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Abstract continued

eondition wherein mach number, angle of attack, and sideslip combined to reduce the
aireraft's lateral control margin to zero or less, and the aireraft continued to roil to the
right in a descending spiral. During the following 33 seconds, the aircraft completed 360°
of roll while descending to about 21,000 feet. The aircraft entered a seennd roll to the
right during which the No. 7 slat was torn from the aircraft. Control of the aircraft was
regained about 2148:58 at an altitude cf about 8,000 feet,.

The Safety Board determines that the probable cause of this accident was the
isolation of the No, 7 leading edge slat in the fully or partially extended position after an
extension of the Nos. 2, 3, 6, and 7 leading edge slats and the subsequent retraction of the
Nos, 2, 3, and 6 slats, and the captain's untimely flight control inputs to counter the roll
resulting from the slet asymmetry., Contributing to the cause was a preexisting
misalignment of the No. 7 slat which, when combined with the eruise condition airloads,
precluded retraction of that slat. After eliminating all probable individual or combined
mechanical failures, or malfunctions which could lead to slat extension, the Safety Board
determined that the extension of the slats was the result of the flighterew's manipulation
of the flap/slat controls. Contributing to the captain’s untimely use of the flight controls
was distraction due probably to his efforts to rectify the source of the econtrol problem.




CONTENTS

fay

[ ] » * L] L L .

FACTUAL INFORMATION

History of the Ilight . .

Injuries to Persons .

Damage to Aireraft .

Other Damage . . . .

Personnel Information . .

Aireraft Information . . .
Meteorological Information. . .

Aids to Navigation . . . . . .
Communications . . . . . .
Aerodrome and Ground FB.CIhtneS

Flight Recorders . . . . . . . .
Wreckage and Impact lnformation N
Medical and Pathological Information

Fire . . .
Survival Aspects e e e e e e

Tests and Research ., . .

Boeing Company Tests. .

Flight Simulator Tests . .

[{eading Gyro Tests . . . . « s o »
Flight Tests . . . . . « « . « .
Aqdditional Information. . . . . . . . . .
B-727 Ftap System . . « « . «

History of B-727 Leading Edge Slat I’roblems ;
Aircraft Performance . . . . . .
Ne. 7 Leading Edge Slat Opvratlon . e e
TWA Flight Operations Safety Bulletin 79—.:
Useful or Effective Investigative Techniques . .

e e N
- *s . L ] L]
ot ek b ek b 0 O -] O N B DO DO
- =

L]

P T . T e e
[ ] [ ] - e = 9 . = &

-

-
HAHH)—DMMH#.—L{—I.—A'—-BH

*

2o Lo o e
T T R R R

»

m_—a—q.-:u:-qqc:c.aabmmm-n-w:
N e A DY

1.
1.
t.
1

1.
1.
1.
1.
1.
1

-

ANALYSIS ., .

The Flighterew . .

Weather . . . . . . .

The Aireraft ., . . .

Extension of the No, 7 leadlng Edge Slat
Loss of Aircraft Controi . . . . e e .

G b L2 DD e

-

D3 10 19 19 19 10

CONCLUSICNS . .
Fmdmgb .
Probable Cause

D

RECOMMENDATION .

APPENDIXES . . . .. .. ..
Appendix A--Investigation and Hearmq « . e
Appendix B-~Personnel Information . . .
Appendix C--Flight Data Rexorder Plot . .
Appendix D--CVR Transcript . .

Appendix E--Boeing Operations Manual BuLletm 75 7
Appendix F--Flight Test Data . . . . . . . . .

. »

111




NATIONAL TRANSPORTATION SAFETY BOARD
WASHINGTON, D.C. 20594

AIRCRAFT ACCIDENT REPORT
Adoptet June 9, 1981

TRANS WORLD AIRLINES, INC.
BORING 727-31, N84GTW
NEAR SAGINAW, M:CHIGAN
APRIL 4, 7379

SYNOPSIS

About 2148 e.s.t., on April 4, 1979, a Trans World Airlines, inc., Boeing 727,
operating as Flight 341, entered an uncontrolled maneuver at 39,000 feet pressure altitude
near Saginaw, Michigan. The aircraft descended to chout 5,000 feet in about 63 seconds
before the flightcrew regained control. About 2231, the flighterew made an emergency
landing at Metrcpolitan Airport, Detroit, Michigan. Of the 89 persons aboard, 8
passengers received minor injuries. The aireraft was damaged substantially,

The flight was cruising in vicual {light conditions at night at 39,000 feet when
the uncontrolled mareuver began; there was no turbulence. There was a cloud layer near
20,000 feet, and at 2155, the reported weather at Saginaw was 500-foot overcast with 3
miles visibility in light snow; sraall breaks were reported in the overcast.

Analysis of the evidence indicated that the uncontrolled maneuver began about
2147:47 with isolation of the aircraft's No. 7 leading edge slat (on its right wing) in the
extended or partially extended position. During the preceding 14 seconds, the aircraft had
rolled slowly to the right to about 35° of right bank and was returned to near wings level
flight. Thereafter, the aireraft rolled again to about 35° of right bank in about 4 seconds.
About 2147:51, the right roll was stopped near 35° of tank for a few seconds. At that
time, the amircraft reached # condition wherein mach number, angle of attack, and sideslip
combined to reduce the aircraft's lateral control margin to zero or less, and the aircraft
continued to roll to the right in a descending spiral, During the following 33 seconds, the
aircraft completed 360° of roll while descending to about 21,000 feet. The aircraft
entered a second roll to the right during whick the No, 7 slat was toru from the aircraft,
Control of the aircraft was regained about 214£:58 at an altitude of about 3,000 feet.

The Safety Board determines that the probable cause of this accident was the
isolation of the No. 7 leading 2dge slat in the fully or particlly extended position after an
extension ol the Nos, 2, 3, £, and 7 leading edge slats and the subsequent retraction of the
Nos. 2, 3, and 6 slats, and the captain's untimelv flight control inputs te counter the roll
resulting from the slat asymmetry, Conwributing to the cause was a preexisting
misalignment of the No, 7 slat which, when combined with the cruise condition airloads,
precluded retraction of that slat. After eliminating all probable individual or combined
mechanical feilures, or malfunctions which could lead to slat extension, the Safety Board
determined that the extension of the slats was the result of the flighterew's manipulation
of the flap/slat controls. Contributing to the captain's untimely use of the flight controls
was distraction due probably to his efforts to rectify the source of the centrol problem,
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1. FACTCAL INFORMATION

1.1 History of the Flight

On April 4, 1978, Trans World Airlines Flight 841, a Boeing 727--31 (N840TW),
operated as a scheduled passenger flight from John F. Kennedy Internationa! Airport, New
York (JFK), to Minneapolis-St. Paul International Airport, Minnesota, After a delay of
about 45 minutes due to traffic conzestion, Flight 841 departed JFK with 82 passengers
end 7 crewmembers aboard at 2025, 1/

About 2034, Flight 841 reached flight level {FL) 350, 2/ to which it haa been
cleared, At 2124, the flight called Toronto Center and asked for any report on winds at
FL 310 or FL 390. The Toronto Center controller replied that he had no reports from
other flights. Flight 841 stated that it was encountering a headwind of 100 knots or more,
and about 2125, the flight requested clearance to FL 390. The flight was cleared to FL
390, and at 2138:44, it reported reaching FL 390. The eaptain stated that he climbed the
aircraft at 0.80 mach, leveled the aircraft at 39,000 feet at that speed, and engaged the
autopilot in the Altitude Hold rrnode.

According to the fuel and flight data log, at 1140 the second officer estimated
that the aircraft's gross weight was 131,706 pounds. According to the flightcrew, the
takeof(, climb, and en route portions of the flight were uneventful and no problems
occurred until about 9 minutes after the aircraft reached FL 390. The captain stated that
the flight was in visual flight conditions at FL 390 and that there was no turoulence. The
flight was cruising at about 252 KIAS with all systems indicating r.ormal operation. There
were no warning lights visible, and no changes ware made to the aircraft's configuration.,

The captain stated that he was flying the aircraft on autopilot with the
Altitude-Hold mode selected. While he was sorting maps or charts, which were located in
his flight bag on the left vockpit fioor, he felt & buzzing sensation. Within 2 or 3 seconds,
the buzzing became a light buffet, and he looked at the flight ins‘ruments. lie noticed
that the autopilot was commanding a turn to the left with the control wheel displaced
accordingly, but he noticed that the attitude directcr indicator (ADI) sl.owed the aireraft
in a 20° to 30° bank to the right. The ADI showed that the airc: aft was continuing to bank
to the right at n slightly faster than normal rate of roll, sc he disconnected the sutopilot
end applied more left aileron ccntrol to step the roll,

According to the ceptain, the aircraft continued to roll to the right in spite of
nearly full left aileron contrel, so he applied left rudder control in addition to the aileron
control, He stated that in spite of the almost full deflection of the left aileron and tull
displacement of the left rudder pedal, the aircraft continued to roll to the right, He
believed that the aircraft was goiag to roll in ‘erted so he retardec the throttles to the
flight idle position, and he stuted “we're going over,” or something to that effect. The
aireraft rolled completely and entersd a second roll with the nose down.

The captain asked the first officer to "get them up," meaning that he wanted
the first officer to extend the speed brakes. The first ofticer stated that he was not
awure of the buffeting or the aircraft's attitude because he was in the process of
cal:ulating the sircraft's groundspeed; therefore, Le did not urderstand the captain's

1/ Unless otherwise noted, all times herein are eastern standard, based on the 24-hour
clcek.

2/ A level of constant atmospheric pressure related to a reference datum of 29.92 inchs of
mercury; for example, FL 350 represents a barometrie altimeter indication of 35,000 feet.
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cominand. The flight engineer was aware of the buffeting but was facing his panel and
was not aware initially of the aircraft's attitude except that it seemed to be in a right
descending turn. The captain stated that when the first officer did not react tc his
command, he moved the speed brake lever to the deployed positica.

After detecting no reaction to tiie speed brake extension, the captain moved
the control handle to the retract positior and back to the extend pesition. Meanwhile, the
indicated airspeed needle was moving ranidly toward its limit and he could see oray
"hlack" on the ADI and bright areas in the windshield which he perceived to be the lights
of towns shining through the undercast. The altimerer indicated su:h a rapid descent that
it was difficult to read. However, he estimated that the sireraft was near 15,000 feet and
descending rapidly wher he commanded extension of the landing gear. The first oflicer
immediately moved the gear handle to the "extend" position, and the flightcrew heard a
very loud sound similar to the sound of an explosion.

The captain stated that he applied fuli left aileron and full left rudder
throughout thie cdescent hut the eircraft continued to roll to the right. Siraultaneous with
the gear extension, he relaxed some of the back pressure on the control column and some
of the pressure on the aileron and rudder controls., The airspeed begen to slow, and he was
able to roll the aireraft to a near wings-level attitude and to stop the aircraft's descent,
after which the aircraft p:tched upward into a 30° to 50° climb. He saw the moon in the
windscreen and used it as a visual reference to maneuver the aircraft. The airspeed
sivwed rapidly, and with guidance from the first and second officers, he leveled the
aircraft near 13,000 feet,

After regaining contro! of the aircraft, the flightcrew noticed a warning light
announcing the failure of the "A" hydraulic syst.m and a warning flag indicating that the
lower yaw damper was inoperative. The captain decided to land the aircraft at
Metropolitan Airport, Detroit, Michigan. He instructed the first officer and flight
engineer to perform emergency checklist procedures and to notify the flight attendants to
prepare the passengers for an emergency landing.

The captain stated that when the landing flaps were extended during the
approach by means of th~ alternate extension system, the sircraft ro.led sharply to the
left. Therefore, he ordered the flaps retracted and planned for a landing without flaps.
The two main landing gear indicstors showed unsafe landing gear conditions, so the
captain made u low aititude pass down the runway for a check of the ianding gear.
Control tower snd crash rescue personnel reported that all three landing «ears appeared
to be extended. About 2231, the captain landed the aircraft on runway 3 without incident,

The accident occurred at night (about 2148) near latitude 43°39'N and
longitude 84°05'W.

1.2 Injuries to Persons

Injuries Passengers Others

Fatal
Seriocus
Minor/None




1.3 Damage to Aireraft

The aircraft was damaged substantielly; it was repaired and returned to
service in late May 1979.

1.4 Other Damage

Nona,

1.5 Personnel Information

The flighterew was qu !ified and certificated for the flight and had received
the training required by regulation, (See apyandix B.)

The flightcrew had reported for duty in Los Angeles, California, on April 3,
1979, about 1138, They had flown a series of flights that terminated ir Columbus, Ohio,
about 2205. On the day of the accident, the flightcrew reported for duty about *345 and
flew to New Yaork, New York, with an en route stop at Philadelphia, Pennsylvania. They
arrived at JFK about 1720. All members of the flighterew stuted that they felt no fatigue
on April 4,

The captain of Flight 841 first qualified as a captain on B-727 aircraft on
February 3, 1969. Later, he had flown as a first officer or captain on various aircraft.
Most recently, he had flown as a first officer on B-~747 sireraft from November 1877 to
Dcecember 1978, From late December 1978 until March 11, 1979, the captain was on
medical leave, recovering from a broken ankle, On Mareh 15 and¢ 16, 1979, he took a
ground school refresher ccurse in the B-727, and on March 19 and 20, he flew the B-727
simulator for 4 Lours. On March 21, he received a simulator check, and he made three
landings in the B-727 aircraft. On March 28, the captain successfully comipleted a line
check in the B-727 which lasted 5 hours, 21 minutes. On April 3, he began his first line
trip since returning to duty. During the 96-day period preceding the accident, the captain
flew 21 nours 50 minutes, all in the B-727.

