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EXECUTIVE SUMMARY

About 000} central daylight time on August 31, 1988, Delta Air Lines,
Inc., flight 1141, crashed shortly after lifting off from runway 18L at the
Dallas-Fort Worth International Airport, Texas. The airpliane, 4 Boeing
727-232, U.S. Registry N473DA, was a regularly scheduled passenger fiight and
was en route to Salt Lake City, Utah, with 101 passengers and 7 crewmembers.

The fiightcrew reported that the takecoff roll appeared to be normal in
“all respects, with no warning 1ights, audible warnings, or unusual engine
instrument conditions. The captain stated that the rotation was fnitially
normal, but as the main gear wheels left the ground he heard "two
explosions.” He said it felt as though the airplane was experiencing
"peverse thrust.” The captain stated that the airplane began to "roll
violently." ‘

The airplane struck the instrument landing system (ILS) localizer
antenna a-ray approximately 1,000 feet beyond the end of runway 18L, and came
to rest about 3,200 feet boeyond the departure end of the runway. The flight
was airborne approximately 22 seconds from 1iftoff to the first ground impact
near the ILS localizer antenna. The airplane was destroyed by impact forces
and the postcrash fire.

0f the persons on board flight 1141 12 passengers and 2 crewmembers

were killed, 21 passengers and b crowmembers were seriously injured, and 68
passengers sustained minor or no injuries.

The National Transportation Safety Hoard determines that the probable
cause of this accident to be (1) the Captain and First Officer’'s inadequate
cockpit discipline which resulted in the flightcrew's attompt to takeoff
without the wing flaps and slats properlty configured; and {2} the failure of
the takeoff configuration warning system to alert the Crew that the airpiane

was not properly configured for the takeoff.

Contributing to the accident was Delta's slow implementation cf
pecensary moadificeticas to its operating procedures, manuals, checktists,
training  and crew checking programs which was necessitated by significant
changas in the airline following rapid growth and merger.

Atso contributing to the accident was the lack of sufficiently
agretaiv& action by the FAA to hasze tnown deficiencies corrected by Delta and
the lack of sufficient accountability within the FAA's air carrier inspection
ProLess.




NATIONAL TRANSPORTATION SAFETY BOARD
WASHINGTON, D.C. 20594

AIRCRAFT ACCIDENT REPORT

DELTA AIR LINES, INC.
BOEING 727-232, NAT3DA
DALLAS-FORY WORTH INTERNATIONAL AKIRPORT, TEXAS
| AUGUST 31, 1988 |

1. FACTUAL INFORMATION

1.1 History of the Fliight

On August 31, 1988, Delta Air Lines, Inc., flight 1141, a Boeing
727-232, NAT3DA, was a regularly scheduled passenger flight from Jackson,
Mississippi to Salt Lake City, Utah, with an intermediate stop at the
Dallas-Fort Worth International Airport (DFW), Texas. The flight was
conducted subject to the provisions of Title 14 Code of Federal Regulations
(CFR), Part 121.

Flignt 1141 departed Jackson, Mississippi for DFW at 0630 eastern
dayiight time. The only logbook discrepancy was an inoperative No. 1 main
fuel tank quantity gauge. The first officer flew the ‘eg to DFW and noted
nothing out of the ordinary en route. The landing and taxi-in to the gate at
DFY were uneventful, Flight 1141 arrived at gate 15 at DFW at 0738 central
gayltight time.

The first officer and captain proceeded to company operations upon
arrival.,  The second officer remained with the airplane and performed his
wdlkaround inspection duties. The mechanic who handled flight 1141, while it
was parked at gate 15, stated that he checked the logbook and noted that the
No. 1 main fuel tank quantity gauge Was inoperative.  Operation of the
aivg:lane with the tuel quantity gage inoperative was permitted by Delta's
minimim equipment list, He had no other involvement, with the flight,

Tne Delta agent responsible for the proper toading of the airplane
detepmonod, as a rosult of deipstick and pitch and roll readings taken, that
the airplane had 561 gallons of fuel remaining in the No. 1 main fuel tank,
He calculated that 1,036 gallons should be Jdded 50 that a total of
s/ gallons would be contained in the No. 1 main fuel tank, This figure
(1,597 astlons) was converted to 0,700 pounds of fuel. An equal amouni was
ardered to be the Final fuel quantity in the No. 3 maip fucst tank. The No. 2
main fuel tank was ordered to be filled to 10,600 pounds final weight.

The airplane fuecler pumped the requested fuel quantities into the
three Lanks.  Upon completion of fueling, he weat aboara the airplane to
inform the second officer of how he had refuelcd the airplane. While talking
to the second of ficer, he noticed that the fuel gauge for the No. 2 main fuel
Lan® wes redding 500 pounds higher than the fuel gauge at his wing refueling
ctgciorn and he brought this to the attention of the second cofficer, The
alrpiane was not dripsticked again after the refueling.
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~ The second officer received the fuel slip (prepared by the fueling
agent}, final weather briefing, automatic terminal information service (ATIS)
information, and automatic weight and balance .yst@m (AWABS) data prior to
pushback . The pushback occurred at 0830, as scheduled. Av 0837:20, the DFW
east ground controller instructed Delta 1141 to "..,.join the inner for
standard taxi to runway 18L." All three engines were started initially, but
the captain subsequently decided to shut down the No. 3 engine to conserve
fuel when it became apparent that there would be a delay before departure.
Figure | provides a diagram of the DFW atrport.

When the airplane became number four ir line for departure at

0857:08, the second officer made a» announcement to the flight attendants to
prepare -the cabin for departure. The captain then ordered that the No. 3
engine be restarted. At 0858:38, the local controller instructed, “Delta
eleven forty-one taxi into position runway one eight left and hold.

With this clearance, flight 1141 was, in effect, directed to pass the
airplanes ahead of it on the taxiway and take the No. 1 position, At
0859:17, the Yocal controller instructed, "Delta eleven forty-one fly heading
one eight five runway one eight left cleared for takeoff." The first officer
of Delta flight 1141 acknow!edged both transmissions.

After the accident, the second officer stated that when engine
power was advanced for takeoff, the green AUTC PACK TRIP arming light did not
illuminate. As operation of thls system was not required for this flight, he
did not advise the captain of this situation. He stated that the takeoff
roll appeared to be normal in all respects, with no unusual lights, audible
warnings, or unusual engine instrument conditions. However, immediately
after 1iftoff, the right wing dropped and he heard the comment "cngine
failure" made by either the captain or first officer.

| The captain stated, after the accident, that "all was
normal,..everything was routine” up to rotation, Rotation was initially
normal, but as the main gear wheels left the ground he heard "two
explosions.” He said it felt as though the airplane was experiencing
“reverse thrust.”  The captain stated that the airplane began to "roll
violently...it was all | could do to control the airplane.”

fhe airplane struck the ILS localizer antenna array about
1,000 reet beyond the end of runway 18L, came to rest approximately
3,200 feet beyond the departure end of the runway {see figure 2) and was
destroyed by impact forces and the posterash fire. The flight lasted
approximately 2¢ seconds from liftoff to the first ground impact near the ILS
localizer antenna,

Witnesses in the control tower and on the ground generally agreed
that flight 1141's takeoff roll appeared to be normal until shortly after
rotation. They stated that the airplane rotated in the vicinity of taxiways
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29 and 30 to a higher than normal pitch angle and that flaies or sparks were
emanating from the rear of the airplane. They said that as the airplane
continued down the runway, the wings rocked from side to side and the
airplane appeared to be out of control. The witnesses lost sight of the
airplane after it struck the ground and disappeared into a cloud of dust.
None of the ground witnesses coutd recall the position of the flaps during
the tikeoff roll or prior to impact. One passenger aboard the airplane
stated that shortly after tiftoff, he noticed that the trailing edge of the
lett wing appeared not to be ip a straight line. He interpreted this
observation to be that the flaps were down to some extent.

On board fiight 1141 were 101 passengers, 3 flightcrew members and
4 cabin crew. Two flight attendants and 12 passengers were fatally injured.
Twenty-six persons, -including the flightcrew and cabin Crew, sustained
corious injuries. Sixty-eignt passengers recetved minor or no injuries.

The accident occurred durtng the hours of daylight at
latitude/longitude coordinates of 32052'N 97C03'N. ‘ ,

1.2 Injuries to Personé

Flight  Cabin |
Crew ~ Crew  Passengers ~ Other  Total

et e e o byt

Fatal 0 ? 12* 4 14
Serious 2
Minor 1
None 0

-3

2 22 0 26

0 49 0 - 50
0 18 0 16

Total 4 101 0 108

ne passenger successfully exited the aircraft, but was

severely burned when he attempted to reenter the cabin. He

died 11 days later. It 15 believed that he attempted to

recritor the cabin in an effort te provide assistance to his

wife and other passengers in escaping from the aircraft,

Damage to the Airplane

The Boeing 727 237 was destroyed by ground impact and post impact
- value was estimeted at $6-6.0 mi i 1104,

1.4 ther Damaqgue

Ground damage was confined to fwo airport runway/taxiway markers,
the 105 localizer antennd installation, and an airport bounddry fence, There
al»o was ground fire damage to terrain vegetation.
1.5 personnel Information

The flightcrew and cablin crew of flight 1141 were qualified in

accordance with applicable Federal Aviation Regulations (FAR) and Detta's
procedures. {(See appendix B.) Examination of the flightcrew's persondl




: backgruund énd actions aupjﬁg the ¢ %o 3 days before the dccident flight
“revealed nothing remarkeble.  The fifghterew's training récords also were
htremarkabte, FAA records did not contain an? tncident or violation history
on any of the grewmemhers '

S ~ The C.%taln .-+ The 48-year-old »apta&n was hired by Delta Air Lipes
:uor D¢ tiber BN Ve captain had boef smp loyed continuousty by Delta
l;a1nce his date of hire ' ' , -

o - The gaptain upgraaed to. (aptufv initially on the DC-9 on
CMay 22,1978, However, dut to Delta‘s reduction in flying time in the DC-9,
,,.*hE'returned to his previous position as 4n L-i0i1 First ufficer. Un
. August 30, 1978, he was upyrided agaln to captuin on tne DC-9 and remained in
- this hanacity until august 1972,  He compieted Boeing 727 transition

~ training ‘n August 19 7} and he remaincd as a 777 captnzn until the time of

. 1NP accxdenr

The ﬁaptain had received recurrent traxnxnﬂ on duly ?l 28, 1988,

",,éﬂd & prof€c39ncy check was aaminis tﬂféﬂ on Juiy 29, 1958 His most recent

“en route check was completed on August G, 1988, The simulator instructor who
gave the captain’s last proficiency cneck described the captain's performance
-~ as "text book” with no prodblems encountered.  The capten possessed a first
ctass medical certificate with a limitation that corrective lenses are to be
wWorn te correct for near V1w10ﬂ,

The Firﬁt Offiger ~-The 36 yoar-old  fir-t ofiicer was hirﬁd by
Delta on January 26, 19797 He had been continuousiy empioyed by the airlines
singe that time. Iha first officer complsted second officer gualification
Ctraining in Marck 1979, He remained as ¢ second offrcer until November 1987,

: The first officer complieted Delta’s B-727 first officer
gqualification training on Jecember 9, 1987,  He remained in this posttion
-unt1; the tmme of the accident, : - ,

,r¥hé tirst officer’'s last recurrent (raining wis November 4-5,

- 1987, and his ltast proficiency check was on November 20, 1987. His Jast en

route check was accomplished on Decomber 6, 1887, These checks were

-~ gondugted aaring his infrial first officer tra1ﬁing He possessned 2 second
fclass medxca% CertlfTC&te with no 11mifationq. B ' :

~ The Second foicer.amThe 30»year -old QPCGRG ﬂffirer was hired by

‘ Delta on November 20, 1987. The second »~fficer attended Delta‘s B-727 second

officer ‘training program and was qualified as a second officer on

January 20, 1988,  No additional training was required from the time he

compieted 1nitia¥ 1rain1nﬂ unttl the date of the gcoigent., The sécond
;afficer possessed a sﬁcond class medica¥ certif:cate with no l1m}tat10ns.

SLe Mrpuna'mfor;nti‘on

o | The gngjng 197.232, U.S. registry N&7IDA, was delivared Lo Delta
Ay Lines tn November 1973, Toe atrplane was serial Mo, 20750, tine No. 992
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The airplane was & Boaing Commerciat Afrplana Conpany mode |
127-232, equipped with three aft-mounted Pratt & Whitney JTBD-15 series
turbofan engines, 1t was delivered in & pansenger configuration.,  The
~airplane had a total of four fioor loye] exits and four cver wing emergency

exits, and a ventral stairway exit.

The certificated maximam taxi weight of NAT3DA was 185,200 pounds.
The maximum takeoff weight was 184,200 pounds, and its maximim landing weight
was 154,500 pounds. The maximim zero fuel weighi was 138,000 pounds.

The certificated usanle fyel quantities were 1,818 galtons in fuel
tanks Nos. | and 3, and 4,550 gallons in fuel tank No. 2. lhe total usable
fuel quantity was 8,186 galions, or 54,845 pounds. There was one fuel tank
in ach wing and one fuel tark in the wing senter saction. The aircraft was

configured with two cargo compartoents bencath the passenger ¢cabin: une

lorated forward of the wing, and one aft af the wing.

1.6.1 Weight and Balance

. Delta utitizes an AWABS, in which the gate agent enters into 4
computer the details of the loading of the aircraft. The pilots are provided
with a final AWABS record prior to pushback. |

- The maximum alltnwable takeoff welght for the flight was
175,440 pounds, dgiclated by the maximum allowabie structural landing weight
4t Salt Lake City. This weight. was beiow the maximum takeof{ weights
authortzed for runway 18L. -

~ pelta provides its flightcrews with performance data for each
runway, using the most j{miting factor, 1.@., runway allowable or c¢limb
1imit. With flight 1141%s actual takeoff weight of about 157,683 pounds, the

crew was autborized to use alternate power, 1.€. reduced thrust, and d flap
setting of 159 Yor runway 18L..

1.6.2 Li1ft and Koll Systess

‘ , {ift devices of the Boeiny 121-232, consist of three leading edge
flaps (Krueger flaps) ‘ocated on the inboard lower surface of each wing, four
teading edge slats on the outboard portion of the wing, and inboard and
outboard trailing edge flaps {see figure 3). The trailing edge flaps are
driven by two completely independent systems. Fach drive system normally 1s
hydraulically powered; alectrical power is available for alternatc operation.
cach trailing edge flap is retuated by two fiap transmi ssfon assembifes, The
transmissiun assemblfes on the outboard flaps are connected through toraue
tuhes and gearboxes to a hydrautic motor which is the primary driving source .
Another separate set of torque rubes and gearboxes {nterconnect the
transmission assemblizs on the two ‘hboard flaps, - This system is driven by a
single nydraslic motor. power to the motors 13 controlled by iwo
differential control valves with feedback modulation from the power
Ctransmitting torque tubes. : ‘ _ |
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_ The leading edge flaps and slats are driven by linear hydraulic
actuators. The actuators are controtlea through a three-position control
valve activated by the outboard flap follow-up system. At 20 of flap, only
the widdle two slats on ¢ach wing are deployrt. The remaining leading edge
flaps and slats deploy after the fiap henate is selected past 20.  An ambuer
tight on tne center instrument panel illuminates whon the siats are in
transit, A green lignt illuminates when the slats are extended. (See
figure 4.) '

Flap settings are controtlec from the cockpit Dby moving the flap
lever through a detented arc on the right side ot the center control stand.
This lever has contrel cable 1inkage to the differential control vaives. The
fiap lever is spring-ioaded 10 tock in each of the detents and must be
1ifted about /4 inch to allow movement to another detent,

_ Alternate provisions for flap extension are incorporated in the
system in the event of normal system fatlure. During alternate operations,
the trailing edge flaps are extended and retraclad by twe electric motors
which are coupled to the torque tubes. The feading edge flaps end stats can
be extended by a standby hydrautic pump. Pump dperation s controlled by the
alternate flap control system. '

An electro-mechanical flap nosition transmitter assembly is
provided for pach trailing eage flop, The units mechanically sense the
position of each fiap and generate an electrical signal which is fed 10 two
dual needle indinators in the cockptt., The incicators, jocated on the center
ot the instrument panel, $how the position of the inboard and cuthboard flaps,
respectively. ‘

Two identical plectrically eperated protection systems are
provided te prevent asymmetrical operation of the rratling edge flaps. One
system previents inboard flap asymmetry whiie the other prevents outhoard flap
asymmetry., The atrplane 15 not pquipped with a mechanical system to prevent
the inboard or outboard se of flaps from deploying without the cther set.

The outhoard flaps are mechanically connected Lo the outboard
aiterons in such a way &% 10 lock the outboard ailerons in the faired
position when the outboard flaps are in the up position.  This feature is
incorporated into the system bocause deflection of the inboard afierons and
flight spoilers are cuffictent for hign speed flight ¢control. When the filaps
are extended down, both the inboard and outhboard ailerons are operated
together. The lockout mochanism consists of an angle gearbox, torque tube,
Jackscrew, and bellcrank, '

fhe Boeing /27-2372 has seven spoiters on each wing. The five
nytboard spoiiers are flight speilurs and the inboard two are grouad
spoiters.  The flight spoiters auyment the ailerons in roll control and at
the same ‘time are avallable to ect as an air drag device. The graound
spofters can be extended only when the airplane 14 on the grountg and they
serye together with the flight spoilers 43 speed brakes to shorten the
vandging roll.  Each spoiler is posttioned by i1ts awn hydraulic actuator.
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1.6.3 Takeoff Warning System

The Boeing 127-232 1s equipped with a takeoff warning system to
warn the crew when the aircraft ts improperly confiqured for takeoti. The
warning system 1is activated whern thrust lever No. 3 is auvanced beyond a
predetermined position. The takeol ! warting horn will sound when one or more
of the following conditions exist: (11 the stabilizer trim is outside the
takeoff range; (2) outboard trailing edge flaps are less than bY; {3} the
No. 4 and No. 5 Jeading edge slats are nolt extended; or (4} speedbrake
handle is not in the down detent position,

1.6.8 Stal)l Protection System

The aircraft is equipped with a stail warning system. 1This system
i¢ actuated by an angle-of-attack sensor and uses the inboard flap posilion
as part of its actuation logic. In the event of activation, a stickshaker
vibrates the pilot's control columns and creates a unfque Sound. The system
15 active only when airborne. '

Prior to the ac:ident, Dolta’s maintenance program required that a
takeoff warning system ch.ck be accomplished al every major nsrection
interval ana ot every tourth service check. On August 11, 1938, during an
inspection of the accident airplanme {an A-2 check), a discrepancy was noted
during the takeoff waraing horn test, This discrepancy was entered a%:
“aural warning norn weak and intermittent when throttles pucbed torgard,”
The aural warning unit was replaceod and the airpiane was returned to Lerqico,
The contact points oa the removed anil were oleaned and Lhe unit fune bioned
properly during a beach test ot bpelra’s maintenance facitilios,

1.6.5 Auto Pack Trip System

The Doetnqg 727-237 aitrcratt ts equipped with o cystem that
automatically shuts down the air conditioning packs in the event of {uss of
engine thrust during takecofl or Snmitial climb, Turning st the packs
consarves engine bleed air to provide maximum available enaine thrust,
Three indicator lights are provided op the air-conditioning control panet,
which are labeled AUTD PACK TRIP ARMED, LEFV A/ PACK TRIP GHE, and RIGHET A/C
PACK TRIP OFF. Engine fail lights are provided on the caplain’s/first
officer's glare shield,

The Auto Pack Trip switch on the flight engineer o papel ds
setected to NORMAL prior to tlight. The system will then arm b <o main
landing gear struts are compressed, the inboard flaps are extoneed aut of the
P position, and all cagines are set above approximately 1.% LPR. 2 green
Pight on t» flignt engineer’'s upper panel illuminates whapn tho cvitem ig
armed.  Thrust losy or gny ene cagine will then tein off beth poacks, <hut
down both pack cooling fans, and illuminate the ENG FALL ights,

A




1.7 Meteorological Information

The DFW ATIS prior to the accident indicated:  "DFW airport
deporture information Golif, one two five two zuly weather, sky clear;
visibility one zero,; tewperature, six six; dew point, five niner, wind, caim;
altimeter, two niner niner niner; runways one three, one seven, on2 eight
departures in progress, use caution for bird activity on oand in the vicinity
of the airport, advise clearance delivery that you have Golf.”

Observations recorded by the National Weather Service immediately
porior tn and after the accident indicated the following weather conditions:

0851 -~ clear, visibility, ten miles; temperature, seven
three; dew point, five one; wind, one zero ero at eight,
attimeter, two nine nine nine.

0906 - clear, visibility, ten miles; temperature, seven four,
dew point, five seven, wind, zero nine zero at nine,
altimeter, two nine nine nine.

There was no activation of the low level windshedar alert system
(LLWASY priar to, or after the accident.

1.8 Navigational Aids
There were no known difficultics with navigational atds.
1.9 Communicationrs

There were no known difficulties with communication equipment or
factiities.

1.10 Aerodrome Information

The DFW airport is located approximately midway betwoeen the cities
of Dallay and Fort Worth, Texas. It is owned by these cities and governed by
an eleven-member board of directors. Airport elevation is 603 feet. The
central terminal aread is located hetween north/south parallel runways located
on the vcast and west side of the terminal area. The airport has three sets
of parallel runways. Runway 18L on which flight 1141 departed is 11,387 feet
long and 200 feet wide;, runway 18L has elevations ¢f 596 feet mean sea level
(msl} at the north end and 5/6 feet msl at the south end. [t is equipped
with high intcnsity edge lights, centerline and touchdown zone lights. The
runway is an ILS CAT  equipped, instrument runway; runway 18L ILS Jocalizer
antenna array 1s situated approximatety 1,000 feet south of the departure
end, and 1ts upper-most elevation 15 579 teet msl.

Seventeen local notice to airmen {(NOTAMS) were in effect at the
time of the departure of fltght 1141,  These NOTAMS concerned areas of
construction, closed taxiways and flocks of birds sighted on, and in the
vicinity of, the airport.
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The DFW air traffic control (ATC) facility ic a level V FAA
facility which oprrates 24-hours per day. The tower and termipal rader
approach contro’ (TRACON) are spiit; i.e., the controllery are assigned
exclusively to either the tower or the TRACON. Administration of both thre
tower and the TRACON is under the contrcl of the facility manager and his
staff.

The DFW control tower operations exceed 670,000 annually and was
the third busiest atrport in the country at the time of the accident, The
facitity utilizes two airport surveillance radars (ASR-/ & ASR-8) which is
augmented with automated radar tracking system (ARTS) ITIA computer
tracking. The control tower has 10 positions of operation. These may be
combined or de-combined to meet daily and hourly traffic demand.

1.11 Flight Recorders

The airplane was equipped with a Fairchild model A-100A cockpit
voice recorder (CVR), serial No. 51362, and a Lockheed Model 109-D f1ight
data recarder {FDR}, serfal No. 654. The recorders were taken to the Safety
Beard's “light and voice data recorder laboratories in Washington, 0.C., for
examination and readout. :

1.1t The Cockpit Yoice Recorder

The CVR starts at 0828:38 central daylight time (see appendix ()
et prior to pushback from the gate at DFW, and continues unt il 0900:39.4.
Seven minutes and 42 seconds of nonpertin.nt conversations, beginning at
0639:42, were edited from the transcript. These conversations consisted of
casual, nonduty related topics among the flightcrew and included a
conversation with a flight attendant who was in the cockpit on two occasions
guring the ground operation. The transcript starts again at JO8B47:28, just as
the flight changed from the DFW east ground controller 1o the west ground
controlYer. At 0848:14, 1 minute and 18 seconds and again at N850.01,
b minute and 22 seconds of the transcript were edited. These conversations
consisted of casual, nonduty related topics. At 0853:12, the transcript
starts again and continues unedited until the end of the recording.

The flight started monitoring local control, i.e., the control
Lower, frequency at 0857:22. The flight attendant left the cockpit and the
door was closed at 0857:35 after the second officer called for the flight
sltendants to prepare the airplane for departure.  The No. 3 engine was
rostarted at 0857:42 and the last part of the taxi checklist was
accomplished, During this portion of the taxi checkliist, in response to the
spcond officer's prompt of "FLAPS', the first officer stated "FIFTEEN,
FIFTEEN, GREEN LIGHT." The flight was cleared onto the runway at 0858:38 and
was Cleared for takeoff at 0859:17.

The sound of increasing engine noise can be heard at 085%9:35
frilowed by the first officer callouts of “Power set” and "Engine instruments
lunk good.” A caliout of ¥p was made at 0900:05.% and Vo at 0900:10.7. The
takeof £ appeared normal until 0900:15.1 when the airplane stall warning

wtickshaker 15 heard. Starting at G900:17.6, five sounds that were
identified as engine compressor statl/surge sounds can be heard. A momentary
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[less than .2 seconds) electrical power interruption 16 cxperienced by the
CVR recorder al 0900:22.9 just after tne callout of an "Engine failure” by
one of the crewmembers. A callout oy the captein of "FULL POWER" was
recorded 0.6 seconds prior to the sourd of the fiest smpact.  The scund of
the first jmpact was recorded at 0900:35.3, followed by three more distinct
impact sounds over the ¥inal 4 seconds of the recording.

A "snap” sound s heard on the CVR at 0900:12.% which was believed
to have been produced by the landing gear down-lock solenoid moving to the
rotracted position. A study was undertaken to comparce ihe sound signature of
the “snap” with several other recordings of the larding gear suvienoid
retracting on similar mode! Boeing 727 airplanes. Two of the comparison
recordinys were made on regualarly scheduled revenue Delta flights., The third
comparison was a recording of the solenoid being manuslly actuated by ground
personnel.  The results of the study indicated that there was an inconclusive
energy versus frequency match between the test recordings and the aceident
airpiane’s "snap" sound to positively state that the source of the snap was
the rotraction ot the tanding gear solenoid.

The study of the CVR did not disclose a sound which could be
asvsociated with the movement of the flap control tever to either extend or
retract the flaps.

1.11.2 The Flight Data Recorder

The foil type recorder vecorded the airplane’s altitude, indicated
atrspecd, magnetic heading, normal acceleration {1.e., perpendicular to the
airplane longitudinal axis), as well as microphone keying, and twpe,  The
aluminum foil recording medium was removed with a1l parameter and anciitary
traces present, There was a slight Jump in the altitude recording duripg
bakeof! which was considerced to be due Lo a sticking needle.  There were ro
indications of recorder malfunction or recording abnormalities during the
previous takeoff at Jackson, Mississippi,

L.12 HWreckage and Impact Information
i.12.1 Impact Marks and Ground Damage

Tha first impact mark was made by the *teil skid contacting the
cunway centerline and a runway centerline light between taxiways 27 and 79,
at a distance of approximately 4,950 feel prior tu the departure eond ot
runway 18L (see fiqure 5). About 640 feet from this point. the right wing
tip struck the right side of the runway near taxiway 29, approximately
4,340 feet prior to the departure end of runway 13L., The taxiwdy markers vor
toxiways 31 and 32 were found knocked over, but they did not exhibit any
impact damage. Additionally, the grass was found to be scorched between the
end of the runway and the ILS antenna. Approximately 5,300 feet from the
pofnt of the riyht wing tip runway contact, ana approximately SU0 feet beyond
the departure end of runway 18, the airplane impacted and destroved the IS
localiger antenna. From this point and beyond, ¢irplane component such as
the right wing tip and portions of the right inboard and outboard atlerons
began separating from the airplans. '
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pfter first impacting the antenna installation, the airpliane
romained airborne for an additional 400 feet, them struck the ground with the
main landing gear wheels which produced a 350-foot linear ground depression.
The airplane then traversed a ground depression that was approximately
150 feet wide and 16 feet deep. As the airplane crossed the depression, it
impacted the ground on the far side. The airpiane track then began to
gradually swerve to the right of the extended runway centeriine. This portion
of the wreckage track was approximately 800 feet long.

The last 600 feet of the wreckage track indicated that the
remaining airpliane structure slid sideways; most of the right wing structure
outboard of the center fuel tank had disintegrated, until {t came to rest
near the airport boundary fence located approximately 3,200 feet from the
depar “ure end of runway 18L. (See figure 1.) ,

1.12.2 Atrplane Damage

4 ‘The respective actuators for the nose and main landing gears were
in the extended positions. The tall skid shoe was intact and exhibited
evidence of ground contact with a runway 1light. Aithough the tail skid
cartridge sustained some damage at the end on one side, tre cartridge was
intact and showed no evidence of being compressed, which would indicate Tight
contact between the skid and the runway. A runway centerline light had a
series of gouges and ridges that matched the ridges and gouges on the tail
skid shoe.

The Nos. 1 and 2 engines remained with the empennage. The No. 3
angine separated from the empennage. Most of the external hardware and
accessories separated from the No. 3 engine diring the crash sequence anﬁ“ﬁ*%h%

were fragmented. On scene inspection of the Nos, 1 and 2 engines found that
the Nji rotors rotated freely with no engine case panetrations., There was no
damage to the inlet guide vanes and no evidence of bira ingestion.

The No. 3 engine core was approximately 500 feet north of the main
wreckage. There was no evidence of bird fngestion. A1l 1st stage fan biades
nad leading and trailing edge damage. The 2nd stage fan blades had severe
damage to the leading and trailing edges and were bent opposite to the
direction of rotation. No thermal damage or distress was observed in the
turbine area.

The thrust reversers for all three engines were in the stowed
position. The reversers for the Nos, 1 and 2 engines were found attached to
their respective engines. The No. 2 engine lower thrust reverser actuator
fairing was crushed inwards. It contained pieces of the ILS electrical
junction box and other evidence of ground contact.

