions.

r

i C i”‘:{"-E'('3)"There must be means to ind%eate qhe preseure in each main
' hydraulic powex system. -

T Cve wili gaia melive A
4y There hust be means to ensure that no pressure in any

part of the system will exceed a safe limit above the

_ e ein paximum operating pressure of the system, and to prevent

| ) excessive pressures resulting from any fluid volumetric

[ ‘ change in lines likely to remain closed long enough for

Lo such a change to take place. The possibility of detrimental ;
transient (surge) pressures during operation must be copsidered.
LS
(5) Each hydraulic line, fitting, and component must be installed

Aianﬂ supported to prevent excesgive vibration apd .to withstand
“inertia loads. Each element of the installation must be

Wt proteeted from abrasion, corrosion, and‘mechanical damage.

’ (6)_‘Means;for providing flexthility must be used to connect
. points in a hydraulic fluid line, between which relative
"motion or, differential vibration exists.

(b) Tests. Each element of the‘system must be tested to a proof

... Ppressure of 1.5 times the maximum pressure to which that element
. will be subjegtgd in nprmal operation, without failure, malfunction,
”;1or detr1menta1 defbrmation of any part of the system. ‘

(c) Fn:e prqtectlon ‘Each :hydraulic system using flanmable hydraulic
. T f,‘lu.;l.d must Mmeet the applicable requwements of 8 B 25.863, 25.1183,
- . 75.1185%, and 25.1189..

[ AES Lo "a.t_,!g:‘-__ . . - 40

Tk *;” x %

by
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SPECIAL AIRFRAME CONDITIONS

Control System

In lieu of the requirments of § 8§ 25.671(c) and (d) and 25 695, and
the first sentence‘of E 25 67?(c) J&hé’“following apply:

Fl

(a) It must beé’ shown by analysis or tests, -or boéth, that- the‘airpiane e

is capable ¢f ‘contifued ‘safé flighérand Panding ‘af ter anyvof the

following failures or jamming in the flight control system and

surfaces (including trim, I{ft, “drag, ‘awd 'dystenis)y within =
the normal flight envelope, without requlring exceptional

piloting skill or strength: R 3 fistert o

i ITE.

(1) Any single failure, excludlng jammlng (for example,
disconnection or failure of mechanical eledent, or
:structural failure of hydraulic comporents; sudh as
actuators, control spool hou31ng, nd valves) N

(2) Any comBination of fairubes fnot §hdwn to ‘be extremely

- improbablé; exciudfng pammfhg (for example; "dusl
eledtrical: or hydrsulié sfstek failuredy 6%, siyssingle
failure in comb ﬁatieﬁ wit:h any* pﬁ&bgbiébhféraﬁbic or
electrical failure). - TARY ool aw i

(3) Any jam in a control position normally encountered during
takeoff, climb, cruise, normal’tatns, deséént and landing,
unless the jam is shown to be extremely improbable, or
can be -alleviated. A runaway 8f a-flfght control ‘to-an
adverse position and jam must-be 'aééourited for #f such
runaway and subsequent jamming is not éxtremely improbable.

Probable malfunctions must have only minor effects on:control¥
system operation and must be capable of be1ng readily counterdeted
by the pilot. ' : it T “*‘ :

(b) The airplane must be designed to be controllable if all engines
fail. Compliance with this requirement may be. sﬁéwn by analysis
if the method has been shown to be reliable.- o i

PETEARIL ) L

Continuous Turbulence

In addition to the requirements,of & 25.305, the dynamic response of
the airplane to vertical and lateral continuous tiurbulenceimast be
taken into account.

e ¥
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APPENDIX F "
SETA Ll

Applicable airworthiness directive6 and rﬁlated correspondence

79-15-05 McDOMNELL DOUGLAS: _Amendment 39-3515. Applies to Model DC-10-10,
; -107, -30, -30F, -Z0 series airplanes certificated 1n all categories.