1.8 Aireraft Information

N840TW was owned and operated by Trans World Airlin2s, Inc. (TWA), and was
certificated and maintained in accordance with current regulations. It was purchased
from The Boeing Company on July 13, 1965, N340TW had acquired about 35,112 hours in
service.

The aircraft received a "C" check on March 1, 1979, and it had been flown 230
hours i3 minutes since that check. Maintenance records indicated that during the "C"
check, suspected hydraulic leaks in the No. 8 spoiler sctuator, Neo. 4 and No. 5 leading in
edge flap actuators, and No. 6 and No. 7 leading edge slat actuators were either
invalidated or were repsired. The Jdo. 7 leading edge slat's inboard track fairing was
repaired. There were no sigrificant maintenance discrepancies on the aireraft
mainteniance logs after the "C" check.

The aircraft's planned gross weight for takeoff was 145,095 pounds (Ihs) with
36,000 Ibs of fuel on board. About 1,500 lbs of fuel were consumed during the delay
preceding tie takeoff. At the time of the accident, the aireraft's center »f gravity was
within preseribed limits at 24,1 percent mean serodynamic chord and the aircraft's gross
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weight was about 130,400 1bs. After the aircraft had lanced and after ‘he engines were
stopped, accorcing to the aircraft's fuel geges, 13,890 lbs of fuel were on board: 4,580 lbs
in the No. 1 tank; 4,710 Ibs in the No. 2 tank; and 4,600 lbs in the No. 3 tank.

1.7 Meteorologzical Informavion

At 1966 on April 4, 1979, the National Weather Service's (NWS) upper air
analysis showed scuthwesterly winds at the 200-, 250-, and 300-millibar levels 3/ through
New York and Michigan. The wind cpeeds were 100 to !10 knots in east2rn New York, 35
to 50 knots in western New York, and 80 to 85 knots in east-central Michigan. In eastern
and central Michigan, the air temperature at the 200-millibar level was about -49° C.

The 1800 radiosonde observation at Flint, Michigan, showed temperaiures of -
48.9° C at 38,000 fezt and -53° C at 44,400 fest. Near 39,000 feet, measured winds were
from 230° true at 85 tnots, The tropopause was near 30,000 feet.

The surface weather observations at the following times and locations were, in
part:

Sagiraw, Michigan

2155 - Clouds—measured ceiling 500-ft overcast; visibility—3 mi in
light snow; wind—350° at 5 kns; remarks--small breaks in the
overcast,

Detroit, Michigan

2153 - Clouds—800-ft scattered, measured overcast ceiling at 2,000
ft; visibility—7 mi; wind—310° at 11 kns; remarks--snow
ended at 2135.

NWS weather radar observations taken at Detroit at 2130 and 2230
showed that no precipitation echoes existed within 250 miles of Detroit,

Weather reports submitted by pilots were, in part, as follows:

2019 -~ Peck VOR, Michigan, FL 310—sky clear, no turbulence,
temperature -45° C, winds 270° at 80 kns.

2026 - Flint, Michigan, FL 350—sky clear, no turbulence.
tempereature -48° C, winds 240° at 100 kns,

According to U.S. Nava: Observatory astronomical data, on April 4, 1979, at
2159, at latitude 43°39'N and longitude 84°05'W, a helf moon was visible at an azimuth of
242° from true north and at an elevaticn of 48° above the horizon.

1.8 Aids to Navigation

Navigational aids were not a factor in this accident.

Communications

There were no problems with communications.

3/ Pressure levels corresponding approximately to pressure altitudes of 39,000, 34,000,
and 30,090 feet, respectively.
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Aerodrome and Ground Facilities

:,~7'-_f7 There were no problems with the aerodrome or ground focilities.

%E 1.11 Fligghbt Recorders

The saircraft was equipped with a Lockhead Aireraft Services Model 109-D
| flight data recorder (FDR), serial No. 219. The recording foil was not damaged and all
. h four flight parameters were clear and active. (See appendix C.) There was no =vidence nf
malfunction except at one point in the heading trace where the heading stylus moved in 4
direction opposite to normal movement of the recording foil while the aircraft was in a

turn and was being subjected to high vertical acceleration forces. Further exsmination of

tne heading trace disclosed that this abnormality occurred again when the aircreft was

turning off the runway at Detroit. A detailed examination of the recorder heading trace

C T mechanism disclosed no explanation for these abnormalities, However, according te the

o manufacturer, the backward movement of the heading stylus (anparent time shifts) were
f caused by worn mechanisms in the FD:,

The aircraft was equipped with a Fairchild Industries Model A--100 cockpit
voice recorder (CVR), serial No. 829. The CVR was not damaged; however, 21 minutes of
the 30-minute tape were blank, The remaining 9 minutes of tape were of good fideiity,
but they pertained only to flighterew ccnversations after the airceraft was on the ground
at Detroit. (See appendix D.)

Tests of the CVR in the aireraft revealed no discrepancies in the CVR's
electrical and recordir.gz systems. The CVR tape can he erased by means of the bulk-crase
faature on the CVR control panel located in the cocupit. This feature can be activated
only after the aireraft is on the ground with iis parking brake engaged. In a deposition
taken by the Safety Board, the captain stated that he usually sctivates the bulk-erase
feature on the CVR at the conclusion of each flight to preclude inappropriate use of
recorded conversatinns., However, in this instance, he could not recall naving done so.
The first and second officers both stated that they did not erase the tape nor did they see
the captain activate the erace button on the CVR control panel.

1.12 Wrecksage and Impact Information

The No. 7 leading edge slet on the right wing was missing, The slat tracks
remained on the aircraft; the outboard track was twisied and bent rearward about
midspan, and the inboard track was bent rearward near the aft end of the track, The slat
actuator cylinder was broken about 1 1/2 inches forward ¢f its trunnion; the aft portion of
the ecylinder remained attached to the wing. The forward end of the actuator cylinder,
the nctuator piston, and the piston rod were missing, The 5/16-inch bolts that attach the
slat to its track were iheared. The inboard fairing-adjustmeant T-bolt was broken, and the
threaded portion of the bolt and two adjusting nuts were missing., The inboard slwi hook
showad no evidence of engagement with the hook stop - the chromate paint was intact
while the paint on the outboard hook was partislly worn.

The skin of the lower surface of the wing aft of the No, 7 slat actuator was
scraped. An 8- to 10-inch portion of the outboard aileron balance tab wes missing at the
end of the screps mark. The balance tab actuator iugs had seperated, and the hinge
support fitting between the lugs had sheared.
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The right outboard aileron actuator hinge fitting bolt wes broken. With the
+ileron in the locked-out position, Zhere was free movement of 1 inch up and 3/32 inch
swn at the trailing edge of the aileron. The nut end of the bolt remained in the
sructure. /& rmectallurgical examination of the bolt indiested that it had failed
predominantly in fatigue.

The No. 10 flight spoiler panel, except for a portion containing the two inboard
hinges, was missing. The right inboard trailing edge flap track attachment bolts were
sheared and the carriage was damaged. The cance-sihaped fairing for the track was
missing.

The No. 7 leacing edge slat, which had broken into two pieces, and the right
outboard trailing edge flap track canoe-shaped fairing were found about 7 miles north of
Saginaw, Michigan, at latitude 43°39'N and longitude 84°05'W. A large portion of the Ne.
19 spoiler panel was tound about 3/4 mile south of these components, The forward portion
of the No. 7 sla” actuator eylinder, the actuator piston, and the piston rod were not found.
The piston rod-cnd bearing remained attached to the slat; the rod hed fractured in
averlcad about 2 inches aft of the center of the bearing.

A metallurgical examination of the No. 7 slat inboard T-bolt indicated that
the eross section of the bolt had fatigue fracture characteristics. There was considerable
smearing of the fracture face,

Both main gear ianding doors end their operusting mechanisms were dameged
extensively and a hydraulic line was ruptured. The sidebrace and actuator support beam
on the right gear were broken; the support baam for the left gear was intact. The uplock

for the left gear was bent. The sccondary wing skin panels above both getuator suppart
beams were buckled upward.

The No. 4 flight spoiler was torn around its actuator attachment point. Fuel
was leaking around several structural fasteners in the left wing. The aft fairing on the
left outboard irailing edge flap jac!:serew was broken and the forward fairing was missing.
The left outboard aileron balance tab hinge fitting was broken; in the lecked~out position,
there was no appreciabiz fre2 movement of the aileron,

Slight tension-field wrinkles had formed in the fuselage skin fore and aft of
the wing attachment areas. The ncse gear door was damaged. Eoth inboard flap
jackscrew fairings were loose and both transmission housings were broken. Two blowout
paneis on the bottom of the No. 3 ehgine support strut were missing.

Many passenger oxygen masks waere hanging from  their overhead
compartments, A passengec service unit was loosened fiom its moorings end an intcrior
widow was cracked.

The "A" hydraulic sysiem reservoir contained 2 quarts of fluid. Following
repair of the hydraulic line in the right wheel well and plugging, of the No. 7 slat actusior
lines, the reservoir was serviced and the flight controls and speed brakes were checked;
they functioned properly. Except for the Mo. 7 leading edge sict, the leading edge slats
and fleps, trailing edge flaps, and their indicator lights functioned properly on both the
normal snd alterrate flap systems. The inboard trailing edge flaps could not be tested
because of the damage to the right inioard trailing edge flap. Th= stall warning and
overspeed warning systems functioned progerly,
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The f{ollowing components were removed from the airplene and were
functionnrlly tested: (1) Kollsman integrated flight instrument system, (2) captain's and
first officer's airspeed und mach indicators, (3) yaw dampers, (4) autepilot control panel
and pitch roil channels, (5) air data sensor, and {6} hoth instantaneovs vertical speed
indicators. All components, except one airspeed indicator, functioned within specified
tclerances; the airspeed indicator was about 4 knots out of tolerance in the 240- to
260 -knot speed range.

The No. 4 and No. 10 spoiler actuators were tested and they functioned
satisfactorily. The remaining poriion cf the No, 7 siat actuator, including the switch
mechanism, one lockring, and the shuttle valve, was examined. A production piston
assembly could not be insertud inte the brokenr end of the eylinder bore, but after removal
of the end cap, it could be inserted into the opposite end of the bore and into the normal
retracted position. However, the piston could not be moved past the retracted position
through the broken end of the bore. Dimensional analysis of the bore disclosed that it was
distorted near the broken end, The actuator bore was not scored, scraped, or marked.

Further tests at the aircraft manufacturer's facility indicated that when 3,u00
psi of hydraulic pressure was applied to tha extend face of the production piston, the
piston would not 1rove out of the broken end of the actuator bore; instead, the hydraulic
fluid let':ed between the bore distortions and the piston seal. A mechanical foree of 1,025
pounds was required to force the piston ont of the broken end of the actuator bore; the
actuator bore was gouged rnd scraped by “n: piston as it moved through the bore.

1.13 Mediral and Pathological Information

The flightcrew was not examined medically.

Of the five passengers who immediately reportediinjuries, two nassengers v.ere
taken by ambulance to a lccal hospital where they were treated and released, Three
passengers reported pains in their chests, necks, and backs, but they refused medical
ireatment., One passenger's knee was bruised and bleeding, and her ankle was swollen,
The passengers' injuries consisted primarily of strains and bruises. All five passengers
flew to MMinneapolis-St. Paul on another flight which departed Detroit about 0245 on April
5, 1979. Later, three other passengers reported injuries, but only one was hospitalized for
severe mu-cle strain of the back and neck and a vertigo/balance problem.

i.14 Rire

1w msae

There was no fire,

.15 Survival Aspe«ts

This was a survivable accident. The injory causing mechanism was the
variable but comparatively high in-flight load factor -- maxi:num of abcut 6.0 g's -- and
its duration. The high g's ’orced the occupanis' heads and upper evtremities toward the
finor of the cabin and caused the musele strains of the neck and back., Passengers who
were standing when the maneuver began were forced to the floor and, in the process,
contacted objects that caused bruises and cuts,

1.16 Tests and Research




1.16.1 Beeing Compeny Tests

In 1975, The Boeing Company conducted fiight and wind tunnel tests to
determine the effects of asymmetric exiension of wing leading edge slats on the control
characteristics of the B-727 while in cruise flight conditions. Because of reports of slat
actuator lockring failures, these tests were conducted to evaluate control characteristies
associated with an unscheduled extension of a single leading tdge slat. The wind tunnel
tests invo!ved slat extensions from 0.4 to 0.5 mach; because of adverse buffeting, 0.8
mach was the nhighest specd tested in flight. From these tests, it was determined that the
extension of either the No. Z or the No. 7 leading edge slat caused the most adverse
control characteristies, but with a significant amount of lateral control appiied, the
sireraft was eontrollable at altitudes and speeds of up to aud including 35,000 feet and
0.80 mach. As the result of these tests, The Boeing Company issued Operations Manual
Bulletin (OME)} 75-7 in August 1975, to rrovide flighterews with operational information
for the event of an actual or suspected lzading edge slat actuator lockring malfunction,
(See appendix E for revised OMB 75-7, issued Msrch 1C, 1976.)