Shortly after the accident, the three engines were disassembled at
the facility of the engine manufacturer. The Mo. 3 engine's 2nd through
6th, 8th, 9th and llth compressor stages had biades which were bent opposite
vo the direction of rotation. The inspection of the engines disclosed no

mmchagical problems that would have precluded normal operation prior to
impact.
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Fuselage and Empennage.--The fuselage had separated into three
major sectionst {1} the forward section consisted of the nose forward of
fusetage station (FS)-420 (see figure 6); (2) the center fuselage section
included the body structure between F5-420 and F$-950c; and (3) the aft
fusnlage section extended from FS-950c¢ aft to the e¢nd of the No. 2 engine
tailpipe.

The forward fuselage section had rotated to the left about 450,
The entire lower fuselage structure sustained various degreoes of tearing,
buckling and general overall distortion. Some sooting was noted in the area
between the first officer's side window and the separation.

The center fuselage section came to rest right side up and was
supported by the left wing and right wing center section. The left side
forward of FS5720e showed no evidence of fire damage and all passenger windows
were intact. However, the left side between FS$-720e and FS-950c had
sustained varying degrees of fire damage. In the general area of FS$-950c,
some fuselage structure had been consumed by fire.

-~ The right side of the center fuselage section between F$-420 and
FS$S-850c also contained fire damage witi some fuselage areas totally consumed
by fire. Al} passenger windows on the right side were missing or melted.

The fuselage crown between FS$S-450 and FI-680 from the top of the
passenger window line on the right side to the tep of the Delta logo on the
left side was consumed by fire. Another area of the top fuselage, between
FS-720¢ and FS-8B40, was consumed by fire from the top of the right forward
overwing emergency exit door to the fuselage centerline.

, The aft fuselage section had rolled to the left and rotated
counterclockwise about 450, The aft fuselage skin structure between F$-950¢
and £S5-950e on the left side was consumed by fire. The aft fusciage skin
structure on the right side between FS-950e and FS$-1030 was found laying on
the ground alongside the fuselage. The entire aft fuselage section
generaltly sustained various degrees of breakup and fire damage.

Vertical /Horizontal Stabilizer.--The vertical/horizontal
stabilizer assembly had tolded downward to the left. It was nearly inverted
but still partially attached to the lower portion of the vertical stabilizer
by several stringers.

Left Wing.--The left wing was complete and attached to the
fuselage with varying degrees of ground impact, heat, and fir. damage
throughout. A1l flight contro! surfaces except for the outboard irailing
edge Flap assembly remained attached to the wing. The left wing lower

surface was intact but ~ontained spanwise scratch and scuff marks.

Right Wing.--The entire right wing assembly was fragmen':: and the
pieces were recovered along the entire wreckage path. Most of the fragmented
ving pieces sustained fire damage. The wing tip leading edge lower surface

exhibited a deep lateral compression buckle. The outboard trailing edge tip




GECTIN 48 (REF

10 2 14 WINDOWS (TYP)

2] K]

1O emasnn | amesetitinm

1148 "~

30 e |- -

1Y e = ....Mu
)

T4 e e
T20F onim e
TR e
TR0 -

1080 e

L R o I

r——— SERVICE DOOR 30 x 60 (Rt AND LH SIDE)

it et o 4 ot i i s

HOE = wer e I e

FI0D = ] cme ot e 1030

i 1) {1 S—
aﬁs Ammu - e i - it d

[P i . : , 90 -
RPN, S ; » o1

760

B8O v o e e 19 980F
40 YSOE ~ e
640 T 9500
820 -
/00

ERCTION &8

AN WHEEL WELL DOOR

40,85
BIT 45
826.95

8045
by = XSl
TIIAS
o9

740

WHEEL WEL

®WOSE GTAR

ﬂ”‘ - ros e e -

PSR -t ASURRRRE L e

n2

, |

By

mg‘:fv-illll'.: [RSpS———— e e i et P e




19

and static wick were partially ground away. The position lighi boou, located
inboard of the tip outboard end, had also been partially ground away on its
lower surface, within 8 inches from its aft end. The distance between the
light boom and the trailing edge tip was equal to the distance butween the
marks found on the runway.

Wing - Center Section.--The left side of the wing center section
upper surface, above the main landing gear strut well, apprusimately 5 feet
cutboard of the fuselage, exhibited a 15-inch burnthrough triangular hote.
The upper wing surface at the left wing root fillet panel exhibited a 4- by
3-fout burn-through hole that penetrated into the wheel well. The Teft main
Janding gear assembly was attached to the left side of the wing center
section. There was no evidence of preimpact failure of the wing center
section,

Spoiler System.--The area in the right wheel well where the
spoiter mixer 75 Tocatéd had sustained severe fire damage, but the mixer
could be moved. The spring cartridge rod from the aileron power control unit
and the mixer control rod from the spoiler ratio changer were severed by
fire. The spoiler control cables to the left wing were intact, and the
cables to the right wing were attached but slack. TVhe speedbrake cable was
attached but was found slack. '

The inbcard spoiler shut-of f valve lever in the right wheel well
wis in the No. L, or normal, position. The outboard spoiler shut-off valve
in the left wheel well was consumed by fire. The ground spoiive lontrol
velve crank rig pin hole was aligned. The ground spoiler by-pass valve in
the teft wheel well was damaged by the gear cullapse but moved freely.

ALY the spoiler panels on the left wing, except groumt spotfler
No. &, were in the stowed position and locked. All spoiler insteilations
appeared normal except for being smoke covered,

The Mo. 6 spoiler could be raised manually. The acluglor was
subsequently removed and tested at the airiine’s faciiity. [Ihe octuator was
Found to bre functional, but the adjustment of the overceater mechanism
prevented downiocking.,

On the right wing, the four outboard flight spoiler panels with
their respective actuaters and rear wing spar attachments separated from the
wing., Al were found Lo be in the stowed position and locked. The remaining
flight spoiler was located in the fuselage/right wing ares of the wreckage
just outboard of the landing gear support beam. After the. accident, the
assembly was found attached to the spoiler beam, and the actuator was found
in the extended position. The ground spoilers were mostly consumed by fire.

Trailing Edge Flap System.--The flap control mechanism in the
cockpit arda was found 1n the flap up position. (See figure 7.) The
mechanism was intact and functional.  The flap handle spring tension was
normal. The flap control cables were attached, and coentinuity was
cotablished to the forward fuselage break. From the fuselage break, further
continuity of the cables was established to the outboard flap control valve
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located at the forward wall of the'right wheel well, Movement of the cables
at the fuselage break produced a corresponding movement of the outboard flap
control valve input Iinkage. | . | |

Eiectricai'contihuity of Qtring from the P6 circuit breaker panel,
which controls the flight control warning system to the alternate ftlaps
master switch, was verified. o

| The outboard flap power drive unit, located in the right whee!
well, sustained substantial fire damage. The follow-up cable {rom the drive

to the cable drum was fntact, and the rig pin hole of the drum was

positioned at 1/3 to 1/2 nole-djameter from the full up position. The ieft
wing outboard flap torque tube was intact throughout the left wing. The
right wing outboard flap torque tube was severed by fire at the right side
of the right wheel well.

. The outboard flap alternate drive mechanism in the left wheel well
sustained severe fire damage. All electrical wires were attached with their
insulation burned off. The gearbox could be turned by hiand, and no oxternal

damage other than fire damage was evident. 4 | .

 The teft wing's outboard flap position transmitter wis found
intact {n the Jeft wing. The right wing's outboard flap position transmitter
was attached to a portion of the spoller beam that was found in the melted
“area of the right wing at the fuselage. o ‘

:  The cables from the outboard flap contro) valve to the quadrant on
the aft wall of the right wheel well were intact. The cables were in their
respective pulley grooves.  The quadrant had moved forward and the cables
were slack, The control rod from the guadrant to the {nboard flap control
valve, located at the aft wall of the left wheel well, had separated from the
quadrant.,  The outboard flap by-pass valve was in the HNo, 1, or normal
pesition, the inboard flap by-pass valve was in the No. 2, by-pass, position, -

The area of the left wheel well which centained the inboard flap
rantro! valve was burned and the follow-up mechanism, from the {nboard flap
power drive unit to the {nboard flap control valve, had been consumed by
“tire. Tne control rod attached to the inboard flap control valve was in a
fiap up position. The follow-up chain/cable was tound laying on the power
drive unit and was not broken. | B o |

The 1inboard flap power drive unit was jammed, The right wing's
inboard flap torque tube liesding to the alternate drive gearbox located in
the vight wheel well was intact. The right wing inboard flap torque tube,
from the gear box to the right wing, was burned off just outboard of the
gearbox, B ' o ' ' -

_ The inboard flap alternate drive mechanism in the right wheel well
sustained severe fire damage. All electrical wires were attached with their
insuiation burned off. The gearbox could not be turned by hand due to the
jammed inboard flap power drive unit. Sifght movement of the torque tube
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connecting the gearbox 1o the power drive unit indicated that the gearbox
would turn. o , |

~ The teft wing's inboard flap position transmitter was intact but
slightly damaged vy impact. The right wing's inboard flap position
transmitter was found separated intc two pieces along the wreckage debris
path. , :

The left wing's outboard fiap had separated from the wing with the
flap tracks and carriages avtached. Both actuators were detached. ihe
outboard actuator assemblv remained attached to the wing, ana the inboard
actuator assembly had pierced the fuselage Jjust aft of the No. ) engine cowl.
The ballinuts on both jackscrews were within one turn of the upstop, and both
pallnuts could be rotated freely.

The left wing's inboard flap was attached to the wing and was in
rhe retracted pousition.

Portions of the right wing inbeard Flap were found throughout the
wreckage debris path., The major portion of the inboard flap was found with
the fore flap attached by its inboard track but otherwise separated from the
assembly, The mic-tlap and aft flap were intact, except for a small area of

the inboard end of the mid flap and the area where the aft flap attached to-

its inboard track. The outboard track carriage was also attached. The
inboard track carrisge, the inboard and outboard tracks, and the iaboard and
outboard actuator assembiies were not attached.

o The right wing's fnboard actuator assembly transmission gearbox
and jackscrew were found separately in the wreckaqge debris path. The
transmission gearbox was crushed and could not be turned by hana,  The
palinut on the jackscrew was againsc the upstop, was jammed, and could not
be turned by hand. . _ :

' The right wing's outpoard actudtor dssembly was atso found in the
wreckage debris path. The ballnut was 1 1/2 turns from the upstop, and both
the ballnut and transmission were free to rotate.

Portions of the right wing outboard flap were found threughout the
wreckage debris path.  The outboard jackscrew cover showed evidence uf
contact with gravel. Gravel was present at the .S antennda installation
~mound.  The outboard track was found attached tu a piece of the lower skin,
The fore flap sequence carriage was found fin place on its track, capable of
stiding atony the track. The outbodard cnd of the mid flap was [ound Aith the
carriage and actuator assembly attached. The ballnut on the jackscrew was
“2.turns from the upstop, and both the ballnut and teansmisston coutd rotate

freely.

- _ The inboard end of the right wing's outboard flap was found with
the fore flap, aft flap, carriaye. and actuator assembly attached,  The
ballnut on the jackscrew was less than 1-turn from the upstop. The gearbox
hausin% was fractured in the plane of the drive tordgue tube. However, the
paltnut and fransmission could be rotated freely. The inboard track had
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separated and had been stripped of all components gxcept for the fore flap
sequence carriage which could be slid atong the track,

Leading Edge Flap and Slat System.--At the forward wall of the
right wheel welT, the input rod From the flap system follow-up darum to the
leading edge fiap and stat control valve was attacned to both devices and
bent. The rig pin hole in the control valve crank was positioned at 1/3 to
1/2 hole-diameter from the full up position. The control vaive could not be
moved by hand.

The A hydraulic system leading edge bypass valve was in the No. 1,
or normal, position.

The left wing No. 1 slat was extended from the retracted position
and resting on the ground. The upper fairing was extended approximately
7 inches from the fully retracted position, and the actuator rod was cut of
the uplock position. When the wing was raised, the stat could not be moved
by hand due to fire and impact damage.

Ine left wing's No. 2 slat was extended from the retracted
position and resting on the ground. The upper fairing was ¢atended
Capproximately 4 3/4 to 5 inches from the fully retracted position, and the
actiator rod was out of the uplock position. When the wing was lifted, the
slat moved down slightly, but not to the fully extended position. It wag
getermined from smoke stains that the slat actuator rod had been extended
6 /2 inches prior to the wing being raised. '

The left wing's No. 3 slat was extended from the retracted
position and resting on the ground, The upper fairing was extended
approximately 4 3/4 to 5 inches from the fully retracted position, and the
actuator rod was out of the uplock position. When the wing was rdised, the
s1at moved down slightly, but not to the fully extended position. 1L way
determined from smok= stafns that the slat actugtor rod was extended
7 inches prior to the wing being lTifted,

The left wing's No. 4 slat was in the retracted and upiock
posttion. When the wing was 1ifted, the slat could not be moved by hand due
tu Tmpaut damage . |

The left wing s Ko, 1 leading edge (Kruegeri flap was extended
from the retracted pasition and resting on the ground. The upper tairing was
axtended approximately 2 inches From the fuliy retracted position.

The left wing's No.2 leading edye flap was extended fram the
retracted position and resting on the ground. The upner fairing was
erxtepded approximately. 374 inch of the fuliy retracted position.  When the
wing was railsed, the flap moved down slightly, but not te the fully extended
position. L way deiermined from the smoke stains that the slat actusior rod
had neen exiended & 172 inches prior to the wing being ratsed.  Full
extension on the flap actuator rod is 17.98 inches, and fully retracted the
rad peasures hoh inches. ,
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The left wing's No. 3 leading edge flap was in the fully extended
and downtock position. It was determined from the smoke stains that the
acuator rod was near the fully extended and downlock position after the
accident.

The right wing's No. & leading edge flap, with its actuator
attached, was found in the melted area of the right wing adiacent to the
fuselage. It was determined from smoke stains that the actuator rod was in
the nearly retracted position during the postcrash fire. The right wing's
No. % and No. 6 leading edge flaps were found along the wreckage path.

The right wing's No. 5§ slat was in one plece in ihe wreckage
debris path with its outboard track/roller rib assembly attached. The
outboard slat hook had been sheared off, and the inboard siat hook aft
fastener was sheared. The front of the slat, at the inboard track
attachment, had been ripped out. The slat was virtually undamaged finboard of
this attachment. There was a depression on the lower surface of the slat
which correlated with the roller induced deformation of the siat track
surface.

, The outboard slat track for the No. 5 slat was also in the
wreckage debris path with a large portion of the wing spar and actuator
attached. The position of the actuator was not recorded at the wreckage
site. However, the actuator was subsequently removed from the wreckage, and
the condition of the actuator was documented. The rod end of the actuator
rod was missing, and the rod was bent. The exposed portion of the rod-
measured 4 1/2 inches from the cylinder lo the rod end separation, and the
actuator was in the fully retracted and uplock position,

The right wing's No, 6 siat was torn free of all attachments. The
inboard leading edge of the slat at the inboard track attachment was creased,
folded, and bent up approximately 909, For some distance outboard of the
inbpard track attachment, the leading edge of the slat was buckled, but there
was no evidence of impact damage. The actuator was found detached from the
slat. The end of the actuator rod had separated, and the rod was bent. The
exposed portion of the rod measured 4 172 inches from the cylinder to the rod
end separation, and the actuator was in the fully retracted and uplock
position.

The right wing's No. 7 slat was separated just outboard of the
inboard track attachment. The inboard slat track and rolter rib assembly was
attached. The inboard leading edge of the glat exhibited extensive impact
damage. The outboard portion of the slat was found in the wreckaye debris
aath, and the leading edge also oxhibited extensive impact damage.  The
actuator was found separated from the slat with a portion of the sitat
attachment structure attached to the rod end. The rod wos extended
% 1/2 inches from the cylinder to the center of the rod end, and the actuator
was in a fully retracted and uplock position. That portion of the rod which
is normatly external to the cylinder when the actuator is in the fully
retracted position was bent upward approximately 20° and outward slightly.
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The right wing's No. ¥ slat was separated in two and both sections
were found in the wreckage debris path. The inboard 32-inch section had the
inboard slat track and roller rib assembly attached. There was no impact
damage along the leading edge of this section of the slat. The outboard
section of the siat had the actuator attached, and the actuator had pulled
- free of its trunnion attachments. The actuator rod was éxtended 17.5 fnches,

and there was no noticeable bending of the rod. The ocutboard slat hook was
missing, and the two fasteners on the inboard slat hook were sheared. This
section of the slat exhibited some impact damage along the leading edge, but
the slat to wing mating surface had only minimal damage.

Aileron Systes.--The aileron cables from the captain's yoke system
pulle were correctly attached and routed with no evidence of fraving., The
bus cables between the captain's yoke system and first officer's yoke system
putleys were intact and in good condition.

The aileron trim assembly was in good condition, and the cables
were correctly routed with no evidence of fraying. The ailereon trim knob
could be turned freely.

The aileron control mechanism in the left wheel well had sustained
substantial fire damage. The bus cables were attached to the drum. The
cables to the left wing were under tension, and the cables to the right wing
were slack, The aileron control quadrant including the centering spring and
trim mechanism was intact, and all linkages were attached. The control
mechanism was seized. The input tinkage between the aileron quadrant and
the afleron power pack was intact, but the trim linkaqe and tierod had
burned and separated. : '

, A1l hydraulic Yines to the A-hydraulic system control modular unit
in the left wheel well were intact. The unit's shutoff valve lever was in
the Ho. 1, or norma!, position. The shutoff valve lever of the B hydraulic
system control modular unit, located in the right wheel well, was also in the
No. 1, or normal, position.

The left wing's inboard aileron had sustained fire damage . The
access panel was removed, and the cables were under tension and in their
respective cable guides. There was no evidence of preimpact damage.

The 1eft wing's outboard aileron had also sustained fire damage.
The aiiferon could not be moved., After the wing was subsequently raised, the
lockout actuator was found fully cxtended with Lhe crank against the stop,
indicating that the aiierons were locked in the 0% positien, The aileron
cables were intact and under tension. The shear rivets were not sheared.

The outboard end of the right wing's inboard aileron had
separated, and the remainder of the fnboard aileron remained attached to the
top wing piank. :
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Tra right wing's ocutboard atleron had separated inte three
sections that were located along the wreckaye path., The Tockout mechanism
betlerank had separated from the lockout actustor and into attaching
structure, and was free to rotate. The lockout actuator and 1ts attaching
structure had separated from the wing as an assembly, and the actuator was
approximaicly 1-turn from the fully cxtended position with the crank intact
and against the stop.

Cabin Fire Damage.--The aft cabin floor was completely consumed by
fire from approximately siation 9500 to station 1130 with the exception of
the passageway that led to the left-resr door at the galley. Fire damage to
other components was also exteasive in this arca with most major interior

components destroyed,

The area forward of station 9500 had less severe fire damage 1o
the floor and sidewall areas (continuing through station 740). As noted
previousiy, there was a large area of burnthrough on tne cabin floor from
approximately station 740 to approximately station 7200 on the right side.
From this point forward to approximately station 400, fire damage to the
right side of the interior was significantly more extensive than that of the
1eft side. From station 400 forward, the cabin was free of fire damage.

Damage to ceilings, sidewalls, overhead stowage compartients,
closets, etc., was c¢losely correlated to areas of floor and fuselage
burnthrough. From station 400 aft, no ceiling panels were in place including
areas where the fusclage crown was present as well as the areas that were
burned through,

ALl fioor exit level door liners were feund. The aft right exit
nad only the lower portion of the liner present from approximately the top of
the escape slide container downward., It was heavily sooted and showed some
signs of meiting., The aft left door liner was essentially intact with heavy
charring and meiting over the upper third of the surface. Hoth of the left
and right forwaed door liners were free of fire damage. The liner on the
ventra! dour was asstroyed by fire,

Cidewalls were intact on the left side of the forward cabin from
statior 341 to the area of the overwing exit. Meny of these panels were
melted ot the upper portion above the window, but, were in place and otherwise
intact. Sidewall panels on the right side of the cabin in this zone were
completely destroyed. Small portions of other right side wall panels were
present near the floor toward the aft part of the cabin, Two sidewall panels
on the 1efi cide at approximately stations 9508 and ¢ {immediately forward of
the separation in the aft fusclage) were retatively free of fire damage but
wore heavily sooted. '

Erom station 380 to station 760 on the left side, there were some
large wemnants of ovehead stowaqe units hanging from the structure. These
werp e<tepsively burned and melted, however, they were recognizable as
overheat stowadge units., No other pverhead stuwage units were present,




[n most areas of the cabin wherever the sidewall and/or cefling
panels were destroyed, the thermal insulation was also destroyed. The
following exceptions were noted:

In the aft right corner of the cabin in the sidewall area
Just forward of and adjacent to the last row of seats.

Some small areas over the overheaa stowage bin area along the
left side of the cabin between station 380 and 950.

A few sidewall areas on the right side of the cabin near
station 720,

Seat Uamage.--Yhe last row triple seats (right side) showed frame
burn through and residual cushion fire blocking layer. Up to and including
row 28, all seats were missing, with the exception of the triple seat in row
30 left side, which had some cushion fire blocking layer remaining, atong
with some seat frame structure burnthrough on the seat back cushions. Rows
&3 through 26 (right side) were heavily fire damaged, but some cushion fire
blocking layer remained. The seat back cushions on 23f, 24f, and 26D were
burned through. Seats 27D, E, and F were severely damaged and its common
frame was twisted and displaced several feet rearward from the proper
position. Rows 26 and 27 {left side) had fire blocking layer present (frame
intact), with the exception of seat back 26C which was totaily destroyed by
fire. Row 25 (left side) was missing (possibly faliling down into the hole
of the floor area). Rows 23 and 24 (left side) had fire blocking layer
rematning, except for row 24A, B, and C, in which the seat back frame were
totally destroyed by fire. Seats 22?8 and € sustained severe damage to the
seat bottoms. The remaining seats in rows 20 through 22 (left side)
sustained fire damage to the seat backs, burning through the seat back
frame, but the seat bottom cushions ia this area haa some fire blocking
remaining. Rows 20 throuyh 22 (right side) sustained fire damage to the seat
hack frame with some fire blocking layer remaining, except for row 20, which
was pitched forward and bent up on the frame bottom.

Rows 15 through 19 (right side) sustained severe fire damage, with
no fire blocking layer remaining. Rows 10 through 14 {right side) were
destroyed by fire, Rows 10 through 19 {left side) had some fire blocking
layer remaining on the seat back and bottom cushions, with the exception of
rows 15 and 17, which sustained lesser amounts of fire damage.

In the First class section, seat row I {left and right sides) was
fntact with tittle fire damage. Row 2 (Teft side) had some fire damage to
the seat back ang bottom cushions with some fire blocking layer remaining.
seats JA and B were twisted with some fire damage. Seats 4A and B were fire
dameged with some cushion fire blocking layer remaining on the seat bottom.
Row 3 (right side} was totally destroyed by fire. Row 4 (right side) was
missing. ‘ -
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Cabin Doors and Overwing Exits.--The main entry door separated

| ik e

from 1ts hinges and was recovered rext to the forward fuselage. The forward
galley service door frame was oxtensively damaged and the door was lodged in
the wreckage.

The right floor level exit door side was found unopened.  The
clide and slide cover were still in place and relatively undamaged, and the
girt and girt bar were missing. The stee! cable intended to connect the girt
har with the slide was separated just below the swaged fitting on the cable,
The floor ¢irt bar fittings were in place and apparently in qood condition
and were coated with soot. The girt tar and & porticen of the attachment
cable were later found buried in the debris under the exit in the general
area of the rear cargo compartment. The steel cable was cleanly broken with
a slight flare of the broken strands; it was tater reported that this cable
had been cut, and the girt bar had been removed by Delta personnel at the
request of CFR personnel. :

The left side floor level exit docr of the airplane was found
closed, altkough there was evidence of attempts to open the door. The
evacuation s*ide was in place, the air cylinder wis pressurized, and the girt
bar was stowed on the slide cover. The girt bar fittings on the floor were
¢lean and in good condition.

As part of the tnvestigation, an attempt was made to open this
exit door from outside the airplane. The door would not open on the initial
attempt. Debris on the floor inside the cabin adjacent to the exit door
prevented the door from moving inward and forward as was reguired to position
the door so it could swing outward. The debris consisted primarily of
aluminum suft deink cans. The debris was cleared away, and a second attempt
was made to open the door from inside the airplane. It was difficult to move
the mass of the door inward and upward, due to the approximately 309
downslope of the floor. With additional assistance from persons who were
outside, the door was successfully opened, Subsequentiy, an attempt was made
to close and then re-open this door. The floor and door frame were examined
and cleaned for this attempt. The door would close; but it would not lock
into position, and the door handle remained asbout 150 from the fully locked
position causing the door to remain slightly ajar. One person, with maximum
effort, was then able to epen the door from inside the airplane. The girt
bar was lowered from the siide cover, and fire debris was on the slide cover
under tha girt. The dour of the dgalley compartment door that contained a
drawer of soft drink cans was found open and the drawer was found among the
debris in the rear cabin. ({(During the investigation, the galley compartment
door wes closed and was latched without difficutty.) The 1latch remained
secure against heavy force applied by the fingers to the edge trim of the
door.

Both teft side overwing exit hatches were found removed. The
hateh from the forward exit was found between seat row 18A, B, © and row
LA, B, C. The hatch from the rear overwing exit was found outside the
alrptane, in front of the left wing. The right side rear overwing exit hatch
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“a5 fouad i place and was extensively damaged by fire; it was unlocked and
sicaed without undue effort. The hatch from the forward right side window
wat found between seat rows 190, E, F and 20D, E, F.

Cargoe Doors.--The No. 1 forward fuselage cargo door was intact ana
he closed and Tocked position. The No. 2 cargo door was separated from
fusetage and recovered approximately 250 fect north of the fuselage
pocatien.  The door was buckled and fractured horizontally in the area
o ween the torque tube and the door handle, The outside skin on the
tovsard side of the lower half of the door was crushed inboard with the most
clovmatton occurring along the forward edge.  Examination of the mating
Ceeplage door jam area disclosed a heavy inboard crush in the fuselage
cooward and adjacent to the lower forward portion of the door jam. With the
st poretion of the Ne. 2 cargo door positioned i place with the mating
e lage section, the inboard crushing was continucus and consistent with the
i3y door being closed while the fuselage and door were crushed along the
aetage and adjecent lower forward area of the door.

The No. 3 aft carge door was separated from the fuselage and was
recavered inside the fuselage.

fhrottie Controls.--The throttie cables were intact and operable
feai the cockptt to the forward fuselage break. There was no binding except

b the area of the Fuselage break. Further continuity of the throttie cables
wiq established to the aft fuselage break.

The throfttle cables in the aft fuselage were intact from the aft
Cihedage break to the engine control quadrant for No. 1 and 2 engines.
coave wdn no evidence of fraying or other damage. A section of one No. 3
cogine cable, which was routed through the aft inboard pulley on the right
~deoob tuselage section 48 beside the ventral statrs, was missing. The
o sections of this cable, and the other No. 3 engine cable, had separated
0 the @it fuselage break and at the pod separation. Short pieces of these
- tes pemained attached to the No. 3 engine pod which had separated from the

IR '

the engine control quadrants were intact and capable of norma)

Air-Conditioning System.--The right pack coolyng tar and right
sokoaic cycle machine 'were Tound in the wreckage debris path. The fan had
o Lavaed substantial tmpact damage, and three blades were missing irom the

“oiues Hodever, no rotational damage was evident. Both forward pack vo'vecs

Found in the open position. The flow multipliier bypass valve was in che

coon pesition. The APU Toad control valve was in the closed position.
The Teft pack fan inlet. door actuator was in the closed position.

Cockpit Documentation.--The position of all cockpit controls,

samentation,” and switches 'were normal for takeoff, except for the flap
<ol which was in the "up® position,  The outboard flap indicator was
cirddiy beyond the full up position on the left side and beyond the full
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~down position on the right side. The inboard flap indicator was on the 2¢
range on the left side and between the 20 range and the futl up position on
the right.

The landing gear handle was in the down position. Thé speed brake
handle was full forward and in the down detent. The stabilizer trim was set
to 5.79 noseup.

1.13 Medical and Pathological Information

The cause of death of the 11 passengers and the two flight
attendants was determined to be smoke inhalation. Levels  of
carboxyhemoglobin (COH,) ranged from 15 to 81 percent. Tests for drugs end
ethano! were negative 1n all 13 persons. A 14th fatality was & passenger who
had successfully evacuated but later attempted to reenter the burning
airplane., This passenger died ¢f severe burns, 1l days after the accident.

The captain suffered several skeletal system fractures. The first
cfficer sustained a concussion with possible intercranial hemorrhage and
lacerations, contusicns and abrasions. The secona officer’'s injuries were
limited to intra-abdominal trauma.

Toxicological specimens of the three flightcrew members were taken
several hours after the accident. They were negative for alcohol and drugs,
except for those drugs that had been prescribed by the physiciang who
treated the crew after the accident.

1.14 Fire

A fire ensue( after the right wing contacted the ground and
quickly spread to engulf the rear, right side of the airplane after it came
to rest. The fire subsequently penctrated the fuselage.

1.15 Survival Aspects

The B-727-232 was configured for a three person flightcrew and
149 passengers {see figure 8). The passenger cabin was configured with 12
first-ciass passenger seats and 127 tourist ¢lass seats. A double occupancy
aft facing flight attendant seat was on the aft left side of the cockpit rear
bultkhexd;, a double-occupancy forward facing flight attendant sedt was
located on the ventral airstairs door. A single flight attendant seat was in
row 32.

fhe investigation found that although the fuselage had separated
in several places, the cccupiable volume of the cabin was not substantially
compromised.. Passengers generally stated that impact forces were not severe.
Further, the cause of deaths of the passengers In the aft section of the
cabin were attributed to smoke inhaiation and fire rather than impact
injuries., Exit from the aft cabin was hampered by the fire that impinged on
the rignt side of the airplane. Exit from the mid and forward cabin was

through breaks 1n the fuselage and through the left side exits, except for
the left aft service door which was not opened
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1.15.1 Aircraft Rescue and Fire Fighting

About 0901, the JFW controel tower notified the airpoert’s
Department of Public Safety (DPS) py means of the ¢rash phone of an accident
at the south end of runway 18L. The DPS communications immediately notifieq
all DPS units and other airport personnel {via automated atert}. Emeryency
telephone notifications were initiated via an automated voice system.
Follow-up hospital notifications were made manually by 0PS personnel vig
telephone for redundancy. Notitications were completed in 21 minutes.

