< UCONCLUSIONS

Finoinms

1.

The engine anc pyvlon assembly separaled either al or immemateiy
alter liftoff. The ilighterew was committed 1o conlinue ihe
takeoll.

The ait end of the pvilon assemoly began 20 scparate n the
forward {lange of the alt bulkhead.

The structurai separation of the pylon was csuseg by a4 completa
fuilure of the fo"wuard flange of the aft bulkhead alfter its residual
strength had been critically reduced by the (racture and
subsequent service life.

The overload fracture and fatigue eracking on the pyvlon aft
bulkheads upper flange were the only preexisting damage on the
bulkhend. The length of the overload fracture and [{atigue
cracking was sbout 13 inches. The [racture was caused by an
upward movement of the ait end of the pylon which brought the
upper flange and its fasteners into contact with the wing clevis.

The pvlen to wirg attach hardware was properly instailed at all
attachment points.

All electirical power to the Ne. 1 a.c. generator bus and No. 1 d.e.
bus wns lost after the pylon separated. The eaptain's {light
director instrument, the stall warning svstem. and the slap
dissgreement warning light systems were rendered inoperative.
Power to Lhese buses was n2ver restored.

The No. L hydraulie sysiem was lost when the pvlon separaled.
Hydraulic systems No. 2 and No. 3 operated at their fuill
capability throughout the flight. Except for spoiler panels No. 2
and No. 4 on esch wing, sll flight controls were operating.

The hycraulie lines and foliowup cables of the drive actuator for
the left wing's outboard leading edge slat were severed bv the
separation of the pylon and the left wing's outhoard slals
retracted curing climboul. The retraction of lhe siats caused an
asvmmetric stall and subseguent loss of control of the aireraiflt.

The Mighterew could not see the wings and engines from the
cockpit. Beecause of the loss of the slat disagreement light ang
the stall warning system. the {lighterew would not have received
&, electronic warning of either the slat asymmetry or the stdll

... loss of the warning svstems crealed a siluation which

ulforded the flighterews an inadequate opportunity to recognze
and prevent the ensuing stall of the aireralt.
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The T[lienterew  flew  the mreralt in accorcanee  with  the
presertbed emergeney procedure which ealied for the elimbout ta
be {(lown at Vv, speed. Vv, <peed was 6 RIAS below the stall =peed
fo- the :weit wing. Thé deccleration to vV, wed caused the
atrernit 2o stall. The start of the lefi roil was the onlv «&armng
the silot ad of the ans-i 2f the stall.

The pvicn was damaged during mainteasncc performed on the
mecident aireralt at American dirhine’s Maintenznee Facility at
Tulsa, Oklshoma, on March 29 and J0. 1979.

The design of the »ft bulkhead made the flange vulnerable to
damage shen the prvlon was being separaled or allached.

smericsn Airlines on@ineering persconnel deveioped an ECO 10
remove and reinstall the pylon snd engine as a single umit. The
ECD directed that the comdined engine and pylon assembly be
supported. lowered. and raised by a forklift. American Airlines
engineering personnel did not perform an acequate evaluation of
gither the capaudility of the forklift to provide the required
precision for the task. or the degree of Aifficully involved in
placing the lilt properiv, or the consequences of placing he lift
improperiv. The ECO did not emphasize the precision required 1o
pince the forklift properiy.

The FAA does nol approve the carriers’ maintenance procedures,
and a cerrier has the right 1o change its maintenance procedures
without FAA approval.

Americsn Airlines personnei removed the aft bulkhead's bolt and
pushing defore removing the forward bulkhead attach fittings.
This permitted the forward bulkhead 1o acl as a pivol. Any
advertent or inadvertent loss of forklift support to the engine and
pylon assembly would produce an upward movement at the aft

bulkheads upper flange and Dring 11 nlo conluct with the wing
clevis.

American Airlines maintenance personnel did not report formally
1o their maintenance engineering staff either their deviation {rom
the removal sequence contained in the ECO or the difficulties
they hac encountered in accomplishing the ECO's procedures.

americsn Airline's engineering personnel did not perform a
thorough evaluation of all aspects of the maintenance procedures
pefore iney formulated the ECO. The engineering and supervisary
personnel dia not monitor the performance of the ECO 1o insure
either 17at it was being accomplished properly or if their mainte-
snee personnel were encountering unforeseen difficulties in
serforming the assigned lasks.
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14, The mine situations o amch camage s4s =usianed and eracks
were found on the upper flange were limitea to those operations
wherein the engine and pylon mszembly was supportec oy oa
fork!irt.

14, (dn December 19, 1973, ang February 232, 19749, Contimental
Airbines maintenance personnel damaged aft bulkhead upper
flanges noa manner similar 1o the damege noted on the aceident
gireralt,  The carrier classiflied the esuse of the damage as
maintenanee error. Neither the air carrier nor the manufacturer
interpreted the regulation to require that it further mvesugale ar
report the damages to the FAA,

20. The original Eertific.ﬂ.iion's fatigue-damage assessment was in
conformanes with the existing requiremenis.

21 The design of the stall wearn‘ng svstem lacked sufficient redun-
daney: there was only one stickshaker motor; and further, the
design of the system did not provide for crossover information to
the ieft and right stall warning computcrs from the applicable
lending edge slat s#nsors on the opposite side of the aireralt.

T, I'he cesign of the leading edye slat system did not inelude positive
mechanical lecking devices to prevent movement of the siats by
external loads following a [ailure of the primary controls. Certi-

fication was based upon seceptable flight charpeteristies with an’

asymmetrical leading ecge slat condition.

23, At the time of DC-10 certification. the structural separation of
an engine pyvlon was not consicered. Thus, multiple failures of
other systems resulting from this single event was not considerec.

3.2 Probable Cause

The National Transportation Safety Board determines that the probahle
cause of this accident was the asymmetrical stall and the ensuing roll of the
aireraft 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 maintenance-induced damage leading to the separation of the No. |
engine and pylon assembly at a eritical point during takeoff., The separation
resulted from damege by improper maintenance procedures which led to failure of
the pvlon structure.

Contributing to the cause of the aceident were the vulnerability of the
Jesign of the pylon attach points to maintenance damage; the vulneratility of the
design of the leading edge slat system to the damage which produced asyvmmetry;
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 uand communieations among the operators, the
manufacturer, and the FAA which [ailea o determine and disseminuste the
particulars regarding previous maintensnce damage incidents; and the intolerance
of preseribed operational procedures to this unique emergeney,

—_—

oy