1.16.2 Flight Simulatcr Tests

At the request of the Safety Board, The Boeing Company programed &
f..ed-base engineering flight simulator with B-727-200 4/ aerodynamic and control data
and the data ohtained from the 1975 flight and wind tunnel tests, Also, the simuletor was
programed with Flight 841's gross weight and center of gravity conditions and the
pertinent metecrologicul data associated with its flight. A total of 118 trials were
condueted in the flight simulator to identify the condition that precipitated the gireraft's
upset and to duplicate and 2valuate its maneuver.

The effects of spurious signals to the autopilot and yaw damper were explored.
In all -ases, the simulator pilots were able to overcome the effects with no difficulties.
There wes no correlation between the simulator traces of these maneuvers and Flight
841's FDR traceos.

The simulator tests did not take into consideration the effects of freeplay in
the right out-board aileron or possible distortion of the No, 7 leading edge slat. Also, the
simulations did nz¢ incluue lateral control requirements due to sideslip. However, the
effect of 1 3/32 inches of rree play in ‘he right outboard aileron wes explored. About 13°
of controi wheel deflection to the lett was needed to counter the effect; this deflecticn
was wit’..n the autopilot's authority ot about 58° oi control wheel deflection. The contral
wheel must be deflected about 80° to obtain full deflection of the lateral controls.

Extensions of the No. 7 leading edge slat while in level flight at 39,000 fee?
and at 0.80 mach consistently generated rolls to the right. Additionally, the autop lot
countered the right rolls to the full extent of its authority within 2 seecnds of slat
extension, and the yaw damper countered the resulting sideslip with rudder displacerient
to the left. The initial roll rate with the autonilot engaged was about 7° per secourd to the
right. Despite the counter:controls appli:d by the autopilot, the simulat.d gireraft
continued to roll to the right. When the pilcts disconnected the auopilot at 30° of right
bank and applied additional left aileron control, the simulated aircraft returned to

4/ According to the Boeing Company. the control systems and aerodynamic
characteristics of the B-727-20( are virtually identical to the B-727-100. The only
aerodynamic differences relate to a 1f,-foot longer fuselage on the B~727-200.
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wings-level flight which could be maintained with about 4R° ot conirol wheel displacement
tc the left, Under conditions of the simulations, the right roll couid be stopped and the
aircraft returned to wings-level flight provided corrective measures were taken before
the roil progressed beyond about 117" of right bunk, Beyund that bank angle, increases in
angle of atteck and mach produced sn imbalance of rolling moments that could not be
overcome with lateral and rudder . :ntrols, und the airerait became uncontroliable,

The simulator tests prodiced two flight maneuver situations in which the
recorded tire histories of indicated airspeed, eltitude, and normal load faztors most
closely appreximated those recorded by Flight 841's FDR. The recorded time history of
the simulator's heading trace differed from the FOR heading trace because the simulaior's
heading reference system wa: not subject to the gimbal errors assceiated with the
aiircraft's heading gy»o.

In both maneuvering situations, the ertry and the pilots' actions were similar;
the latter differed only in the amount of controls applied and the length of delay in
control application following slat extension, The simulator was placed at 39,000 feet at
1.80 mach witih the autopilot engaged, After extension of the No, 7 leading edge slat and
a short delay, the pilots disconnected the autopilot and applied left aileron control,
followed by left rudder deflection. The pilots retarded the throfttles to flight idle and
extended the speed brakes. Near 15,000 feet, they extended the landing gear and the slat
was retractéd (simulating the loss of the slut) und recovery to ievel flight was compieted.
Since load factors could not be simulated, the pilots attempted to duplicate Flight 841's
longitudinal control deflections and g-trace by referring to a g-meter, The stabilizer
trim was not moved from the cruise trim (zero stick-foree) position,

The flight simulator *races showed that the simulated airers®t could be
returned to wings-level flight with relatively little loss of altitude provided corrective
action was begun before the roll and airspeed were aillowed to increase excessively. In the
simulations, the pilot could delay reaction for about 18 seconds and regain control with an
altitude loss of about 6,000 feet. However, when the piict delayed corrective action for
17 seconds or nore, a maneuver was entered that approrimated Flight 841's airspeed,
altitude, and g-traces, In this mancuver, the aireraft contiiiued throughout the descent to
roll to the right, in spite of full left aileron &nd rudder, until the slat was retracted to
simulate its loss from the aircraft.

The second maneuvering situation whieh produced good correlation be*ween
the simulator traces and Flight 841's FDR traces for airspeed, altitude, and g's involved
two roll reversals. About 12 seconds after slat extension and at a bank angl of about §0°
to the right, the pilot disconnected the autopilot and rapidly applied left aileron and left
rudder. In the following 12 seconds, th.: simulated aireraft rolled 285° to the left, about
45° beyond the inverted position, and then it reversed and rolled to the right. By that
time, the simulated aireraft's nose had dropped to 40° below its cruise atti e and its
airspeed had increased to 0.86 mach, After the roll reversal to the right, the simulated
aireraft continued throughout the descent tc roll to the right, in spite of full left aileron
and rudder, until the slat was retracted.

In all simulator tests, during the spircling dJdescents, lateral control was
regained after the No, 7 leading edge slat was retracted to simulate its loss trom the
aireraft. Several traces from the simulator tests indicated that, while the autopilot was
deflecting the control wheel to the left and the aircraft was rclling 1o the right, fully
qualified B-727 pilots disconnected the autopilrnt, centered the control v'heel, and then
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rotated the contrnl wheel to the left to counter tne right roll. This had the effeet of
momentarily increasing tl. roll rate to the righ®.

1.16.3 Heading Gyro Tests

In tests in May 1972 to determine the effects of piteh and roll angles on
heading gyro performance, the heading gyro from the aircraft was removed and mounted
on a movable platform. The heading angle indicated by the gyro was displayed on a digital
readout of the heading synchro and was recorded. The system was stabilized on Flight
841's cruise heading and attitude which immediately preceded the control problem. The
heading gyro was then progressively rotated to the heading, pitch, and roll angles which
were measured in the simulator tests that most nearly duplicated the aircraft's FDR
traces of airspeed, altitude, and g's.

Comparison of the simulator heading traces with those obtained from the
heading gyro tests sliowed some correlation for the simulator maneuver which developed
when the simulator pilot began his corrective action at 60° of right bank and about 12
seconds after slat extension. This was the simulator maneuver which involved double roll
reversals; however, about 36 seconds aiter slat extension, significant disagreement
between the heading traces occurred.

In May 1980, additional tests were conducted to determine the effect of roll,
pitch, and heading angles changes and rates of change on the performance of a B-727
heading gyro. By determining these effects, it was believed that a better understanding
an’! interpretation could be achieved of the accident aireraft’s motions as reflected in its
FDR heading trace.

The heading gyro was mounted in a standerd bracket and attached to a
tilt/turn table. The gyro was connected to a compess coupler and flux gate valve to
simulate a complete B-747 compass system, and a Lockheed Air Service Model F109-D
FDR was used to record the heading information developed from rotation of the gyro
through vericus roll, pitch, and heading angles. Several tests involved the introduction of
roll, pitch, and heading angles that were derived from the two flight simulation immaneuvers
that most closely approximated the time histories of airspeed, altitude, and g's recorded
on Flight 841's FDR.

The heading traces recorded on the test FDR shifted backward in time in a
manner similar to the backward shift of the accident aircraft heading trace which
cccurred abonut 2148:01. These time shifts were found to occur at specific bank angles,
which made them predictable, and corrections were made to remove the time shifts from
the accident aircraft's heading trece and from the test traces. According to the FDR
manufacturer, these time shifts were caused by worn recorder mechanisms.

These tests established that for changes in roll angle alone, the magnitude and
direction of the heading gyro gimbal errors were the same whether the gyro was rolled to
the right or o the left, and the heading trace generated on the test FDR was essentially
the same regardless of the direction of roll, Also, the gimbal error was a repeatable
furction of roll attitude and was not affected by roll rate.

With regard to roll, pitch, and heading angle changes associated with flight
simulation data for a continuous right roll entry into the dive, comparison of the test
heading trace with the accident heading trace showed poor cgreement with the abrupt
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heading change to the right thet occured in the latter trace about 2147:45. However, the
compariscn showed good agreement with the first large heading excursion to the left that
began about 2147:54. Comparison of the test heading trace generated from simulator
data for the dive entry which involved two roll reversals showed good agreement with the
abrupt heading change to the right that occurred about 2147:45 and fair sgreement with
the subsequent large hcading excursion to the left.

Heading traces basad on the above simulation datae for roll, pitch, and heading
angle changes were calculated from the gimbal errcr equation and were compared with
the accident heading trace. The calculated neading trace for the eontinuous right roll
entry data showed poor agreement with the abrupt heading change to the right that
occurred about 2147:45 but showed good sgreement with the subsequent large heading
excursion to the left, Conversely, the calculated trace for the dive entry which involved
two roll reversals showed good egreement with the abrupt heading change to the right but
poor agreement with the subsequent large excursion to the left., The calculated trace
contained an uncharacteristic inflection when the roll reversed from 1»ft to right.

1.16.4 Flight Tests

On October 2, 1980, at the request of the Safety Board, the aircraft
manufacturer conducted flight tests in an instrumented B-727-100. A Safety Board
aerospace engineer assisted in developing the tests and was aboard the gircreft as an
observer during the tests. The purposes of the tosts were to record data that could be
compared with Flight 841's FDR data, to test aircraft and con.iguration changes that
might have occurred to Fliglit 841 before its rapid descent, and to obtain data on lateral
control effectiveness. -

The aircraft was equipped with a Lockheed Aircraft Services 109-D FDR and
accelerometer of the same types that were aboard the accident aircraft. Additionally,
the aircraft was equipped with special flight instrumentation, a Sperry Flight Systems
SP150, MB-5 amutopilot, and recorders that recorded substantially more parameters with
higher accuracy and fidelity than the FDR. All tests were flown as close as practical to
the conditions recorded on Flight 841's FDR just before its g-trace began oscillation, The
tests involving configuration changes in level cruise flight were flown for about 1 minute
each, following completion of the configuration change, to determine the effects on
aircraft performance.

The significant resuits o these tests were as follows:

0 With the autopiiot engaged in Altitude Hcld and Manual Mode,
when the trailing edge flaps were ext=nded to 2° without extension
of the leading edge slats, there were no discernible changes in
altitude, g, or heading on the FDR. A\irspeed decreased very
slightly and slowly.

With the autopilot engaged in Altitude Hold and Manual Mode,
when the trailing edge flaps were extended to 5° without extension
of the leading edge slats, the altitude increased slightly and the
airspeed decreased slowly a few knots. Normal acceleration
initially increased slightly, then decreased slightly, and then
returned to 1.0 g. When the fi.ps were retracted to 2° the
airspeed increased slowiy ubout 1 knot,




_13....

With 2° of trailing edge flaps extenrled and autopilot engaged
{Altitude Hold and Manual Mode), when the Nos, 2, 3, 6, and 7 slats
were extended, the airspeed decreased at a rate of (.50 kn/sec.,
and tne altitude remained constant. The g-trace showed an initial
inerease followed by a& periodic undamped oscillation. Moderate
buffet (as described by an engineer in the midsection of the
aireraft) was indicated ou the flight test ¥DR by g-trace
oscillations of + 0.05g at a frequency of about 1.0 eycle per
second.

As drawn on a grapa, a comparison of the flight test FDR traces
with Flight 841's FDR traces suggests that the only similarities are
in the initial rate cf airspeed decrease and the amplitude of the
g-irace oscillations following first excitation of the g-traces. (See
appendix F.) However, 200-power magnification of the g-trace on
the FDR foils from the flight test aircraft and the accident
aircraft showed that the g-trace on the flight test aircraft
oscillated about 6 cycles per second when the Nos. 2, 3, 6, and 7
leading edge slats were extended and that the g-trace on the
accident aireraft oscillated about 6 cycles per second beginning
about 2147:24. The frequency response of the acceleration channel
on both FDR's was tested. These tests showed that the accident
aircraft's FDR was slightly more responsive and that the frequency
response limit of both FDR's was about 6 cycles per second.

Further, the periodic undamped oscillation of the g-trace fron the

test airceraft was a characteristic of its autopilot, which was
different from the autopilot in the accident aircraft (SP50, MB-3).
The primary differences between the two autopilots involve the
addition of an altitude rate feedback loop and a higher gain in the
altitude feedback loop on the SP150. Additionally, it was
determined that during the tlight tests higher than normal altitude
and sltitude rate feedback loop gains were present because & test
switeh in the digital air data computer (DADC) used by
mainterance personnel to furctionally test the system had been
left in tie test (HOLD) position. During simulations of the flight
test conditions, the SP150 autopilot {with the DADC test switch in
the test position) altitude eand altitude rate feedback loops
generated nose-up commands to the elevator which partially
canceled the -10se-down commands to the elevator.from the piteh
attitude and pitch rate loops. This resulted in a substantial
reduction and lag in nose~down elevator response which very nearly
duplicated the elevator response recorded during the flighit test.
Because the SP50, MB-3, autopilot does not have an altitude rate
feedback loop and has a reduced gain in the altitude feedback loop,
it would have commanded greater nose-down elevator deflections
much more rapidly under the same conditions. The effects of
earlier and larger nose-down elevator deflections during the flight
tests would have been a substantial reduction in the aireraft's
initial nose-up pitch attitude and g inerzase and no subsequent
undamped osecillation. Consequently, the flight test aircraft's g-
trace would have matched the accident aircraft's g-trace much
more closely had the test switch in the DADC been in its proper
position. This also was established by 7.mulations of elevator
response with the test switeh in its proper yosition,
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While in & normal cruise corfiguration and with the autopilot
(Altitude Hold and Manual Mode) maintaining the aircraft's
heading, tie pilot deflected the rudder fullvy to the rizht to place
the aircraft in a steady left sideslip for the purpose of developing a
maximurm right yawing moment. When the autopilot was
diseconnected while the gireraft was in this condition, the control
wheel abruptly centered and the aircraft slowly yawed, rolled, and
turned to the right.