Firefighting Respomse.--Imnediately following the initial
rotification, all units responded from four airport fire stations. the first
units arrived on scene about 4 minutes and 20 seconds after notiftication.
Additional DPS personnel responded from various locations around the airport

in police patrol cars.

Three trucks arrived within % minutes of notification; three mave
trucks within 6 minutes: and five more within 11 minutes. The airplane was
reperted to be engulfed in flames when the first fire trucks arriven.  the
on-scene incident commander estimated that the majority of the fire wa-
"tnocked down' within 5 minutes of the time of the alarm. The rTire was
extinguished {including small spot fires) in about 40 minutes. The tols!
amounts of extinguishing agents used to suppress, contain and extinguish tiwe
Fire were 15,800 gallons of water and 650 galions of aqueous film forming
Foam (AFFF). Approximately 60 firefighters responded to the accident.

Police Response.--The initial polfce response invoived searching
the ares for survivors and assisting firefighters. A security perimeter and
traffic control points werce established at surrounding major roadwdys.
spproximately 80 DFW police personnel were fnvolved in the response.

Medical Response.--lThe OP5 emergency medical service responded
immediate} v With fwo mobile dintensive care units and one wobile rapid
response vehicle. The DFW paramedics operating the rapid response venicle
called for dispatch of the medical triage support trailers while en route to

the site., Cellulser telephones were utilized by DFW paramedics to cuurdingle

with local area hospitals,

A team of physicians from a nearby hospital arrived by hebicopies
at 0947. Five area hospitals were nolified of the accident by DEMW UPY
personnel within. 6 minutes of the atarm. one hospital sent personnel Lo the
scenp. A total of 13 helicepters rosponded.

DFW DPS Training.--The State of Texas requires ati Di¥
police/fire/rescie pérsonnel to complete cerlification requircments for
structural and aircraft firefighting as well as certification as police
officers. Although most officers are usually assigned functionally to one
discipline in either police or firefighting, personne]l who are assigned to
the patrol-rescue division provide handline and firefighting supnort fer Cr b
vehicle operators, even though their normal daily activities are as pobice
officers.

iiiibe
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1.15.2 Disaster Plans

DFW had a current emergency plan in accordance with 14 CFR

139.325.

On August 2, 1985, a Deita Air Lines, Inc. L-1011 was involved in
an accident at DFW.'! There was a full emergency response from DFW Airport
and the surrounding communities. This was considered to be equivalent to a
Full scale emergency drill, At the time of the accident involving f1ight

1141, a full scale emergency drill was being planned.

1.16 Tests and Research
1.16.1 stall Warning System

The B-727 stall warning system is designed to activate when the
airplane approaches a stall angle of attack  (AOA) based wupon the
configuration of the wing. The system is activated by an AQA sensor and
roferences the inboard fiap position. The system is active only when the
left main gear is fully extended, and there is no measurable electrical or
mechanical delay before activation, The airplane body AOA required for
stickshaker activation are 119 for flap settings of 00 thru 20, and 140 for
Flap settings of 50 thru 159. The stickshaker would not normally activate
at any AOA below 119, - | |

~ Inspection of flight 1141's stall warning module (overhead panel)
and left wing flap position transmitter showed them to be functional. The -
AOA sensor could not be checked due to damage. o .

1.16.2 Takeoff Warning Systom

| . The aura)l warning unit was removed from the cockpit and tested at
Delta’s facilities in Dallas. The unit was powered by a 8-727 battery
through a 3-amp circuit breaker to represent the actual airplane
installation, and the horn operated normally with the 3-amp circuit breaker
remaining closed. :

| Continuity of the wiring from the terminal block to the aural
warning unit (through the bus bar and the aural warning circuit breaker) was
verified., Continuity of wiring from the F11ght control warning test switch
pane} to and through the takeoff throttle relay and leading edge warning
inhiblt relay was also verified.

The speed brake warning switch was not recovered.

L L bt

Taircraft Acc{dent Report--"dalts Alr ;inea tnc,, Lockheed L-10i1-355-1,
N7260A Uballss/Fort Worth Internatfonal Airport, Texss, August X, 1985"%
(HISB/AAR-B&IOS). ' '




34

- The “upper and lower stabilizer takeoff warning switches wefe in
~ their proper pounition, and both switches checked normal for continuity and
activation., The flight control warning Lest switch, landing gear accessory

‘module; and the associated telays tested satisfactorily. .

_ _ The No. 3 sutothrottle clutch pack assembly containing the takeoff
warning sysiem throttle switch was removed in its installed condftion from
under the cockpit. It had been torn locse and wds sandwiched between the
flooring and the electrical equipment compartment. It exhibited some impact
‘Aamage. Continuity tests were conducted on the switch as instalted in the
clutch pack assembly. Continuity. between the common and normatly closed
terminals could not be established. During the first two finger activations
of the switch assembly, there was no continuity between the common and
~ npormally open terminals of the switch. During the subsequent activation,
however, continuity was established. - The switch exhibited a blue-green
corrosion-type substance arpund the normally open terminals.

T'f":The~swftcﬂfwd§ftesteﬁ'fbr CDntinuity'and resiﬁtance while

led in the No. 3 autothrottle clutch pack assembiy using a b volts

 insta’

- -direct current. (VDC} power supply set at 100 militampere {(ma) Upon
7 activation, the normally open switch moved to the closed position and
"F_Lfesiﬁﬁance,in:the.switch.gas fieasyred 1o be 1.47 chns. - e

: The pari number of the actuater installed on the switch was ADM
3721R2, which is the correct part per Bocing drawing No. 65-42356.  However,
the switch manufacturey recommends actuator part number ADD 3721R for this
application. The depth of the circular-cylinder-shaped button on the ADD
37218 actuator is 0.044 iaches fess than the button on the ADH 3721R2
actuator. (See figure 9.) - |

, The adjustment tab on the actuator, which is provided for slight
adjustments to switch operation, was bent upward 150 to 200. The Boeiny
maintenance manual recommends bending the tab not more than +1/49.  (See
figure 9.) o

, Switch activation movement, with the switch assembly still

installed in the clutch pack assembly, wds observed threugh a microscopic TV
camera and recorded. The outer bottom edge of the actuator button would
initially contact the top center of the switch plunger and would remain in
this position as the plunger was being depressed and the switch tripped. As
the switch tripped, the exposed portion of the switch plunger would slide
sVightly finward towdrd the bottom of the actuator button and become
perpendicular to the switch casing, Approximately 10 switch activations were
ahserved, and each time the switch properly tripped.

The cables that were still attached to the c¢lutch pack assembly
containing the switch assembly were then removed to free the Jammed cam which
moves the switch actuaator mounted on the clutch pack assembly structure.
Proper orfentation of the cam to the switch, as it would relate to thrust
fever position, was then established. During this procedure, numerous switch
activation sounds were heard. Other switches are fnstalled in the clutch
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Figure 9.--Phoeto of throttle switch.
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pack assembly. It is not known if the takeoff warning switch activated each
time the outermost surface of the cam made contact with the switch actuator.

During one of the cam movements, the outeér bottom edge of the
actuator button was observed sliding off the top of the switch plunger and
making contact with the switch housing without depressing the plunger.
During subsequent switch activations, the actuator button wouid sometimes
fully depress the switch plunger and trip the switch, and at other times
would slide off the top of the switch plunger and not depress the actuator.
In additfon, the actuator buttos occasionally depressed the switch plunger
but there was not sufficient travel of the plunger to trip the switch. The
actuator button is mounted on the adjustment tang as a nonrigid assembly
containing a "free-floating” spring. It was found that by either applying
finger pressure to the button assembly or rotating the spring, the button
could be positioned to: (1) fully depress the switch plunger and trip the
switch, (2) partially depress the switch plunger and not trip the switch, or
(3) s)ide off the plunger without depressing it. -

, Switch activation movement was again observed through a
microscopic TV camera and recorded. Wear patterns were observed along the
cylinder side of the button. The button was rotated to create a new wear
pattern for a later comparative study. |

- The switch exhﬁbitéd a blue-green corrosfon-type substance around
the norma)ly open terminals on the exterior of the housing. In addition, the
plunger hole had enlarged due to side loads having been exerted on the
plunger.

The switch was later installed on a test jig provided by the
manufacturer, and all plunger travel measurements met the manufacturer’s
specifications.

The switch was dismantled, and the internal surface of the switch
housing also exhibited the blue-grecn corrosion-type substance. However, the
switch contacts were free of this substance. There was no visible imnact
damage to the internal components of the switch.

| The cam installed on the No. 3 autothrottle clutch assembly which
operates the takeoff warning switch was designed to provide for switch
activation between 11.59 and 13.50 throttle lever angle. However, the cam
had been modified by machining the cam back approximately 0.55 inches 1o
provide for switch activation between 18.50 and 20.59 throttle lever angle.
The cam had been modified, per Boeing instructions, to prevent nuisance
activations of the takeoff warning system wihen applying power to taxi in
periods of high density altitudes.

The cam has two adjustment slots to allow the cam to be adjusted
to compensate for manufacturing tolerences. The modified cam was found to be
fnstalled within limits, but 0.10 inches from the full travel adjustment.




b2 Flap Waraing Switch

fhe flap warning switiin, tocated a4t the culvoard tlap follow-up
avive in the right wheel well, had su-teined substantial fire damige bhut was
S YU The switoh wa. benach tested 23 anstabled in ine outhoard *lap
Fodlow-up arive, Eight ohms resistance was medsured From the common terminal
to the normally cleosed (NC} terminal, and 7 chms resistance wds Measured
(rom the common terminal to the normally opos (KDY terminal upen switch
actiyatian, which are normal values.

1.16.4 Trailing Edge Flap System

Tho inboard and outboard tiap position indicgtors weee testeg and
by peculls were within manufactiurer's specifications. The inbcard dnd
ngiboars flap asymmetry shat-off relays resistance and continyity checks wers
catistactory.

The outboard flap bLypass valve was found to have been in the
Na. b, or noemal, position.  The inbvard flap bypass valve was in the No. 2,
o1 pypass, position,  The inboard and oulboard flap control valves were flow

Checked, and both valves shuwed flow to port-A.

Yole.h teading tdge Flap and Slat System

e oight Teading edge «lat aCludlors were functionatly tested and
cinassomn With the exception ol the No. 7 oactuater, the acluators could
Lo hpdraniteatty uniocked trom both the uplock vt gowniock pesitions. and
choy apecatea normadly. An alterpt Yo untolk the N 7 oactuator from thne
ap ok pesiiion was stopped at 100 psi o due Lo saloty concerns,

AT deading coge shal actuetwis, exwept for the M./ asctuator,
dinansemiled fotlowing the manufacturey s procedurses {or normal
Casceambly . There was ne evidence of internal impact damage of actudtors
Dothraugh No. b, and ticir Tocking rings were yptact,  One land of the
2 oactuatar'e locking ring, which was drtact, displaved 4 small smear on
clenounder ¢ microscope, and thore werke LMo very small indentations on
prston flange.  The gctuater operated normaliy af Loy redssembly.

The No. 7 actuator had to be sewed open.  The interral shoulder ol
ceoantuator cylinder, located approximately £ 1/Z2 inches from the end of the
cyVinwer, had completely broken off the cylinder body circumfercntyalty. The
Choulder was displaced to the rear of fhe actuator which prevented the
bocking s)ide movement mechanism from moving forward to the unlock positicn.
foe lockring wes intact with no visinle damage.

The Teading edge flap and shau control valve was piaced in g test
Cortyre . and the rig pin hole in the control valve crdnk was . 137 deches cut
from Lhe full up position.  The crank could not be moved.,  The wvalve was
iuened with alcohol, and a spectrum analysis wasn made on the residue.
iy the Slushing, it was noled that the valve was internally portad fo an
G by astiag edge Phaps and stats refracted posirioen.,




1.16.6 Auto Pack Trip System

| The test resuits of all the components of the auto pack trip
system that could be tested, except for the enginz No. 3 pressure switch,
were satisfactory. During one of the three tests on the No. 3 switih, the
switch activatad at 128.5 pst. The test specitications require a switch
activation at 120 plus or minus & psi. The external surface of the switch
exhibfted mincr heat damage. The results of the remaining two fests on the
No. 3 switch were satisfactory.

1.16.7 Afirplane Performance

The Safety Board's performance study was baszed upon data cerived
from the airplane's FUR and CVR, radar, ground contect data., and time-
correlated “DR and CVR information.

Based upon the airplane’'s final weight tabulation and the
information contained in the company's dispatch papers, the airplane’s
rakeoff weight was determined to be 157,683 pounds, a% brake release, and the
required flap setting for takeoff was to be 1% degrees. The takeoff speeds

or the Delta takeoff card for that weight and configuration were as follows:

Critical engine failure speed (V) was 131 knots, rotation
speed (V.) was 131 knots, and the safe climb speed with the
critical engine inoperative (Vo) was 145 knets,

The performance study's computations were based on these following
data: takeoff weight--157,683 pounds: center of gravity--22.5% percent mean
aerodynamic chord {MAC); runway elevation--596 feet ms!; runway gradient to
tifteff--nominal; altimeter setting--29.99 inHg, surface winds--090 degrees
at 9 knots; and the temperature--740 F,

The resuits of the computations were compared to the airplane’s
actual takeotf performance. The airplane’s acceleration up to and through Vo
was in accordance with predicted rates. The first officer calted both Y, and
¥o, and the timing of the callouts were consistent with the conmputed values
cited above. The airplane began to rotate at V..  With proper takeoff
configuration, the performance study determined thal a normal liftoff pitch
attitude would have been 8.6° noseup pitch at an airspeed of 144 knots. The
iftoff point would have been 5,210 feet down the runway. The initial rate
of climb after takeoff would have been about 2,500 feet per minute, at a
¢climb angle of 9.69, with the flaps set at 150, Flight 1141's body pitch
attitude was calculated to be approximately 109 at the estimated Jiftoff,
with an afrspeed of 158 knots.

Based upon FDR data, 1iftoff occurred at 9:00:13.4 at a point
6,017 feet dewn the runway, 807 teet beyond the normal liftoff point. The
elapsed time from the start of takeoff to the estimated liftoff was
40.7 seconds. Based on the performince study, the normal clagsed time to
main gear 1iftoff i approximately 37 seconds. The tail skid contacted the
runway 1.4 seconds after the estimated 1{iftoff, approximateiy 383 feet beycnd
the estimated 1iftoff point. A tatl strike on the Boeing 727-232 requires a
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body angle of approximately 100 with the main landing gear on the runway. At
that point, the atrplane's airspeed had increased to 160 knots.

Given the airplane's weigh® and balance, aciual takeoff thrust,
and compensating for ground effect, the calibrated stal!l airvspeeds of the
airplane were determined to be 164 knots with no flaps; 147 knots with 20 of
flap; 127 knots with 50 of fiap; and 120 knots with 150 of flap. The stall
warning, i.e., stickshaker, occurred approximately 1.7 seconds after the
estimated 1iftoff point at 161 knots and continued for 20.2 seconds until the
sound of the first impact. The right wing tip struck the ground
approximately 3.7 seconds after the estimated liftoff,

\ 4t normal takeoff speeds, at a body angle of 109 with 15C of flap,
the accident airplane would have 53,105 pounds of 11ft available in excess of
the weight of the airplane. With the fraps up (09 of flap), the airplane
would weigh 984 pounds more than the 'ift preduced. However, 3 1 knot
increase in speed would have resul ted in the 1ift being greater than the
weight even with no flaps. At 20 of flaps, the 1ift would have exceeded the
weight by 10,125 pounds.

The airplane accelerated to V. in 32.8 seconds after the start of
takeoff. For a normal takedff, the time To accelerate to Y, 1s about
34 seconds. Boeing has determined that different flap/slat positions have
negligible effects on takeoff ground roll acceleration.

At the public hearing, a Boeing B-727 test pilet noted that the
wing's leading edge devices were very powerful in improving lateral
stability. He noted that with the flaps up the eirplane is less tolerant of
side slip and will tend to drop 4 4ing as the AOA approsches stall, e
stated that although the aircraft 1s still controllable, lateral control is
degraded an additional amount with the flaps up since the outdoard ailerons
arc locked in ¢ trailing position, further, the stick force gracient
required to enter a flaps up stall fis relatively flat, thus, there is very
little discernibie increase in stick ftorce ds the AOA increases. However,
once the flaps are set at 50 and above, he testified that there is a
noticeable increase in stick force gradient as the airplane is rotated from
initial stall warning all the way to a full stall.

The UP or 20 flap positions would normally activate stickshaker
if the airplane is at or apbove 110 AOA. For flaps at 59 or 159, stickshaker
would normally activate if the afrplane is at or above 140 AQA.  Airplane
drag increases with fncreasing AOA which will reduce the acceleration
possible for a given thrust setting., FDR fndicated airspeed data increases
from approximately 156 KIAS at the start of stickshaker to 164 KIAS when the
first impact occurred. For flaps up or 29, the stall AOA is about 149, For
flaps 5 or 150, the stall AOA 15 17 *o 180, Typically, there is a 50 margin
netween stall warning and stall,

Boeing's c¢alculations and J4ind tunnel testing of the 11ft
available with the outbosrd flaps at 150 and the inboard flaps up, 1i.e.
"eplit flaps,” indicated that the stall warning {s at 119 and stal! AOA s

18,59 fFor "split flaps." the available 1ift would be stightly less than
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witi a normal flap setting of 5%  The stall AOA for “"split flaps™ is ahaus
a9 higher than the stall AOA for flaps at 159 or 59, (See flgures lu .o
11} The "split flaps” scenario will be discussed later in this raport

1.16.8 Takeoff Marning System Inspections

As a result of the Northwest Airlines DC-9-82 takeoft accident ai
Detroit, Michigan,® the FAA issued Alr Carrier Operations Bulletir
No, 8-88-4. This bulletin specified action that was to be taken by principe!
inspectors to review overall takeoff warning system performance; i.e., tes
the systems, ensure that each carriers’ procedures are consistent wili
airplane manufacturers’ current recommendations, and ensure that r
checklists appropriately support required crew actions for each of thoi
assigned carriers. The bulletin was approved by FAA headguarters in Junc
1988,  The flight standards district office (FSDO) responsible for Delle
received the bulletin on August 30, 1988. FAA officials testified Ihat ithe
delay from the approval of the bulletin to its arrival at the district affice
was attributed to normal processing and publication time. The principal
operations inspector (POI) for Delta testified that the bulletin reached his
des¥ on September &, 1988, and was put in  the mail to Deita o
September 14, 1988, &

On September 16, 1988, the FAA issued Action Notice ABOGO, 3¢,
which addressed the need to check the takeoff warning system of Boeing Moried
7127 series airplanes. The result of that inspection found that all current
takeoff warning systems were acceptable from a relfability stardpeini,
including those systems with single point sensors., The FAA's inspection oi
the Roeing 727 takeoff warning systems found 35 anomalies in the §,19C
airplanes that were surveyed., Anomalies included component failures as well
45 system adjustment problems. Twelve of the functional problems found wor:
attributed to the throttle lYever switch, It was the FAA team’s opivion n.i
this condition, if not corrected, could result in an attempted ltakeolf whepr
the airplane was not in the proper takeoff configuration. The FAA tLea
recommended that the Boeing 727 takeoff warning system be changed [em -
throttle activated system to an engine pressure ratio {EPR) activated <ysten
which had been the subject of a Boeing service bulletin in 1979, [Ihe Delia
B-727 fleet contained airplanes that had the takeoff warning system aclivated
by the throttle switch and others that were-activated by EPR. This mixed
fleet resuited from the acquisition of B-727s through Delta’s merger with
Western Afvlines., Western Airlines had previously modified its B-727s fu HiP
actvated systems. Delta had evaluated the service bulletin and determipod
that the modification was not needed for its operation, therefore. the Neil.
6-747s retained the throttle activated systems. As a result of thi-
investigation, the FAA 1ssued airworthiness directive (AD) 88-27 09, which
required repetitive and functional check of the takeoff warning systow .

i e B G SNV Rk oo AT ko forlFo e 8 R

Wircroft Accident Report: -“Northwest Atrlines, Inc., MceDonnet Gaoa'e
ne - ¢-482, KI12RC, Cetroit Metropoliten Wayne County Afrport, Pt
Michigan, August 16, 1987" (RYSB/AAR-88/05).
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200-flight-hour intervals, and repair or replacement of any inoperative
component, if necessary, prior to further flight., The AD became effective on
November 10, 1988,

1.16.9 Fiight Demonstration

On March 21, 1989, a flight demonstration was conducted utilizing
a Oelta Boeing 727-200. The purpose of the flight demonstration was to
validate the wind tunne! data on the Boeing 727 ceefficient of 11ft and
coefficient of drag versus AOA to actual flight data. The ftlght
demonstration found very good correlation of the actual coefficients of 1ift
and drag to the wind tunnel derived data.

During the investigation of the accident, parties had suggested
that flight 1141 had departed in a split tlap condition, and that the crew
had raised the flaps prior to impact in a attempt to prevent the accident,
The split flap condition was defined as the inboard flaps retracted and the
outboard flaps at 150. Flight cemonstration data disclosed that the lift
curve for the split flap condition was slightly below the curve for a flap
setting of 50, which closely agreed with the cal¢nlated data.

1.17 Other Information
1.17.4 Delta's Flight Standards Organization

As a result of a FAA National Inspection Team Report on the safety
audit of Delta conducted in July of 1987, Delta created the pesition of
System Manager, Flight Standards. = The person in this position reports
directly to the Vice President, Operazions. This position oversees the line
check afrman program, and places the line check airman under ceontralized
control, Fleet managers and standards managers for each atrcraft type in the
Delta fleet report directly to the sys-em manager.

Fleet managers are responsible for the technical support to the
pilots for the operation of their particular airplane type; they have, in
part, responsibility for airplane manuals, checlists and document revistons.,
They also publish and distribute quarterly in‘oyrmation packages reiated to
thelir airplanes and the operation of ihe eirplanes, Further, thay are
charged with standardization matters,

The 1132 check airmen program is under the standards manager
function. Line check airman at each base report to a lead check airman, who,
in turn, reports directly to the standard’s manager for his particular
airplane type. The function of the standards manager's office i, in part,
to ensure that the check airmen pregram is executed o a standacdized
manner, to standsrdize fleet operations, and o monitor and anelyre atl
pperational aspects of fleet operations.

Delta's training department also was reorganized fn 1987 and i
headed by a system manager of training, who reports directly tu the Vice
President, Operatiors. The training department is responsible for the
initial and recurrent traiaing of all pilat and instructer personnel.
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The investigation revealed that Delta did not insist on a
standardized approach towards cockpit management. Testimony from management
and training personnel indicated that captains were allowed wide latitude in
their conduct of cockpit operations. Over the last few years, Delta has been
developing a program to incorporate cockpit resource management (CRM)
training in Delta's pilot training programs. A CRM steering committee, with
assistance from consultants, has developed a CRM progran and a method of
intergrating this program into the existing training system. Additionally,
Detta has developed an associated line oriented flight training (LOFT)
syllabus which incorporates the present 6-month training cycle. -
Implementation of the CRM program is scheduled to begin in late 1989 and each
crewmember skall have received CRM training by mid-1990.

1.17.2 Checklist Procedures

Delta's expanded checklists are contained in the Normal Procedures
section of the Boeing 727 Pilct Operating Manual.  The checkltist contains
captain, first officer, and second of ficer actions in which a “challenge and
response” format is used. The captain is required to verbally initiate the
checklist procedure. The second officer reads aloud the challenge, and the
appropriate crewmember makes the proper response.  Not all items on the
checklist are required to be “read aloud such as tasks performed by the
second officer or pilot actions which the second officer verifies.

Delta procedures require that when the airplane is on the ground
the captain should call for all checklists., The captain will respond to the
"Before Start checklist' or delegate the first officer to respond. The first
of ficer normatly responds to all other checklists during ground operations.

In flight, the piiot who is flying the airplane calls for the
appropriate checklist and the piltot not flying makes the response. The pilot
Flying the afrcraft calls for any landing gear or flaps change and the pilot
not flying accompiishes the change. When each checklist is complete, the
second officer makes the appropriate announcement.,

Taxi Checklist.--The Taxi checklist section of the Pilut Operating
Manual contains the item "Flaps”, as follows:

FLAPS +v.... . | , GREEN LIGHT

0 Ensure INBD ans OUTBD FLAP peasition
indicators display takeoff setting
0 Ensure green LE FLAPS 1ight
+11umi nated
Flaps may be extended anytime atter departing
ramp area
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The "Operating Techniques" page associated with the taxi
chocklist states:

“The flaps should not be extended until well clear of
congested areas. Normally flaps should not be extended until
all engines have been started. The FLAP tever may be moved
¢irectly to the takeoff position. Once flaps are extended,
operate all flight controls through their full range of
travel, Hold nose wheel steering firmly during the rudder
¢check., :

According to Delta training personnel and other Detta flightcrews,
Delta's procedure prior to March 1988 had been to extend flaps only after all
three engines had been started. This procedure was changad in March 1988 to
allow flap extension anytime after departing the ramp area. 0One captain
stated that, while there was n¢ specific procedure, sinulator instructors
taught captains "by inference" to check the fiap position when checking the
~udders as part of the flight controis check on the taxi checkiist. One
pilot instructor stated that the captain, ultimately, is responsible for the
completion of all checklist items; however, actual pilot responsibility is
not specified in the Pilot Operating Manual. Another pilot stated that the
1ssurance that a checklist had been completed was the second officer's report
of checklist completion as well as the captain's mental f{nvolvement in all
cockpit activities.

Before Takeoff Checklist.--The Pilot Operating Manual notes that
srior to takeoff, a briefing 1$7to be made 1n minimum but adequate detail
ountlining the plan of action for takeoff. However, it alsc states that this
hriefing may be given as part of the BEFORE START CHECK. The captain is
required to brief his crew on their responsibilities during the Lakeoff. The
nriefing presumes the use of standard procedures but incluces additional
omphasis on items necessary for that particular takeoff, i.e., special noise
abatement procedures, possible windshear, 259 flap takeoff procedures,
hooeible additional requirements. The before takeoff briefing was not heard
an the CYR of flignt 1141, The captain stated during the Safety Board public
aearing that he accomplished the briefing pricr to pushback frum the gate,
«ricn was before power was applied to the CVR,

Takeoff Procedures.--Delta requires the captain to make  the
dncisfon to Tejsci or continue the takeoff. Therefore, after the inftial
vower application, the captain must keep his hand cn the throttles uatil Vi,
‘o enable him to respond rapidly to a rejected takeoff situation. Al Yy, the
nilot flying is trained to rotate the aircraft smoothly and coentinuously
antil a stabilized climb speed of Vp + 10 knots is achieved. Rotation rate
should be approximately 29 to 30 per second. Initial pitch attitude will
sary from approximately 139 to 180 depending on gross weiaht and flap
Letting, For a 150 flap takeoff, the pilot flying is to maintain Vp
LY knots and flaps 150 until clean-up altitude.
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The operating manual states that on every takeoflf, the captain
must be prepared to reject the takeoff. If a serious malfunction is
recognized prior to Vi, the takeoff should be aborted. [t prior to ¥y, 4
malfunction occurs which does not affect the safety of flight, the captain
should evaluate alt factors and either abort or continue the takeoff. HWhen
the captain decides either to reject or continue, he 1§ required to announce
his intentions clearly to the other crewmembers. If an engine malfunction is
recognized at or after Vi, the takeoff should be continued and the pilot is
expected to continue the normal rotation to the initial climb attiiude.

After takeoff, the initial c¢limb attitude is immediately adjusted
to maintain a minimum of Vo, If climb airspeed exceeds Vo, the pilot is to
increase pitch attitude to stop acceleration but not to reduce climb speed
back to V».  If an engine failure occurs above Vp speed, the pilot will
attempt to maintain the speed at which the engine failure occurred.

If alternate {derated) power was used for takeoff, the pilot will
increase thrust to normal power on the operating engines as the situation and
aircratt cuntrol permit.,  The flight director may be used to assist in
heading control with an engine inoperative.

1.17.3  Sterile Cockpit

Delta's sterile cockpit procedure corresponds tc FAR Part 121.542,
which prohibits cockpit activities not related to the safe operation of the
airplane during critical phases of flight.  Critical phases of flight sre
jdentified in the FAR as: all ground operations involving taxi, takeoff,
landing, and all other flight operations below 10,000 feet except cruise
flight. Taxi i3 definod as movement of the aircraft under 1ts own power on
the surface of tha airport. When the airplane has been stopped during the
taxi phase, Delta procedures state that PA announcements prometing Delto,
describing the route of flight, civing weather, etc., are permissible,
Examples of activities not permitted by Delta procedures during critical
phases of  thight are completing paysheets, cating meals, ard engaging in
nonessential commynications between the cockpit crew or anyone else in the
cockpit.  The Detta flight attendant manual provides guidance on the sterile
cockpit procedure and nonessential communications with the flightorew,

1.17.4 Human Performance Research Projects

During the Safety Board's public hecaring on the Horthwest
Airlines, Flight 255 accident at Romulus, Michigan, on August 16, 1987 (up.
cit.), the Board sought and received testimony from psychologists concerning
progects which either have evaluated or are evaluating man/machine
interactions and how interpersonal relationships among flightcrew personnel
affect their performance of cockpir duties.