Compliance required as indicated. To assure immediate indication to the
flight crew of any asymmetric wing slat condition, accomplish the following:

a. Before further flight, after the effective date of this AD:

Lo; (@D Install two auto throttle/spsed contxel computsers, N

o accordance with FAA approved type design®datato provide
stall yarning baged on both right.and left.angle of attack
sensors :and on.the.positiens ¢f both outboard wing slat

; grqupq in. _addition o previously required inputs, or;

() Modlfy the stall vvamlngand auto slat system to provide
iaformation from two angle of attack sensors and the

o positions of both outboard wing slat groups to a single

o auto theottle/spaed control computer In accordance with

i design data approved by the Chief, Aircraft Englneerlng

Division, FAA Western Region. -

NOTE: The stallwarning and auto slat functions of the auto throttle/
speed gontrol computer are the functions required by this

S L W
b. Within 30 days after the effective date of this AD, add the
following to the limitations section of the FAA approved
Airplane Flight Manual:
" TAKEOFE WARNING

The slat function of the takeoff warning systam must, be operative
for takeofT."

c.  Special flight permits may be issued in accordance with
FAR 21.197 and 21.19 to operate airplanes to a base for the
accomplishment of modifications required by this

A d. Alternative modifications or other actions which provide an
equivalent level of safety may be used when approved by the
Chief, Aircraft Engineering Division, FAA Western Region.

This amendment becomes effective July 13, 1979.
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On July 30, 1979, the FAA {ssued'a’Notice of Proposed Rule Making
(NPRM), Docket No. 7O-WE-17 AD., The NPRM proposed to adopt a new
airworthiness directive that required increased redundancy of ‘,the;;DC—lo"
stall warning system. The airworthiness directive and the Safety Board's
comments are cited below:

"McDonnell Douglas: Applies to Model 'DC-10, <10F, -30, -30F, -40 series
airplanes certificated in all categories.

Compliance is required as indicated.

To reduce the probahility of complete failure of the stall warning
function, accomplish the following: o,

(a) Within 1,500 heurs .timein service after the effective date of
this AD: : SN -

A an FICEEEE F A

1. 1Install two'(2) autc“th¥otr1é/speed control ‘computers,
each of which redeives MAFformation fréw BUth rizht and

left angle 6f attack sensdé¥s and ‘vheddeitfdnd f both

outboard wing slat groups, in addition to other previously

required inputs, in accordance with design data approved

by the Chief, Aircraft Engineering Division, FAA Western
Region.

2. Install a stick shaker at the First Officer's position,
in addition to that previously required at the Captain's
position, with both stick shakers actuated by either auto

throttle/speed control computer in accordance with approved
type design data. vd

(b) Special flight permits may be issued in accordance with ;
FAR 21.197 and 21.199 to operate airplanes to a base m
the accomplishment of modifications required by this

(¢c) Alternative inspections, modifications or other actions
which provide an equivalent level of safety may be used

when approved'by the Chief, Aircraft Engineering Division,
FAA Western Region.""
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Department of Transportation
Federal Aviation Administration
Westerm Region

Ainworthiness Rules Docket

P.0. Box 92007, World Postal Center
Los Angeles, California 90009

Attention: Regional Counsel

Gentlemen:

_ The National Transportation Safety Board has rsviswad your Notice

5 of Proposed Rulemaking, Docket No. 79-WE-17 AD, which was published

July 30, 1979, at 44 FR 4454.7. As you know, the Safety Board has just

b concluded a two week public hearing, associated with the investigation

5 of the tragic American "AirlinesDC-10 accident at Chicago. Your proposal

1 to amend 14 CRR 39.13 to require increased redundancy in the DC-10 stall

i warning system is in consonance with testimony received at ths public

it hearing. The Board, therefore; concurs in the proposed rulemaking acEion.
u

it Sincerely yours,

i James B. King
j ~ Chairman

\\\.
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Appendix G
Suspension and Restoration of the DC-10 Type Certificate:. .

The Model DC-10 aircraft is covered under Type Certificate No. A22WE held
by the McDonnell-Douglas Corporation. .