1.17 Addicional Information

1.17.1 B-727 Flap System

The B-727 has eight individual leading edge slats and four individual leading
edge flaps, The s)ats are mounted on the outboard positions of the wings and are
numbered 1 through 4 on the.left wing and 5 through 8 on the right wing. The flaps are on
the inboard portion of the wings. {(See figure 1.) The leading edge slats and flaps are high
lift devices that are extended for takeoff and landing. (See figure 2.) According to the
TWA Flight Handbook, the maximum speed and altitude with the leading edge devices
extended are 240 knots and 25,000 feet, respectively, and the maximum speed for
extension and retraction is 230 knots.

Each leading edge device is actuat>d by a single hydraulic actuator. These
actuators are normally supplied by "A" system hydraulic pressure and aire normally
controlled by the flap handle in the cockpit. With the loss of "A" system pressure, the
leading edge devices can be extended by an alternate flap system; oncc extended by the
alternate system, the leading edge devices cannot be retrented until "A" system pressure
is restored. When extended by the alternate cystem, zli 1:ading edge slats and flaps
extend randomly; full extension of all devices takes about 4y seconds.

The leading edge devices riormally extend and retract in conjunction with the
tre ‘ling edge flaps. The normal schedule is for extension of the Nos, 2, 3, 6, an:  leading
edye slats in conjunction with the selection of 2° of trailing edge flaps and exiension of
the no. 1, 4, 5, and 8 slats and the six leading edge flaps in conjunction with the selection
of 5° of trailing edge flaps. 'I'he devices are retracted in the same groups in the reverse
order of extension. Actual extension and retraction are initiated by the outboard trailing
edge flap followup system; tha: is, slat extension is not initiated until the trailing edge
flaps approach the 2° and 5° Positions and slat retraction occurs when the trailing edge
flaps retract from the 5° and 2° positions. Normal extensicn and retraction times for the
leading edge devices is about 6 seconds.

All leading edge slats are held in the extended and retracted positions by
hydraulic pressure and by mechanical locking devices in each actuator. (See figure 3.) The
locking devices are held in the locked position by springs and hydraulic pressure and are
unlocked by hydraulic pressure. A switch on each actuator is connected to the cockpit
light display . One display, on the piizts' instrument panel, provides an amber (in transist)
light when an acutator is unlocked, a green light when all actuators are extended and
locked, or no light when the actuators are retracted and locked. The other display, aft of
the tlight engineer's panel, provides a display of the condition of each individual leading
edge device. When activated, this display will show whether an individual leading edge
device is extended and iocked (green light), retracted and locked (no light), or unlocked
(amber light),
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1.17.2 History of B-727 Leading Edge Slat Problems

Accorcding to FAA service difficulty reports (SDRs), from the beginning of
1970 through the end of 1973, scven cases of a singie leading edge slat extension and
separation on B-727's during flight were reported without mention of whether the
extensions were scheduled or unscheduled. In 1974 and 1975, no unscheduled extensions
and separations were reported. In 1976, one unscheduled extension without separation was
reporied; the slat actuator support fitting had broken., No other unscheduled extensions
and separations have been reported.

The SDRs contain numerous reports of a leading edge device failing to extend
or retract, but these failures were associated with normal extension or retraction
schedules. Also, a number of reports attributed the loss of "A" system pressure to a
lecking actuator, No uncontrollable flight situations were associated with any of the
above failures to extend or retract.

In 1978, one operator experienced an unintended extension of leading <¢dge
devices. While in eruise flight at 25,000 feet and about 350 knots (0.82 mach), the captain
detented an airframe vibration which he attributed to a partially extended trailing edge
flap. He attempted to retract the trailing edge flap by using the alternate flap system.
However, either the retraction switch was moved inadvertently to the "down" position,
rather than the "up" position, or the switch was wired backward. In any event, the leading
edge devices were unintentionally extended. The leading edge devices were retracted by
turning the alternate flap master switch off; however, the No, 6 and No. 7 leading edge
slats on the right wing did not retract. The aireraft began to roll and turn (o the right,
but the captain returned the aircraft to level flight by using left aileron and rudder. The
aircraft was kept upright by about 45° of control wheel deflection to the left and by a
significant amount of left rudder. After the captain slowed the aircraft, the slais
retracted. An unscheduled but normal landing was made as a precautionary measure. The
No. 7 slat and the alternate flap retraction switch were changed, and the aircraft was
returned to service,

1.17.3 Aircraft Performance

Correlation of FDR information with air traffic control data showed ihat,
after Flight 841 reported level at FL 390 at 2138:44, the FDR vertical acceleration trace
remained steady at 1.0 g. At 2147:34, near the Sagmaw, Michigan, VOR, while on a
steady heading of 288°% the g-trace began to oscillate at an amplitude of about +0.05 g
and at a frequency of about 2.0 cycles per second. These oscillations continued for 70
seconds with the amplitude increasing to a maximum of about +.3 g.

After the vertical acceleration trace began to oscillate, *he sirspeed began to
decrease from 245 knots and 10 seconds later it was 240 knots, Also, the heading trace
deviated about 1° during the first 6 seconds of the oscillation; it then moved erratically tc
a headlng of about 238° during the following 13 seconds, including an abrupt change of
about 5° to the right in 0.5 second, beginning at 2147:45. During the first 19 seconds of
g-trace oscillation, the altitude trace decreased from 39,600 feet 5/ to 39,600 feet. From
2147:53 to 2148:04, the altit.de decreased to 37,500 feet and the headmg trace moved to
184° During that pemod the airspeed increased to 250 knots and the g-trace increased to
about 1,7 g's.

5/ Recorder tolerances at 39,000 feet are + 700 feet.
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From ©148:04 to 2145:23, the heading trece moved to 360° the altitude
decreased to about 19,500 feet, the airspeed increased to about 390 knots, and the g-irace
increased to 4.0 g's. During the next 17 seconds, the airpseed increased to its maximum
valuz of 470 knots, the sltitude trace decrensed to its minimom valu> of ahout 5,000 feut,

and the heading trace moved 1c sbout 310° Also, the g-trace increased to 5.5 g's.

At 2148:51, afte’ having decressed to about 4.5 g's, the g-trace increased
rapidly to 6.0 g's; during the following 7 seconds, the g-trace decreased to 1.0 g. At
2148:58, the eirspeed was 230 knots and the altitude was 8,500 feet, During the following
27 seconds, the g-trace varied between 1.0 and 0.3 g, the heuding trace moved to about
240° the altitude inereased to about 11,300 feet, and the airspeed decressed to about 160
knots.

According tn data in the aireraft flight manual, while in eruise flight at 39,000
feet, a gross weight of 130,000 pounds, and about 245 knots indicated airspeed (mach
0.80), Flight 841's maneuvering and performance margins were about 1.37 g's, 70 knots
above 1.0 g low speed stall buffet, and 36 knots below 1.4 g high speed (mach) buffet, In
smooth air, the aireraft could have sustained level flight at 43° of bank without entering
stall buffet.

The FDR airspeeds recorded during Flight 841's descent from 28,000 to about
5,000 feet were converted to mach numbers by applying position erior, compressibility, .
and density altitude corrections. As the aireraft descended, the initial eruise mach
numier increased to a maximum of 0.96 mach at 31,800 feet and then decreased to 0.78
mach at 10,000 feet and about 1.70 mach near 5,000 feet.

Wing lift coefficents were calculated from FDR airspeed, altitude, and
vertica: acceleration values, These coefficients fluetuatad throughout the deseent. High
c¢nefficients of 0.7, 0.7, and 1,08 occurred near 39,000, 21,000, and 7,000 feci,
respectively.  Low values of 0.28 and 0.51 occutred at 30,000 and 16,000 ieci,
respectively. These lift coefficients were compared to buffet lift coefficients derived
from flight test data, The results indicate that Flight 841 was in a high speec uffet
throughout most of the descent and recovery to level flight,

Flight 841's flightpath any ¢s during its descent were calculated from
indicated awrspeed and rate of descent values. These calculations indicated that the
aircraft's flightpath angle decreased from zero at 39,000 feet to 90° vertically downward
near 29,000 feet. The angle then decreased to about 30° downward at 24,000 feet and
then increased to 40° downward as the aircraft descended through about 18,000 feet. The
angle then increased further to about 80° downward at 11,000 feet, decreased to zero
during the recovery, and increased to about 55° upward during the puliup following
recovery. The angle decreased to about zero near 11,000 feet.

The rolling moment coefficients caused by the extension of the No. 7 leading
edge slat were supplied by the aireraft manufacturer from wind tunnel and flight test data
developed 1n 1975. These coefficients were compared to the lateral rolling moments
available from aileron and spoiler controls at various macn numbers and altitudes as a
function of wing angle of attack., The comparison showed that at Flight 841's cruise
ultitude of ?3,000 feet and at a cruise angle of attack of 4° the rolling moment available
from lateral controls at mach 0,80 excceded the rolling moment caused by the ex’ended
slat by a factor of about 2. At 37,000 tfeet, mach 0.85, and an angle of attack of 5° the
rolling moments were approximately equal. Further incres<es in the angle of attack or
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mech number during the descent generated rolling moments from the extended slat that
exceeded those gvailable from the lateral controls. For instance, at a 5° angle of attack,
riach 0.90, and 33,000 feet, the relling monmient generated by the extended slat exceeded
the moment available from lateral controls by a factor of about 2.4. When the slat was
separated from the aircraft's wing, the rolling moments aviilable from lateral conirols

were dominant,

The manufacturer later provided data to define the critical lateral control
margins of the accident aircraft based on assumptions *nat the right outboard aileron
hinge fitting bolt was broken (allowing the aileron to float at its zero hinge moment
position) and that the No., 7 leading edge slat extended sudderly to its most adverse
position, including the possibilities of Jdeflected and cocked positions. The data were
based con the rolling moment coefficient obtained rfrom a rlight test data point (st mach
0.80), rather than a wind tunne{ test data point.

These data showed that the adverse incremental roiling moment coefficients
produced by a floating right outboard aileron were esseritially negligible, Also, the data
showed that at angles of attack of less than 5° the most adverse position of the slat was
its normal extended position. However, the use of the flight test data point (see figure 4)
showed that at mach 0.80 and an angle of attack of 4°, .he rolling moment coefficient
available from latersl controls exceeded the rolling moment coefficient caused by the
extended slat by a factor of 1.26, and, that at mach 0.85 at 35,500 feet, the rolling
moment coefficients were approximately equal at an angle of attack of 4.8°. Also, by
interpolation, at mach 0.83 and an angle of attack of 6° thz moments were approximately
equal. Any further incrzases in either the mach number or angle of attack coused the
rolling moment coeflicient produced by the extended slat and a floating aileron to exceed

the ccefficient available trom the lateral controls. From the time histories of Flight
841's mach number and angle of attack, it was determined that the rolling moment
equalization point occurred 34.5 seconds after the first oscillation of Flight 841's g~irace,
or about 2148:07 e.s.t,

Using the adjusted rolling moment data, a dynamic analysis of Flight 341's
mua:cuver was performed., This analysis showed that 12.5 seconds after development of
he roll to the rignt caused by the exteuded No. 7 <lat, the simmulated aireraft reached an
attitude such that lateral contrel could not be ined by full deflection ¢ lateral and
yaw contrels,

1.17.4 No. 7 Leading Edge Slut Operation

The aircraft manufacturer supplied data from the original design wind tunnel
and flight tests to determine the forces acting on the No. 7 leading edge slat actuator rod
when the slat is retractec., These data showed that, at an equivalent airspeed of 300
knots, the actuator rod would have a compressive load of about 1,400 pounds on it at mach
0.80. Since Flight 841's equivalent airspeed was about 229 knots (245 knots indicated
airspeed) at 39,000 feet, rod loads were calculated for these conditions. Calculations
showed that at 1.0 g, comy ressive loads of 70C pounds would act on the red with the slat
retracted. If the g was reducsd to 0.70, the compressive load was reduced to 350 pounds.
If the g was increased to 1.3 7, the load increased to a compressive force of about 1,000
pounds. Projection of these data showed thay to reduce the compressive load on the rod
to zero, the load factor would have to be reduced to about 0.35 g. - 1so, the data showed
that, as the slat extends, rod loads decrease and change to tensiic loads at about 3§
percent of rod extension, Beyond 38 perc::nt extension, the rod is subjected to tensile
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loads. At Flignt 841's initial conditions, the No, 7 slat actuator rod would have been
subjected to a tensile load of about 1,000 pounds with the slat fully extended. At 350
knots equivalent airspeed or higher, the air loads holding the slat extended would exceecd
2,400 pounds and the slat could not be retracted because the actuator retraction capacity
is 2,400 pounds.

If it is assumed that the right outboard aileron hinge fitting bolt was broken
before the No. 7 slat extended, the corresponding aileron float would have produced about
2 9 percent reduction in the aerodynamic losds on the No. 7 slat actuator rod. In level
cruise flight, this condition would have reduced the compressive load on the rod about £3
pounds.

1.17.5 TWA Flight Operations Safety Bulletin 79-3

On August €, 1979, TWA issued Flight Operations Safety Bulletin 79-3, The
bullctin provided flightecrews with information about B-727 flight characteristics with an
extended No. 7 leading edge slat, and it included orerational guidance from Boeing OMB
75-17, as revised, concerning an asymmetriec slat condition.