A professor of management sciences and computer information
testified that, if forced to describe the term "Complacency" he would state
that it was 4 "relaxing of one's guard.” He tostified, "that the ngtion in
aittomation i5 that it the equipment is reliable, and most of it i3 extremely
refiable, this will generate complacency. a relaxing of one's qguard.”
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\ The management sciences professor described what he thought of as
six lines of defense against an untoward consequence resulting from human
error. The first line of defense was human vigilance; the second, another
crewmember detecting error: the third, secondary indications, such as
cockpit displays and instrumentation; the fourth, warning and alerting
devices; the fifth, persons other than crewmembers detecting the error, f.0.,
ATC personne! or ground personnel; and the sixth, machines that take action
on their own to rectify the error, i.e., the DC-9-82's autoslat and stick
pusher systems. With regard to the first lipe of defense, the professor
testi{fied that it was, "of course, normal procedures, and that is the crew
doing the right thing, supported by checklist, training, experience, manuals,
discipline, check airmen, and what not." '

With regard vo checklist presentations, the management sciences
professor testifed that he did not know of any human factors research on how
a checklist should be designed and that he could not find anything in his
library on the subject. "There are a couple of human engineering handbooks
and under 'checklist' about atl they said was the type ought to bLe visible
and it ought to be easy to handle...”

A Nationa! Aeronautics and Space Administration (NASA) research
psychologist testified to the role structure in the cockpit environment. ile
testified that the term "role structure" refers basically to the degree and
specificity of the structure of a group's activities. "With cockpit crews
you. would have a very well defined role structure, cach position being well
defined and having specific responsibilities in the cockpit.," He testified
that role st.ucture performs a very valuable function and that, "the sajety
of the system, [ think, in many ways 1s a testament to how wekl_defﬁned'aﬁd'
how functional the roles are in the cockpit. But one of the other
characteristics of a well define:! role structure is it significantly reduces
ambiguity about who is going to du what and at what particular time."

The NASA pyschologict furthier testified that various studies using
afrplane simulators nave disclesed crews whose performances could be
classiFied as "effective” or "less effective,” that & number of differences
which they have seen "between the so-called _ffective crews and th. so-called
less effective crews are very reliable and appear time and time again. ™ He
testified that with regard to the highly effective crews, "there is much moreo
communication in general...but there are also differences in the type of
communication...you see mucl. more task oriented communication.” He
toctificd that one of the patterns visibie, "is what we call the information
acknowledgment sequence...We find that (with) crews that are highly
effecgfve...we tend to see many more acknowledgments to anything that 1is
Sdid.’

The psychologist testified that the manner in which the subject
flightcrews used their checklists also was evatuated. He testified thot 1t
was rare to see a checklist ignored completely or not done, but this had
occurred from time to time during various phases of flight in the simulator.
There was a lot of variation with regard to checklist usage, from the conduct
described above to a "very clearly read challenge/response methodotogy . "
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fdditionally, he testified that evidence suggested that the way
the checklists were used directly related to the number of errovs made by the
flightcrews. The flightcrews that performed their checklist duties "by the
book", c¢hallenge (and) response methodology...tend to perform more
effectively." He tastified that he was not familfar with any body of
research relating to the construction and presentation of checklists, but ¢
was his opinion that, "there are probably many ways to do a checklist
~ correctly.  What’s important is that everyone agrees on how it should be
done, and then it’s done the same way every time by all the people that are

concerned.”

| A érticle in ‘the Boéing'-Air¥1ner' Haga:1ne3 concerﬁing‘
flightcrew-caused accidents and citing the Boeing fleet over a 10-year period
- as an example stated that: : RS . 7 i 4

16 percent of the operators have crew-caused accident rates
higher than the fleet average, and these operators account
“for over B0 percent of the total accidenis. | -

Conversely, 80 percent'af the . operators had no crewﬁcauséd
accidents over the same period.., ,

~ The authors of the article contacted a small group of operators,

- "most of which had a better than average crew-caused accident history," with

‘a view to obtaining information on_ the policies and  techniques that
contributed to their safe operations. They found ¢hat: -

Management recognizes the need for aircrews performing in a
stardardized way and 'ie importance of cockpit discipline in
providing the environment for proper créw toordination.

The article noted thai a strong check a3irman program acts as a
continuous gquality contro} check on the training depabtment and that methods
~ gxist for assuring the uniformity of check piTot techniques and instruction.

Some «f the cockpit discipline procedures used by these operators

were

Thera {is a firm requirement for in-depth takeoff and approach

briefings for each flight segment...One operator requires an
CRTO (rejected takeoff} touch drill in which each .control

used during the RTO is sequentially touched by the pilot
- making the takeoff, o ' I o

Cockpit procedural language is tightly controlled to maintain
consistency ard to avoid confusion from non-standard -

: callouts, which can result from crewmembers using differing

~ phraseology. Callouts and responses are done verbatim. The

o ~ 3,.6. Luutmen and P.i. Gallimors, “cControl of the Cfgi-Cadtddraccideﬁt"“
< Ateltper Magazine, Boeing Commercisl Airplane company, April<June 1987.
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recurrent training program and check pilot system rigidgtly
enforce this reguirement.

1.17.5  FAA Surveillance

Delta Afr Lines holds air carrier certificate No. 26 and is
authorized to conduct domestic and flag passenger and cargo operations under

14 CFR Part 121. The certificate-holding office 1s FAA Fiight Standards

‘ In addition to the principal operations inspector (POI}, one
assistant principal operations inspector and five aircrew program managers -
{APM) provide FAA operations certificate supervision. ‘Mid-South FSDO-67
currently has an office manager plus five operations inspectors type~-rated 1in
the B-777. The office currently has a total of 14 operations inspectors who
are qualified to conduct air carrier surveillance and inspections of Part 121

operators.

| Inspection and surveillance activities conducted by Flight
Standards District Office No. 67 on Delta's, B-727 operations and training
since October I, 1987 until the day of the accident consist of: 69
organizational or technical inspections, 123 airmen certification
inspections, and 149 general survefllance inspections,

: FAA records indicate that for the -seriod of August 1, 1986, to
September 2, 1988, Deita Air Lines, Inc. had experienced: 3 accidents and
108 incidents: 284 enforcement actions had been initiated. Also the FAA had
conducted three major inspections of Delta since 1985,  The inspections
ingluded:

‘a 1985 inspection of Delta by the FAA's Southern
Region as a result of the Delta 191 accident.

a 1986 regularly-scheduled NASIP {inspection of Delta.

a 1987 safety audit of Delta as 2 result of six
highly-publicized incidents.

Additionally, after the accident involving flight 1141, the FAA
conducted a follow-up survey of its 1987 Safety Audit in the fall of 1988.

In HNovember 1985, the FAA's Southern Region conducted special
review of Delta Afr Lines' operational procedurcs, largely as a result of the
Delta 191 accident at DFW on August 2, 1985. The review culminated with the
debriefing of the regional director and the division manager, the POI, and
Delta management on November 26, 1985. Among the findings of the review team

were: o o | L |
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Nelta Air Lines' method of recording maneuvers on
roficiency checks and in-lieu-of training does not
specify uasatisfactory performance. If an airman s
performance is not satisfactory, he is not given credit
for the mancuver until he demonstrates the tack
satisfactorily. This results in extension of the
training period for the training or evaluation or
rescheduling to another day. This occurred on NUMCrous
occasions during this review period. A review of prior
records should reveal similar occurrences when not under
the eyes of the FAA. If this is not the finding, i1 is
very likely that a substandard performance s being
accepted by some check airmen.

Filightcrews are not being trained ds a crew. instead,
check airmen often act 4s second officer and the check
airman. When captains are scheduled together, they act
as first officer for each otber.  The result in all
rases §s a decrease in the productivity of the training
or checking process. '

(3} Check airmen or instructors accepted 4 marginal or
unsatisfactory performance by airmen as an acceptahle
level of performance.

: During the spring of 1986, the FAA dispatched a NASIP team to
Delta Air Lines, Inc. The NASIP team concepl was formed as a result of the
FAA's desire to periodically review all the major air carriers' compliance

with regulations. Airworthiness and Operations teams were formed Lo review
the carriers’ operational and ma i ntenance procedures.

Whereas the 1985, 1987, and 1988 inspections conducted at Delta
reviewed the carrier in a “qualitative” manner, Lhe NASIP teams strictly
assess compliance with regulations. As such, the findings of the NASIP team
tend to be very specific, and only regard noncompliance of requlations.
While the NASIP team di¢ cite a few problems in Delta's training and
proficiency theck programs, the findings in general do nct retlect a concern
as to Delta's training snd check airmen procedures.

Ta mid-1907, Delta experienced a series of highly pubiicized,
piiot-related incidents.  These incidents included: an inagvertent shutdown
of buth engines on a R-767 after takeoif: a navigationa! error that resulted
fn a near midair collision over the ftlantic Ocean; landing on the wrony
runway; landiny at the wrong airport; and twice departing without an ATC
¢learance. As a result, the POI assigned to Delta and the division mdnager
 of Flight Standards, Southern Region, concluded that an inspection should be

‘conducted at Delta tn order to determine the retationship, 1f any, botween
“the incidents and Delta's operational procedures. The request for the
“inspection was coordinated with the Manager, Evaluatton Staff, 0Office of
Flight Standards, FAA headquarters.,  The special inspection team met at
Delta's headquarters on July 24, 1987. The aress aexamined included:
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Enroute inspection and Vine check program
Flight manuals and procedures

Fiight training program

Delta's long range navigation procedures

In its final report, this inspection team noted "...instances of a
breakdown of communications, a lack of crew coordination, and lapses of
discipline in Delta's cockpits.” The report associated this behavior to
" a lack of clear-cut, definitive guidance from those responsible for
developing and standardizing cockpit procedures. Delta's management has
maintained a policy of delegating the maximum degree of responsibility and
discretion to its crewmembers. The behaviors discussed...are a direct
reflection of Delta's training programs and manuals. Guidance, training, and

practice in crew coordination and cockpit management are minimal."

The report also contained other areas of concern. Thaese included
cockpit discipline and ccordination observed during en route inspections,
manuals and checklists that contained minimal guidance, excessive training
and faiture to report unsatisfactory performances on checkrides, and minimun
training standards. At the Safety Board's public hearing in Dallas, Texas,
the team leader of the 1987 inspection testified that all the key FAA
personnel from the Southern Region and Washington headquarters were debriefed
as to the results of the inspection.,

Interviews by Safety Board personnel of Deita flightcrews and
management subsequent to the accident indicated a lack of knowledge related
ta specific crewmember duties, for example the crewmember{s) responsible for
veritying flap position.  The investigation found that Deita management
permitted maximum flightcrew discretion in cockpit operations. In Delta's
critique on the 1987 Safety Audit, the Vice President, Operations stated:
“while each (FAA) team member may have come with a preconceived scenario for
flight deck operation, it should be recognized that deviation from that
scenario does not, per se, indicate an absence of standardization or
discipline. 1In fact, many of the elementis of our procedures are left to the
discretion of the captain.” Testimony at the public hearing from the PGI for
delta indicated that he believed that the FAA was well aware of this
philosophy at Delta, and the possible negative effect it had on flightcrew
performance.

In an August 31, 1988, memorangum, the FAA's POl for Delta
summarized the changes instituted by Delta Airlines as a result of the 1987
FAA inspection., These changes included, in part, the following:

1. The Line Check Airman Program has been rebrganized.

2, The Flight Training Department has been reorganized,

3. Before-takeoff briefings and before-ianding briefings
are now being conducted with greater emphasis on
details. : &
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Numerous checklist changss have been made reflecting the
changed procedures and additional briefing ftems.

A1l proficiency check airmen and line check airmen were
briefed on the resyits of the FAA inspection. [Lmphasis
was placed on the need for maintaining high standards at
all times.

A new policy on the documentation of training/checking
of crewmembers was developed. Unsatisfactory
proficiency checks and any additional training conducted
are now fully documented on the crewmember's training
record.

Additional checklists were developed for line checK
airmen to aid in standardizing training and to
reemphasize the initial operating experience training.

Line checks conducted by line check airmen have improved
with an emphasis on higher standards, standardization
and cockpit resource management.

Proficiency checks have become more challenging by
emphasizing higher standards. These higher standards
have been reflected in the larger number of
unsatisfactory proficiency checks being recorded.
Additionally, all failures are reported to the mid-south
Flight Standards Office and all rechecks are conducted
by the FAA when possible,

At the public hearing, the FAA's Manager of the Flight Standards
Divisfon, Southern Region, testified that the 1987 special inspection
Weonfirmed some of our suspicions, based on our surveillance and the trends
we had noted, and pointed out some areas that we felt we needed to discuss
with Delta and see what they would offer as resolutions to these problems.”
‘The POl stated that the problem areas were generally non-regulatory in nature
and that he had to rely on his own calesmanship to convince Delta on the
need to act on the special inspection teams recommendations.

A follow-up survey orf Delta was accomplished by the FAA in the
fall 1988. The purpose of this survey was to reexamine Delta's operations in
those areas defined in the 1987 audit, determine the corrective actions taken
by Delta with regard to the findings and recommendations contained in the
Safety Audit Report, cefine any fssues which have yet to be resolved, and to
Cestimate the future effectiveness of Delta's actions. The team found that:

Delta's management has instituted programs to improve both
line operations and the training program, Organizational
changes have been made which created a Flight Standards
Department, centralized management of the Line Check Airman
program, and realigned responsibility for development of
operational procedures and manuals. Both line operations and
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training were found to be improved over lasi year's audit.
However, deficlencies Jdentified in the previous audit were
observed. Ineffective crew coordination and failure to
follow established procedures were observed in line
operations. A misimum degree of challenge to the fYight,
crevmembers and the acceptance of minimum standards were
observed on proficiency checks., Manuals and procedures have
been improved where specific findings and recommendations
were previously made. However, fundamental changes 1o
checklists and procedures are still pending. The team
observes that some of the major actions taken by management
have not yet become fully operational or have not yet become
effective. For instance, the effect of the changes in the
line check airman program is only now beginning to be
apparent. On the average, each captain would have only been
administered on line check since revision of the program. A
Cockpit Resource Management (CRM) training program has been
in development for some time but ¥s not Scheduled for
implementation until Janusry 1, 1989."

Some of the major actioms taken by Delta management that had not
hecome fully operational or effective at the time of the team’'s survey were
CRM training and LOFT training.

1.18 Useful or Effective Investigative Techniques

During the fnitial portion of the takeoff, & sound could be hedvd
on the area microphone of the CVR recording. This sound increased in
frequency as the airplane accelerated down the runway for takeoff. The
unknown sound was assoclated with the airplane moving down runway 18L at DFW
but the exact source could not be immediately identified. The 1list of
possible sources of the sound could have been the runway grooving, the nose
gear tires or wheel bearings, or the main gear tires or wheel bearings. The
approximate aircraft ground speed was calculated using indicated airspeed
information from the FDR and the reported temperature and winds at the fime
of the accident. With this informaticn, the airplane’s tires and the wheel
bearings were mathematically eliminated as possible sources of the sounds.
The runway grooving was identified as the source of the sounds. Measurements
were taken of the grooving and a test recording wes made in a like Boeing 727
airplane taking off on the same runway which verified the results of the
CYR-derived groundspeed calculations for the accident airplane.
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2. ANALYSIS
2.1 General

The {investigation determined that the flightcrew was qualified in
accordance with applicable Federal Aviatyon regulations and company
regqulations,

Irhe airplane had been maintained and operated in accordance with
appticable Federal Aviation regulatinns and company operations
spocifigations. There was no evidence of any preexisting discrepancies or of
any preimpact structural, f1ight control, or engine faitures which would have
peen causal to the accident.

Although the No. 1 fuel gauge was inoperative and the fuel tanks
wove not drip sticked following refueling, the evidence indicates that the
ateplane was refueled properly. There was ho evidence that there was a fuel
imbalance that would have caused flight contrnl problems.

There were no abnormal airplane mavements prior to takeoff, changes
irn ground control frequencies, or weather-related factors which could have
distracted the flightcrew from its duties.

The analysis of this accident addressed the performance of the
givplane's trafling edge flap and leading edge fiap and slat control systems,
1y well as the performance of the airplane’s takeoft warning system and the
perfermance of the engines. Also addressed in this analysis was the FAA's
curveillance of Delta and Delta's efforts to carrect or improve problem
aroas identified durirg FAA inspections.

7.7 The Accident

The following were determined from evidence obtained from the
airplane’'s CYR and FOR, and marks on the surface of runway 18L: (1) the
airplane accelerated normally to Vi/Vp; (2} the captain began rotating the
airplane to the takeoff attitude at ahout 131 knots indicated airspeed
KIAS) .-~ which was the proper rotation airspeed for takeoff conditions and
gross weight with the airplane configured with 150 trajling edge flaps and
cxtended leading edge flape and slats; (3} the calculated aerodynamic data
ingicate that a positive load factor, i.e., 1iftoff, should have occurred at
144 knots calibrated airspeed (KCAS} with a noseup attitude of about 8.60 and
150 of flaps. However, actual Tiftoff occurred when it reached a noseup
attitude of about 109 and an airspeed of about 14 KCAS.

The investigation found that the atrplane’'s rotation attitude 1is
Limited to abouyt 100 by the airplane’s geometry while it is on the runway and
the marks found on the runway surtdce confirmed that the tail skid struck thu
~unway at or immediately after the main landing gear }ifted off.

Data correlation showed that the stall warning stickshaker
activated within 2 seconds after liftoft at a pitch attitude of about 11,40
and an ¢irspeed of about 16l KCAS, 2 seconds later the airplane rolled
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sharply to the right and the right wing tip struck the runway surtace.
Compressor surges from one or more engines were heard immediately
thereafter. The airplane reached a height above the |iftoff point of about
20 feet and then it began to descend. The first tmpact with the locaiizer
antenna installation occurred only 22 seconds after liftoff. {See figure
12.) After initial activation, the stall warning stickshaker sounded
continually until impact.

The point during takeoff at which an airplane leaves the ground
and the climb gradient is established depends upon the force of 1ift which is
acting on the airplanc., Although the vertical component of engine thrust
contributes to the total 1ift force when the airplane rotates to a noseup
pitch attitude, the primary component of the total 1i{ft force is the
aerodynamic 1ift produced by the airplane's wing, This aerodynamic wing 1ift
Force, for any specific trailing edge flap and leading edge flap and slat
configuration, is a function of the airspeed and wing ADA. The evidence in
Ehis accident 1s conclusive that the aeroudynamic wiig 1ift force to establish
a safe takeoff (which should have been developed with the flaps set at 159
from the time that the airplane was rotated beyond an 8,60 noseup attitude
at an airspeed in excess of 144 KCAS) was never attained.

Although the possibility of degraded engine performance was
suggested by the evidence of compressor surges, a reduction of thrust does
not explain the 1ift deficiency evident by the atrplane's failure to climb.
Based upon this rationale, e¢ngine performance has been ruled out as an
initiating cause of this accident, However, the occurrence of the
compressor surges atter the stickshaker activation and the possible effect on
the flightcrew actions and airplane performance during the 22-second flight
dre discussed further in this anaiysis,

in analyzing the causes of this accident, consideration wds given
to all conceivable factors that could explain why the magnitude of the 1ift
force developed by the wing was less than that which would be expected,
Contamination of the wing's airfoll which could have affected the acrodynamic
characteristics was disregarded since the magnitude of the 1lift deficiency
was (oo great to be osttributed to leading edge roughness, particuiarly in the
absence of freezing precipitation temperatures. The possibility of windshear
as 4 cduse was also ruled out for two reasons: {1) the effect of a
hort:zontal wind shear is a sudden decrease in airspeed which correspondingly
decreases wing 1ift, an occurrence which is not consistent with the dirspeeds
recorded during flight 1141's takeoff: and (2) the existing weather was not
conducive tg the strung convective activity associated with signiticant
downdrafts or windshears that would affect the airplane's ¢limb pertformance,

Consideration was aiso given to the possibility that the afrplane.
encountered the wingtip vortex generated by a departing airplane tmmediately
preceding the flight., Recorded rader data disclosed that at the time that
Delta flight 1141 was receiving its takeoff ciearance, the preceding flignt,
Delta Flight 1486, a 8-727, was in excess of 7,000 feet down the runway and
about 100 feet in the afr. This separation exceeded the FAA's requirements,
which state that a departing aircraft cannot begin {ts takeoff roll unti|

v

the other aircraft is afrborne and that, for Category 1II afrcraft, a mintmum
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distance of 6,000 feet {s established. Additionally, as the required
separation distance was established between the two airptanes and as the
preceding airplane was not categorized as a "heavy" airplane, there was no
requirement for the controller to issue a wake turbulence cautionary
advisory.

Analysis of the surface winds at departure times of flight 1486 and
flight 1141 and the possible rate of sink for wingtip vortices indicated that
the vortices created by flight 1486 were not near the runway when Flight 1141
rotated for takeoff. Even those analyses which assumed that all of the
factors which would be most conducive to a vortex encounter, {.e., no loss of
vortex strength or interaction with the ground and worst case movement of the
yortex, showed that the vortex from flight 1486 would still be at least
700 feet to the southwest of flight 1141's takeoff flight path. Therefore,
the Safety Board determined that an encounter with a wake vortex was not a
factor in this accident.

The only remaining plausible explanation for the deficiency in
aerodynamic 1ift 1s that the airplane's wings were not properly configured
for takeoff. That is, elther the ground or flignt spoilers were depioyed or
the wing leading and trailing edge devices were not extended during the
takeoff roll.

Therefore the possibility was considered that the wing flaps and
slats were properly extended, but for some unknown reason spoilers might have
deployed during the attempted takeoff. Spoilers decrease 1ift while
simultaneousiy increasing the drag force. Ground spoilers reduce the 1ift
force and increase drag during the ground run, aliowing landing distances to
be shortened Flight spoilers are used o assist in rall control or to
increase the descent rate while airborne. Physical evidence indicated that
all but one of the Flight spoilers were in the stowed and locked position.
The remaining flight spoller was found in the wreckage path with its actuator
oxtended. One ground speiler on the left wing was in the stowed and tocked
position. The cther spoiler was stowed but could not lock due 1o
misadjustment of the overcenter mechanism. The ground spoilers on the right
wing were consumed Dy fire, Analysis of the change in aerodynamic forces
that would be expected due to deployment of either one or both types of
spoilers showed that nefther one matched the accident circumstances.  The
acceleration of Flight 1141 fs higher than predicted for the case in which
ground spoilers are deployed.

Therefore, the deficiency in aerodynamic 1ift must have been
because all or some of the trailing edge flaps and the leading edge flaps and
slats were not extended. In this case the aerodynamic 11ft produced by the
wing at the normal takeoff and climb airspeeds would be significantly less
than chat required for normal performance. There is considerable physical
evidence that all of the trailing edge flaps and some of the leading edge
ftaps and slats were fully retracted when the airplane came to rest after
impact, The physical evidence regarding the position of the trailing edge
flaps and leading edge flaps and slats at the inittation of and during the
takeoff 1s less conclusive. Accordingly, the Safety Board sought to
dotermine the position of these 14 ft devices,
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2.3 petermination of Trailing Edge Fiap and Leading tdge Flap
and Slat Position at Impact

The evidence considered in the determination of the positions of
the trailing edge flaps and leading edge flaps and slats at the time of
impact included the wreckage documentation of the cockpit flap control
mechanism, the trailing edge flap drive mechanisms, the outboard aileron
lockout mechanisms, and the leading edge flap and slat actuators.

Cockpit Flap Control Lever.--The cockpit flap control lever was
found in tﬁE“Ug”TfTaps ip) detent.  The flap control mechanism was intact and
functional after the accident. The control lever is spring-loaded to lock in
each of the seven/fiap position detents. To move the lever from a detent, it
must be raised about 1/4 inch before it can be moved to a new position.
Further, the mechanism quadrant rontains a gate at the 29 position which is
designed to prevent the lever from being inadvertently moved to the 09
position. Thus, a movement of the lever from the 150 position to the 0o
position requires that the lever be raised out of the 15¢ detent, moved over
the 100 and 50 positions to the 20 detent, depressed and passed under a
"gate”, and reraised before movement to the 00 detent position. It is
unlikely that this sequence of lever movements occurred during the impact.
Although the flap control lever could have been moved by a crewmember or
rescue personnel following the accident, such a movement would have had to be
intentional and, most 1likely, accomplished by someone familiar with the
mechanism. There {s no evidence that such an action occurred.

Tratling Edge Flap Orive Mechanisms.--The movement of the flap
control lever Ts mechanically Transmitted to the inboard and outboard
trailing edge flap hydraulic control valves. Thase hydraulic valves are
thereby repositioned so that hydraulic fluid flow under pressure is applied
to the inboard and outboard flap drive motors. These motors, in turn, rotate
torque tutes which transmit rotary motion to jackscrews which move the
trailing edue flap panels, A1l of the trailing edge flap drive mechanisms,
the jackscrows on the Jeft-wing outboard flaps, the torque tube on the
left-wing inboard flaps, and the jackscrews on both the inboard and outboard
right-wina flaps, were found 1n positions which corresponded to near fully
rotracted trailing edge flaps. It was noted that the jackscrew ballnuts were
not on the upstops and the rigpin holes were slightly out of the flaps up
position.  However, it 1is believed that these positicns were cither the
current rig of the airplane or that a hydraulic transient surge during the
jmpact sequence caused actuators to move slightiy. The flap drive
mechanisms are irreversible by design; i.e., an externally applied load to
the flap surfaces will not cause the jackscrews to rotate. Therefore, the
positions of the flap drive mechanisms can not be attributed to impact
damage .

Outboard Alleron Control Lockout Device.--Roli control of the B-727
airplane {3 achieved by a set 5F “inboard ailerons, a set of outboard
ailerons, and spoilers. When the wing flaps are retracted to the 0°
position, the outboard ailerons are "Yocked out" so that they remain in the
neutral position irrespective of 1inputs from the aileron control system. The
outboard aileron control Jockout mechanism consists of a Jjackscrew which
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changes the geometry of the linkage to the control surface., The jackscrews
are driven by the outpoard trailing edge flap torque tubes via gearboxes.
In the cases of the accident airplane, the left and right outboard atleron
Jockout jackscrews were both found fully extended, corresponding to
locked-out aflerons. The jackscrew positions were consistent with the other
physical evidence tnat the trailing edge flaps were retracted. These
mechanisms are also of a destgn which is not susceptible to movement as a
result of impact loading.

Leading Edge Flaps and Slats.--The leading edge flaps and slats are
positioned In conjunction with the trailing edge flaps. When the trailing
edge flaps are extended, mechanical motion is transmitted through cables and
linkayes from the outboard trailing edge flaps to the leading edge flap and
“slat hydraulic control valve. When the outboard trailing edge flaps are
extonded to 29, the control valve is positioned to port hydraulic fluid
under pressure to extend two of the four Jeading edge slats on each wing,
When the outboard trailing edge flaps are extended to 50 the hydraulic
pressure is applied to all of the teading edge flaps and slats. The leading
edge flap actuators are linear hydraulic cylinders which have an internal
mochanism to lock them in the fully extended position only. Thus, when
hydraulic pressure is removed, unless the pistons are fully extended, they
are tree to move within the cylinders with externally applied loads.
Therefore, the postimpact position of the leading edge flaps in the extended
pesition is not necessarily indicative of the preimpact position.

The leading edge stat dctuators are also linear hydraulic
cylinders, but, unlike the leading cdge flaps the slat actuators have
hydromechanical locking mechanisms in both the fully-extended and
fully-retracted positions. 1F the actuator piston rods are in a midstroke
position whon hydraulic pressure is removed, they can be driven by external
loads to the extended or retracted position. However, if the actuators are
fully extended or fully retracted when hydraulic pressure is removed, the
actuator piston rods will remain mechanically locked unless external loads of
sufficient magnitude and in the proper direction are applied to damage the
internal tocking mechanism. In the accident airplane, four of the eight
leading edge slat actuators were found in the fully retracted f{uplock)
position. The other four were in a midstroke position without evidence of
damaqe to the internal locking mechanisms.

This finding led to the consideration of the possibility that the
leading eage slats were in Lhe process of retracting when impact occurred.
Howeyer . as the trailing edge flaps are retracted from 59 to 00, the Nos. I,
4, %, and B leading edge slats and the leading edge flaps will retract to the
full »p position before the Nos. 2, 3, 6, and 7 slats begin to reiract. The
s1at actuators that were found in the midstroke position (Nos., 1, 2, 3, and
§) are not consistent with the seyuence of operation during flap retraction
or extension, :

Three of the right wing's four leading edge slats were in the
tocked position, and three of the left wing's four leading edge slats were (n
the tntocked pesition, i
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Since there is inconsistency between the four hydraulically
unlocked leading edge siats and the flaps up position of the trailing edge
ftaps, the slats must have been hydraulically unlocked during the wing
separation. The leading edge flap and slat control valve 1s located in the
right wheel well. This control valve 1is connected to the outbeoard flap
follow-up drum by a control rod, and the vailve and drum are mounted on
4ifferent structural portions of the fuselage. The airplanc struck the
ground with sufficient force to separate both the forward fuselage and the
tat] section aft of the wing. The control rod would only have had to move
momentarily 1.0 to 1.5 inches to port hydraulic fluid to all of the leading
edge devices. The factithat three of the right wing's four stats remained in
the locked position is logical since that wing disintegrated at the same time
the control valve moved, and hydraulic continuity was tost, and there was no
pressure or flow to unlogk the slats. The left wing remained attached to the
fuselage throughout the tmpact sequence, and three of those slats were in the
unlocked position. The', postimpact position of the leading edge stats
actuators is probably the result of the sequence of events during the impact;
{.e., a deflection of the mechanical linkage at the leading edge flap and
slat contro} valve while there still existed residual hydraulic pressure
sufficient to unlock some of the leading edge slat actuators.