On May 28, 1979, 3 days after the accident, the FAA Western Region issued a
telegraphic AD which required visual inspection of the inside forward flange of
each wing engine pylon aft bulkhead for cracks and inspection or replacement of
the bolts at the forward and aft ends of each wing to pylon thrust link assemblies.

| On May 29, 1979, the AD was 'amended to require further inspections of
‘ certain engine pylon to wing attachment structure. On June_ 4, 1979, the May 28
AD was again amended telegraphically to require reinspection. of certain Model
DC-10 series aircraft which had undergone engine and pylon removal and
installation. As a result of the inspections required by the amended AD, the FAA
was informed of the ,existence of eracks in the wing pylon assemblies of. mounting
assemblies. Therefore, on June 6, 1979, the Administrator issued the following
Emergency Order of Suspension whiéh read, in part:

I
|
L "EMERGENCY OR%QF SUSPENSION!

Take notice that, upen consideration ofallthg evidengg.available, it appears
to the Administrator of the Federal Aviation Administration.as.followsy. .,
1. McDonnell-Douglas Corporation is Now and at all times mentioned
herein was the holder of Type Certificate No. A22WE for the
Douglas DC-10 series aircraft.

2. On or about May 25, 1979, an accident occurred involving a
McDonnell-Douglas DC-10 series aircraft at Chicago,.Illinois.

3. Subsequent to said accident, on May 28, 1979, the.F<¢deral
Aviation Administration acting by and through Leon ,C.
Daugherty, Director, ,Western Region, issued an airworthiness
directive applicable to all-DC-10 series aircraft.

4. Thereafter, on May 29, 1979, the airworthiness:direetive was
further amended to require additional inspections. of the wing
mounted engine pylon structure for cracks and integrity of the
attachment support unit.

5  Thereafter, on June 4, 1979, the airworthiness directive was
further amended to require reinspection of .certain DC-10 series
aircraft which had undergone engine and. pylon removal and
reinstallation.

6. As a result of the inspections required by the airworthiness
directive, as amended, the FAA continues to be advised of the
existence of cracks in the pylon mounting assemblies of certain

/
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aircraft and it -apearsi that.:the “aircraft may not meet the
applicable certification cmteri& of Part 25 of the Federal
Aviation Regulatlons (FAR) -

7. Moreover, the prbhminary fmdfngs of an' FAA post audit of the

- Model DC-10 aircraft type certification data indicates that the
wing engine pylon assembly may not comply with the type
certificdtion basis set forth in FAR 25571

By reason of the foregoing circumstances, the Administrator has reason to
believe that the Model DC-10 series aircraft may not meet the requirements of
Section 603(a) of the Federal Aviation Act for a Type Certificate in that it may
not be of proper design, material, specification, eonstruction, and performance for
safe operation, or meet the minimum standards rules, and regulatlons prescribed
by the Administrator. — *

Therefore, the: Adrhmlstt'ator firids'' that safety in air commerce or air
transportation and" “the' *‘pﬂblrc fnitérest require the suspension of the Type
Certificate for thé Mddel DE-10 'Series aircraft issued to McDonnell- -Douglas
Corporation until such time as it 'can be ascertained that the DC-10 aircraft meets
the c%ertification criteria of Part 25 of the FAR and is eligible for a Type
Certificate.

Furthermore, the Administrator finds that an emergency exists and that
safety in air commerce or air transportation requires the immediate effeqfiveness
of this Order.

THEREFORE, IT IS ORDERED, under authority contained in Sections 609 and
1005(a) of the Federal Aviation Act of 1958, as amended, that Type Certificate No.
A22WE issued to McDonnell-Douglas Corporatlon ke, and it hereby is, suspended on
an emergency basis, said suspension to be effective on the date of this Order and
until it 1s found by the Administrator that the Model DC-10 series aircraft meets
the _z}pplicable certification criteria of Part 25 of the FAR and is eligible for a type
certificate...."