1.18 Useful or Effective Investigative Techniques

In an effort to m« = accurately read FDR foil g-traces when they exhibit high
frequency osciliations, a new technique was developed. This technique involved making
cellulose impressions of tho foil traces and photographing the impressions under high (200
power) magnification. The photographs were then joined and time and amplitude scales
were calculated and drawn over the composite traces. This technique permitted the

ilustration of highly aceurate g-trace freguencies and amplitudes on a normal scale. In
th.s mannrer, it was determined that the high frequency g-trace oscillations associated
with airframe buffet on the fiight test aircraft's FDR and the aceident aireraft's FDR
were identical at a frequency of § eycles/second and an amplitude of + 0.05g.

2. ANALYSIS

2.1 The Flightcrew

The flightcrew was properly certificated and was qualified in accordance with
existing regulations; however, the captain had requalified in the B-727 only recently and
had returned to hne flying after having been off duty for sbout 3 months with a broken
ankle, There was no evidence that medical or physiologieal problems affected their
performance. They had a rest period of about 15 hours fron. the end of lheir duty on
April 3 to the beginning of duty on April 4. This conformed to the requirements of
Federal aviation regulations, Additionally, aill members of the flighterew indicated that
fatigue was not a factor in their performance.

2.2 Weather
Weather was not a factor in the accident.

2.3 The Airciaft

The aircraft was properly certificated and was maintained in accordance with
existing regulations and procedures. There were no significant uncorrected diserepancies
in the aircraft's maintenance log, and following the "C" check in early March 1979, there
were no recorded discrepancies concerning the .airceraft's flight control, autopilot, flap,
hydraulie, or flight instrument systems,

»
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According to the flighterew, all systems functioned properly before and after
departure from JFK and while en rcute. The flaps and slats retracted properly and ori
schedule after takeoff, and the flap/slat position indicating system displayed no abormat
slat or flap condition,

2.4 Extension of the No. 7 Leading Edge Slat

According to FDR information, about 9 minutes after the aircraft arrived ant
29,000 feet, it descended to about 5,000 f=et in 63 seconds. The flightecrew could not
account for the event that precipitated the aircraft's abnormal descent. The captain, wio
was flying the aircraft, deseribed the descent as an uncontrollable meneuver invoiving t'wo
rolls to the right, the first of which was preceded by a short period of buzz.ig and light
buffeting of the airframe., According to the captain, everything was normal in the cockpit
when the light buffeting began.

Except for the No. 7 slat inboard T-bolt and the right cutboard aileron
actuator hinge fitting bolt, both of which were broken and showed evidence of preexisting
fatigue, the investigation disclosed no significant abnormalities or malfunctions in any of
the aircraft's systems. All of the possible sources of uncommanded flight control
movements were tested and they functioned properly. The aircraft was operating within
its approved performance and maneuverirg envelope, and the fuel load was balanced.
Alsc, according to the FDR and the flightcrew, there was no turbulence that might have
reduced the aircerafi's maneuvering buffet margin, nor were there any significant attitude
changes before or during the initial oscillations of the g-trace that would have reduced
the aircraft’'s maneuvering huffet margin,

Since there was no evidence of significant abnormalities in the aireraft's
systems or flight controls, operating envelope, or environment and, since the No, 7 leading
edge slat was missing from the aircraft, the Safety Board focused its,investigation on the
possibility that en unscheduled extension of the slat might have caused the uncontrollable
maneuver. The manufacturer's flight and wind tunnel test data and the flight simulator
tests verified that under Flight 841's cruise conditions at 39,000 feet, a right roll develops
with the No. 7 leading edge slat in the exte.ded position and with all other leading edge
devices retracted. Additionally, these test data established that under certain
combinations of mach number and angle of attack, the rolling moments produced by an
extended No. 7 slat would exceed counter moments available from lateral controls and the
aireraft would become lateraily uncontrollable. Flight simulator tests produced two flight
maneuvering situations in which control was lost ard in which the simulator traces for
airspeed, altitude, g, and heading (after correction for heading gyro gimbal errors)
reasonably approximated the accident aireraft's FDR traces for these parameters.
Simulations of other flight control system malfunctions produced no raascnable
correlations with the FDR traces. Although additional heading gyro tests and gimbal
error caleulations established that one simulated maneuver {double roll reversal) did not
reasonably approximate the accident aircraft’s heading trace, the data obtained assisted
in establishing lateral controllability margins and was useful in determining the aircraft's
probable maneuver.

Based on the physical evidence, aerodynamic data, and the flight simulations,
the Safety Board concludes that an extended No, 7 leading edge slat on the aircraft's right
wing caused latersl control problems which preceded the aircraft's rapid descent.
Additionally, based on the similarities hetween the accident aireraft's g-trace and the
flight test aireraft's g-trace with the Nos. 2, 3, 6, and 7 leading edge slats extended, the
Safety Board concludes that the No. 7 leading edge slat on the accident airecraft (and
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possibly other slats) began to extend about 2147:32. Also, we conclude that extension of
the slat (or slats) created a "buzzing" noise or slight buffet followed by moderate buffet,

Since 1974, the oificially recorded history of leadig edge slat problems in the
B-727 disclosed only one instanve of an unscheduled extension of & leading edge slat in
flight and one instance of a scheduled extension of multiple slats. AL other failures nf
the slats to extend or retract have nccurred during scheduled extensions or retractions,
Of the two known instances of slat extensions in flight since 1974, one occurred as &
result of an inadvertent but scheduled ertension of all the leading edge devices and the
other was an unscheduled extension which was caused by a failure of the actuator mount
fitting. Neither of these instances resulted in a significant aireraft control problem,
Because of the absence of such problems, considerable investigative effort was expended
to determine why, out of eight leading edge slats, the No. 7 slat, got isolated in the
extended position.

According to the flightcrew, before and immediately after the buzzing began,
they saw no lights in the cockpit that indicated an unlocked leading edge device or a
failure of a hydraulic system, including the "A" system. Also, the captair stated that
there was no inadvertent or deliberate movement of the flap control handle or other
eccntrols that would have caused leading edge devices to extend. Therefore, if the
flightcrew's recollections are accurate, the No, 7 leading edge slat would have had to
extended as a consequence of defects or malfunctions in the No, 7 slat
extension/retraction systems.

During the investigation, after repairing and plugging ruptured "A" system
hydraulic lines, both the normal and alternate flap control systems were tested. There
was ro evidence of any malfunction in these systems that might have caused an extension
of one or more leading edge devices, Also, the flap/slat indicator system functioned
properly~-the No. 7 actuating and in.icating system could not be checked because the slat
was missing, the adtuator was broken, and its lines were plugged for the tests,

A fault analysis of the B-727 leading edge slat actuating system indicates
that, except for a separation of the piston rod from the actuator piston or a fracture of
the piston, at least two failures involving the slat actuator must precede an unscheduled
extension of a slat. This is because when the leading edge slat is in the retracted position,
the slat actuator piston is held continuously in the locked position by 3,000 psi of "A™
systemn hydraulic pressure and by a mechanical locking device. Therefore, to nullify these
features, hydraulic pressure must be lost and the mechanical locking device must fail,
There is no evidence that "A" system hydraulic pressure was lost before the slat
extended--in fact, the flighterew statements indicate that it was not lost before the slat
extended. Moreover, the lending gear uplocks and the landing gear, which operate off "A"
system pressure, retracted and extended respectively, about 72 seccnds after the buzzing
began. Therefore, any loss or significant reduction of retraction pressure would have had
to have involved either a main piston seal failure or a locking piston seal failure, A main
piston seal failure would have permitted fluid to flow past the seal to the extend side of
the piston, out the return ports, and pack into the "A" system reservoir. If the return
ports were plugged, the pressure on both sides of the pistcn could equalize but the locking
keys would remain in place from friction and spring pressure. If the locking piston seal
also failed, the piston would still maintain its position by friction and spring pressure.
Therefore, even a massive l2ak across either or both piston seals wculd not have released
the mechanical lock.
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A lockmg device failure would have had to involve excessive friction in the
switeh actuator pin guide while the actuator piston was out of the retract position,
thereby freezing the pin in the unlocked position. This condition would have prevented
the lock keys from being forced into the lock detent when the actuator piston moved into
the retracted position. This condition alone would not have affected slat extension or
retraction; however, the amber "in transit" lights on the cockpit displays wculd have
remained illuminated following slat retraction.  Therefore, the two concurrent
prerequisites for nullification of the hydraulic and mechanical extension restraints would
had to have involved a loss of "A" system pressure in conjunction with the freezing of the
switch actuator pin in the unlocked position. Both evants would have caused werning
lights to iliuminate in the cockpit.

The forward two-thirds of the actuator :ylinder, the actuetor piston, the
piston rod, the locking pistons, and the locking pins were missing; therefore, the condition
of the piston, its seals, and the piston rod could not be verified, However, as described
above, it is not likely that even a massive failure of either or bot!. piston seals would have
nullified the mechanical lock.

A transverse fracture of the ectuator piston would have permitted a maximum
differential hydraulic force of about 780 pounds tc act on the fractured face of the
forward portion of the piston. This force could have extended the Mo, 7 siat since it was
slightly greater than the force produced by air loads on the slat during Flight 841's cruise.
conditions. However, calculaticns related to such a fracture in the area of the main
piston seal indicate that under normal operational loads, which are predominently axial, a
11,300 percent margin of safety existed at minimum material strength with regard to
internal stress levels that could have produced & fracture in that area. Also, under design
limit load conditions, a 3,200 percent margin of safety existed. Further, because of
locking piston seal frictional forces, 70 or more g's would have been required to unlock the
aft portion of such a fractured piston. Calculations for margins of safety regarding a
transverse fracture of the main piston in the area of the retract locking keys, establish
that since the cross sectional --ea of the piston in that location is 59 percent of the main
seal cross sectional area, operational and design limit safety raargins would have bcen
6,667 and 1,388 percent, respectlvely Also, when in the retracted position, there were no
forces acting on the piston that would have tended to produce a tranverse fracture in tha
area of the locking keys. Finally, in 16 years of service history and over 36~million flight
hours, such fractures of a slat actuator pistcn have never occurred. Therefore, the Safety
Board concludes that a transverse fracture of the actuator piston was highly improbable.

Even in the remote possibility of one or two failures within the slat actuator
that might have nullified both the hydraulic and mechanical restraints, a third condition
was necessary to permit an unscheduled extension of the slat. This condition involved
aerodynamic loads on the slat that would have produced a tensile force oni the actuator
piston rod. The evidence indicates that under the aircraft's flight conditions, a
compressive force, rather than a tensile force, was acting on the rod when the slat
extended.

Based on FDR data and flight test data, the Safety Board concludes that the
No. 7 leading edge slat and possibly other slets extended about the time the vertical
acneleration trace began to oscillate at an amplitude of about +0.05 g. At that time, the
e.reraft's equivalent airspeed was ubout 229 knots (245 knots indicated) and its mach
number was about 0.80, and according to the manufacturer's flight test and wind tunnel
test data, the airloads on the slat would have subjected the slat actuator rod to a
compressive load of about 700 pounds, and about 9 percent less if the right outbcard
aileron . 1s floating. @ Moreover, the data indicates that the aircraft's vertical
acceleration would had to have decressed from 1.0 to about 0.35 g to reduce the
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compressive load to zero, The aircraft's vertical accelerztion trace does not show a
g-reduction of such a magnitude preceding slat extension. Therefore, the third condition
nesdsd for unseheduled extension was not met.

The only reasonable single failure within the slat actuator that would have
freed the slat to move in opposition to airloads on the slat was a separation of the piston
rcd from the actuator piston. Separation of the rod from the piston would have permitted
the hydraulic pressure within the cylinder to act on the end of the piston rod with 1,545
pounds of force, which could have forced an unscheduled extension of the slat since the
aerodynamic loads on the slat produced less than 1,545 pounds of compressive force on the
bearing end of the rod, However, the evidence indicates that the piston rod did not
scparate from the piston, but rather that the bearing end of the rod fractured in overload
and remained attached to the slat, The actuator cylinder was fractured and the retained
portion of the cylinder bore was distorted to the extent that the actuator piston could not
have been in the retracted position when the cylinder broke; otherwise, the piston would
have remained in the retained portion of the cylinder. Therefore, the Safety Board
concludes that the piston rod was attached to the piston when the slat extended and when
the slat was broken from the aireraft,

A metallurgical examination disclosed that the No. 7 slat inboard T-bolt was
significantly weakened by fatigue before it failed. Also, the weer pattern on the slat
alignmant hooks indicate that the slat was misaligned and that the T-bolt may have
broken before the slat extended in flight, causing the inboard end of the slat to sag
slightly, The precise aerodynamic effects of such a condition could not be determined.
However, since compressive airloads existed on the slat in flight and since the slats
retracted properly after takeoff, the Safety soard believes thet the loads kept the slat
essentially aligned with the leading edge of the wing while the slat was in the retracted
position. Under sush conditions, it is not likely that the fractured T-bolt caused an
aerodynamic problem because *he slat tracks and piston rod bear almost all of the slat
loads while it is retracted, However, once extended, it is probable that the misalignment
caused side and friction loads which, in addition to the high tensile load on the rod,
€ xce2ded any available hydraulic force for scheduled retraction,

Postaccident investigation disclosed 1 3/32 inch of free play in the right
outboard aileron which was attributed to a broken bolt on the aileron actuator's hinge
fitting, A metallurgical examination disclosed that the bolt had also failed predominantly
in fatigue. However, it could not be determined when the bolt faiied. If it failed before
the No. 7 slat extended, the resulting free play would have permitted the aileron's trailing
edge to float upward about 1 inch which would have produced a localized reduction in the
angie of attack and a resulting loss of lift over the wing area forward of the aileron.
According to the aireraft manufaciurer, such a loss of lift would have caused a rolling
moment to the right which would have required about 13° of control wheel displacement
to the leit to eounter. This amount of deflection would have been noticeable if the bolt
had brokzn any length of time before the No. 7 slal extended. However, even assuming
that the bolt broke just before or just after slat extension, rather than later in the
man:uver, adding the resulting rolling moment of the free play to the rolling moments
generated by the slat, sufficient lateral control would have been available initially to
restore and maintain wings-level flight.