Based on the physical evidence and its analysis of the position of
the trailing edge flap drive mechanism, the outboard aileron lockout
mechanism and the leading edge flap and slat actuators, the Safety Board
concludes that the cockpit flap control lever was in the 0% detent and that
the trailing edge flaps and leading edge fiaps and stats were fully retracted
be fore impact. This conclrsien suggests that, either the takeoff was
inftiated with the flaps retrdcted, or that a fiightcrew member repositioned
the cockpit flap control levér subsequent to the beginning of the takeoff
and at a sufficient time inte¢rval before impact to permit full hydraulic
retraction of the trailing edye flaps and leading edge slats. It takes
about 20 seconds, on the average, to retract the flaps and slats from an
initial setting of 150, Thus, there was insufficfent time, assuming the flap
control lever was moved by a crpwmember between stickshaker and impact, for
the flaps to have retracted. | |
2.4 Determination of Traiiing Edge Flap and Leading Edge Flap and Slat

Position During Takeof{

While the physical vidence from wreckage documentation was
conclusive that the wing was in a clean, i.e., flaps and slats retracted,
configuration at the time of ispact, other evidence is used to analyze the
possibilities that the flapsjwere not set by the flightcrew during
pre-takeoff activities, or that ‘he flaps were set and subsequently retracted
before 1impact. The evidence donsisted of knowledge of the pre-takeoff
activities from the conversations and sounds recorded on the CVR, information
obtained from the flightcrew and witness interviews and testimony taken at
the Safety Board's public hearing, findings from the examination of the
atrplane's takeoff warning system, air-conditioning system components, and
trailing edge flap bypass valves, and the study of the airplane’s aerodynamic
performance based on the airspeeds, altitudes and normal accelerations which
waere recorded on the FDR. ’
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Accomplishment of Checklists.--According to Detta's procedure at
the time of the accident, the Tirst officer was to set the wing flaps to the
takeoff position after departing the ramp area. The procedure did not
require that the first officer announce his actions of setting the fiaps.
However, the CVR was examined for noises that might have been made during a
movement of the cockpit fiap control lever from the (0 detent to the
150 detent. Three different sound sequences were identified as possible
movement of the flap control lever. However, in a spectrum analysis, only
one of these sound sequences bore some similarity to the sound sequences of
flap control Jever movement which was recorded on another B-727 for
comparison purposes. That sound sequence accurred as the No. 3 engine was
being restarted after it was shut down because of an air traffic control
takeoff delay. Since that sound sequence did not positively correlate to
flap lever movement, and because the tirst officer stated that he did not set
the flaps as the No. 3 engine was restarted, the sound was attributed to
other routine cockpit activity. Thus, it is concliuded that the actioa of
setting the wing flaps to the 150 detent could not be verified from the CVR
examination. :

_ As a result of the takeoff delay and in accordance with Delta's
procedures, the Fflightcrew shut down the No. 3 engine and withheld the
accomplishment of part of the TAXI and the BEFORE TAKEOFF checklist items
until after the No. 3 enginc was restarted. The flightcrew began 1o restart
the eongine when thev believed that they were No. 4 for takeoff, “Within
15 seconds they received clearance frem the tower controller to taxi onto
runway 1BL and hold for takeoff, At this point, the CVR shows a distinct
difference in the crew's conduct in the accomplishment of the checklists.
Apparently, the second and first officer recognized the need for expeditious
completion of the remaining checklist to prevent delay on the runway. Thus,
where the checklists previously had been accomplished in a orderly/measured
manner, the tone and behavior of the crewmembers clearly became rushed. The
socond officer and first ofticer hurried to complete the challenge and
response checklist items as the atrplane was being taxied from taxiway F to
the runway. Upon the second officer's prompt of "FLAPS", the first officer
responded "FIETEEN, FIFTEEN, GREEN LIGHT." Presumably, the first - ‘rer's
response would be bhased on a visual check of the needle position  on the
inboard and outheard flap position indicators and illumination of the green
leading edge fiaps and stats indicating 1ight located on the center
instrument panel. [fhere were no bhackground sounds reccrded on the CVR as the
first officer responded to suyyest that controls or switches were being
manipulated fn response to the "FLAP" or 'FLIGHT CONTRCLS' c¢hallenges.
Further, the time between the checklist challenges and responses was less
than one second, with little time Lo aeccomplish actions required to satisfy

the proper response.

At the Safety Board's public hearing, all three members of the
flightcrew testifed that, by habit, they would have verified the trafling
edge flap indicators and leading edee flap and slat tight indicators during
the checklist completion; however, none specifically recalled having done so
~on the accident flight. 't is likely that the captain's attention was
diverted to the visual task of taxiiwg the airpianc onto the runway and that
the second officer was attempting  to complete the checklist hurriedly to
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gréparé‘for'the takecff, and, consequently, neither the captain or second
officer looked specifically at. tne instrument panel to verify the first

" offifcer’'s response. It is not possible to know whether the first officer
actually looked at the flap position indicators and light as he answered the

MELAPSY challenge. Because of the repetitive nature of checklist
accomptishments, it is not uncommon far crewmembers to fall into a habit of
answering to challenges by rote with the nrormal response without actually
observing the appropriate indicator, light or switch. During. the public.

hearing the second officer mentioned an incident where a first officer
provided the correct response of Flaps 250 when, in fact, the flaps were set
at 169. This cap be particularly true if the respondent has a mindset that
- the action necessary to satisfy the indicator checklist has been completed.
Furthermore, on the B-727 flap position indicators, the 00 position is at
9 o'clock while the 150 position is directly opposite at 3 o'clock. Thus, in

"'both cases, the needles would be oriented horizontally. It is conceivable

~ that a person observing the indicators quickly could perceive that the left
and right needles on both the inboard flap and outboard flap indicators were
matched and horizontal without noting that this actual orientation was
opposite to. normal. It is less concelvable that a person would miss an
 {ndication of a sfanificant split between “the left and right needles on
~ efther th2 inboard or outboard indicator, or that they would miss a
difference in the directional orientation of the needles on the two
- collocated indicators. Finally, it is even more aifficult to explain how a
person would respond "green” to a light that is colocated with the flap/slat
‘gages when that light is mnot {lluminated. Therefore, the Safety Board

" concludes that first officer responded te the flap challenge in the taxi

checklist without looking at the status of the light and inaicators.

&  In any event, the first officer's proper response to the taxi
~checklist regarding tlap position cannot be considered as assurance that the
~ flaps were properly set before takeoff, and such @ presumption is
contradicted by other-substantial evidence, B

Additionally, the passenger's statement thatl he noticed that the
trailing edge of the wing was not straight cannot be taken as assurance that
the flaps were extended. It is possible that what he noticed was the
deployment of the flight spoiters or inboard atleron as the captain tried to
regain control of the airplane. Glancing at the wing while the spoller was
up, would have given the appearance of an "unstraight" trailing edge. In the
excitement of the moment he may have interpreted this appearance as the flaps
being extended. ' : . ‘

designed €0 provide an aural alarm in the cockpit when the No. 3 engine
thrust lever is advanced past a predetermined position while the airplane is
on the ground, and the suthoard trailing edge flaps are not extended. The
input for the trailing édge flap position is taken from a switch on the
~“outbuard flap follow up mechanism. " When the outboard flaps are retracted or
~extended to a position tess than 50, the ground circuit to the takeoff
warning system ts compieted and will cause the alarm horn to sound. The
input for the leading ecdge slats is taken from the No. 4 siat on the left
“wing and the No. 5 stat on the right wing. 1f either of these slats are not

Takeoff Harn1qgﬁ§?§tem;-»Thé B-727 takeoff warning system is
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extended, the ground circutt will be completed and the atarm horn will sound
when the No, 3 engine thrust lever is advenced.

, If the takeoff warning horn had sounded as the captain of flight
1141 advanced the thrust levers for takeoff, the sounds would have been
clearly evident on the CVR. The lack of the alarm leads to two possible
conclusions: {1} that only the outboard trailing edge flaps and the teading
edge flaps and slats were properly set for the takeoff and subsequently were
retracted at or before Viftoff: or (2) the takeoff warning system
mal functioned. \ , : ,

~ The device that arms the takeoff warning system consists of a
switch and switch actuator mounted on the No. 3 engine autothrottie clutch
assembly. Advancement of the No, 3 engine thrust lever causes a cam in the
clutch assembly to e¢ngage the switch actuator which translates Gthe rotary
cam motion into linear motion to operate the switch. The butten on the
actuator depresses the plunger on the switch, closing a circuit and arming
the aural takeoff warning system. Until the system 15 armed by the thrust
lever switch, the electrical circuit between the takeoff warning system horn
and the flight control position switches remains open.

_ During the first two activations of the switch assembly by finger
manipulation during the on-scene pkase of the investigation, there was no
electrical continuity indicated petween the common and normally open
terminals of the switch. A third activation did {ndicate electrical
continuity. Based wupon this inconsistency and the observation of a
blue-green corrosion-type substance surrounding the normally open terminals,
a follow-on teardown inspectisn of the switch assembly was conducted.

The first misactuation of the switch, 1.e., the actuator ‘itton
slipping off the switch plunger, was observed during the early stages of
this teardown investigation. Recause of this and subsequent switch
misactuations observed by the group, Boeing proceeded to conduct extensive
examinations of the switch assembly. Their reports concluded that 1t was
unlikely that any micnactuation occurred prior to the group's examination of
the switch assembly due to a lack of multiple scoring marks on the switch
plunger. However, the reports also concluded that preexisting corrosion type
contamination could have adversely affected the electrical performance of the
switch, N

The investigation noted that the Boeing service manual and Boeing
“Service Bulletin 727-31-30 are not consistent regarding odjustment of the
“switch, Revision 4 of the service bulletin, which was applicable at the Lime
of the accident, stated that the tadb adjustment of the switch may be bent to
adjust for the correct switch operating point. There is no 1imit given for
the amount of bending adjustment possible. The maintenance manual, dated
January 20, 1985, states not to bend the actuator tab more than + 1/4¢ from
the plane of the actuator arm and that adjustments are to be made by moving
the switch body in the slotted switch support mount . :




64

The investigation noted that it 1s possible to bend the adjustment
tab without visually checking that the actuator button and the switch
plunger are making contact over the majority of their surfaces. Thus it is
possible for maintenrance personnel, who are not aware of the limitations
ctated in the maintenance manual, to bend the tab to the point that the
button and plunger no tonger make firm contact while attempting to adjust the
activation of the warning system, This would explain why the tab of the
switch from the accident airplane was found bent well past the Timits given
{n the maintenance panual. ‘

: Irrespective of Boeing Company conclusions, the findings that
(1) the switch did not electrically close during the first two attempts at
the accident site: (2) successful activations of the switch during the
teardown investigation was "hit-or-miss” due to the pesitioning of the
actuator button to the switch plunger; and (3) the internal contacts of the
cwitch showed  contamination, will support a conclusion that the takeoff
garning system did not arm when the No. 3 engine thrust lever was advanced
for takeoff. : '

Sach a conclusion is supported further by the Safety Board's
findings that 3 weeks prior to the accident, the aural warning horn had been
‘written up in the airplane’s maintenance records in the "A2" {inspection as
being weak and intermittent,  The corrective action taken by maintenance
personnel was to replace the aural warning horn and test the system, The
removed unit was taken to the repair shop where its contacts were cleaned and
functinnally tested. The unit was found to function properly and was sent to
the spare parts inventory. \ :

. The Safety Board's fnvestigation could not determine if, et the
time that the aural warning horn was replaced, all components of the takeoff
wariving system were inspected to verify that indeed the warning horn was the
cayse of the intermittent operation. Discussions with maintenance personnel
disciosed that the warning horn is readtly accessibie and easily replaced.
Therefore, it normally is the first component of the system to be removed and
replaced by a serviceable unit from the spare parts inventory. If the system
then functions properly, it is most 1ikely that no further work or
troubleshooting would be accomplished. While such a procedure is expedient
i+ does not assure that an intermittent condition has, in fact, been
corrected because the other components of the system have not been checked.
Therefore, the possibility exists that the aural warning horn was not the
“cause of the problem and because other components in the system were not

rested afier the unit was replaced, the real cause of the problem may well
nave gone undetected. ' ' ,

Therefore, the evidence suggests that there was an intermittent
problem in the takeoff warping system that was not detected and corrected
during the Tast maintenance action. This problem could have manifested
Itself during the takeoff of flight 1141; and thus the flightcrew was not
provided with the aural warning of misconfigured airplane which {s the
function of the takeoff warning system.
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Air Conditioning Auto Pack Trip Systems.--The B-727 auto pack trip
system 1s designed to automatically shut down the air-conditioning system in
the event of an engine thrust loss during takeoff so that the thrust produced
from the remaining operating engines is not reduced by the extraction of
‘bleed air that is needed for air conditioning. The system i3 normally armed
when the bleed air pressure from each engine reaches 120 psi, the airplane is
on the ground, the auto pack trip arm switch is in the NORMAL position, and
the inboard trailing edge flaps are out of the 0V position.

The first indication of an abnormality during flight 1141 was the
second officer's observation that the green auto pack trip arming 1ight
failed to illuminate when engine thrust was advanced for takeoff. The
second officer 1s required to verify that the auto pack trip arm switch 1s In
the NORMAL position during his completion of the BEFORE TAKEOFF checklists
and the switch was found to be in NORMAL when the cockpit was examined arter
the accident. There was no history of any discrepancies of the auto pack
trip system or other evidence that woul# explain the failure of the system to
arm, provided the arming criteria were satisfied, The failure of the system
to arm can be attributed to discontinuity in the arming circuit because the
fnboard trailing edge flap up limit switch was found open.

the failure of the auto pack trip system to &rm is corroborating
evidence that the inboard f1aps were retracted when the takeoff roll was
initiated. It i1s controversial as to whether or not the second officer
chnould- have notified the captain that the auto pack trip light failed to
i1luminate during the takeoff ground roll. As the system was not required
for this takeoff, the second officer believed that he was not required to
inform the captain of the failure. However, Delta proccdures require that
the captain should be informed of atl malfunctions. Since the accident,
Nelta's procéedures have been modi fied to eliminate this aichotomy.

Fiap Bypass Valve positions.--The inboard and outboard trailing
edge flaps on the B-727 are Independent, both mechanically and hydraulically;
i.e.. the inboard flaps and outboard flaps are driven by separate hydraulic
aotors that are connected to independent hydraulic circuits. Although the
inboard and outboard flaps are {ndependent, the left and right inboard flaps
are mechanically connected and the teft and right outboard flaps are
mochanically connected by their respective torque tube drives so that,
precluding a mechanical failure, the left and right flaps will move
symmetricatly. Further protection 1§ provided against left to right flap
cxtension asymmetry which could occur because of a failure of the torque tube
drive mechanism for either the fnboard or sutboard flaps by an electrical
comparator which senses an angular difference beiween the laeft and right
pointers on the inboard or outboard flap position indicators. A separation
hetween the left and right pointers of & to 20 degrees will energize an
electrical circuit to drive a bypass valve in the appropriate hydraulic
subsystem (inboard or outboard) to a BYPASS position.  This action will
remove hydraulic pressure from the flap drive motor, stopping further
aovement of the affected flaps.
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Following the accident, the inboard flap bypass valve in the
airplane's left wheelwell was found in the BYPASS position, while the
outboard flap bypass valve in the right wheelwell was found in the NURMAL
posttion. If these valves had been in the "as found" positions before
takeoff, the outboard flaps would have extended to a position corresponding
to the cockpit flap control lever placement, but the inboard flaps would have
remained at the position in which they were when the bypass valve moved to
BYPASS. This finding led to speculation that the first officer may have set
the flaps to 150, but only the outboard flaps extended while the inboard
flaps remained retracted.

The known sequence of events during the accident provides a
rational understanding of these postimpact findings, The airplane's right
wing was severely damaged and separated from the airplane while the left wing
remained relatively undamaged and intact. The damage to the right wing
undoubtedly resulted in damage to the right inboard and outhoard flap
follow-up mechanisms or a separation in electrical continuity during the
crash sequence which would have been sensed by the flap position indicator
comparator as left to right asymmetry. It is reasonable to conclude that the
electrical continuity to the left wheelwell remained for the 1 second
pecessary to drive the motor-operated inboard flap bypass valve to the BYPASS
position, and that electrical circuits to the outboard bypass valve were
“destroyed before that valve could be driven from the NORMAL position.
Therefore, the "as found” position of the flap bypass valves provide no
positive evidence upon which to assess the pre-takeoft fiap setting.

Witness Observation.--The passenger who had been seated in Z8C
stated at the public hearing that his attention was direcled to the left wing
of the airplane just after rotation when he felt a sudden roll to the right.
From his seated position, he could observe the outboard trailing edge of the
Teft wing and he stated that the flaps appeared to be extended. Although the
witness had some piloting experience in light alrplanes and had genersl
knowledge regarding the location and function of the flaps, his testimony can
be given only limited cradibility. For example, he was not able to correctly
identify the location of the flight spoilers., This may be significant siace
the flight spollers are immediately forward of the outboard flaps., Thus, the
break in the upper wing surface prodiuced by spoiler deflection, as would be
expacted as the pilot attempted to stabilize ‘lateral oscillations, could
have been perceived as flap extension.

Perhaps of more significance, the witness stated that he did not
percetve up or down deflection of the outhoard aileron. Since the airplane
was rolling due to lateral instability at the time that the witness was
observing the outboard wing trailing edge, 1t is reaszonable to believe that
he would have observed aileron movement. That he didn't observe siuch
movement could support the conclusion that ailerons were locked out, a
condition which would have axisted only 1f the outboard flaps were retracted.




2.5 Airplane Performance Study

The failure of the takeoff warning system to provide an alarm, the
Failure of the auto pack trip system to arm, and the perception of the
outboard tlap position by the witness could be explained by an abnormai
takeoff wing flap configuracion: the inbeard trailing edge flaps retracted
and the outboard trailing edge flaps extended, i.e., "split flaps". Further,
the possibility that the first officer set the flaps to 159 and failed to
note the disparity between the inboard and outboard filap position
indications could not be ruled out based on evidence presented so far because
of the position of the inboard flap bypass valve as found after impact.
Therefore, the possibility that the takeoff was initiated with the airpiane
in this "split flap" configuration and the flaps were retracted before
impact was examined thoroughly in the context of other evidence. The
comparison of the events and airspeed-altitude profile of flight 1141 with
the known aerodynamic performance, stall characteristics, and handiing
quatities of the B-727 airplane was the most ¢..n *11ing evidence to discount
the "split flap” takeoff theory. _

As previously stated, the generation of a 1lift force by a wing
airfcil depends upon a smooth flow of air passing over the wing and the
amount of the 1ift force depends upon the speed of th2 air passing over the
wing and the angle at which the air impinges the wing's leading edge (AJA),
As the ADA is increased, the 1ift generated by the wing is increased until
the ADA reaches a point at which the airflow can no longer adhere Lo the
upper surface of the wing. The wing fs said to be stalted when a further
increase in ADA and consequent airflow separation results in a sometimes
Cdrastic reduction in the amount of 1ift produced. In this condition the air
behind the wing is turbulent and the airplane may experience severe
Cbuffeting., Singe the airflow separation can occur aon-unt formly across the
wing's span and between the left and right wings, the airplane may roll
suddenly as it appreoaches the stall AQA.  Furthermore, the turbulerit air
behind the wing entering the inlets of rear fuselage mounted engines may
cailse engine COmMpressor surges. '

The leading edge flaps and slats have an aerodynamic effect that
permits an airplane to fly at higher AUA before the smooth flow of air
begins to separate from the wing's upper surface. Thus, with the lcading
pdge devices extended, a wing can generate greater amounts of 1ift at AOA
beyond that at which stall would occur without the leading edge devices
oxtended, irrespective or the position of the trailing edge Tlaps. Trailing
edgn flaps add to the amount of Jift generated by a wing at a given atrspecd
and AOA by increasing the camber of the wing. However, for the same leading
adge configuration, the increase in wing camber from the extension of the
trat 1ing odge flaps will cause airflow separation and stall to occur at 4
stigntly Yesser ADA than with the flaps retracted (tess than 1°}.

Since the B-727's leading edge flaps and slats are hydraulically
axtended 4% a result of a mechanical finterconnection with the outboard
trailing edge flaps, a fallure ot the inboard flaps to extend for any reason
would not haove precluded the extension of the afrplang's leading edge
devices,  [herefore, the performance of a B-727 with the inboard trailing
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edge flaps retracted, the outhoard trailing edge flaps extended to 159, and
the leading edge flaps and slats extended was analyzed and compared with the
performance achieved by flight 1141. (See figure 13.) It is readily
“apparent from the calculated aerodynamic effects of trailing edge flaps and
leading edge devices that the wing in the "split flap” configuration would
have generated less 11ft at a given airspeed and ADA than 1t would have with
all of the trailing edge flaps extended to 150; but it is also apparent that
the AOA at which airflow separation would have occurred with “split flaps”
would have been about the same (or even slightly higher on the inboard winy
section) than it would have been in the normal 159 trailing edge flap
configuration. The theoretical aerodynami¢c data provided for the split flap
configuration by the Boeing Company indicate that the stall AQA is about 18C;
the data obtained from the March 23, 1989, demonstration flight indicate rhat
an airplane under the conditions of flight 1141 maintains good fiight
characteristics without airflow separation (as fndicated by buffet or roll
fnstability) up to AQA greater than 159. However, unlike the takeoff warning
system, the stall warning stickshaker circuitry is predicated upon the
inboard flap position and an assumption that the leading edge devices are
also retracted when the inboard flaps are retracted. Thus, the stickshaker
stall warning will alarm at an AOA of 110 appropriate to stall for the clean
wing configuration. 1In the split flap configuration, the 110 ADA ctickshaker
warning would have provided about 16 percent airspeed and 70 AOA margin to
stall, If the stickshaker warning was set at 140 ADA, the mure typices!
7 percent airspeed and 49 AOA margin to stall would have been available.

The performance analysis, based upon the 1ift versus ADA data for
the split flap configuration, indicates that had flight 1141 heen so
configured during the takeoff roll, the airplane's tail may have contaciled
the runway surface as the captain rotated to the takeoff attitude. However,
the ajrplane, with its geometry-limited 100 pitch attitude would have lifted
off at e¢bout 150 KCAS instead of the actual 1iftot{ speed of 158 KCAS., A
continuea rotation at a rate greater than 1.59 per second would have resulted
in stickshaker activation; but there would have been considerable margin to
stall when the warning occurred and the airplane would have transitionsd to 4
climbing flightpath with a vertical acceleration in excess of 1.2G. T1f the
captain had ignored the stickshaker warning and continued to exert sufficient
back force on the control column to raise the airplane’s nose at a rate of
3% per second, the airplane would have achieved a 3% climbing flightpath at
an AGA of about 15° within 2 seconds after 1iftoff. There would have been
no airflow separation to explain the sudden roll of the airplane, and there
would have been no engine inlet air turbulence to explain the compressor
surges which were evident on the CVR. A more likely and proper flight crew
reaction to the stickshaker activation would have been to relax the back
force on the control column to silence the stickshaker, provided that that
response would not result in a loss of critical altitude. Under such
circumstances, the airplane would have continued to accelerate while
developing sufficient 1ift force to transition to a climbing flightpath,
These performance data indicate that about 10 seconds after Tiftoff, the
airpiane would have been about 100 feet above the ground and climbing at
about 1,200 feet per minute. The stickshaker would have activated only
momentarily.
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The Safety Board concludes that the actual performance of flight
1141 is not explainable by the "split flap" theory. A possibility that one
flightorew member reacted to the delayed liftoff and stickshaker onset by
intentionally or inadvertently retracting the flaps to 09 is also
implausible, since the 20 seconds required for the trailing edge flaps and
teading edge devices to retract with consequent effect on flight performance
would place the airplane far beyond the point at which the roll instability
and engine compressor surges actually occurred. 1f the flaps retractien
sequence had started at rotation, the airplane would have had sufficient 1ift
to climb several hundred feet prior to the flaps reaching 00. Furthermore,
each of the “lightcrew members positively stated that they did not reset the
Flap control lever after the takeoff was initiated, and that they knew of no
situation in which they would have done so.

The airplane performance study indicated that all of the events as
they occurred on flight 1141 only can be explained by assuming that the
takeoff was initiaced with the trailing edge flaps and leading edge devices
fully retracted. An analysis of the calculated 1ift versus ACA
characteristics for a B-727 with a clean wing showed that the airplane would
fail to 1ift off the runway when rotated to the 100 geometry-1limited
attitude until it reached a CAS between 158 and 159 knots, which correlates
precisely with the actual 11 ft-0ff airspeed of flight 1141 as indicated on
the FDR. The airplara continued to accelerate thus achieving a slight
1ift-versus-weight margin to climb. However, the data indicated that the
captain continued to excrt back force on the contro)l column as he attempted
to raise the dirplane's nose to the normal climb attitude. The airplane’s
vertical acceleration when the stickshaker activated at 119 AOA and 161 KCAS
is consistent with the theoretical performance of the airplane in the clean
wing configuration, with consideration for ground effect. - The continued
increase in pitch attitude resulted in little change in ¢limb performance,
typical of an airplane very near stall. The sudden rol)l to the right and the
cyclic vertical accelerations evident on the FDR are indications of airflow
separation on the outboard wing. Such roli instability is a known
characteristic of the B-727 with leading edge devices retracted and the
outhoard ailerons locked out. According to statements by a Bueing test
pilot, the B-727 tends to retain roll stabitity and control during approach
to stall with the leading edge devices extended and the outhoard aiterons
active. The roll, itself, and the control action (spoiler deflections) used
tp correct the roll resulted in a further loss in 1ift and climb performance.
The engine compressor surges also are consistent with airflow separation on
the inboard wing section which produces turbulence at the side
fuselage-mounted engine inlets. It is probable, based on data from the
engine manufacturer, that the compressor surges did not significantly
degrade the thrust produced by the engines. The airplane performance
analysis shows that the minimal acceleration of the airplane from liftoff to
impact was the result of the high drag force produced at high AOA, rather
than a toss of thrust.

The airplane's performance during and subsequent 1o the takeoff
rotation, iacluding the delayed1iftoff, the roll instability, the engine
compressor surge and the flight profite- ending at impact, strongly support a
conclusion that the trailing edge flaps and Teading edge devices were fully
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retracted when flight 1141 began fts takeoff roil. This conclusion 1s
further supported by the evidence that the inboard and outboard flaps were
retracted at the instant of impact, combined with statements by the
flightcrew that no one moved the flap lever during the flight. It fis
considered extremely unlikely that a flightcrew member would move the flap
lever during takeoff without verbalizing such intended action. No such
comments were recorded on the CYR nor were there any noises which could be
construed as recorded flap lever movement. it is concluded that the
flap lever was not set to the 150 detent during pre~takeoff activities, the
first officer, as well as the other crewmembers, did not note the actual
flap position when he responded to the checklist challenge, and the
airplane's takeoff warning systems did not provide a warning of {mproper
takeoff configuration,

2.6 Flightcrew Actions After Takeoff

Even though the analysis determined that the flightcrew did not
configure the airplane properiy for takeoff, the accident may not have been
inevitable. Thus, the flightcrew's actions after takeoff were analyzed to
determine whether the accident could have been prevented or otherwise
minimized,

The sound of stickshaker was heard on the CVR tape at 0900:15.1 and
continued until impact. At 0900:34.7, the CVR tape indicated that the
captain states "full power." This call was made 0.6 seconds prior to the
sound of the first impact. In his testimony at the publi¢c hearing, the
captain stated that ne made the call "full power" after he had already
applied full power. Unfortunately, due to aerodynamic noise masking the
engine noises, it {s not possible to determine if the engines were
accelerating prior to impact. However, -1t does not seem likely that a person
would make such a callout after accompiishing the action. It is more tikely
that such a call would be made coincident with the application of power, Or
would be a request for the first officer to advance the throttles. Given the
ro}] oscillations that were noted by witnesses, it would De expected that the
captain would have had both hands on the control yoke fin tryirg to regain
control of the aircraft. During the public hearing, the second officer
testified that, after the aircraft rolled to the right, he observed that both
of the captain's hands were oOn the control yoke. Therefore, 1t is conc | uded
that the captain's call of "full power" was a command for the first officer
to advance the throttis and that power had not been {ncreased prior to
0900:34.7. Despite t aptain's statement at the public hearing that he
applied maximum power beiore impact, there is no evidence that power was ever
actually increased above the reduced takeoff rating.

The captain testified that Delta‘s procedures when encountering
stickshaker after Viftoft were te apply maximum available thrust, rotate
toward 150 of pitch, and to respect all otall warnings, t.e., stickshaker or
buffeting. Additionally, the captain testified that he followed Delta's
procedures after encountering stickshaker. The performance study found that
the airplane was rotated over 139 when it passed the JLS antenna and .ay have
exceeded 159 at various portions of the flight. In any event, the nose of
the afrplane was not lowered to silence the stickshaker.
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The investigation found that Delta's procedures for encountering a
stickshaker or buffeting close to the ground are, in part, to apply maximum
power and to rotate toward 159 of noseup pitch attitude. Additionally, the
Delta procedure states that the pilet is to stop rotation if stickshaker or
buffeting is encountered. It {s concluded that not applying maximum thrust
after the onset of stickshaker and not respecting stickshaker warnings were
the significant reasons for the captain's inability to gain control cof the
airplane after }iftoff.

The investigation found that the most dappropriate reaction after
activation of the stickshaker was to apply maximum available thrust and to
lower the nose below stickshaker AUA.  Althcugh a clean wing s not an
authorized takeoff configuration for the B-727, the airplane performance
analysis showed that a marginal climb capability was available if stickshaker
AOA had not been exceeded and/or 1f maximum power had been applied within
3 seconds of inttial stickshaker activation. Maximum throttle position
increases thrust approximately 25 percent from about 34,500 to 43,000 pounds
total thrust. Therefore, had maximum power been applied 2 seconds after
stickshaksr, performance calculations predict that the airpltane would have
gained 20 '‘nots of alrspeed and over 200 feet of altitude before reaching the
ILS antenna. [If stickshaker AOA had nobt been exceeded, further altitude gain
could have been expected. Moreover, a check of corfiquration--the flap
control lever and flap indications--immediately wupon activation of the
sticksha.er would have disciosed the reason for the airpiane's performance
deficiency, Had the first officer or sacond otficer moved the flap control
immedietely, the extension of the leading edge devices would have provided
sufficient stall maryin to regain control.