On June 7, 1979, the Chief Counsel of the FAA issued two Orders of
Investigation and Demand for Production of Material. The first Order concerned
the maintenance and airworthiness procedures relating to the DC-10 and was
directed to United States operators of the aircraft. The second Order was directed
to McDonnell-Douglas Corporation and concerned the type certification of the
Model DC-10 aircraft and other manufacturer related matters.

Specifically, the second Order required that:
"1,  An investigation be conducted of the type certification of the

engine-to-wing attachment structure of the McDonnell-Douglas
DC-10 series aircraft;
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2, To determine whether modrficatwn, alteratwn, maintenance and
repair - praotices and - - procedures ' ‘fécomnitended by the
manufacturer in . the form:-of “Maintenanmee:: Manuals, .Bervice
Bulletins, or other documents are adequate:to:aSsure coritinued
_mrwm'tm,ness of the product pursuant to. an Airworthiness

“-,Certlflcate; T A T R Y ol Y

. “Q. o . AN . ppit N
£ ,-q,-,,f.—_r. P siale & ;‘-,\s-e.

3. To. determlne whether certrficatlon practlces, procedures and
regulations prescrrbed by the Federal Aviation Administration are
adequate to assure’the antegﬂtjnoﬁ the engine-to-wing - attach
structure " :

: R A T3 31 5 N
A group of FAA speclalrsts from Headqaarters ‘andivalrious regabnal off:eea
was designated to conduct the MecDonnell-Douglas investigatjofi:. & fail safe
review team from the Western Region Engmeermg Division was mcorporated mto
the formal investigation, )

A 28

The formal investigation was divided into 4 teams dealmg wrth drfferent
aspects of the investigation. As a result of these investigations, three reports were
presented to the Admlmstrator. ,

1. Pres1dmg Offlcer's Repoft m the Admlmstrator oft-. the
Investigation of the McDornnell- -Douglas Corporatlon and the
Model cho :Alreraft, uatea“ Ju].y a, 1979, . .

T _J, j Vi » K ST (e

2.  Report to the Adm:mstrator in .theMatter of Mamtenance and
Airworthiness Procedures concermng the DC-10 aircraft, dated
June 25, 1979, o : -

3. Report to the Administrator on Investigation of Compliancé of
the DC-10. Aireraft Leading: Edgei-Outboard Slat. with" Type
Certification Requirements, under:Asymmetrical Slat Conditions,
dated July 9, 1979. ‘

After review of these reports, and upon consrderatlon of actions taken by the
FAA as a result of these investigations, the Administrator found; withrespect to
those matters investigated, that the Douglas Model DC-10 met the requlrements of
Section 603(a)2) of the FAA Act for issuance of a type certificate in that, in such
respects, said aircraft is of propef design, material, specification,:corstruction and
performance for safe operation and meets the applicable certification criteria of
Part 25 of the Federal Aviation Regulations and is eligible for a type certificate.

Accordingly, on July 13, 1979, the Emergency Order- .;of%;SﬂSpension‘ of Type
Certificate A22WE for the McDonnell-Douglas DC-10 aireraft:Was terminated.

On July 13, 1979, the FAA also issued several AD' which required inspections
of various systems and structures. Compliance with ¢he.provisions of these AD's
was required "before further flight, after the ‘effective. date of this AD." The
effective date of the amendments or AD's was:July 13, 1979.
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Amendment 3973515 to AD Neoi: 79-15-05 required modification of the stall

"~ warning system, and within 30 days after the effective date of the AD the "slat

function of the takeoff warning system mu;st be operative for takeoff.”" (See
appendix F for details, )« o

'‘One AD, Docket No. AD 78- WE-15-AD Amendment 39-3514 established
inspection cies and criteria for the leading edge slat system. The AD read, in
part: st .