The evidence involves a fundamental conflict between the flighterew's
statements and the possibilities and probabilities of an unscheduled extension of the No, 7
slat, Although portions of the slat actuator were not found, the evidence indicates that
the possibility of a series of malfunctions and failures occurring which permitted the slat
to extend aerodynamically or hydraulically is extremely remote. On the other hand, we
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recognize that if the No. 7 slat did not extend as the consequence of some series of
failures and malfunctions in the slat system, then it must have been extended as a result
of flighterew action.

After carefully weighing all evidence related to this accident, the Safety
Board consludes that there is no evidence of any probable combination .f failures and
malfunctions in the aircreft's flight control system that would have caused an unscheduled
extension of the No. 7 leading edge slat, Moreover, since the airspeed decrease which
followed extension of the Nos. 2, 3, 6, and 7 slats Guring flight tests compares almost
exactly with the airspeed decrease experierced by Flight 841 following initial oscillation
of its g-trace, which under constant thrust and 1.0-g flight conditions can only be
attributed to similar drag producing configurations, the Safety Board concludes that the
Nos. 2, 3, 6, and 7 slats were extended as a consequence of flighterew action, Further,
that when scheduled to retract by the flightcrew, the No. 7 slat failed to retract probably
because tensile forces created by aerodyr :mic loads combined with friction and side
forces on the piston rod, caused by misalignment of the slat, exceeded the available
retraction force,

2.5 Loss of Aireraft Control

All of the pertinent evidence indicates tha. with the No. 7 slat extended, the,
B-727 is cuntrollable under Flight 841's cruise flight conditions at 39,000 feet and that the
aircraft does not become laterally uncontrollable until certain combinations of mach
number and angle of attack are exceeded. These combinations are shown in figure 4, and
they represent the lowest values, including the adverse effect of a 1-inch upward fioat of
the right outboard aileron. By interpolation, the lowest combination of mach and angle of
attack at which the aircraft was laterally uncontrollable was mach 0.83 and ar. angle of

attack of 6°. These are considered the critical controllability values. When mach number
or angle of attack was below these values, the aircraft should have been controllable
laterally and when exceeded, the aircraft would have been uncontrollable laterally.

The reason for the lack of controllability when the critical values are
exceeded is the severe disruption of airflow and associuted loss of lift that occurs over
the wing area aft of the extended slat. The loss of lift creates a rolling moment that
exceeds the countermoment the pilot can produce with full deflection of latersl controls,
The aircraft will respond to the imbalance of rolling moments by rolling uncontrollably
toward the wing with the extended slat, By omitting any effecis of sideslip, the
celculated values of mach number and angle of attack estabiished that the accident
aircraft was laterally uncontrollable after 2148:07. At that time, the aireraft's indicatrd
airspeed was about 270 knots (0.83 mach), its altitude was gbout 36,500 feet, and its rate
of descent was in excess of 34,000 feet per minute,

After the No. 7 slat was torn {rom the aircraft, lateral control was restored
and the captain was able to roll the wings parallel to the horizontal and recover from the
spiral dive. Simulations of the spiral dive confirmed that loss of the slat restored lateral
control and made recovery possible. Also, simulations indicated that although extension
of the landing geer significantly reduced the aircraft's speed (and mach number), recovery
would have been doubtful without loss of the slat because of the high angles of attack
which were developed during the latter part of the descent.

Because of the conflict between the captain's assertions regarding the
ineffuctiveness of lateral controls and the serodynamic evidence related to aircraft
performance and controllability, significant effcrts were made to determine the aircraft's
actual motions and performanc., as reflected in its FDR traces, subsequent to the first
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observ.d anomalies in the g-trace. These efforts included additional heading gyro tests,
extensive calculaticns of gimbal error associated with heading gyro performance, and
flight tests,

Analysis of flight test and flight simulator data indicated that high rates of
heading change, such as the 5° in 0.5 second that occurred about 2147:45 in the accident
aireraft's heading trace, could not be achieved unless the aircraft was in a banked attitude
with high load factors applied. Since the load factor was about 1.0 g at thui time, the
rapid heading change could not have been associated with turning flight. Also, during
flight tests, a full rudder deflection sideslip, when released, did not produce such a rapid
heading change, and during sudden extensions of the No. 7 slat in flight simulations, the
heading changed comparatively slowly to the right., However, the heading gyro tests and
heading gyro gimbal errur celculations showed that such an apparent rate of heading
change could have beeii produced by a rapid roll to the left., Consequently, it was
hypothesizs 1 that during the preceding 12-second period between 2147:23 and 2147:45,
the aireraft had rolled to the right.

Based on heading gyro tests &nd actual heading, bank, and pitch angles
vecorded during flight simulations of Flight 841's maneuver, it was determined that
indicated heading could be accurately calculated by using the standard mathematical
equation for heading gyro errors. By use of pitch angles and actual heading angles from
the simulations, calculations of gimbal error associated with various bank angles produced
an indicated heading trace which was comparable to the accident aircraft's FDR trace
with the time shift removed. Calculations of Lank angles up to 60° were further
confirmed by using aircraft turning performance equations and FDR values of normal
acceleration, altitude, and airspeed. These data were programed into the Safety Board's

scientific data reducticn and plotting computer which drew the results for the first 360°
of roil shown in figure 5.

As shown in figure 5, the calculated indicated heading trace for these heading,
pitch, and bank angles compares almost exactly with the accident aireraft's FIXR heading
trace with the time shift removed. Beginning about 2147:24, the airerait began to roll
slowly to the right, and about 6 seconds later, the rate of roll began to increase, At
2147:45, the aircraft was in a right bank of about 35°, after which it was rolled rapidy to
the left to near a wings-level attitude., About 2147:47, the aircraft began to roll again to
the right, and the roll was arrested briefly at 2147:51 near 35° of right bank. At 2147:53,
the aircraft resumed its roll to the right and about 2148:07, the aircraft was inverted with
a pitch attitude sbout 45° below the horizontal. As shown in figure 5, the aireraft's actual
heading (calculated) changed comparatively little during the 360° of roll.

Based on flight test data and known times for extension and retracticn of
leading edge slats, the 12-second period between 2147:33 and 2147:45 was examined to
determine whether a compatible relationship existed among slat extensicn/retraction
cycles, slat asymmetry, and calcuated angles of baiik that were achieved during the
period. According to flight tests, buffet begins and is shown in the g-trace about 2
seconds after the beginning of leading edge slat extension. Therefore, it appears that slat
extension began about 2147:32. Assuming @ reaction time of 2 seconds to retract the
slats, retraction would have begun about 2147:39 and would have been completed 5 to 6
seconds later. This would mean that slat asymmetry would have begun about 2147:40
. which would have caused an increasing rate of roll to the right while the Nos. 2, 3, and 6
slats retracted. Gimbal error calculations indicate that from 2147:40 to 2147:45 the
aircraft rolled from about 10° of right bank to about 35° of right bank at an increasing roll
rate, This is compatible with the increasing slat asymmetry that would have occurred
during that 5 seconds,
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Given the foregoing assessment of the aircraft's motions and performance, it
is apparent that the aircraft was initially controllable following isolat.>n of the No. 7
leading edge slat in the extended position because, beginning about 2147:45, the aireraft
was rolled to the left to a near wings-level position. About 4 seconds later, the aircraft
was again banked to the right about 35°. However, following a 2-second pause at 35° the
eircraft resumed its roll to the right and it began to descend rapidly.

The Safety Board is not able to determine conclusively why the captain failed
to retain control of the aircraft after having once rolled it from a 35° right bank to near a
wings-level attitude. Although we cannot positively exclude spatial disorientaticn of the
captain as a possible reason for his failure to retain control, we believe it more probable
that a number of factors combined to place the aircraft in an attitude where critical
controllability parameters were exceeded well before the parameters established from
subsequent flight simulations of the maneuver. These factors involve the actual
effectiveness of the lateral controls, the actual margins of lateral control with an
extended No, 7 slat, & cruise mach number that we believe was higher than 0.80, the
effects of sideslip induced by full deflection of lateral controls and rudder, and distraction
of the captain.

It is possible, for instance, that because of aileron and spoiler rigging
tolerances, the accident aircraft had less than specified left roll capability. Although
these tolerances wnuld not have been noticeable in normal rianeuvering flight, they could
have become a factor during full deflection of the controls. Also, it is possibie that
lateral contrcl margins were reduced to values similar to those shown in figure 4, rather
than the higher values used in the flight simulaticns,

The Safety Board believes that Flight 841's cruise mach number at 39,000 feet

pressure altitude probably was higher than 0.80. Support for a higher cruise mach number
is indicated by a comparison of the airspeed and altitude traces with the captain's
statements about mach nhumber and airspeed. He said that he climbed the aircraft from
35,000 to 39,000 feet at 0.80 mach and leveled at 39,000 feet at 0.80 mach, According to
the FDR, when the aircraft was leveled at 39,200 feet its indicated airspeed was 240
knots. However, at that pressure altitude, indicated airspeed must be 247.5 knots to
achieve 0,80 mach., Consequently, it appears that thie recorded airspeed was 7.5 knots too
low but within recorder toierances of +10 knots. The captain also stated that just before
the buzzing began the indicated airspeed was 252 knots. At that time, the recorded
airspeed was about 245 knots which tends to confirm a recorder error of -7.5 knots. At an
indicated airspeed of 252 knots at 39,000 feet, the aircraft would had to have been at
mach 0.516, rather than 0.80, Additionally, when the -7.5 error is accounted for during
Flight 841's maneuver, highet mach numbers were achieved than those originally
calculated and, at certain times, the aircraft would have been closer to its critical
controliability mach number than was criginally calculated.

Under conditions of slat asymmetry and high mach numbers, the effects of
sideslip on lateral stability and control can be significant even though the aircraft is well
below its freestream critical controllability mach number. For instance, at a freestream
mach number of §.83, 6° of angle of attack, and 0° of sideslip, the local critical
controllability mach number at the leading edge of the No. 7 slat (extended) is 0.688
because of the 34° sweep angle of the wing, If a 5° right sideslip is introduced, the local
critical mach number is reached at a freestream mach number of 0.787. Consequently,
witl; the introduction of sideslip, the accident aircraft could have reached critical
controllability parameters at freestream mach numbers significantly below the critical
values for 0° of sideslip.
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Flight test data anc flight simulations indicated that in the B-727 full
deflection of lateral controls ¢nd full deflection of rudder in the same direction can
produce sideslip sngles of 4.5° to 6.5°% Also, flight tests in conditions similar to Flight
§41's at 39,000 feet showad that rolls with full deflection of the lateral controls produced
sideslip angles of about 5° in the direction opposite to the roll. As shown in figure 5,
about 2147:47, after a lef! roll to a near winge-level position, the aireraft again began to
roll to the right and about 4 seconds later waus at 35° of right bank where the roll was
checked for a few seconds. Under the cirrumstances, we believe this roli probably
occurred while the captain was distracted by activities related to the No. 7 slat having
been isclated in the extended or partially extended position. Thereafter, if full latarat
and rudder controls were applied simultaneously or in rapid succe‘dion to stop the roll,
significant sideslip could have been introduced at a criticel time, and the aireraft could
have become laterally uncontrollable well before its 0° sideslir controllability parameters
were reached,

Calculations of mach numper and angle of attact, which take into account &
recorder error of -7.5 knots and the effects of roll rate on angle of attack, indicate that
at 2147:51, the accident aircraft was at mach 0.79 and an angle of attack of 5.7° Also,
according to ginmbal error calculations, the aircraft was banked alout 35° to the right.
Under these conditions, if a 4.8° right sideslip angle was introduced, lateral control could
have been lost, About 2147:54, the aircraft's rate of descent began to increase very
rapidly, although FDR indicated airspeed was stable at 238 knots, which indicates that.
thrust was subs’antially reduced or drag was substantially increased shortly before that
time. According to the captain, he reduced the throttles to flight idle well before he
extended the speed brakes. Consequently, the Safety Board believes that shortly before
2147:54, the captain removed his right hand from the control wheel and used his right
hand to retard the throttles to flight idle. Moreover, we believe that the aircraft was
then in a substantial sideslip condition which, perhaps in conjunction with some relaxation
of the lateral controls or less than optimum leilt roll authority, caused the aireraft to
exceed its critical controllability parameters and to roll uncontrollably Into a rapid
spiralling descent,

As stated before, we are not sble (v fully explain hy the loss of controi
occurred. However, we note that the foregoing explanation is consiste..t to some degree
with the captain's statements about his manipulation of flight and throttle controls. Also,
we believe that under the circumstances, after having apparently controlied the initial
roll to the right, it would not have been unusual for the captain to have diverted his
attention from the flight instruments to other instruments and controls in an effort to
determine the cause of the initial roll and the cause of the continuing airframe buffet,
particularly since the other crewmembers apparently were not aware initially of the
aircraft's condition.