2.7 Cockpit Management and Crew Discipliine

The Safety Board sought to determine the relationship hetween crew
performance and the events in this accident. The investigation revealed that
Delta did not insist on a standardized approach towards cockpit management.
Testimony from management and training personnel indicated that captains were
allowed wide latitude in their conduct of cockpit operations. The CVR
indicated that the captain's approach towards cockpit management was passive
and that he allowed events te materialize rather than firmly control the
sequence of events,

The CVR transcript shows that the captain only occasionally entered
the conversation in the cockpit which was carried almoest exclusively by the
first officer, The first officer acted as the social element in the cockpit,
fnitiating and sustaining informal! discussions, commenting on political
events and past flying expe vences and generally acting as the social focus
in the cockpit. The second officer, while occasionally drawn into the
conversation, appeared to he business-tike and more professional. For
instance, in the absence of any requests for specific checklist, he seemed to
keep track of events and the airplanc's progress and he initiated the
appropriate checklists on his own. He subtly prompted the flight attendant
to leave the cockpit when the airplane became number & for departure by
inftiating the pre-departure cabin announcement on the PA system {n which the
flight attendants are told to prepare the cabin for departure.  This action
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by the second officer also may huve been a not so subtle reminder for the
captain that the number 3 engine had yet to be restarted,

It can be argued that the second officer had as much a
responsibility as the captain and the first officer to verify the flap
‘position when the first officer responded to the fiap challenge on the BEFORE
TAKEOFF checklist. However, when the runway lincup and takeoff clearances
were received in short order and earlier than expected, the second officer
became quite rushed in accomplishing the remainder of the TAXI checklist as
well as the entire GEFORE TAKEQFF checklf He then had the responsibility
to accomplish a number of additional 1tems bpfore he could turn and slide his
seat forward in order to monitor the takeoff. Thus, it is readily evident
that the nonspecific and unspecified task of mon1tor*ng the captain's and
first nff1cer s responsibilities could become a task to be carried out "as
time permits” for the second officer. The record is clear in this case that
insufficient time was available to the second officer to carry out this task.
Thus, the Safety Board believes that the second officer's actions were
ﬂppropriate and not causally related to the flap position anomaly which
resulted in this accident.

The captain is responsible for the logical and timely completion of
cockpit duties by the crewmembers. Guidelines for the timing and logic of
cockpit duties are provided by procedures recommended by the airplane
manufacturer and instituted by the carrier through the publication of these
procedures fn 1ts training manuals and its Pilot's Handbook or Operating
Manual. It {s the captain's responsibilily to maintain the necessary
giscipline in the cockpit so that company procedures are carried out
properly. In other words, the captain sets the tone and working atmosphere
fn the cockpit, [If he does not do so, crew disciplinpe in the cockpit c¢on

deteriorate rapidly., The evidence indicates that this was the case in this
ac¢ident, '

The captain did not stop the first officer's f{nterruptions of
cockpit duties when he initiated nonrelevant conversation or made comments
ahout his observations outside the cockpit while the airrlane was being
pushed back, while the engine start checklist was run, when the airplane was
taxied from the push-back position and during the subsequent 2bh minutes taxi
time before takeoff clearance was received. At the point where the first
officer would have lowered the flaps to the takeoff position, ramp control
~gave flight L1141 instructions t¢o give way to another airplane, and he became
engaged in a conversation with the captain abcut the position of that
airplane. When flight 1141 started moving again, the first officer had
dnother opportunity to continue his normal routine and lower the flaps:
however, the second officer initiated the taxi checklist at that point and

the first officer became involved in tho required responses to the checklist
items. Immedistely after the taxi checklist was completed, the first officer
began lengthy conversations with a flight attendant. Thus, his routine was
interrupted at key points and ap ontire segment of the first otficer's habit
pattern was overtaken by subsequent routines. The Safety Board believes
that, had the captain exercised his responsibility and asked the flignt
attendant to leave the cockpit or, as a minirum, stopped the nonpertnnent
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conversations, the 25-minute taxi time could have been utilized move
constructively and the flap position discrepancy might have been discovered.

~In any event, because the captain apparently relied on the other
crewmembers to accomplish cockpit activities, rather than monitoring and
setting the pace of these activities himself, the Safety Board believes thal
the captain never perceived a need to visually or tactually check whether the
first officer lowered the flaps after he taxied the airplane from the ramp or
when the fiaps were called just prior to takeoff, Instead, he relied on-the
professionalism of the first officer for the proper execution of his duties
when the taxi checklist was being completed just before takeoff, and the
first officer responded positively to the flap challenge on the checklist,

The Safety Board believes that, had the captein taken a myre
active role in running the cockpit, the accident may have been provented,
The investigation found that the cockpit discipline problems noted on f1ight
1141 were not lsolated to this cockpit. These problems were previously
observed and reported at Delta in FAA inspection reports. However, neither
FAA nor company management initiated sufficient corrective action. In {ts
Northwest Alriines DC-9-82 accident report, the Safety Board observed almost
identical cockpit management shortcomings. As a result uf thai accident, the
Safety Board observed that the FAA should require its operdtions inspectors
and designated check airmen to emphasize the fmportance of disciplined
application af operating procedures and rigerous adherence to prescribed
checklist procedures. (Safety Recommendations A-88-69 and A-88-71, which
will be discussed later in this report). The Safety Board reiterates its
conviction of the need for rigorous FAA survelllance of Uraining programs
that emphasize cockpit management procedures.

With respect to the issue of checklist discipline, there is no
evidence that the intent, presentation, and exccution of checklists gt Deita
were significantly different than at any other company in the industry,
Procedures were in place that provided tor an orderly oxecuiion =i all
required items; i.e., the captain wds required to ask tor the appropriate
checklist to be completed and the first and second officers were frpectud fo
accomplish the items on the checklist or verify that they nad been
accomplished. Because of the repetitive nature of checklist accomplishmen
and the fact that the required response to checklist items is most often .ne
same, (i.c., flaps are usually set at 159 for takeoft; there always is 4
green light associated with the stat setting), L is very easy for
crewmembers to fall into a nabit of reciting checkiist challenge and response
items by rote and providing a response to & challenge on the basis of whe!
should be the proper response rather than the actual condition of the sy tem
thet was queried. Examples of cuch mictakes were brought out at the public
hearing, when both the first and the second officers recounted instances of
responses to flap position chatlenges being ygiven on the basis of
expectations rather Llhan reality, The Safety Board believes that ihig
accidgent once again points out the paramount importance of cockpi! discipline
in the accomplishment of checklists.,  because there fs no ideal way tor
management to monitor inrividual performances of crewmembers in a cockpit,
“standard operating procedures and checklists are developed A+ a meaps for
crevmembers to self-monitor their performance. This recuires sclf-disciptioe




75

on the part of all crewmembers and positive leadership on the part of the
captain. These concepts can be instilled in crewmembers through the
training process.

However, a greater involvement is necessary to make the safety
performance of an air carvier successful. That involvement must emanate from
an awareness by management that the effectiveness of an air carrier’s safety
posture begins at the top »f an organization. This satety concept was
i1lustrated well 1in the previously referenced Boeing study on "Control of
Crew-Caused Accidents,” in which it was shown that the difference in the
safety performance between air carriers appears to be the strong cmphasis by
top management on safety issuss and managenent’s acknowledgement of its
accountability in that regard. '

The connection between ~rew behavior, as evidenced in this
accident, and the management atititude at Delta Air Lines, as observed by FAA
as welt as Safety Board personnel, was characterized well by Bruggink in his
paper on air carrier management accountability:4 ‘

An attitude of disrespect for the disciplined application of
checklist procedures does not develop overnight; it develops
after prolonged exposure to ar attitude of indifference.

The same paper summarized:

Unless management first acknowledges 1ts own role iu the
development of operational settings that provide errors,

humai error avoidance programs can not serve their intended

purpose in a practical and cost-effective manner.

There is evidence to show that Delta Air Lines’ management had
initiated training and other pelicy changes after the series of mishaps that
were experienced in 1987. Some of thase chanyes included the initiation of a
cockpit resource management (CRM) program. The Safely Board realizes that it
takes time to bring about “fundamental and far reaching changes in an
organization as large as Delta Air Lines. Ffurthermore, Delta was in a period -
of vrapid growth and had recently merged with another afrline with its
attendant problems of cultural differences, management integration and a host
of personnel problems, to name only a few. While the Safety HBoard views
thase problems sympathetically, it believes that Delta Air Lines management
could have been more attentive to the obvious shertcomings in its safety
posture and more agressive in implementing changes in its training and crew
checking programs and the quidance provided its crewmembers. In jight of
this discussion, the Safety Board finds that the slow implementation of
procedyral modifications by Delta Air Lines were a contributing factor in
this accident.

4Bauggink, G.H., *“Petftections on Alr Carrisr Safety® ys¢ fFlight srfety
Digaesr, June 1984,
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2.8 Dalta Air Lines OperAtiuns and Training

In mid-1987, Delta flightcrews were involyed 3n six incidents
resuilting from pilot operatienal errors, The FAA'« 1987 special iaspaction
of Delta, conducted as a result of these incidents, confirmed that Delta's
policy of delegating the maximum degree of responsibitity and discretion Lo
its crewmembers was, in large part, responsible for--"observesd instances of a
breakdown of communications, a lack of crew coordination, and  lapses of
discipline in Deita's cockpits.” In response to a finding by the TAA's 198/
special . inspection team of 4 " .lack of organization, coordination,
standardization and discipline in the cockpit that can be attributed to
minimal guidance in tihe flight manuals and a lack of directios from those who
develop, supervise and manage flight traiaing and standardi zation programs
...", Detta's vice president of Flight Operaticns and chief piitot responded
that "many elements of our procedures are left to the discretion of the
captain.” A similar response was noted by Safety Board investigators when
‘Delta management and trairing officials were interviewed subsequent to the
fiight 1141 accident.

: The lack of the cockpit coordination and discipline noted sy FAA
inspectors in the inspection was evident in the cockpit of flight 1141, The
CYR transcript indicated that the captain did not initiate even one
checkliist: the second officer called only one checklist cumplete, required
callouts were not made by the captain and socond officer during ithe cnyine .
start procedurc; the captain did not give a takeoff briefing; the first
of ficer did not call out "Vi"; the sterilc cockpit policy was violated; and
all three crewmembers did not notice that the flaps were in the up positien
prior to takeuff. | :

Another doficiency noted by the FAA special inspection teams were
inadequate wanuals and procedures. In its 1987 special inspection fingl
peport, the FAA team rocammended that "bDeita Air Lines study, Aevelop, and
publish specific crow dutics for each crewmcmber. These functions should be
pntaced in appticable manual., and receive wide emphasis gduring the Lraintng
and checking phases.” fxamples of the absence of such guidance L
crewmembers in the cockpit of {1ight 1141 were: (1) the caplain and second
of ficer not knowing each other's responsibility with respect ta verifying the
flap indicatur: and (2} the srcond officer’'s not announcing that the AP
system haa not armed hecause he belinyved 1t was not required, yel the captain
and first officer expected ihat he would call it out. Subsequent to the
accident, when Safety [oard investigaters asked Delta ptlots, instructors,
and management peesonnci Twhoo would be responsible for verifytag the flap
position?®, 3 varioty ol answors were given. With this ambiguity among
management and training insiructors, it s understandable that the fiighturew
did not know eath oihes's respunsibility with respect o flap position
verification.  Con~equently, the cafety Board helieves that Delta did not
provide its flightorow cut ti: fent guidance regarding 1ES operaling
proceduras . - -

, The Safety Board noted also that Belta hait been criticized by FAA
inspectors in V9BL ana 1OAT dor providing "excessive tratning” btno its
crowsembers in Heu of  acting perelormance goficioncios during proticioncy
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checks. In fact, the 1987 special inspection team report noted that "team
Lombers observed numerous occasions on which check airman conducted excessive
training during check rides...." As a result, the FAA feam admonished Delta
for documented cases of proficiency check atrman fatling to record
unsatisfactory performances by Deita pilets. The report stated, "In the
opinfon of General Counsel this practice constitutes a lack of compliance
with FAR 121.401(c)...." The team recommended that Delta management and each
check airmen should be informed of the General Counsel’s opinion and that all
unsatisfactory performance should be recorded. ‘

Additionally, the 1987 special inspection team report noted that
Delta s check airmen were not upholding a high level of standards on
profictency checks. The final report stated that "the team observed that
orals are in general very brief, questions shallow, and the standard of
knowledge Tow." The inspection team recommended that "Delta’s management
needs to give serious consideration to the fmplications of tolerating minimum
standards in training and on proficiency checks.” '

Concern over the continuing breakdown in cockpit discipline at
Delta Afr Lines as exhibited by the crewmembers of flight 1141 caused the FAA
to follow up on its 1987 special investigation. A national inspection team
headed by the team leader of the 1987 inspection surveyed the airline in
October 1988. The stated purpose of the survey was "...to re-examine Delta’s
operations in those areas defined in the 1987 audit, determine the corrective
actions taken by Delta with regard to the findipgs and recommendation
contained in the Safety Audit Report, define any issues whizh have yet to b
resolved, and to estimate the future effectiveness of Delta's actions.”

The inspection team in its November 10, 1988, report found that,
while deficiencies identified in the previous audit were observed, Delta Air
Lines management had instituted programs to improve both line operations and
the training program. Also, organizational changes were made which created a
Flight Standards -Department, centralized the management of the |ine Check
Airican Program and realigned responsibility for the development of
opervationa) procedures and manuals.

The Safety Board notes that in February 1989, Delta Air Lines
received FAA gpproval for its revised operating and training procedures.
included in these procedures are revised checklists which tncorporate
“eritical™ ftems requiring status verification of systems critical to flight
by all crewmembers. The Safety Board ackhowledges these improvements,
including the establishment of a Cockpit Resource Management (CaM) training
proyram.

- The lack of CRM training and Line Oriented Flight Training (LOFT)
was eyident in the circumstances surrounding this accident. 1t was obvious
thet these crewmembers did not exercise the management, communications, and
interactive skills necessary for effective cockpit management. These.
attributes are of dncreasing fmportance in the present day cockpit,
environment with its sophisticated and often complex elaectronic flight
manaqgoement  systems. {t has been shown that CRM training. combined with
reatistic LOFT scenarios can be effective in alleviating the hunen




78

performance problems that have continued to dominate the causal elements of a
majority of past accidents.

The Safety Board since 1968 has fade numerous safety
recommendations aimed at improving the manner in which pilots are trained,
These recommendations were directed towards maximizing the utilization of
resources available to the pilots and the effective coordination of these
resources involving the entire cockpit crew. Thus, the Safety Board in these
recommendations focused on skills in communications, interpersonal relations,
and information processing as elements of CRM training. Delta at the time of
this accident was in the process of implementing a CRM training program; the
safety Board is aware that this training program presently is a functional
entity within Delta’s training department. However, the Safety Board 1s
disappointed that the FAA has not seen fit to mandate such training for the
entire air carrier industry, despite its demonstrated safety value.

As a result of the Safety Board’s Safety Recommendation A-88-69,
regarding the need for CRM training, the FAA on February 22, 1989, published
Notice of Proposed Rulemaking (NPRM) 89-4.5 This NPRM proposes to "establish
a voluntary alternative method for meeting the training, evaluation,
certification and qualification requirements for flight crewmembers, flight
attendants, aircraft dispatchers, -instructors, evaluators and other
operations personnel subject to the training requirements of 14 CFR 121 and
135", The Notice was published to coincide with a draft Advisory Circular
(AC-120-xx}, which provides a means acceptable to the Administrator for
approval of an Advanced Qualification program (AQP), based on the above
mentioned NPRM. The AC pronoses guidelines for operators who have advanced
flight simulators on how to set up a CRM program for its crewmembers.

In response to FAA’s request for comments on this NPRM, the Safety
Board, in a letter dated June 27, 1989, expressed cautious optimism about the
apparent progress being made by the FAA towards the fulfillment of several
long-standing safety recommendations. However, it also believes that the
voluntary progress of atr carrier operators towards CRM must be buttressed
by a standardized regulatory program. The Safety Board believes that various
aspects of the proposed AQP will reguire close attention by the FAA. (ne of
these is the need for a means to assure standard implementation of the AQP.
Also, the FAA must establish rigid criteria for approving exiensicns of the
time periods during which recurring tyraining sessions must be held under the
AQP because the frequency of proficiency evaluations for flight crewmembers
is a direct function of the frequency of the recurring training sessions.
Since the proposed Special Federal Aviation Regulations (SFAR) contains no
guidelines or other criteria on which to base the granting of extensions, the
Safety Board believes that the FAA should eliminate the extenslon provisions
from the SFAR, pending the establishment of such guidelines and criteria,

5r¢deral Register S54FR7670, February 22, 1989; ‘Yedoral Avistion
Administration; Docket No, 25804, Notice No. B9-4; 16 CFR &1, 63, 65, 12¢%,
13%; Specinl Avistion kegulation No. XX; Advance Qualification Program.




2.9 FAA Surveililance

: The {nvestigation of this accident found that the FAA had
concucted four inspections of Delta since 1985. With the exception of the
1986 NASIP inspection, there were consistent observations of deficiencies in
Delta's training, checking, and line operations that were evident from 1985
to as recently as October 1988. These deficiencies included poor flightcrew
discipline and coordination, including improper use of checklists, and abuses
in Delta's training and checking programs.

The Safety Board gathered considerable testimony at the public
hearing concerning the oversight of Delta by the FAA.  The relationship
between an air carrier and the FAA is unique and complex. Dereguiation of
the industry in 1978, combined with the growth in air travel, has made the
FAA's job of overseeing the airliines more difficult than it use to be.
Nevertheless, the FAA was aware of certain deficiencies in Delta's check
airman program as far back as 1985. Additionally, in 1987, the incidents
involving Delta flightcrews and the findings of the 1987 inspection team
should have indicated to Delta and the FAA that immediate corrective action
wWas necessary.

The results of the 1987 and 1988 special inspections of Delta
indicated that a potential for a mishap existed if remedial action was not
taken. Many of the observations made by the inspection teams were evident in
the cockpit of fiight 1141--that is, poor discipline, poor crew
coordination, and a lack of knowledge concerning individual responsibiiity.
wnile the air carrier has the primary responsibility to operate in a safe
manner, the deficiencies noted by the FAA special inspection teams warranted
corrective action by Delta and agressive followup by the FAA. The FAA
personnel questioned on this point at the public hearing responded by
stating that the deficiencies noted by the special inspection teams at Delte
were "nonregulatory” in nature, and therefore beyond the principal
inspector's direct control. HWhile this may be true from a technical
viewpoint, the purpose of the special inspection teams sent to Delta was to
laok beyond minimum compliance and to identify operational areas that needed
improvement.

The Safety Board recognizes the difficulty that occurs when the FAA
is faced with a nonregulatory, or "gray area," such as the quality of Crew
coordination and discip'ine, unless such behavior 1s observed to be unsafe.
In such a case, the air carrier must assume the responsibility for changing
its corporate philosophy if that philosophy is found to be counter-productive
to sound flightcrew behavior. However, it shoultd be expected that the FAA
would have applied more leverage in implementing changes concerning
- procedures or checklist usage. It is in this area that the Safety Board
believes that the FAA should have taken more agressive action. For instance,
the 1987 special {inspection team recommended that "bDelta Air Lines ...
publish specific crew duties for each crewmember." At the public hearing,
the POl testified that implementing this type of nonregulatory procedural
change often depends on his "salesmanship" abtlity. However, the Safety
Board notes that the rationale for conducting the 1987 inspection was to
establish if the incidents that occurred in 1987 due to pilot performance
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were related to Delta’'s operational procedures. The resuits of the FAD
inspection did, in fact, establish that such a relationship existed.
However, neither the FAA nor Delta instituted the changes recommended by the
team prior tu the accident involving flight 114} or prior to the 1988 special
inspection. Therefore, the Safety 8oard concludes that the lack of
suftficiently aggressive action by the FAA to correct the known deficiencies
at Delta Air Lines is a contributory facter in the cause of this accident,

It is evident that the POl may not be the best individual to ensure
that recommendations are carried out after an inspection of an air Zarrier
that he is responsible for overseeing. In that regard, an inspection of an
air carrier is, 1in fact, an inspection of the ability of the PO! to
accomplish his duties. Therefore, a "quality assurance” program aust bhe
exercised by FAA headquarters to ensure that recommendations from inspection
teams are expeditiously carried out. The Safely Board believes that the TAA
should develop a formalized pltan to address and rectify deticiencies in the
implementation of corrective action recommended by inspection teams.

The investigatiun sought to identify existing boundaries of
responsibility of the POl regarding the level of regulatory compliance and
the quality of operations demonstrated by the assigned air carrier., During
this investigation, evidence of accountability of the PCL and the district
office for the performance of the assigned carrier(s) was not apparent.
Evidence suggests that FAA surveillance and inspection programs and the in.
house evaluation of POI performance have no relationship to each other. f e
POI's performance seems to be related only tu the quantity of work and the
ability to handle approvals smoothiy and directly. The Safety Board 15
concerned that the POl has the authority to approve critical areas of air
carrier operational programs without being held responsible for those
approvals. Ihere does not appear to be a recurring qualitative assessment of
POI approvals by FAA management.

The FAA's followup of the 1986 NASIP inspection is also indicative
of a lack of PO accountability. The negative findings of an airiine
operational inspection become the responsibility of the POI to nromole and
monitor corrective action. Thus, the POL, in ctfect becomes the arbiter of
his own shortcomings, with ne assessment being made by outside interests of
the quality of the corrective action. Therefore, the accountability tor the
on-going quality of the POI's werk performance does not appear to exist.

It appears that the current surveillance system can ledd to rubber
stamp approvals of an air carrier’s operations and maintenance ProgGrams .
[mprovements are needed to encourage and support the POI's efforts to secure
compliance and to promote upyraded levels of performance by the assigned atr
carrier in both pilot training and crew coordination areas. Without suck
improvements, the system of program approval can be driven by the momentum
and interests of the air carrier, It dppears the present system is sustained
by the personal motivation and dedication of the concerned FAA inspector
personnel rather than by an FAA system that includes internal oversight of
1tself and 1ts fnspection workforce. It is apparent that the need exists for
a program of FAA management emphasis on the accountability of its POTs. In
addition, there is a need for 4 program which standardizes the approvals of
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air carrier operations programs 1in order to promole a uniform and acceptabie
level of safety performance in the current competitive air carrier industry.
Therafore, the Safety Board concludes that the absence of effective FAA
management control of its inspector workforce, the lack of accountability of
principal inspections, and the shortcomings in the NASIP program are
contributory factors in the cause of this accident.

2.10 survival Factors

2.10.1 Aircraft Rescue and Fire Fighting

Notification/Communications.--The initial notification of the DFW
emergency units was timely and efficient. It took OPS communications
personnel 21 minutes to complete notifications. This was a considerable
improvement over the 45 minutes it took to complete the majority of
notifications during the response to the Delta flight 191 accident at DFW in
1985.6 This significant reduction in notification time is attributable, at
least in part, to improvements in distributing the communications workload
between the DPS communications center and the emergency operations center
(EOC). In addition, the installation and operational use of the Automated
Voice Notification System in the EOC significantly reduced the notification
times. These changes were institutad following the Delta flight 191 accident
in response to Sufety Recommendation A-86-87.

Other communications improvements were most notable in the area of
field communications and coordination with area hospitals, The wuse of
cellular telephones in ambulances, in supervisory vehicles and in the new
command post vehicles, afforded significant benefits to DFW DPS supervisors
and hospitals in coordinating patient tracking and disposition.

The Safety Board believes that bhecause of its benefits, dperators
of other large airports should evaluate the potential benefits of using
Automated Voice Netification Systems for emergency/mutual aid notifications.

Medical Response.--Forty-seven injured persons received triage at
the primary and secondary areas. The medical stabilization techniques used
on these persons by DFW and mutual-aid paramedics enabled ambulances to
deliver all surviving persons to area hospitals in stable condition less than
one hour after the accident. The experience and training of the responding
emergency medical services (EMS) personnel was of significant importance in
the success of the on-site triage and transportation of the injured.

Police Response.--Due to the cross-training of DFW DPS personnel,
potice actions per se cannot be readily separated from fire and medical
actions since all DFW DPS personnel also participated in firefighting and
EMS roles, as required, throughout the rescue effort. Once established,
security and traffic control were excellent, although this was facilitated
somewhat by the fact that the aircraft came to rest just within the airport
operations area fenceline.
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One diftficuity arose when some mutual aid personnel attempled to
gain entry through a nearby gate and found that it had been chained and
Tocked with a lock to which the DPS did not have a key. It was later
determined that the lock had been placed on the gate by someone other than
airport personnel. Some delay was experienced by mutual aid units while they
obtained a cutting tool in an attempt to gain access through this gate.
This delay had no negative effect on the success of the rescue activities,
since the majority of emergency vehicles and personnel were already in place
on the airvcraft side of the fence., It should be noted, however, that under
different circumstances, such delays could have an adverse impact on rescue
efforts. DFW DPS has since provided bolt cutters for all emergency vehicles
in order to preclude any such recurrence. The Salety Board believes that
bolt cutters should be part of the standard cquipment list for emergency
vehicles. Overall, the performance of the ARFF Teams indicated a wetl
trained and coordinated approach that enhanced significantly the potential
for saving lives.

2.10.2 Left Afy Galley Door

fhe Jeio aft galley door was not opened during the emergency
evacuation of the airplane and 10 bodies were found in the area of that
gelley.  The physical evidence and passenger testimony during the 3afety
Board + pubiic hearing showed that attempts were made to open the door, but
none were successful,  Several possibilities were examined to exple’n why it
would not open.

Huring the iavestigation, when the first attempt to open the door

was made, sott drink cans from the left arft galley were fourd at the bottom
of the doui . tr was considered that the cans might have been dislodged
during impact, Lut before the atrplane came to rest, they rolled down the now
inclined galley floor, and lodged against and jammed the bottom ol the door.

However, there is some question as to whether the cans were on the
floor pricor to the airplane coming to rest, or were knocked out of the rack
during firefighting operations. Considering the extent of the burn injuries
sustained hy the fatabities, it is reasonable to suspect tnat at least some
of the cans would have bulged or burst since they were in the same area--
however, none were so effected. Most notable, the aluminum Jrawer in which
the cans were <ltowed was found intact in the area of the airplane which had
sustained the most severe fire damage, but the drawer had sustained no
thermal damoye. Therefore, it must have been deposited there after the fire
had been extinguished. '

Alsa, since the girt bar was found in the stowed position, it is
belfieved that upon discovering that the door would nut open, the flight
attendant who attempted to open the door was the one who stowed the girt par.
(It 1s assumed that at least the inftial attempt to open the door was made by
a flight attendant, however, the hodics of the flight attendar®s were not
found nvarest the door.}  This wouid be in accordance with Delta's flight
attendant training procedures which address ¢4 Ficulty opening a dour
Following & qear-up (belly) landing.  Stowing of the gir ber would pot have
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been possible if the soft drink cans had been laying on the girt. It is
concluded therefore, that the soft drink cans were properly stowed at the
time of impact and did not prevent the door from opeiing.

During the examination of the wreckage, it was most difficult for
two male investigators outside the airplane to move the mass of the door
simultaneously inward, and upward, due to the 300 left roll altitude of the
fuselage. With the assistance of an additional male investigator on the
inside, several more attempts were made to open the door. Not until the
fourth or fifth attempt did they finally succeed in opening the door. Even
then, the door could not be opened until the investigator inside the airplane
was able to 1ift the 200-pound door assembly {160 pound door pius 40 pound
siide} and move it over a restriction. These attempts spenned a time of
between 5 and 10 minutes of intermittent effort with dizcussions of the
problem taking place between attempts. {t should be noted that these
attempts were being made under nonstress conditions and by fnvestigators
familiar with the operation of the door.

When the door was onened, shiny, therefore fresh, burrs were seen
on the door's lower aft stop fitting. This burring would not occur if the
door were properly aligned in its frame. It was also noted thal the door
fitting had rubbed the stop fitting at the point of the burr when the door
was opened and closed, Also, the door's upper hinge was sprung dnd the sheet
metal just under the hinge was torn to just forward of the hinge. According
to the record of the layover check performed on August 30, 1988, the day
hefore the accident, no ditficulties were noted with the operation of the
door.

When the airplane slid along the ground during the accident
sequence, 1t did not experience very high G loading, except for localized
loading. This is borne out by the FOR information, passenger interviews,
and a general, but not complete, lack of injuries indicative of high G
farces.  The airplane did, however, sustain impact damage as it shid along
the hard uncven ground. While sliding, the underside of the airplane
deformed as a result of repeated impacts. While there was no single
significant G spike, the repeatcd fmpacts compounded the damaje, increasing
the deturmation as the airplane slid. This deformaticen absorbed energy and
would account. to some degree, for the general lack of vertical G forces felt
in the cabin. The deformation in the area of the left aft galley door
finally progressed to the point that the frame distorted, to an unkrown
degrev, and caused the misalignment between the door and ibs fiume,

AMftev the door was opened, an attempt was made to clese it.  The
operating hardware of both the door and frame was cleaned for the crtempt.
it could be closed but would not lock; the operating handie would only come
to within about 159 of the fully locked position, and the door vemained
stightly ajar. One person, with maximum effort, was then abie to open the
dior from inside the airplanre.
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In view of the aforementioned tests and examinations, it is
therefore concluded that the left aft service door could not be opened due to
deformation of the door frame which resulted from the airplane's repeated
impacts with the ground.