B

" ADOPTION. OF THE AMENDMENT

Accordingly, pursuant to the authority delegated to me by the Administrator,
Section 39.13 of Part 39; of the-Federal Aviation Regulations (14 CPR 39.13) is
amended, by addlng the iol}owmgv new a).rmorthmesand;rqetw&

MCDONNELL DOUGLAS. Applles to Model DC-10—10, —10F, »~30 -30F and =
40 airc rafts certii’icated In all categories,

}qi‘ )IAMS‘D" rabs v

Gomphattce‘;equmedwmleated

To ensure the integrity and condition of the wing leading edge slat
meéchanical drive system, accomplish the following:

(a) Before further flight, after the effeetive date of this AD, unless
already accomplished after June 6, 1979, and thereafter at intervals not, to exceed
600 hours' time.En semce :since the last mspection .

1 VlsuaIIy mspect all slat system drive sierabms and pulleys in situ for
securlty, and general conditlon (corrosmn damage etc.);
. 2. Vlsually mspect a]l slat system followup cables and pulleys- in situ
for security snid general condition{corrosion, damage, etc.);

3. Visually inspect the inboard and outboard slat drive mechanisms

while operating the slat:system- to. verify security of the components and freedém
Of movement. of the mechamsms,

4. Cornect, adl rdlsct‘epanmes found durlng the above. inspections

which exceed.the eonditian. hmlta’cwns provided by the McDonnell- Douglas DC-10
I\/Ialntenance Manuel;-and .« . .

5. Report results of all inspections to the Chief Aircraft
Engineering Dmsmn, FAA Westem Region within 24 hours of accomplishment in
the following format:: . ,

Eiﬂ) "NY Number- - . .

2)"  Hours time in-service at inspection ~

(3)+ Results of - inspettion . by . specific paragraph and
subparagraph of this AD - .
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(4) - Part Number
(5) -ldentify contact for follow—up

(b) For #2 and #3 position, slat drive cables, except "zinc coated 7 flex
premium cables, ""before Accumulating an additional 1500 hours' time in service on
any individual cable after the effective date of this AD, unless a new cable was
installed within-the last 10,500 heurs" time)in service, and thereafter #& “intervals
not to exceed 12,000 hom's‘ total’time in serviee on any individual cable, replace
the affected drive cable!with & new ‘teble-of tha:same part number or-an FAA
approved replacement cable. If a cable is replaced with a "zinc coated 7 flex
premium asable," the cable replacement ttme thitsf spemfled by paragraph (c)
become effective for the replacement cable, - - RN

(e) For #2 and #3 position; slat "Zine coated 7 flex premium™ type drive
cables, before accumulating an additional 1500 hours' time. i¥:service On any
individual cable after the effective date of this AD, unless a new wcable iwas
installed within the last 18,500 hours' time in service and thereafter at intervals
not to exceed 20,000 hours' total time in service on any individual cable, replace
the affected drive cable with a new cable of the same part number of an FAA
approved replacement part.

(@ Part numbers- of Yzine: coated 7 fléx ' premium’ cables® which are
approved replacement -cables for -cowiplianee:with  either: paragraph (b) or (¢) are
identified by MeDonnell- Douglas AL Gpefutcws Letter (AOL) 19-13334, dated
October 26, 1978. g T e P &

>
~-{@) The repetitive inspections. required by paragraph (a) may be
discontinued after the inspections and modificatiohs required by paragraph (b} of
AD 78-20-04 (Amendment 39-3308) have been accomplished'and after it has been
determined that #2 and #3 slat position drive cables are within the 12,000 hours'
total time in service, or the 20,000 hours' total tlme in service limitations of
paragraphs (b) or (e) respectlvely of this AD.

(f)  Special flight permits may be issued in accordance with FAR 21.197 and
?y 1;)9 to operate aircraft to a base for the accomplishment of inspections required

this AD.

(g) Alternative inspections, modifications or other actions which provide an
equivalent level of safety may be used when approved by the Chief, Aircraft
Engineering Division, FAA Western:Region. .

This amendment becomes effective July 13, 1979.