As shown in figure 5, the second roll to a 35° right bank occurred in about 4
seconds—a comparatively brief period in which even a slight distraction could have been
critical, At the conclusion of the 4 seconds, the roll was stopped for a few seconds which
indicates that lateral controls probabi’ were applied quickly and fully in response to the
compararively rapid rate of roll, Since the captain followed the application of lateral
conircls with a significant amount of rudder, as indicated by his statements, we concluce
that a sideslip ccndition was generated which placed the aireraft in a laterally
uncontro.lable condition as evidenced by the resumption of the roll ts the right. Further,
it is postible that cocking or deflection of the No, 7 slat added to rolling moment
imbalance at this critical point. Thereafter, the speeds and angles of attack generated by
the rapid descen: and high g-forces combined with the extended No. 7 slat to keep the
aireraft in an uncontrollable condition until the slat was torn from the wing,
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During the investigation, questions were raised about why the f}ightcrew might
have extended the leading edge slats under the existing operating conditions. queral
theories were considered, including accidental actuation of the flap lever, maloperation of

the alternate fla :iiystem and an unsuccessful attempt to extend treiling edge flaps
ing edge siats, possibly in an effort to improve aireraft performance.

independently of lea

The flighterew denied having moved any controls that would have caused
extension of flaps or slats. since there is no other available evidence of flighterew
activities in the cockpi:, * 1 Safety Board is not able to determine conelusively why the
Nos. 2, 3; 6, and 7 leach. ., edge would have been extznded. However, we noie that since
the flap iever must be mo.ed up and over a gate before it can be moved to a flap/slat
extension position, it is not likely that the lever was moved accidentally. Further, since
operation of the alteri.ate flap system to extend leading edge devices results in random
and initially unsymmetricul extension of leading edge flaps and slats, extension of only the

Nos. 2, 3, 8, and 7 slats wauld not have been likely.

In summary, the Safety Board concludes that the following sequence of actions
and events probably occurred to cause Flight 841 to enter an uncontrollable spiral dive
involving two 360° rolls and a loss of about 34,000 feet of altitude in about 63 seconds:

0 While cruising at mach 0.816 and 39,000 feet pressure altitude and
with the autopilot conirolling the aircraft, an attempt was made to
extend 2° of trailing edge flaps independently of the leading edge
slats, probably in an effort to improve aircraft performance.

The attempt to independently extend 2° of trailing edge flaps was
not successful, and about 2147:32 the Nos. 2, 3, 6, and 7 leading
edge slats began to extend. Two seconds later, the aircraft began
to buffet and roll slowly to the right. Six to seven seconds later,
the rate of roll began to increase due to increasing slat asymmetry
85 the Nos., 2, 3, and 6 slats retracted. The No. 7 sict failed to
retract.

About 2147:45, the aircraft reached abcut 35° of right bank where
the captain disconnected the autopilot and rapidly rolled the
aircenft 10 the left to a near wings-level attitude. The aircraft
could have been stabilized in wingi-level flight witi: appropriate
deflection of the lateral controls.

About 2147:47, the aircraft again besin te roll ts the right,
probably while the captain was distrz 'ted by activities related to
the isolation of the No. 7 slat in the extended position,

Shortly before 2147:51, the captain recognized the rapid right roll,
and he repidly applied full deflection of the lateral controls to stop
the ~oll. Tiie roll was stopped near 35° of right bank for several
seconds diuring which the captain removed his right hand from the
control wheel, pulled the throttlas to flight idle, and deflected full
or nearly full left rudder to augment lateral controls.

In response to the rapid and full or newrly full deflection of the
flight controls, the aircraft entered a substantial right sideslip.
The sideslip combined with the aireraft's mach number and angle of
attack to reduce the lateral cenrtrol margin to zero or less. The
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airetaft resumed the right roll and began to descend rapidly and
uncontrollably. The captain extended speed brail:cs, detected no
reaction, and retracted them.

About 2148:25, the aircraft completed 260° of roll while descending
to about 21,000 feet. Shortly thereafter, the captain commanded
landing gear extension which was aceomplished by the first officer.
The aireraft continued to descend rapidly, and it continued to roll
to the right until the No. 7 slat was torn from the wing and I: ieral
control was restored. About 2148:58, the captain regained cotrol
of the aircraft at an altitude of about 8,000 feet.

Since our weighing of the evidence involves a rejection of the possibility of an
unscheduled extension of the No. 7 slat and a partial rejection of the captain's
recollection of his actions following extension of the slats, the Safety Board believes that
the following comments are appropriate: We believe the captain's erasure of the CVR is a
factor we cannot ignore and cannot sanction. Although we recognize that habits can
cause actions nut desired or intended by the actor, we have Aifficulty accepting the fact
that the captain's putative habit of routinely erasing the CVR after each flight was not
restrainable after » flight in which disaster was only narrowly averted. Qur skepticism
persists even though the CVR would not have contained any contemporaneous information
about the evenis that immediately preceded the loss of control because we believe it
probable that the 25 minutes or more of recording which preceded the landing at Detroit
could have provided clues about causal factors and might have served to refresh the
ilighterew's memories about the whole matter.

3. CONCLUSIONS

Findings

1. The flighterew was properly certificated and was qualified for the flight;
the captain had requalified in the B-727 only recently, had flown 21
hours 50 minutes since requalifying, had not flown for about 3 months
befcre requalification, and had flown exclusively as a first officer on B~
747's from November 1977 to December 1978.

The aircraft was certificated and maintained in accordance with existing
regulations and procedures.

The inboard slat track T-bolt on the No. 7 leading edge slat had failed
predominantly in fatigue.

The right outboard aileron actuator hinge fitting bolt rib had failed
predominantly in fatigue.

The wear pattern on the slat alignment hooks indicated that the No. 7
leading edge slat was not aligned properly.

There was no other evidence of irregularity, malfunction, or failure of
the aireraft's flight control, autopilot, hydraulie, or flep systems that
might have caused or contributed to & lateral control problem.
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The aircrait's gross weight and center of gravity were within the
authorized performance and maneuvering envelopes when a lateral
control problem develuped.

The aircraft was cruising at 0.816 mach ir level flight and smooth air at
39,000 feet when a lateral control problem developed.

A failure of the right outboard aileron uctuator hinge fitting bolt before
development of the lateral control problem would have permitted the
aileron to float ucward about 1 inch; this condition would have required
about 13° of left «leflection of the control wheel to maintain wings-level
flight and would have been noticeabile.

A right roll and a lateral control problem were caused by isolation of the
No. 7 leading edge slat in the extended position.

There was no evidence of any combination of failures or malfunctions in
the aircraft's flight control system that would have caused an
unscheduled extension of the No, 7 leading edge slat.

'The Nea. 2, 3, 6, and 7 leading edge slats were scheduled to the extended

position, and the Nos. 2, 3, and 6 slats were retracted as a consequence
of the flightcrew's actions.

When scheduled to re.ract, the No, 7 leading edge slat failed to retract
probably because tensile forces created by air loads combined with
friction and side forces on the piston rod, caused by preexisting
migcsignmen* of the slat, exceeded the available hydraulic retraction
force.

The No. 7 leading edge slat in the extended position created rolling
inoments to the right that could have been countzred with about 46° of
control wheel deflection to the left; an additiono. 13° of control wheel
defiection wvould have been needed to counter moments associated with a
1-ineh upward float of the right outboard aileron.

After recognizing the right roll condition, the captain rolled the aireraft
to & near wings-level upright positicn; thereafter, through untimely use
of the flight controls, he permitted the aireraft to roll to the right into
an uncontrollabie attitude. The ocaptain probably was distracted

immediately efter restoring the aircraft to near level flight by his
efforts in attempting to rectify the source of the control problem.

The captain probably induced sideslip shortly before 2147:54 when the
aircrafi was at mach 0.79, an angle of attack of 5.7°% and an angle of
bank of about 35° to the right. A sideslip angle of 4.6° to the right could
have caused the airecaft to become laterally urcontrollable,
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The aireraft descended in a spiral dive from 39,000 to about 5,000 feet in
63 seconds; during the descent, the aircraft's speed increased to a
maximum speed of about 0.96 mach at 31,300 feet.

When the aircraft's speed exceeded 0.83 mach and its angle of attack
exceeded 6° near 36,500 feet, the rolling moments caused by the
extended No. 7 slat suostantially exceeded the maximum available
lateral control authority at 0° of sideslip.

The aireraft was not controllable during its descent below ~wut 36,500
feet un:il the No. 7 leading edge slat separated from the right wing.

Vertical acceleration forces increased throughout the spiral descent to a
maximur: of about 6.0 g's during the recovery.

The accident was survivable,
22. Minor injuries to passengers were caused by the g-forces.

3.2 Probable Cause

The Safety Board determines that the probable csuse of this accident was the
isolation of the No. 7 leading edge siat in the fully or partially extended position after an
extension of the Nos. 2, 3, 6, and 7 leading edge slats ard the subsequent retraction of the
Nos. 2, 3, and 6 slats, and the captain's untimely flight control inputs to counter the roll
resulting from the slat asymmetry. Contributing to the cause was a preexisting
misalignment of the No, 7 slat which, when combined with the eruise conditiior. airloads,
precluded retraction of that slat. After eliminating all probable individual or combined
mechanical failures or malfunctions which could lead to slat extension, the Safety Board
determined that the extension of the slats was the result of the flighterew's manipulation
of the flap/slat controls. Contributing to the captain's untimely use of the flight controls
was distractior due probably to his efforts to rectify the source of the control problem.

4. RECOMMENDATION

On January 21, 1980, the National Transportation Safety Board issued the
following recommendation to the Federal Aviation Administration:

Disseminate to all B-727 operators and flightcrews information of
the type included in Boeing Operations Manusal Bulletin 75-7 and
Trans World Airlines Flight Operations Safety Bulletin 79-3 which
gddress control problems assoc’ ~2d with high-speed asymmetrical
leading edge slat configuration on B-727 aireraft. (Class II,
Priority Action) (A-80-8)

In a letter dated April 18, 1980, the FAA declined to take any action on the
recommendation. In a letter dated June 20, 1980, the Safety Board disagreed with the
FAA's position, and the FAA responded by letter dated December 18, 1980, that no action
would be taken pending an evaluation of the flight test data acquired in Octotier 1980 and
the Safety Board's final report of the accident.
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BY THE NATIONAL TRANSPORTATION SAFETY BOARD

ELWOOD T. DRIVER
Viece Chairman

FRANCIS H. McADAMS
Member

G. H. PATRICK BURSLEY
Member

FRANCIS H, McADAWMS, Member, filed the following concurring and dissenting
statement:

Although I voted to approve the Board's report which conecluded that the extension
of the leading edge slat was due to flighterew action, I do so reluctantly.

The report as written, based on the availabie evidence, i.e., the analysis of the flight
data recorder, the simulator 1.sts, the flight tests, and the tilt table tests, appears to
support the Board's conclusion. However, I am troubled by the fact that the Board i:as
categorically rejected the crew's sworn testimony without the crew having had the
opportunity to be confronted with all of the evidence unon which the Board was basing 1ts
findings. At the time of the first deposition, the following evidence was not available to
the crew or to the Board: the flight data recorder analysis, the results of the simulator
and flight tests, and the tilt table tests. Although the crew was deposed & seco.:? time,
their testimony was limited to one issue, i.e., the physical location of the flight engineer
at the time of the inecident, ! had recommended that since the Board was ordering a
second deposition it be conducted de novo so that the erew would have been aware of all
the evidence. The Buard did not agree.

Furthkermore, 1 do not agree that a prooable cause of this accident, as stated by the
Board, was "the captain's untimely flight control inputs to counter the roll resultin¢ irom
the slat asymmetry.” In my opinion, the <aptain acied expeditiously and reasonably in
attempting to correct for the severe right roll condition induced by the extended slat.

JAMES B. KING, Chairman, and PATRICIA A. GOLDMAN, Member, did not
participate. ‘

June 9, 1981,
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5. APPENDIXES

APPENDIX A
INVESTIGATION AND HEARING

1. Investigation

The Safety Board was notified of the accident about 0200 on April 5,
1979. An investigator from the Chicago, Illinois, Field Office was sent immediately
to Detroit, Michigan; operations, systems, and stiuctures investigators were sent
from the Headquerters office. Later, investigative responsibility for the accident
was transferred to the Safety Board's Headquarters in Washington, D.C.

Representat:ses from the Federal Aviation Administration, Trans World
A. lines, Ine., Boeing Company, and the Air Line Pilots Association participated in
th: investigation.

2 v

2. Public Hearing

There was no public hearing. The flighterew was deposed in Los
Angeles, California, on April 12, 1979, Two FAA inspectors, three flight attendants,
and the flighterew were deposed in Kansas City, Missouri, on January 29, 1980,
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APPENDIX B
PERSONNEL INFORMATION

Captain Harvey G. Gibson

Captain Gibson, 44, was ewmployed by Trans Wer's Airlines, Inc., on
December 9, 1963. He holds Airline Transport Pilot Certificate '.¢. 1192040 with an
airplane multiengine iand rating and type ratings in the DC-9, B-727, R-747, 1L-1011,
and commercial pilot privileges for airplane single engine land,
rotorcraft-helicopter, and balloons. His first-class medical certificate was issuad
March 7, 1979, with no limitations.