The position of the bodies in the rear cabin and in the galley area
indicated that there was a queue of persons walting to use the exit, and more
likely they also crowded at the exit. During this time smoke was entering
the galley. This, of course, reduced visibility and induced respiratory
distress, and when combined with the steep angie of the floor, probably
caused -hose persons at the galley to fall against the door. Given the sense
of urgency, if not outright panic, which surely existed as conditions .
worsened, combined with the angle of the floor and the worsening smoke and’
toxic fumes, it s 1ikely that passengers were pushing against the flight
attendant who would have been trying to open the door, totally negating
attempts to open the already jammed door, :

2.10.3 Att Afrstair Exit

Although the flight attendants were trained to use the aft airsiair
as a secondary emergency exit if the nmorma! exits were unusable, they were
also trained that the airstairs may not be usable following a gear-up
landing. -

In this accident, the aft airstair exit was not usable because the
atrplane was resting on its fus¢lage and the airstalrs could not he Jowered.
Also, the pressure bulkhead door to the tailcone was jammed ciosed due to
impact damage {for the same reasons as stated for the left aft galley door).
When Delta personnel attempted to recover the FDR and CVR from the tail
section of the airplene, the operating handle of the bulkhead door would not
move , consequently the door would not move. They requeésted assistance from
DPS personnel who ultimately had to use pry bars to open the door. '

Since any attempt to open the solidly Jjammed door would have left
no evidence, it could not be determined if an 2rtempt was made to use the aft
airstair exit,

2.11 Fire Propagation

Examination of the physical evidence indicated that the externa’
fire was initiated when the right wing and tail struck the localizer antenna
array. The fire intensified when the airplane struck the 1ip of the
depression in the terrain. The right wing was destroyed and the fuel tanks
lost all structural integrity. Flames not only impinged on the right side of
the fuselage, but extended around the fusetage, heating the inboard wing arca
on the left side. As the fuselage slid, the aft cargo door opened ard was
pushed in. The forward door of the aft cargo compartment vpened outward, and
was torn off at its hinges. The hinges ripped the fuselage open causing a
large opening in that area,
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Evidence showed that the fire entered the aft cargo compartment
before the airplane came to rest. After the airplane stopped, the fire
burned through the cargo compartment liners and cabin fleor. The fire also
entered the cabin through the aft break in the fuselage, the opened
right-hand overwing exit, and later through a burn through in the center wing
hox area. The fire entering the fuselage through the aft break trapped
passengers in the aft end of the cabin. The fire burning through the floor
probably caused the fatalities in that area, The autopsy reports showed the
cause of death to all fatalities as smoke inhalation.

The forward cabin remained survivable for about 4 minutes and
20 seconds, despite the large fuel fire at the ruptured area. Some of this
survival time can be attributed to the use of fire blocking materials on the
soat cushions. There was evidence of the fire blocking slowing the spread
of fire into the cabin. Many seat cushions remained’ intact or showed signs
that the blocker inhibited burning. With a targe fuel fire entering the
cabin, fire blocking will not stop the spread of fire, but will stow it down
giving added time for escape. The Safety Board’s {nvestigation found that
the airport’s atrcraft rescue and fire fighting equipment was in place and
applying extinguishing agents to the airplane about 4 minutes and 20 seconds
after the accident and the last passengers to leave the airplane reported
heing hit by foam as they exited. The predicted survival time, based upon
FAA tests without the fire blocking layers in place, would have been about
2 minutes and 50 seconds. While there 1s some margin for error in both
times, it should be noted that the divergence of the graphs representing fire
test points, hence the benefit in survival time, is greater with the passage
of time.” (See figure 14.) It is therefore concluded that a number of
1ives were saved because the seat cushions were covered with fire blocking
material.

Due to a number of variables such as size of the openings in the
fuselage, wind, and intensity of the fire, an exact number of persons whe
were saved because of the fire blocking material cannot be determined. Any
attempt to determine an exact number is very sensitive to assumptions. Of
orimary importance 1is an assumption of a linear evacuation rate. In this
case, the evacuation rate varied greatly., At the aft break in the fuselage,
nearest the fire, the evacuation progressed rapidly and 11 was not used by a
large number of persons (three persons through the side of the break, eighi
through the overhead section of the break). Therefore, the evacuation there
was completed while it was still in progress at the other exits. The {ast
+xit that was used during the evacuation was the forward break in the
fuselage. This exit was furthest from the fire, was used by the largest
number of persons, and, due to obstructions, had the slowest evacuation rate.

Another assumption which must be made in order to calculate a
number of additional survivors, using available test data, is that the
fuselage maintained its integrity, trapping smoke and superheated gases. In
Lhis accident, both ends of the fuselage were open at the top and around most
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of the circumference, allowing smoke and gases to vernt. The opened fuselage
may have acted as a chimney, drawing cool clean air intoc the cabin, to some
degree, replacing the venting air. Therefore, a determination of how many
Yives were saved by the fire blocking layer was not attempted.

2.12 Refueling Procedures

Though not causal to the accident, the Safety Board is concerned
about the procedures used in refueling flight 1141, Yhe investigation found
that the No. | main fue! tank guantity indicator was inoperative and that the
atrplane was dripsticked and level checked in order to determine the amount
of fuel to add to each tank. The airplane was not dripsticked after
refueling. After the airplane was fueled, it would have been prudent to have
had the fuel tamks dripsticked once again and the level of the airplane
verified. The Safety Board is concerned that with an inoperative fuel gauge
it is possihle that the airplane could have been incorrectly fucled, i.e.,
too much or too little fuel in the No. 1 fuel tank., Such a situation coutd
cause the airplane to be laterally unbalanced or not have sufficient fuel for
the flight. Therefore, it is recommended that the FAA require that whenever
an airplane operating under 14 CFR Parts 121 or scheduled 135 is allowed to
fly with an inoperative fuel quantity gauge, that dipstick, dripstick, or
other appropriate measurements of fuel quantity are taken, and that the
tevel of the airplane is taken into consideration.

2.13 Airline Safety Programs

As part of the Safety Board's investigation of this accident, it
examined the 1issue of airline flight safety programs., This issue was
explored primarily during testimony at the Safety Board's publtc hearing.
The purpose of this effort was to elicit industry views about the purpose of,
the need for, ond the conceptual framework for an airiine flight safety
program. No attempt was made to compare Delta Airlines' program with other
airlines or with any other standard. Further, no correlation was drawn
between the events that led up to the accident involving flight 1141 and the
viability of Delta's safety program. In general, the Safety Beard's
objective was to raise an awareness about the issue of airline flight safety
program as a starting point for possible improvements 1in the future.

In general, airline safety programs are broken down into three
distinct arcas: flight safety, ground {industrial) safety, and maintenance
quality assurance. Ground safety essentially 1is governed by Occupational
Safety and Health Administration (OSHA) regulations. There are no Federal
Aviation Regulations (FAR)} governing ground safety. Simtlarly, there are no
FAR's governing airline flight safety programs. lowever, there arc specific
regulations that deal with airplene maintenance programs, specifically the
inspection and quality assurance function of maintenance.

Part 121 of the Federal Aviation Regulations (FAR) contain
requirements for airline management personnel. Inciuded in the required
management personnel is a qualified Chief Inspector. The FAR's also specify
the basic qualifications of the required management personnel, including the
Chief Inspector. Part 121 of the FAR's also contain requirements related to
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the incpection and quality asswwance functions as compared to the maintenance
functions at an airplane. Specifically, airlines must establish that the
person(s) performing maintenance 4are not the same person{s) performing
inspection of completed work, and these persons cannol he reporting to the
same  supervisor. In fact, the regulations require thd® each girline
establish a continuing analysis and surveillance system to evaluate the
performance of {ts inspection and maintenance programs. These regulatory
requirements nrovide a redundancy or "second set of ;08" wWwithin the airline
maintenance departments. Further, these requirement: establish specific
criteria against which the FAA can assess the quality of an airline’s
maintenance department,

The Satety Board believes that a similar redundancy should be
roquired tor airline flight operations departments by means of an independent
flight safety department. Of course, the flight operations personnel are
charged with the safety of flight operations by meeting the regulations and
estabiishing a training, checking, and operations program. However, without
an independent fiight safety department the redundancy is not provided.

At the Safety Board's public hearing, testimony on the subject of
airline flight safety departments was obtained rrom the Director of Flight
Safety for United Airlines, the Director of Operational Safety for Canadian
Airlines International, and the Director of Aviation Safety Programs for
Transport Canada within the Ministry of Transport of Canada, All three
individuals cmphasized the need for an independent flight safety departnent.
The term "safety net” was used to stress the need for redundancy in
proventing Flightcrew errors that lead to accidents, They also empnasized
the necd jor the flight safety officer to report directly tlo the Chief
Operating OFficer, or equivalent level, to provide the audit for oversight
functions. .

Me testimony revealed thal the Safety Advisory Committee [SAFACY
of the Internattonal Air Transport Association (IATA) had recommended to the
Technical Committee of IATA that it adopt a resoluticn regarding airline
Flight, safety departments, The SAFAC Committee fs made up of professtonal
satoty officers of the world’s airlines. The Technical Committee is made of
Senior Vice President of Operations personnel from the world's airltines. The
(ATA Tochnical Committee is the senior body in IATA that addresses
aperational safety concerns on behalf of the membership of over 160 airlines.
[n (28386, the Technical Comnittee adopted a resolution recommending that all
menbe» airlines should establish a safety department managed by a
professional safety manager.  The resolution also recommended that the
safety department should accomplish certain key flight safety functions,

The 21 key flight safety functions recommended by the [ATA
resolutions are grouped inte four magor categories.  They are! accident
syevention programs; collection, analysis, and dissemination of safety
information; technical (maintepance) and training departiment liaison; and
smergancy  response procedures, 1t is important to note that three of the
waior categories, which account for 17 of the 21 key functions are
prnactive” accident prevention functions, as compared to the "reactive"
acc {dent and incident investigation emergency response functions. All three
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of the aviation flight safety professionals who testified at the Safety
Board's public hearing emphasized the need for an 1independent proactive
fiight safety program at airlines,

The Director of Aviation Safety Programs for Transport Canada
testifited that his agency strongly urges airlines in Canada to adopt the
independent safety officer program. In fact, Transport Canada sponsors a
program which includes training for airiine CEQ's to demonstrate to tnem the
need and cost henefit for such programs. Further, Transport Canada provides
training seminars for airline safety officers. No such programs exist within
the FAA. -

An accident or other unsafe incident is really a symptom of a
failure somewhere in the system. [t is traditionally reported from airline
accident statistics that about 80% of airline accidents result from
ftightcrew errors., For this season alone, it seems appropriate that the
flight operations department needs an audit ¢« redundant orgaenizational
functioen responsible for flight safety. It s easily recognized that the
person{s) responsible for flight safety within the flight operations
department, such as the Chief, Pilot, the Uirector of Training, and the
Pirector of Flight Operations, may not be able to recognize or admit persopal
or organizational shortcomings for his/her own programs. There is a real
possibility that objectivity may suffer. However, an independent safety
officer, who reports to the top manager of the airiine would be in an
excellent position to provide objective views of possible safety problems
within the flight operation departments.

The Safety Board believes that the FAA should initiate a joint
airline industry program to develop gquidelines and regulatory provisions for
atriine {light safety programs. It seems logicat that the same rationale
that requires the separation of maintenance and inspection departments, and
the quality assurance {"second set of eyes"}) function in airline maintenance
should be applied to flight operaticons. Similarly, the provisions for
specific management positions and quallfications of those managers contained
in the extant regulations chould be developed for flight safely. That is,
the requlations should specity the need for o qualified safety officer and
flight safety program at airlines, and separalion of management oversight or
tnese two important functions. Further gquidance by means of an FAA adviscry
Circular, which outlines the structure, functions, and responsibilities of
such a program should be developed. The guidance and regulatory provisions
would then provide a means by which the FAA could evaluate an airline's
safety performance other than by accidents and incidents,

2.14 Previous Safety Board Recommendations
As a result of the Safety Buard's investination of an accident
involving Aloha Air Lines. flight 243 ncar Maui, Hawait on April 28, 1988, the
fellowing safety recommendations were {ssued to the FAA on July 21, 1989:
Evaluate the quality of FAA surveillance provided by the

Principal Inspectors as part of the Natfonai Aviation Safety
Inspoction Program (NASIP). (A-83-64)
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[ptegrate  the Natiopal Aviation Safcty program (NASIP) team
leader in the ¢loseout of the team findings {A-89-65)

: ‘ fhe Satety Board 1% awaiting a reply from Lhe FAA regarding these
pecommendations.

hs a result of the Safety Board's investigation of the Northwest
AMrlines, Inc,. flight 255 which crashed shortly after takeoff from Detroit
Metropolitan Wayne County Alrporv on August €, 1087, the Safety Board sent
the following recommendations to the FAA:

Reguire  that all 17l asd 136 operators and principal
apeirations inspectors cmphiasize the importance of disciplined
application of ctandard operating procedures and, in-
particular, emphasize rigoraus adnerence tou prescribed
chinck Vist procedures. [4.88-67)

Convene a human perfurmence research group of personniel from
the HNgational Aergnautics and Space Administration, industry,
and pilut groups o deterwine it there isoany type of method
g* presenting ¢ check Vst which produces petter pertormance on

part of wser porsonnel. {A- 82 68)

frpedite the ioiuance of quidance sloterial for use by Part 121
and 135 uvperaters in the implementation of  team-oriented
Jirgnlovew Lraining techaiques, cuch ag covkpit resources
panagedent . Vine priented tlignt traiping, or otner
fechipbgaes which eophasize Crow coordinatic,  and manggement

U 7 (s Ty
ith :!:i.;iﬁ*i'j‘}. Eﬁ‘--%jf.\i"‘}i’}

vee. PAR statesdt ip s Votrer ol Septembor v 1988, that TtowWas
planning to Lake G itiye action regarding ihese Fecommendations,  fhe Sately
Board foumt Lhe 40 11ens proposed by the CAA To Do oresponsive Lo the intent of
the recommenttations, and, therefore, classified these thece recommendations
as “Open Accepiable Acticn’ punding review of the fimal action taken by the
FAA. '

paditicnally, as 4 vesult of the Northwest flight 205 aceident the
tafety foevd sent cne following recomsendation Lo 311 Part 121 air carriers:

Beview initial and recurrent flightcrew Eraiaing programs Lo
cnedre  that they include cimulator or aircraft tratning
oo s whien tnvolve cockplit resaurce manacemant and active
coocdination of all crewmember trainees and vhich will poraid
pyatuation of  crew perfordgnee and  adherence to o whnse crew
conrdination procedures, (A1 -T1)

fae Satety Buard has recelved responsns from a majority of Part 17)
dir carviers . These responses have indicated Lthat et aiy carricevs either
cyrrently have, wro are developing, cockptt resource managoement  prograts.
Peltg provided the Safoety fioard with & copy of lts (rew resource manaGement
praogean, This program complied with the intert of  ihe vocumserdation,
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Tnerefore, the recommendation, fn terms of Delta, was ciassified as "Closed--
Accapta.cle Action.”

During the investigation of the DRelta flight 191 accident at OFW
atrport or August 2, 1985, the Safety Board noted problems in communications
and coordination with off-airport medical units during the implemantation of
the Dallas/Fort Worth Airport emergency plan. The Safety Board icsued the
following recommendations to the DFW Airport board: o

Rovise its disaster response notification procedures to
provide for tim:ly and affoctive notification of mutuatl-aid
agencies whose assistance is needed. (A-86-87) '

Revise 1ts procedures tor coordinating with area hospitals
during mass casualty disasters %o pravide the hospitals with
timely information regarding estimated numbers of victims,
injury categories, destinations, and arrival times, (A-86-88)

Conduct full-scale demonstrations of the Dallas/Fort Worth
Airport Emergency Plan and Procedures every 2 years. {A-86-89)

In reply ta Safety Recommendations A-86-87 and -83, the DFW Alrport
Board informed the Safety foard thet a Watson Automated Volce notification
gystem was installed at the airport and that cellular telephones have been
installed in ambulances and the command post vehicles, Safety
Recommendations A-86-87 and -85 have been classified as "¢losed--Acceptable
Action.”

DFW Atrport was in the process 2f planning 2 disaster drill when
the accident iavolving fiight 1141 ovcurred. The Safety #foard has
classified recommendation A-8b-89 ds "Closed~-~Acceptable Alternate Action.”

As a result ot the Satety Board's 1934 special study of airport
certification and operalions, the following recommendation was issued to the
Federal Aviation Administiration:

Amend CFR 139.55 to require a full-scale dgewonstration of
certificated airpor: cmergency plans and procedures at least
once e¢very ¢ years, and to require annual validation of
notification arrangements and coordination agreements with
participating partice, {A-84-34)

On January }, 1988, 14 CFR 139, das revised, became effective and
139.325(g) (51 requires that the tertificate holder:  "Hold & full-scale
atrport emergency plan exercise ab leasl once every 3 years." The Safety
Board finds that this modification to CFR 139 complies with the intent of the
recomtendation, Therefore, Satoty Recommendation A-84-34 is now classified
as "Closed--Acceptable Action.”

Ac a result of the Satet, Board's investigetion of an accident
involving Fan Amcericdn flight 75¢ 4t Kenner, louisiana, on July 9, 1982, the
following safety recommendation was 'ssusd TO the FAA on July 13, 1982:

N IR T e AT R R N TR e R e e PR & T s ST



92

At an early date and pending the effective date of the
recommended amendment of 14 CFR 121.343 to require
installation of Digital Flight Data Recorder systems capable
of recording more extensive parameters, require that operators
of all atrcraft equipped with foil flight data recorders be
required to replace the foil recorder with a compatible
digi tal recorder. (A-82-65)

As of April 1989, the FAA has required that &1l Part 121 aircraft
be equipped with Digital Flight Data Recorders.  This recommendation has
been classified as "Closed--Acceptable Action.”

J. CONCLUSIONS

Findings

1. The flightcrew was properly certificated and qualified for
the flight,

2. The airplane was certificeled, equipped, and maintained in
accordance with Federal reguletions and approved procedures.

The filightcrew deviated from Delta’s policies and procedures
with respect to checklist execution, cocknit discipline, and
required callouts.

Fxtensive non-duty, reloted conversations and the Jenythy
presence of the flight atuendant in the cockpit reduced the
flightcerew's vigilance 1ip ensuring that the aircraft was
properly prepared for flight |

Weather was not 4 factar in the accident.

Wake vortices from the previously departing Poeing /727 wery
not causal to the accident,

There wds no prelwmpact faiture of any engine: the compressor
surges encountered aflter the onset of stickshaker did not
subetantially reduce the amount of available thrust.

The flightcrew did not extend the airplane's {laps our siats
for takeoff,

The takeotf warning system had an intermittent failure problem
which was not corrected during the last maintenance activity
and which manifested itself during the takeoff of fiight 1141,

Failure of the takeoff warning system to activate was most
likely due to contamination or misalignment of the likeoft
warntng system throttle switch.
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Failure of the aute pack trip light to {lluminate as the
throttles were advanced should have been reported a5 @
mal Function to the captain by the second officer.

The captain's action of continuing to increase AOA after the
onset of stickshaker and his failure to apply maximum power in
accordance with Delta's procedures reduced the climb and
acceleration performance of the airpiane,

Delta Air Lines' corporate philosophy of permitting maximum
captain discretion contributed to the poor discipline and
performance of flight 1141's flightcrew.

The FAA was aware of the flightcrew pertormance deffciencies
in Delta's operations, as well as irregularities in Delta's
training and checking programs.

Noither Delta nor the FAA took sufficient corrective actions
to eliminate known flightcrew performance deficiencies.

The initial! notification of the Dallas-Fort Worth
International Airport {(DFW) emergency units was timely and
efficient. The response by Department of Public Safety {DPS)
aircraft rescue and fire fighting personal was well
coordinated and enhanced significantly the potential for
saving tives, ' ‘

The left aft service door could not be opened due to
deformation of the door frame which resulted from the
airplane's repeated impacts with the ground.

A flight attendant, white attempting to open the teft aft
st.rvice door, stowed the girt bar on the door as per Delta's
flight attendant training procedures which address the
difficuity in opening a door tollowing a gear-up landing.

It would have been unlikely for any ofie person of average
strength to open the deft aft seyvice door under the
Circumstances existing at the time of the attempted
evacuation.

A number of lives were saved by the use of the fire blocking
layer op Lhe passenger seats. An exact number of additional
survivors could not be determined.

The corrcctive actions taken by the Dallas-Fort Worth Airport
Bo:rd in response to Safety Recommendations A-86-87 and -88
foitlowing the Delta flight 191 accident in 1985 greatly
improved the communications and coordination of ihe aircraft
rescie and fire fighting personnel and medical feams in this
accident.,




3.2 Probable Cause

The National TYranspertation Safety Board determines that the
probable cause of this accident to be (1} the Laptain and First Qfficer's
inagequate cockpit discipline which resulted in the flightcrew's attempt to
takeoff without the wing flaps and slats properly configured; and (2) the
failure of the takeoff configuration warning system to alert the crew that
the airplane was not properly configured fur the takeoff.

Contributing to the accident was Delta's slow implementation of
necessary modifications to its operating procedures, nanugls, checklists,
training, and crew checking programs which were necessitated by significant
changes in the airtine following rapid growth and merger.

Also contributing to the accident was the lack of sufficiently
aggressive actfon by the FAA to have known deficiencies corrected by Delra
and the lack of sufficient accountability within the FAA's air carrier
inspection process.

4. RECOMMENDATIONS

As a result of its investigation of this accident, the National
Transportation Safecy Board made the foilowing safety recommendations:

--t0 the Federal) Aviation Administration:

Require that principal operations fnspectors review the
operations manuals of their assigned carriers and ensure that
the manuals clearly state the roles of each flight crewmember
in visually confirming the accomplishment of all operating
checklist items, especially those checklist items considered
"eritical® to flight, {Class 11, Priority Action) (A-89-121)

Direct al! principal operations inspectors to review the
trafning and operations manuals of their assigned air
carriers and ensure that the veriffcation of flap position
during stall recognition and recovery procedures is a part of
those procedures. (Class 11, Priority Action) (A-89-122)

Modify National Aviation Safety Inspection Program inspection
procedures to ensure that following safety inspections of Part
121 air carriers, deficiencies are corrected expediticusly and
that the leader of the inspection team is made part of the
evaluation of the proposed actions. (Class I, Priority
Action) {A-89-123) '

Require 14 CFR Part {21 cperators to develop and use Cockpit
Resource Management programs in their training methodology by
a specified date. (Class 1I, Priority Action) (A-89-124)




--to the American
Operations Council Internaticnal:
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perform a directed engineering study of the takeoff warnin
system(s) in the Boeing 727 mode] airplanes, with specia
emphasis on the takeoff warning system throttle switch
installation, The study should evaluate the reliability,
maintainability, and methods to improve the design of the
system. (Class II, Priority Action) (A-89-125)

tssue an Afrworthiness Directive to reguire modification of
the takeoff warning system in the Boeing 727 model airplanes
based upon the results of the directed engineering study.

(Ctass II, Priority Action} (A-89-126)

Modify the Boeing 727 chocklists to require. flightcrews to
check the operation of the takeoff warning system prior to
each flight. (Class 11, Priority Action) (A-8Y-127)

Modify Air Carrier Operations Bulletin (ACOB) distribution
procedures to expedite the approval and transmission of ACOB's
to the principal inspectors and airline officials. (Class TI,

Priority Action) {A-89-128)

Direct principal operations inspectors to inspect thelr air
carriers operating under 14 CFR Parts 121 or scheduled 135 as
to procedures for refueling with an inoperative fuel quantity
gauge apd require, as necessary, that these awr carriers
modify their refueling procedures tn require dipsticking,
dripsticking, or have other appropriate measurements of fuel
quantity taken, with consideration given to the level of the
airplane. {Class 11, Priority Actian) (A-89-129)

nitiate & joint airline industry force to develop a directed
approach to the struclure, functions, and responsibilities of
airline flight safety programs with the view toward advisery
and regulatory provisions for such programs at all Part 121
airlines. (Class 11, Priority Action) (A-89-130)

inform your membership of the aircraft rescue and fire

fighting efforts in this accident and of the benefits of using
automated voice notification svstems for emergency
response/mutual aid notifications. (Class II, Priority

Action) (A-89-13t)

Recommend that member airports equip all of their emergency
vehictes with bolt cutters, (Class I, Priority Action)

(A-89-132)

nssociation of Airport [xecutives and the Airport
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--to the National Fire Protection Association:

Inform the members of the Technical Committee on Aircraft
Rescue and Fire Fignting (ARFF) of the ARFF efforts in this
accident and of the benefits of using automated voice
notification systems for emergency response/mutual aid
notifications. {Class Il, Priority Action} {A-89-133)

Recommend to the Technical Committee on Aircraft Rescue and
Fire Fighting (ARFF) that the appropriate manual be modified
to incluce bolt cutters as recommended equipment for ARFF
vehicles. (Class [1, Prior‘ty Actfon) {A-89-134)

8Y THE NATIONAL TRANSPORTATION SAFETY BOARD

/s/ James L. Kolstad
Acting Chatrman

/s/ Jim Burnett

Membier
/s/ John K. Lauber
Hember
/s/ Jqsqghr{:nﬁalk
Hember

/s/ Lewwine ¥. Dickinson, Jr.
Mewmber

Jim Burnett. Member, filed the following concurring/dissenting
statement:

| conrcur with the facts and findings of this accident report,
nowever, 1 dissent from the probable cause statement, I believe that the
Foderal Aviation Administration {¥AA) and Deita Air Lines, Inc. (Delta) were
direct causes of the accident,

The accident repurt documents factually that the FAA and Delta
were aware, a year before the accident, of serious deficiencies in Delta's
Flight operations and training programs. Despite this knowlrdge, both failed
to correct the deficiencies until after the accident olcurred,. For example,
one of the report's findings, which was adopted by 81 five Board Members,
concludes that "nefther the FAA nor Delta took suffictent corrective action
to eliminate known flightcrew performance deficiencies.” Many of these same
deficiencies were evident in the behavior and performance of the accident
flightcrew. As the memorandum to the foard from the Chief of the Aviation
Accident Division pointed out, “"this particular crew was operating
essentially in accordance with the same procedures and cockpit discipltine
concepts that the FaA had chastised earlier and that Delta was defending as
adequate.” | belleve that had the FAA and Delta addressed and correcied
these known deficiencies 1n an aggressive, effective and timely manner, the
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accident would have Dbeen preventod, Their failure to do so, in my view,
links them directly to the probable sau<s of the accident,

Follnwing an unprecedented number of flightcrew-related operational
incidents during June 1987, the FAA's Acting Administrator announced a
national special emphasis surveillance of Delta. The Acting Administrator
stated Tn a press release dated July 15, 1987, that "each incident apparently
involved human error and this is a matter of great concern to us"...; and
that the FAA will initiate immediate action to correct any deficiencies
tncovered during the course of the inspection. The ten-member national
fnspection team assembled in Atlanta, Georgia on July 24, 1987, and spent six
weeks conducting an indepth inspection of Delta's flight operations and
training programs.

The report of the national inspection team dated September 4, 1987,
contained over 40 findings of serious deficiencies in Delta's flight
operations and training programs, In my view, several of the findings
constitute noncompliance with specific Federal Aviation Regulations; however,

no enforcement actions were taken as a result of the violations. The report

Tisted some 55 recommendations for corrective actions. FAA and Delta semior
management. staff were briefed on the results of the inspection.

In a written response to the national inspection team's report
dated November 12, 1987, Delta stated that "many of the conclusions drawn
were incorrect.”  In many instances Delta defended the observed cCrew
behavior as company approved procedure.  On several findings that Delta
agreed with, Delta’'s response letter did not include a description of how
they intended to deal with the problem. As a result of Delta's disagreement
and FAA's apparent indifference, many of the recommendations remained in
abeyance and no corrective action was implemented.

A year after the national inspection was completed, Delta was
involved in the fatal accident at bBallas. It was apparent that meaningful
changes had not been made following the national inspection, because many of
the deficiencies that had been observed a year previously were evident in the
accident crew’s performance. These deficiercies included a lack of cockpit
discipline and flightcrew coordination, improper checklist use, and an
absence of overall flightcrew professionalism. These deficiencies were
causal to the accident and, as a result, the aircraft was not configured
properly for takeoff,

Subsequent to the accident, FAA conducted a follow-up survev of
Belta’s flight operations and training programs to determine the adeqguacy of
corrective actions taken as a result of the natfonal inspection team's
recommendations, The team’'s report dated November 10, 1988, stated that
white many f{mprovements had been made, numerous deficiencies fdentified
during the national inspection a year previously had not been corrected. The

survey found that "fundamental changes to checklists and procedures are stil)
pending,”
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The Acting Manager of the Georgia Flight Standards District Office
Informed the NTSB in a memorandum dated August 8, 1988, that "a major
revision of Delta Air Lines aircraft crew checklists for all Delta aircraft
‘began after the flight 1141 accident." The FAA suggested additional changes
to this revision in a memorandum to Delta dated December 13, 1988, Delta's
new B-727 pilot's checklist and revised piict's operating manual received
final FAA approval and became effective on February 20, 1989. The new
checklist included changes to designate critical items that require dual
Crewmember response, to identify 1tems that require challenge and response,
and to establish specific crewmember responsibilities for each checklist
ftem. Flaps are required to be checked and verified twice: first, on the
taxt checklist by the first officer; and second, on the before takeoff
checklist by the captain and first officer. The revised pilot's operating
manual contains new sections emphasizing cockpit checkliist philosophy and
crew duties. Many of these changes incorporate actions recommended by the
national 1Inspection team. Following introduction of these changes, every
Detta crewmember recefved a line check to assure his familiarization with and
use of the new checklists and operating procedures,

In summary, I believe that Delta senior management and FAA were
causal to the accident because they failed to assure that the known serious
deficiencies in Delta's flight operations and training programs were
addressed and corrected in an effective and prompt manner. Both were
sufficiently knowledgeable concerning the problems, had the opportunity and
responsibility to correct them, but failed to do s0. And yet, in hindsight
after the accident occurred, comprehensive changes were made in six months.
| believe that had this same level of commitment and change been wade after
the national inspection of Delta, the accident would have been prevented.