] Sees. 313(a), 601, and 603, Federal AV|at|on Act of 1958, -ag amended (49 C
1354(a), 1421, and 1423); Sec. 6(e) Department of Transportation Act (49 US.C.
1655(e)); and 14 CFR 11.89 [

i PP B

Issued in Washington, D.C. on July 13,1979 .~ & i'f
S L

Director, .
FAA Western Region
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An:AD was also issued which requires inspections to'ensure the integrity of
the wing engine pylon structure and attachment: o Both wings. - The AD reads, in
part:

sV

ADOPTION OF THE AMENDMENT

Accoedingly, pursuant to the,authority delegated to me by the Administrator,
Section 39.13 of Part 39 of the Federal Aviation Regulations (14 CFR 39.13) is
amended,.by adding the following new airworthiness directive:

..

~ McDONNELL-DO! Applies to Model.DC~10~10, -10F, -30, -30F, -40
series aircrafts certificated in all categories.

Compliance required .as indicated. ToO ensure integrity.of the wing engine
pylon structure and attachment, aceomplish the foIIowmg on. both the right-and left
hand Wlng A B Boggty e iad

(@) Prior to quiher flight, unlaus alneady accomphshed exactly as specified
herein subsequent to dune §,1878s;.

1  Prepare the pylon zones to be inspected and accomplish
ingpectigns specified in Part 2 of McDonnell-Douglas Alert Service Bulletin, A54-
71 stated July 6, 1979, except that the inspections of Alert Service Bulletin A54-71
Part 2, paragraphs K. (2), (3), (4), (8) and (7) need not be accomplished if previously |,
accomplished subsequent to f\/lay 28, 1979, per AD-79-13-05.

[ %
u

2. Inspect clearance between - the - wing pylon aft bulkhead
attachments and wing aft monoball attach fxttmgs .per the 'accomplishment
instructions «of MecDeonnell-Douglas Alert Service Bulletin, 5&-70 dated June 15,
1979, .

NOTE 1: For the purposes of this AD one flight cycle asv'eferenéed"rﬁ'Part

2, paragraph K4)(b), of ASB 54-71 is defined as one landing. Touch-and-go landings
are counted'as cycles.

(b)  Within 100 hours' time in service after initial inspection required by
paragraph (a) of this AD and at intervals not to exceed 100 hours' time in service
thereafter:

1 Inspect pylon aft spherical bearing and attaching hardware to
verify security of nut and bolt. Inspect torque stripe for alignment.

2. Visually inspect thrust link attachment lugs and attaching thrust
link hardware as specified in Part 2, paragraphs K(1) and K($) of ASB 54-71. Verify
alignment of torque stripe.

(e)  Within 300 hours' time in service after the initial inspection required by
paragraph (@) of this AD and thereafter at intervals not to exceed 600 hours' time
In service from the prior inspection:
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1. Conduect eddy,-eugrent inspection of upper surface of pylon aft
bulkhead horizontal flange 88 specified-in Part 2, paragraph H of ASB 54-71.

2. Visually inspect' wing clevis for cracks and inspect lower wing
area surrounding wing clevis:for-ewidence of  fuel leaks which may indicate failure
of clevis attach bolts.

3. :Accomplish inspections specified in Part 2, paragraphs D (1), (2),

(3), (4) and (5) of ASB 54-71. .= . MRIE e BE e u e
4. Accomplish inspeation specified in Part 2, paragraphs E ] except

(2)] M, 0,PandQ of ASB54-71, ... .. . . . o

S g ey i 1 e

_ 5. Visually 'inspect uppe(,fogéggpgagpheric&l .,bearinginstallation to
verify condition, security and torque. stripe of plig assembly,

6.  Visually inspect the pylon aft, spherical bearing for cracks,
without disassembly, using ten power magnification.,,

(&  Within 900 hours' time in service after initial inspection required by
paragraph (a)of this AD. and at intervals.not {0 exceed 600 hours' time in service
thereafter ultrasonically inspect exposed surface of .pylon. .attach lug and wing
clevis without disassembly per ASB 54-71 Part 2, paragraph D.(8).”