Ceaptain Gibson advanced to captain on Februsry 13, 1969. At the time
of the accident, he had accumulated about 15,710 flight-hours, 2,597 of which were
in the B-727. From November 1977 to December 1978, Captain Gibson flew as a
first officer on B-747 aircraft. Before that period, he flew as first officer on B-707,
L~1011, and B-747 aircraft. Periodicelly, he also flew as a ceptain in DC-9 and
B-727 aircraft.

First Officer Jess 8. Kennedy

First Officer Kennedy, 40, was empioyed by Trans World Airlires, Inc.,
on December 9, 1969, He holds Commercial Pilot Certificate No. 1541716 with
airplane single engine land, multiengine land, and instrument ratings. He also holds
Flight Engineer Certificate No, 1752787, limited to turbojet powered aircraft. His
first-class medical certificate was issued October 17, 1978, with the limitation that
he wear glasses while flying.

First Officer Kennedy qualified as a {light engineer on B-727 aircraft on
April 28, 1967, and he qualified as a first officer on B-727 aircraft on Mar:h 3, 1969.
At the time of the accident, First Officer Kennedy had aceumulated about 10,336
flight-hours, 8,348 of which were in the B-727. He comnpleted annual ground school
and a simulator check in December 1978, His last line check was cotapleted on
September 20, 1978.

Second Officer Gary N, Barks

Second Officer Banks, 37, was employed by Trans World Airlines, Inc., on
September 26, 1969. He holds commercial Pilot Certificate No. 1549011 with
airplane single engine land, multiergine land (centerline thrust only), and instrument
ratings. He holds Flight Engineer Certificate No. 1978493, limited to turbojet
powered aircraft. His first-class medical certificate was issued August 24, 1978,
with no limitations,

At the time of the acecident, Second Officer Banks had accumutated
about 4,186 flight-hours, 1,186 of which were as a flight engineer on the B727. He
completed a simulator check on November 23, 1978, and a line check on May 18,
1978.
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APPENDIX D

TRANSCRIPT OF FAIRCHILD A-100 CVR,
S/N 829, REMOVED FROM TWA BOEING 727

LEGEND

CAM Cockpit area microphone woice or sound source
RADO Radio *ransmission from accident aircraft
-1 Voice identified as Captain
-2 Voice identifiec as First Officer
-3 Voice identified es Flight Engineer
-? Voice unidentified
Fire Department
Company (TWA) ramp operations
* Unintelligible word
# Nonpertinent word
% Break in continuity
) Questionable text
(@) Fditorial insertion
—- Pause

Note: All times are expressed in elapsed time from an erbitrary origin,




INTRA-COCKPIT ATR-GROUND COMMUNICATIONS

TIME & TiME &
SOURCE CONTENT SOURCE COMTENT

((Beginning of recording following bulk erase))

CAH-I (Weli the) nose gear door

Hello cockpit

Yeah

Ah, did you call operations and
request a bus?

No, but we will
Okay, thank you
What's the ramp frequency here?

] What's the frequency
Ah, he's right, he wouldn't know,
1'11 (get i)
Detrnit one twenty nine one
[ wonder if there's anybody in there

Ah, | hope so

d XIANAdd V




INTRA-COCKPIT

CONTENT

AIR-GROUND COMMUNICATI0RS

TIME &
SOURCE

d XIANAddV

CONTENT

RDO-?

CR
RNO-?

RDO- ?

PDO-?

CR

CR

Ah ramp TWA, this is eight forty

Yeah go ahead

Ah we've been askad to deplane the
passengers, ah, because of a slight
fuel leak here

The fire department has asied us to
get 'em off and ah we'd like some
kind of transportation a bus for
them, please

-

What we're going to do is drop the
aft stairs ard let them walk of7
ah without excitement, we just want
to get them off easily, but we
need .to get them out of off the
taxiway here

Yeah, are you still, you still on
the runway or?

No we're on a turnoff from the
runway, we're clear of the runway

Okay, we'll see what we can do here,
is there any way that you can keep
in centact with us here?




INYRA-COCKPIT

TIME &
SOURCE CONTENT
5:25
CAM ({Sound of seat movement))
CAM-7 Want help
CAR-? Well we won't need that any more
CAM-? {Looks 1ike) a hydraulic fluid loss
huh * *
CAM-? That's what we werc told *+ *
hydraulic *
CAM-? Did you feel kind helpless in that
seat back there
CAM-? Well, I'11 tell you
CAM.? (Believe mo)
: CAM-? Yeah
CAM-? (Definitely)
CAM-?

You know it's funny to be back here
trying to analyze ~-- this situation

AIK-GROUND COMMUHICATIONS

TIME &
SOURCE

RDO-?

CONTENT

Ah, I'm talking to you from the
airplane right now

[ mean can you stay on this frequency
though

Yes | can

- 8""

a XION3ddV




INTRA-COCKPIT

TINE &
SOURCE CONTENT
CAM--? Yeah

CAM-? If it happened here, hard to see what's
happening, you guys were trying to pull
it up

CAM-1? Yeah

CAM-? Saying get it up, pull it uvp, like

CAM-? That's ah --- emergency descent, as a
flyer who wasn‘'t flying it

CAM-? (Thing) did a3t right, well done
CAM ((Sound of cough))

CAM.? What are you eating, you got one of
those cough drops

CAM-? Muh, vesh by # I ah, yeah

CAM-? By #, 1 could eat the * (right out
of the) * * okay

CAM-? Son of a gun
CAM-? * * 1'11 get you one
CAM-? Throat a little dry

CAM-? Yeah a little dry and my mouth's a little,

a little drv

CAM-1 Okay, 111 stay here tg stay on
the radin

AIR-GROUND COMMUNICATIONS

TINE &
SOURCE

CONTENT

e it

d XIgNdddyVv
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i INTRA-COCKPIT ATR-GROUND COMMUNICAT IOHS

TIM & TIME &
SOURCE CONTERY - SOURCE CORTENT
CAM-? * &
CAM-? * *
CAM-? * *
? CAM ((Above conversation sound as if

in main cabin))

9:1%
CR Eight forty one from Petroit ramp

RDO-? TWA's eight ferty one, go ahead

CR Yes sir, looks like your pretty close
to tastern’'s terminai there, you
think its conceivable that we can
walk the people over there, !'m

qonna have a hard time gettin' a

bus

Okay, if you could bring somebody
over as a guide, 1 thing that would
be fine, they wouldn'® mind walking
that far

(R Ne'll do that

d XIAONdG4Y



INTRA-COCKPIT AIR-GROUND COMMUNICATIONS

TIME & TIME 8
SOURCE CONTENT SOURCE COMTENT

d XION3d4dV

CAM-3 Okay, what they intend to do is they
cannot get a bus so they're going to
bring a guide out and walk them to
the tastern terminal
Ah, whichever one of these it is
but in any case they're going to
walk them

* » they won't let them on the airplane

What's that?

They won't ieave them on the airplane
No, I don't imagine they will now that
they're off

Do you want me to call them back

2nd see about that?

Ok, no * *

Hoot

Yeah

* * for all the help the people did
great, they did exactly what they
were told to do




INTRA-COCKPIT

CONTENT

That's because you guys tock over and
did it

There were times on t..are when |
had problems (just looking to see
if it was over with * *

AIR-GROUND COMMUNILCATIONS

TIME &
SOURCT

CONTENT

Ah, ramp THA's eight forty one

Go ahead

Do you need a, any further contact
here, if not 1'11 turn the radios
off

Ah, no except, ah, can you give me
anything, any indication on the
airplane or anything dispatch,
planning and everybody else is
calling, ah can, is there any
information that you can give me

Mo sir, we can't I'm sitting in
the cockpit and | can't tell you,
1 don't krow what the situation is
you'll have to talk to maintenance




AIR-GROUND COMMUNICATIONS

INTRA-COCKPIT

TIME & TIME &
. SOURCE CONTENT SOURCE CONTENT

CR Yeah well 1 mean ah, you lost
hydraulic is that it?

10:54

RDO-3 We assume that's what happened but
we can't tell you that what 1 say
until {you) talk to maintenance

11:00

CAM-? * CR Okay, you can sign off then

11:08

R0O ({Sounds of electrical interruption)}

11:43

’DO-? Detroit ramp do you read?

11:52
RDO-? Detroit ramp tc you read?

({End of recording))

d XIaNdddVv
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APPENDIX E
BOEING OPERATIONS MANUAL BULLETIN 75-7

Y

OPERATIONS MANUAL BULLETIN

ING COMPANY, SEATTLE, WASHINGTON 88124 ol
THE BOEING C + o

DOCUMENT NUMBER: 75-7 (Revised)
EFFECTIVITY: ALL BOEING 727 OPERATORS DATE: March 10, 1976

SUBJECT: Leading Edge Slat Actuator Lock Riugs

REASON: To provide Flight Crew Personnel with temporary operatiousl information
in the event a laading edge slat sctustor lock ring malfunction octurs

or is suspected.

This Bulletin |s issued a8 the need arisss for slert information which requires promin distribution. It is distributed
an Opstations Menusl hoidert and to others who need eerly sdvice of changes 10 procedurat and training informa-
Information jn this butletin is recommended by The Bosing Compeny, but mey not e FAA spproved st the time
of writing. in the svent af cdnflict with the FAA approved Alrpisne Flight Manual (AFM), the AFM shail spet-
sede, The Boaing Compiny regerds the Informetion or procudures describbed herein o having & direct or indirect
beating on the mfe operstion of this model sirplane,

INSTRUCTIONS: Compleis the columns on the Bulletin Recond for this bulletin st the time of flling It the
Operstions Manvel, File this bulletin 1 numericsl order following the Bulletin Rscord, This bulletin rapeces
Operstions Manust Bulletin 767, datea August 10, 1975 and DL.5, dated Ortober 24, 1975,

THE FOLLOWING PROCEDURE AND/OR INFORMATION 1§ EFFECTIVE UPON RECEIPT.

Jrape——

BACKCROUND INFORMATION: Recently one operator sxparienced a fracture of the lead-
ing edge alat ratrsct lock ring on three actuators and & second operator experi-
enced s similar fractura on one actuator. The fractured rings wers discoversd in
actuntors vhich had bsen removed from sarvice due to slow oparation, intermittent
slat position light 1llumination and axternal leakages, These actuators had aceumu~
lated 3012 to 4638 flight hours prioy to their removal frow service.

Two operators hava fhspectsd & total of 89 actuators for possible fracturad lock
rings. None of thass units were found to have fractured retract lock rings.
Therafore, the existince of additions) fractured rotract lock rings on in-servics
unite {8 believed to be remote. In addition, testing has indicated that a frac=-
tured retract ring is evident by the inability of the snbar in traneit light to
extinguish when the slats are extended or re;racted, intermittaiit amber in-transit
1ight illumination or slow slat operaticm. tt is balisved that these symptoms will
occur for ssveral slat actuations before locking capabilisy is lost.

the lesding edge elats are heli’ L. the vatracted position by:

1. The retrset lock ring.

2. Bydrsulic System A" pressure, ‘ :
3. Alr losds, axcept whep spesdbrakes are extondad at Mach numbers above M.80.
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727 Operstions Manual Pulletin 75-7, datad March 10, 1976 (comt.)

Thus, & fallure of hydraulic System "A", combined with a severaly fractured or
miseing retract lock ring, followsd by usc of speed brakes asbove Mach .80 may
cause 0w or mcre slats to extend and eignificant lataral control would be re-
quired to prevent high rell rates. The probabilicy of this double failure and
-gequance of events is extrasnely remote, and to date cthis condition has not oc-
curred in servics.

The leading edge “lap actuators dc not incorporate a lock device, and if hy-
draulic system "A" failure occurs, they will be held in tha retracted position
by sirloads.

RECOMMENDATION: Flight crews noting one or wmore of the following symptoas during
leading edge slat operation on the ground or inflight should anter tha observed
indications in the airplace Technical Log for immediate maintenance action prior
tc the next flighe:

l. Amber in-transit lipht fails tc extinguish vhen slats are extended or re-
tracted.

2. Intermittent amber io-transit light iliumination.

3., S8lov slat operation.

Leaading edge slat malfuc:riour ould Snitially he detected by observing the amber
leading wmdge flap light on the forward panel. The flight engineer would then se-
Ject POSTTION TEST on the laacing edge device (LED) annuncistor panel and verify
which leading sdge flap or slat is not in agresseant with sclected flap position,
With the trafling edge filaps retracted, any asymeetrical extensicn of a leading
edge [larp or alat would te evident by roll input. Illumination of a leading edge
slat light on tha flight enginesr's pacel without a roll foput would confitm an
LED f{ndicaing system salfunction or a possible lock ring failure.

TEMPORARY OUERATION INFORMATION: The following temporary opersting procedurcs
apply to all 727 airplanes equipped with efther Dacoio er Ronson leading edge
slat actuators:

1. If any of the abov~ gymptoms occur during flap ratraction followiog takeoff,
consider return to afrpert of takeoff. 1if decisiva to continue flight fs
sude with a slat amber in-transit light illuminated, do not exceed Mach .80.

If 20 smber slst in-rrenmit light {lluminates {n cruising flight, redurs
speed to Mach .80 or below,

1f hydrsulic System "A" pressure ia lest in flight, do not use speed brakes
at speads sbove Mach .80,

OPERATIUNS MANUAL INFORMATION: A formal revision to iha JBoeing Operaticns Manual
is not planned, ae the lesding edge flap actuators will be modified to prevent
lock ring failurss. Appropriate information on correction action will be pro-
vided at & later dats.
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APPENDIX F

FLIGHT TEST DATA

FLIGHT TEST ~ FDR
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