At the time of announcing its 1987 specifal emphasis surveillance of
Delta, the FAA, in an apparent move to reassure the flying public, promiscd
tmmediate action %o correct any deficiencies uncovered. One year and one
accident later is not immediate. The public deserves protection, not mere
reassurance.

[ support our staff’'s proposal to include the corporate actions and
policy of Delta Air Lines as being directly causal, and join with the
propoesals by the Chief of Aviation Accident Division and the Chief of the
Operational Factors Division to include the FAA's failure to take immediate
corrective action as teing directly causal. I cannot support the language in
the Board-adopted probable cause which suggests that Delta, one of the major
players in the airline industry and the aviation economy, was s mehow
victimized by the circumstances of 1{ts economic environment. Iosog no
support in the record for such a position.

Therefore, 1 would favor a probable cause statement which would
read as follows: |

The National Transportation Safety Goard determines that the
probable cause of this accident to be (1) the Captain and
first officer's inadequate cockpit discipline which resulted
in the flightcrew's attempt to tekeoff without the wing flaps




99

and slats properly configured: and (2} the faflure of the
takeoff configuration warning system to alert the crew that
the airplane was not properly configured for the takecoff.
Also causal 1o the accident was the failure of Delta Air
Lines' management to provide leadership and guidance to its
flightcrews through its training and check airmen programs to
promote and foster optimum cockpit management procedures, and
the failure of the Federal Aviation Administration to correct
known daficiencies in the training and check airmen programs
of Delta Air Lines.

/s/ Jim Burnett
Member

September 26, 1989
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5. APPENDIXES
APPENDIX A
INVESTIGATION AND PUBLIC HEARING

i. Investigation

The Safety Board was notified of the accident about 10:30 a.m.
eastern dayiight time, August 31, 1988. A team of investigators was
dispatched from Washiagton, D.C., and arrived on the scene that afternoon,
Investigative groups were formed of operations, air traffic control,
witnesses, meteorology, survival factors, structures, powerplants, systems,
flight data recorder, maintenance records, cockpit voice recorder, airplane
perforimance, and human performance.

The parties to the investigation were the Federal Aviation
Administration, Delta Air Lines, the Boeing Commercial Airplane Company, the
AMr Line Pilots Assoctation, Pratt & Whitney Division of United Techrologies
Corporation, the Dallas/Fort Worth Internationel Afrport, and the Midland,
Texas Fire Department. '

2. Public Hearing

A d-day public hearing was held in Irving, Texas, beginning
November 29, 1988, Parties represented at the hearing were the Federal
Aviation Administration, Delta Air Lines, the Boeing Commercial Airplane
Company, the Air Line Pilots Association, Pratt & Whitney Division or United
Technologies Corporation, and the Dallas/Fort Horth International Airport.
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APPENDIX B

PERSONNEL TNFORMATION

Captain Larry Lon Davis

Captain Larry L. Davis, 48, was hired by Delta Air Lines on
October 18, 1365, The captain holds airline transport pilot {ATP)
certificate No. 1518525 with B 727, DC-9, and airplane multiengine land
‘ratings and commerical privileges in airplane single engine land and sea. He
was issued a first class medical certificate on June 7, 1988, with a
Timitation to have corrective lenses in his possession for near vision when
exercising the privilege of his certificate. '

On Juty 27-28, 1988, the captain completed recurvent training on
the Boeing 727. On July 29, 1988 and August 9, 1988, he received a
proficiency check and an en route check, respectively. He had fiown
aporoximately 17,000 hours, 7,000 of which were in the Boeing 727. Dburing
the last 90 days, 60 days, and 30 days hefore the accident, he had flown
119 hours, 27 minutes; 99 hours, 56 minutes; and 61 hours, 56 minutes, .

respectively.

The captain had been off duty 27 hours 27 minutes before reporting
for duty on the day of the accident. At the time of the accident, he had
been on dutv 2 hours 35 minutes, of which 1 hour and 13 minutes was flight
time.

First Officer Carey Wilson Kirkland

First Officer Cary W. Kirkiand, 37, was hired by De'ta Air Lines
on January 26, 19/9. He holds ATP corti.icate 1904535, with airplane
multiengine land rating and commerical privileges in airplane single engine
ltand. He was issued an FAA first class medical certificate with no
rostrictions on January 18, 1988. Since more than 6 months had elapsed since
the issuance of his medical certificate, the certificate had been downgraded
to a second c¢lass medical certiricate. pursuant to applicable regulations,
he was qualifiel to exercise his commerical privileges and was qualified to
serve as first officer on the flight.

He qualified as a Boeing 727 first officer on December 9, 1987.
His tast proficiency check was completed on November 20, 1987, and his last
en route check was on December 6, 1987, At the time of the accident, he had
flown 6,500 hours, 4,000 of which were in the Roeing 727. During the last
90 days, 50 days and 30 days before the accident, the first officer had
Flown 160 hours, 23 minutes; 123 hours, 5/ minutes; and 60 hours, 43 minutes,
respectively. :

The first officér‘s of f-guty time before reporting for duty on the
day of the accident and his on-duty and flight hours un the day of the
acclident were the same as those 1isted for Captain Davis. -
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Second Dificer Steven Murk Jud@t

3 C0nd LEficer Stoven M Judﬁ, 19, wes hired by [eita Atr Lines an

,Nwembw‘ 20, 1987, He holds ATE geptificate 520723890, with airplare

miitiengine land rattag and vommerical pitol priviteges in aivplane singie

~enygine iand He additionally holds !light engipeer certificate nel 72384y

with a4 turbojel powered rating, He was issued an FAA first class Jeadical

1 ORGT CR T G e

certificate with no restrictions on October 27, a8, Since more than

_.5 months hae eslapsed singe the issuance of h:e medical certificate, the
certificate ha; neen aaﬂngrad&d Lo a second £14ss medaaal certificate.

- The ﬁ?n%ﬁﬂ afficer qua:}t1ed as a 5oetwq 127 secand ’f?zcer_gg
January 70, 1988, At the tine of the accident, he had flown 3 U0D haurs, QQQ
of which were in ma»':.,ening 727, - During the tast %G days, 60 days, and
30 aays before the acoident, he nad flown 128 hours., 27 minutes; 31 hours,
Sb miautes; ana } hour, winutes, respeclively.

- The second vificew s aff-duty time befoi e repnr*tﬁg fﬁf duty on the
gay of the accident and his on-duty and fiight hours on the day of the
accident were the same as those listed for tiw captein and the first oiticer.

Ui T T i
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APPENDIX €

COCKPIT ¥OICE RECORDER TRANSCRIPT

TRANSCRIPT OF A FAIRCHILD A-100A COCKPIT' VOICE RECORDER,
51362, REMOVED FROM DELTA AIR LINES B727 WHICH WAS INVOLVED

IN AN ACCIDENT AT DALLAS-FT. WORTH INTERNATIONAL AIRPORT O

APF
CTR
GEWS
UNK
o

k

AUGUST 31, 1980 |

Cockpit area microphone or sound soﬁrqe
Radiv trAnsmissidn from aﬁcidént alrcrafti
Public address system

Veicn‘id&ntified as Captain

Yoice ldentified as First Officer

Voice identified as Flight Engineer
Voice of flight attendant in cockpit
Voice unidentified |
Miecellaneous aircraft

Approach Control

Center

Ground Proximity Warning System

Unknown

Unintelligible word

Nonpertinent word

Break in continuity

Questionable text

Editrrial insertion

Pause

All times are expressed in certral dn?light time.
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thank you

thanks very much

3829:02
Cam-6 did we get the sign off
CAM-3

0$829:05 o
‘yeah yeah signed and delivered

{{cabin departure anouncement by
gate agent})

J X1ON3ddV

see you later
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INTRA-COCKPIT ATR-GROUND COMMUNTCATIONS

TIME & TivE 5
SCURLE {OHTENT SCYRLE

3 {TGN3ddY

e

%29'36
A -

082932

RAMD eieven forty one off of Fifteen let’s
go tal straight back and call me
your taxi instructisns

0829:37
ROG-2

gid you get anything *-

oh you can release brakes and give
thesm a call

of € tail astraignt back

0B829:55
CAM-2 did you get anythin

0829:55
Cam-2 for t

083000
CAM-2Z in a white slip
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INTRA-COCKPLY AIR-GROUND COMMUNICATIONS

TIME & | TIME &
SOURCE CONTENT SOURCE CONTENT

0830:01

CAM-1 I got a thing T got to look it up
and soe ¥ I want |
want to look at the rotation and
see what it is ‘

CAM-1 I may pul in one when I get back

0830:09
LAR-T if you can

0830:13
CAR-1 - 1 forgot to get my pay check did
you get yours

CAM-2  yeal 1 got mine

G830:17
CAMA-2  there been so much happen ***

- 3830:26
CAM {{socund of trim in motion horn})

£830:29
M-2 we generally require a fresh infusion
along 2bout the end of the month and
in the middle

in order to keep everybody happy

X1ONiddy

£839:37 ’
INT -7 alright 2ngines are cleared fto start

J




INTRA-COEKPLIT

TIME &
SCURCE

0830:43
CaM-3

vE30:44
CAM-2

0E3C:55
CAM-3

0831:01
CAM-1

0831:04

CAM.Z

0831:0¢
CAM-2
0831:07
caM

CAM-3

CoNTENT

beacon

it's on

parking brake
it’s off

forty psi

guys like & you know can put twenty
six thousand down on 3 house yocu know
and not even bzt an eye

{{sound of Taugh)) Yifes savings

weii e has Deen dijigent in his savings
that’s right

e diligentiy dumped it there

{{sound of engine igniter starisj);

I was a homebody in thke Navy

-4

2

IE-

s

GROUND COMMUNICATIINS




INTRA-COCKPIT

0831.1%
CAM

(831:22
CAM.-32

0831:23%
CAM- i

batchin® it batchin’ it makes it
did you iive in the "Q°

I jived in the "(" rat as a ensign
but 1 Yived in a - start vaive
closed - forty psi

{{sound of engine igniter stopped};
start vaive open

It's interesting you know they're pyshin’
this gu¥ back ang that tug driver
can’t begin to see em - *

- gattin’ out

{{sound of engine igniter starts})
oi! pressure’s up

{{sound of ingition siopped);

start valve’s closed forty pst

5.
o

AIR-GROUND COMMUNICITIONS

TIHE &
SOURCE  CONTENT

3 X1UNAdd¥
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IHTRA-COCKPIT AIR-CROUND COMMUNICATIONS

TiRE & TIME &
SOURCE WTENT SOURCE CONTENT

J XIAN3ddv

0831:5C
{aM-2 you want all of ‘em

CAM-1 yeah
0831:51

INT -7 alright brakes set you guys have
a great frip

start valve open

0831:57
INT -} brakes are set you have a goed day thank you

0832:00
CAM-3

oil pressure rising

£832:068
CaM {{soun of engine igniter staris):

0832:17
{isound of engine igniter stopped))

0832:1%
CAM-3 start valve closed Torty psi

0832:24
CAM {{sound of ihree generators coming
or, the line})




INTRA-COCKPIY

TIME &
SOURCE CONTENT

B837:32
CAM-3

$6832:33
(AM.-2

airight

{{sound of flight attendents cabin briefing starting))

look’s like they'1! be re
before long

nRIZ2: L
R0G-2 ramp Deltz eleven forty one’s ready to taxi

0833:03

RAMP eleven forty one give me 3 right turn bring
i¢ between couth ramp and thirty heid short
¢f inner

6833:10
R00-2  eleven forty one roger

{{ sound of twoe clicksj};

tdd¥

-
F
"

({ sound of click}}

} XIGN

i
L

{{sound of trim in motion}}

34 “h“ua.‘ e s




INTRA-COCKPET

TIME &
SCURCE

0834:51

FA
0835:00
0835:31
CAM-
M
CAM-?

0835:43
CAM-3

0835:48
CAM-3

0835:35
CAM -

0835:52

CAM-3

0835:53
CAM

0835:57
CAM-2Z

CAaM-7?

CONTENT

{{cabin briefing stops)}

{{ Recording interruption sound}}

now zbout Tookin’ down here at
Delta’s now and then

{{sound cf laugh);
eak *

wnile we’re stiil young

fow about 1o:.%in’ down here
while we stii: have teeth in
ayr mouths

what’s that

how about lookin’ down our way

while we still have teeth in

our mouihs

{(sound of laugh})

growing gray at the south ram
is Delta

*

-8-
AIR-GROUND COMMUNICATIONS

TIME &
SOURCE CONTERWT
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INTRA-COCKPIT AIR-GROUND COMMUNICATIONS

TIME & TIME &
SOURCE CONTENT SCURCE  CONTENT

0836:09

CAM-1 1 guess we cughta shut down number
three save a few thousand dollars

0R35:13
1771 I'11 call and ask grouna if we
can if we just like to shut down over
here

ask him if he can give us give us a
two minute warning to start gur enginec

okay

{{sound of scraping noise on tape})

0837:20
GND Deltz at thirty mske & left turn say
your number

0827:24
RNO-2  that’s sh eleven forty one

0837:26

GND Nelia eleven forty one okay give way o
company to your left the seven two join
the inmer for standard taxi one eight lgft

ak seven thirty one roger

we’'re gunna wait fzo

7 XTONIddY

yeab




INTRA-COCKPIT

TIME &

+ i

SOURCE

5837-512

F e wre

CAM-1

0837:57
CAM-2

CAM-1

0838:21
CAM-2

0838:22
CAM-1

0838:26
CAM-1

0838:53
CAH-3
CAM-2
$838:57
CAM-3
0838:59
CAM._2

0839:00
CaM-3

0839:31
CAM-2

0839:05
CAM-3

CONTENT
where is he

he’s right there

we certaini

d¢id he say standard igo

‘take cff data has been computed

for one eight left

okay

auts pack trip light is not required
- pitot heat

1'% on

airspeed and epr bugs

thirty one and forty five on both sides

and alternate epr set

airspsed warning switches

-1g-
AIR-GROUND COMMUNICATIONS

TIME &
SQURCE  CONTENT

3 XIUN3ddV
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INTRA-COCKPIT AIR-GROUND COMMUNICATIONS

TIME & TIME &
SOURCE CONTENT SOURCE CONTENT

0829:06 &
CAM-2 three A's

0839:08
CAM-3 aitimeter and flight instruments

0839:09
CAM-2 set cross checked

0839:11
CAM-3 = stzb trim

0839-12
CAM-2 ah five point

£839:36 '
CAM-4 a totta people goin’ out this morning

0835:40
CAM-3 yeah big sush

{{7 minutes and 42 seconds of nonpertinent conversation between the flight crew and a flight attendent})

don’t we have to change to ground here

yeah I’m serry I'm sittin’ heve talking
the flight attendent

D LIONIddY
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INTRA-COCKPIT AIR-GROUND COMMUNICATIiONS

TIME & TIME &
SOURCE CONTENT SOURCE

J XIQN3ddV

CONTENT

1847:4)
RDO-2

0847:45
GRD

0847:53
CaM-2 rirtyone I meant eighteen

~

0B47:59
LAM-1

$848:02
rG-2

transiticn at itwentyonz hold
¢f nineteon

084812

-

LA4%-1 okay

ground Delta elever forty one’s with y2 on tep of
the thirtyone bridge

eleven forty one come south on the inner until
taxiway twenty one then move ifo the outer hsid
short of nineteen

say this agaln for a secsnd so 1 can hear his
answer Delta eleven foriy one come south en the
irner 1171 taxiway tweniy one then move 15 the
guter

gleven forty one voger




| | Bt
INTRA-COCKPT] | AL -GROUMD COMMICATIONS

CTIME R | , TIHE &
SQURCE - CONTENT | SOURLE CONTENT

e A B

{{1 winute and 18 seccnds of non-pertinent conversation hsekmn%e Fiight crew and a flight attendent))

- 0850:01

{AN-4 are we gunna get takeoff or are we just
gunna roll around the airpert

0850:94 .
CAM-2  well we we thought we were gumnz have Lo
retire sittin’ there waitin  For tani

clearance '

0850:213 o ‘
CAM-4  my gosh we've got 2 long taxi to do

0850:24 o | |
CAM-1  yeah we are gettin’ down here whire we iat
all the Americans get off First

0850:34
CAM-}  once they’'re all gone we can go

{{1 minute and 22 seconds of non-pertinent conversation between the Fiight crew and 2 flight attendent})

0853:12
CAM-2 what kinda birds are those

853:16
CAM- Egrats or what ever they cail "em

0853:18 &
CAM-4 yeah Egrets -

9 XION3IddY




inTRA-COCKPIY

TIME &
SGURCE

rAM.2

cAM-3

3853:21
TAM-§

A8L3:25
CAM-1

0852:24
CAM-3

0853:35
Cam-2

LCNTENT

are threy
I thirk so
Are they a cousin o the ones by the sea

I don’t know they whenever [ mow grase
oGt irn my pasture they Come in  and it
stirs up the grasshoppers amd evervihing -

boy thney Jjust ficck here

I’ve seen them all over the piace nut around
here

gr35$hc$§ers *

reat *

they ah in fact they sit on the back of cur
horse now and then you seec one out there
Just zittin’ on the back of the horse

18-
AIR-GROUND COMMUNICATIONS

-TI¥E &
SOURCE  CONTENT

e

3. XIGN1ddV




INTRA-COCRPIY

TIME &
SOURCE

0B53:45
CAM-4

$853: 46
{AM-2

LONTENTY
oh is that right

I"ve seen them sittin’ on the back of a lot
af cows ‘

yeah

are they the onmes that pick the bugs off
of them and stuff

i guess ard they hang around them because
while they're grazing you know they stir up
the insects and they can get ’em easier

uh hak

they’re pretty bir’s

they got one mere American andé [ think we'll
e able to go here - start clearin’ some of
tats -

-13‘

ATR-GROUND COMMUNICATIONS

TIME &
SOURCE  CONTENT
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AIR-GROUNT COMMUNICATIONS

TIHE &
CONTENT | SOURCE  CONTENT

0R54:-18
CAR-1 It"s interesiing how they sit arvund the
- airport like this without betng afrasd

8854 -2%
CAM-& didn’'t we taxi

0954:76 »
CAM-2 1’wm surprised they're noi complainin’
sbout the neise

a3l the way around
we go o the other side

:}E the way arcund down here over hack up
here

is how it is on a severe Clear




INTRA-COCKPIT

0855:25
CAM-4

ORS5: 26
tAM-2

0855:33
CAM-Z

0855:41
CAM-7?

$855:59

(AM-1

-

three years ago -

EU%’! il ERI
imagine --

]

imagine what it wouid be like if we had

weather today

1 tel} ycu what Dailas Fort Worth Center
is ak handred percent better than 1 was

‘{5 it really

with its with regard to weather getiin’ in.

and gettin’ out and all

if it clouded up and even looked like there
was going to be weather it ! useta think

it backed up you’d be holdin’ slowin’

down doin’ ati kinds of stuff

ugh

did you see that bird

-17-
AIR-GROUND COMMUNICATIONS

TIME &




INTRA-COCKPIT

TIMt &
SCURLE

ey e e

CAM-¢

08%6:02
CAF-1
9855:63
CAM-4

0856:04
CAM-2

0856:.08

856:09
CAM-2

0855:15
CAM-2

0856:17
CAM-2

0856:19

£AN-2

CONTENT

yes
he got the jet blast

yeah he did he got it

ak what a crash

he said what in the world was that

ever go gut te Midway ard see the
gooney birds they’re somethin’ to watch

they crash and look around to see if
any body s55% ‘em you inow

yeah

they would they vou know if you'd do
ight

2 runup the Flight would come wp and
do 3 runup and the gooney birds would
be back there in the prop wash just
hamgin® in the air vou know and then
they shut pull puil the power back and

‘then they'd just *

-18- |
AIR-GROUND COMMUNICATIONS

TIME &
SOURCE. CONTENT

J XT(N3ddY
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INTRA-COCKPIY |  ATR-GROUND COMMUNICATIONS

-

mg CONTENT SOURCE  CONTENT

CAM

0B%6:35
{aM-2

¢356:38

CaM-2 thev’d send 3 truck out yo
to take off they'd send &
out and they'd go move the
the runway so. vou couid t

085644
CAM-4 ch really ok how funny wher: are they
wherz was that

0856 : 47
CAM-Z  Midway Midway Isiand

0856:48
{AM-4 Midway Isiand

0856 : 49
CAM-2 they come back and they nest in exactly
-~ the same spot that they were borm

0855:52
CaM-4  on the rumwy




INTRA-LOCXPIT

TINE &
SOURCE

0256:53
CAM-?2

- CONTENT

‘yeah whether it was a runway or what it

was they come back 1o the exact same spot
and »h <o there’s some Kind of a2 Taw or
somethin’ that you can’t Huild anything on
thz island anymore becausc --

ah hub

it’s a sanctuary for the birds or somethin’

good morning Tadies and gentleman we're
numbar four for depariure, flight altendents
prepave the Cabin please ‘

{{f1ight switched to tower frequencyj)

we're ready

‘thank you

{{sound sizilar to cockpit gocr being
closad) }

-20-

AIR-GROUND COMMUNICATIONS

TIME &
SCURCE

CONTENT

J XIONiddY




INTRA-COLKPIT

Mr 2
SCURCE
0857 :42
£AM-1.

0857:49
CAM-3

0857:51
LAM-2

0857:54

CAM-3

6a52:07
W

0858:02

CAR-3

nRse: 16
CAM

0858:17
CAM-3

0858:23

CAM

(858:24
CAM-3

CONTENT

forty psi
nimsber three

start vaive open

{{sound of engine igniter starts})

9%1 pressure

{{engine igniter stops)}

start valve closed forty ps!

{{sound of geaerator coming on Yine}}

engine instruments

~L

1-
AIR-GROURD COMMUNICATIONS

TIME &
SOURCE CONTENT

J XION3ddy
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ROUND (OMMUNICATIONS

INTRA-COCKPIT

TIME &
SOURCE ~ COWTENT | SOURCE  CONTENT

3858:26
aaﬁ-z checked normal

0858:30 |
CAM-3  engine antt-ice

4858:31 :
CAM-2 jt’s closed

0838:38
THR eleven for-ty one taxi position runway one eight

left and hold the 2andit will cross ahead

0858:44
RDO-2  okay eleven forty one’s position and hold

shoulder harness

they're on

fifteen fifteen green 1ight

fiight controls

i I e 2 bk BE g
sifiein it



INTRA-COCKPIT

TIME &
SOURCE

0858:5¢
CAM-2

- 0B58:53

CAM-3
0838:54
CAM-2

0B58:57
CaAM-3

2888:58
CAM-2

0858:59

- CAM-3

0859:00
CAM-3

0859:01
CAM-2
59:C2

- CAM-3

0859:04
CAN-2

CONTENT

tops and bottoms are checked

nav instruments

they're set

t2keoif briefing
is comnlete

flight attendents have been notified
- and acknowledged

anti-skid

centinuous ignition

of

.23-
AIR-GROUND. COMMUNICATIONS

TIME &
SOURCE CONTENT

J XION3dd¥
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INTRA-COCKPIT | AIR-GROUMD COMMUNICATIONS

TIME & ' . : TIME &
SOGRCE 'CONTENT SOURCE  {ONTEMT

0859:05
CAM-3  mav lights

0859:06
CAM-2 on

U859:07
CAM-3 transponder

4Cﬁﬂ42 on

0R5%:08
CAM-3 before takeoff checklists compiete

CAM-2 thank you

0859:17

* ;e

TWR Delta eleven forty one
runway one eight lefi cleare

- 0859:20.4
RDO-2  2leven forty one one eight five cleared
0852:35
CAM {{sound of increasing engine noise))

0859:48.4
CAM-2 power’s sat




.25-
AIR-GROUND COMMUNICATIONS

TIME &
SOURCE CONTENT

0859:49.8
CAM-2  engine instruments look good

0859:51.4
CAM-2  airspeed’s comin’ up both sides

$859:53.5
CAM-2 eighty knots

0900:05.5
CAM-2  veée "R™

0900:96.5 | N
CAM {(sound similar to nose strut extensionj)

0560:10.7
CAM-2 vee two

0900:12.5 :
CAM { (sound cf snap})

0900:15.1
CAM {{sound of stick shaker starts and
continues untii end of tape)}

0900:15.5
‘CAM-1 {somethin’s wrong/ooh)

0900:17.¢6
CAM {{sound of compressor stali)})

9 XION3ddV
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INTRA-COCKPIT | S - | KIR-GROUND COMMUNICATIONS

TIME & L - | TIME &
SOURCE ~ CONTENT | 'SOURCE  CONTENT

0900:18.3 ~
CAM: ({sound. of compressor stall))

0900:19.1 |
CAM-2 ~ engine failure
- ' 0900:19.5
RDO ‘((soaad of microphone key for 6.6 seconds})

6900:19.9
CAM - {{sound of compressor stall}}

0900:20.4 |
CAM {{sound of compressor stall))

0909:21.1
- CAM - {(sound of compressor stall}]

0900:21.7 -
CAM-2 we got an angine failure
9900:22.9

CAM - ((sound of momeptary power interruption
| ~ te the cvr}) ' ‘ '
0900:26.9 | |
CAM-1 ;uefre not gunna make it | '
| | | 0900:28.9 |

- RDD-2 -eleven forty one’s-

L.
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INTRA-COCKELT | AIR-GROUND COMMUNICATIONS

TIME & T s
2 CONTENT - SOURCE CONTENT

0a0g:33.4 j .
RDG {{sound of microphone keying for 0.2 seconds))

0500:34 .7
CAM-1 full power

0500:34.9
CAM-z =

0900:35.3
CAM {{sound of ¥irst fmpact))

0905:36.6 4 -
RIC  {(sound f microphome keying for 0.3 seconds})

0900:37.1
CAM

({sound of second §ﬁpact))

090G:37.3
RDO-? send thz - cail the equipment

090C:37.4
{AM {{sound of third impact))

0900:37.4
CAM {¢{sound n} scream)})
| :38.5

CAM {{sound of fourth impact})

0900:36.4
{{end of tape)]

2 X10N3ddV




132
APPENDIX D
DELTA AIR LINES® B727 PILOT'S CHECKLIST

a 808 PUNCTION

WO CHALLENOE !— 232 & 247 Modified 1 ~ OATE 3-13-4e
-WM" " -

mmmosmvcrm NS AOLL Wiy

nna-‘onhunmw-\v‘.—n---.-.q

MLIONY DXAECTONS |
. ANTIL.SKID STAR TRER
t ANTIIGE AUTOPHLOT :

W INTEAMFOITE STOP iTEMS &727 PILOT'S CHECKLIST & JAA APPROVLG

28
£3

FOWER . feras .
‘"m‘ 4 b et @A W EERET et P EIAFBAN A
ALBHTOPUMPS . .......... ...

4

g‘
-
-

v ES I E L PR ELSN EA

i'i!i’&b
8

WHAMOM DU I - ¢

FUEL MEOD .o s WOARD e
" e bl EST Y “ ) h-"ﬁW' s kR b H RN EAPRERNN FRTNY

. - AR MECC

110 DATA LOMPUTED HWY e BN RWY e

AUTO PACK TNIP LT ........ WNEOD OR NOT REQD
MTOY HEAY ... oconor .. OM
AMSPO § EPR BUGH . . SETCROESCX
ARSPO WARN BWS . ......... BET. 3nniA OR U}

UtN‘I)OWHEAT. ALYRFALTNSTS .. ..............

ANTHCE ... ... e |

PIEOT HEAY When Ontayesd Sisct is Denicodt
:‘I&"""wéﬂ":’,&:ﬁ:ﬂ;’%"“ S 7070 GELAYED ENGIRE STARY
ENGINE FIRE WARNING SYSTEMS .. .. .. ... L PACKE oo i
ALT & FLY INDYS & GALLEY POWER

: ‘o PUEL SYSTEM
connab $ELECTORS T ENEUMATIC PHESBUNE ... ... e

urw [
suf:c SOURCE SELECTORS . e L. : . :
MACH AIRSPEED WARNING ... ......che y : DELAYED AFTER STARY

INDICATOR LIGHTS & APD v & ELEC SYSTEM
EHGINE INSTRUMENTS .. e T OALLEYPOWER ... . ... AU + |1
LAMDING GEAR . , - ' & TUEL SYSTEM m‘ mn TAKEOFF
NADAR & TRANMS A BYS A HYD PUMPS
FLIGHT DIMECYORS i al- G 2°APU BLEEDS
SPECD BRAKE , 1 i PACKS ..
REY THAQTTLES & START LEVERS . Ceen s o ENGINE NHNMENTG

DOWN CLO!-ED & CUTOFF " ENCUNE ANTHHCE
FLAPS . . R besememEm T
AR TRIM
AUTYOPILOY F
nautosluumsn . # FUEL HEAY e ‘ \
AUOOER § AILERON TRIM A FLTORPD SWITCH 1
‘?‘mvm“‘ . "QAL‘ v”‘“m“{m """" . S

CABIN A $0 PREFLIOHT _ ‘ . Ok
AUTOPLOYT TERT AW . FLARE it arnmee: AL EN LiGHT
CIACWIT BALAKERS |

OF PANTURE mirm . o MAV INSTAUNMENTS .

BEFORE omlmcu | IIEFORE TAKEOFF

7 SYSTHYD PUMP TAKEOSY RSP0 . ..... . . - .. COMP
APU A BATY CHARGER ... ........ .. X e uof“cﬂ.mg
. FACK(S) :

ENG!NE START START BWITCHES (M7] .

OOOR WAMNING LIGHTS . . MAY LIGNTS ﬂmmun o

PACHS - TRANRFONOER :

GALLEY POWER . | .. : 4 & APU RARTEN BWITCH ... .. Caa e e
FUEL BYSTEM ; ’ & FUEL MEAY . . ooooiiiieions veeanne s
REACON : S R & APY LIOMT G

PARKMO BRAKE . " oL e ST
PNEUMATIC PRESSURE .. ... e Ao A s cn

L us eovianmokt PRINTIEG OFF 1T Aadanadataariiinds
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