(e)  Within 1500 hours' time in service after, initial inspection required by
pﬁragr?ph (a) of this AD and at intervals not (to) exceed 1500 hours' time¥in service
thereafter: b

1.  Conduct inspections as specified"in' Part’ 2, paragraphs F and G of
ASB 54-71.

(f)  Within 3000 hours' time in service. after initial inspection required by
paragraph (a)of this AD and at intervals not to exceed 3000 hours' time in .service
thereafter: .

1. Conduct inspections a3 specified in Part.2, paragraphs I, K and'N
of ASB 54-71. b

2. Conduct inspections per Part 2 of SB:54-70.

(g) Inspect pylon for structural integrity per DC-10 Maintenance Manual
TR5-20, dated June 14, 1979, prior to further flight after. events producing high
pylon loads including but not limited .to:

Hard or overweight landings ..
Severe turbulence encounters

Engine vibration and/or critical failure
Ground damage, {workstands, ete.), ...,
Compressor stalls . wu
Excursions from the runway

~oooo®
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(h)  General:

1 Correct all discrepancies found as a result of this AD prior to
further flight.

2. Damaged or repaired pylon aft bulkheads must be replaced with
like serviceable parts prior to further flight.

3. Whenever fasteners are replaced as a result of the inspections
specified in ASB 54-71, Part 2, paragraph E, prior to installing new fasteners
inspect the holes,,and the area around adjacent fasteners (without removing
fasteners) for cracks using eddy current or equivalent NDT methods.

(i)  After the effective date of this AD, installation of the engine and pylon
as an assembly shall render the aircraft unairworthy.

()  Prior to return to service. after pylon installation accomplish pylon
inspection per Part 2, paragraph D({) throtagh D(5) of ASB 54-71.

- (k) Prior, to retisn’ to' service after installation of _pylon accomplish
inspegtion of pylon per Part 2, paragraph H of ASB 54-71 and reinspect per Part 2,
paragraph H of ASB 54-71 within 300 hours' time in service after initial inspection.

(@D Whenever the pylon has been subjected to vertical and/or horizontal :
misalignment, inspect per Part 2, paragraph H of ASB 54-71.
&
u
(m) After each installation of pylons with titanium upper forward spherical
bearing plug; within 300 hours after installation,: conduct,the following inspection:

1  Partially remove nut from upper spherical bearing through bolt.

2. . Inspect plug for failure of the threaded portion from the plig body
by vigorously shaking nut (by hand).

3. Remove through bolt and perform a detailed visual inspection.of
the plug for cracking, by using appropriate optical aids. No cracks or separations
are permitted. Reassemble per DC-10 Maintenance Manual.

4, Torque stripe nut to bolt and revert to standard repetitive
inspection interval.

_ (n) Report results of all inspection to the assigned 'FAA maintenance
inspector within 24 hours of accomplishment in the following format:

"™N" Number, hours' time in service at inspection, pylon number, results
of inspection by specific paragraph and subparagraph of this AD, and
Service Bulletins SB 54-70; and ASB 54-71. In reporting be as specific
as possible to identify location and size of crack, or specific location of
discrepant fastener, etc. List part numbers.
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(o) Alternative inspections, modifications or othéf “actions which provide
equivalent level of safety may be used when approved by the Chief, Aircraft
Engmeermé Division, FAA Western Region.

NOTE 2 FAA approval of related McDonnell-Douglas Service BuLletin 54 <70

has been reinstated, Lt .
f""'f T WD s
o |
This supersedes Amendment 39%505@(44FR326M)LAD 79-13-05. b

This amendment becomes etfethe July Ls, 1*9%9. (

[Secs. 313(a), 601, and 603, Fedeca ;Awa,tion ﬁ;\“ df 19‘#8, &s amended (49 U.S.C.
135 “ 1421 a&?:&423 See, 6(c) Depantme oi‘ Tragfipor at;or; Act (49 USC.

1655(e)}; and 14 “
Issued in Washington, D.C. on July 1;;, 1979 ] 7 ( , } |
| ' i,,f 4
- ; Directo; BES
e Wéstern Reglfzm b
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