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BOEING 707-331B, N8705T
LOS ANGELES, CALIFORNIA
AAUGUST 28, 1973

SYNOPSIS

At 2150 on August 28, 1973, Trans Worl= Airlines, Inc., Flight 742,
a Boeing 707-331B (N8705T), experienced longitudinal ose¢illations (por-
poised)} while descending to the Los Angeles International Airport, Los
Angeles, California, One hundred forty-one passengers and 11 erewmembers
were aboard, As a result of the accident, one passenger was injured

critically and died 2 days later; one flight attendant and two other passean-
gers were injured seriously,

The flight was a scheduled passenger flight from Honolulu to Los

Angeles. The flight was routine until the aircraft was about 35 miles

west of Los Angeles, While it wat lescerding through 22, 000 feet
pressure altitude at 350 knots indicated airspeed, the aircraft began to
porpoise. Over 50 oscillations were experienced which produced peak
acceleration forces of +2, 4g to -0, 3g at the aircraft's center of gravity,
The oscillations subsided as the indicated airspeed was reduced to about
300 knots. The flight continued to Los Angeles without fusther difficulty,

The National Transporta:ion Safety Board determines that the probable
cause of this aceident was a « smbination of design tolerances in the ajr-
craft's longitudinal control s:scem which, under certain conditions, pro-
duced a critical relationship batween control forces and aircraft response,
The atypical control force charactoristics which were prosent tn t-is
particular aireraft's control system were,conducive to overcontrol of the
aircraft by the pilot, The pilot's normal reaction to an unexpectad longi-
tudinal disturtance lad to a pitching - -cillatfon which was temporarily

sustained by his subsequent application of control column forces to regain
stable flight,

The cause of the death and injurtes was the impact of unrestrained
persons with unyleldirg objects in the cabin environment,
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As a result of the investigation, the Safety Board has submitted five
recommendations to the Federal Aviation Administration,

1. INVESTIGATION

1.1 History of the Flight

| ‘Trans World Airlines, Inc. (TWA), Flight 742, a Boeing 707-331B
(N8705T), was an international; scheduled passenger flight operating

~ between Bangkok and San Francisco with en route stops at Hong Kong,

* Taipef, Okinawa, Guam, Honoluly, and L.os Angeles, One hundred forty-
one passengers and 1 crewmombers were aboard the flight.

Flight 742 departed Honolulu at 1709 1/ ana operated routinely at
cruise flight level (FL) 330 (53, 000 feet pressure altitude), About 2110,
the flight established radio contact with the L.os Angeles Air Route Traffic
Control Center ( LAX Center). About 2129, the LAX Center controller
cleared Flight 742 to descend to FL 110, The ¢rew acknowledged the
~ clearance, disengaged the autopilot, reduced power, and started to descend.

Since cabin entertainment had just ended, flight attendants were
cleaning up the galley and preparing for landing, The "fasten scatbelt”
sign was off and five or Lix passengers were standing near the aft galley
and lavatories.

As the flight descended throuph F1L 220 at 350 knots indicated air-
specd (KIAS), the aircraft pitched up abraptly, then pitched down, and
iegan an oscillatory, or porpoising, motion. More than 50 oscillations
were oxperienced within about 2 minutes, 'fhe aircraft's nose attitude
~ pitched from about 59 to 7° noseup to about 5% to 7° nosedown during
that period.

At the ouset of the oscillations, the crew turned onthe '"fasten
scatbelt' sign and verified that the autopilot was disengaged. The engine
power was reduced to idle and the rudder power, mach trim, and yaw
damper were turned off. Approperlate circuit breakers were pulled.

The captain, assisted by the first officer, attempted to counteract
the porpoising motion by inputs through the contrel column. The aircraft
continued to descend while dacelerating. The pitching oscillations abated,

Il All times hercin are Pacific Daylight Time, based on a 24-hour
clock.
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a_nd the aircraft regained stable flight as the KIAS reduced to about 300
at a pressure altitude of 19, 500 feet.

The crew did not notice the trim position or motion of the stabilizer
trim wheels during the porpoising, However, the stabilizer trim system
subsequently operated normally. The crew observed that there was no
appreciable turbulence before or after the incident,

- Those flight attendants and passengeérs who were standing in the
" aft coach section of the aircraft were thrown repeatedly from floor to
ceiling while the aircraft porpoised, Some passengors managed to re-
turn to seats and escaped serious injury. According to the passengars,
the vertical acceleration forces were progressively less farther forward
in the cabin,

After regaining stable flight, the crew determined that the control-
ability of the aircraft was normal except for a slightly high rosistance
to forward control columin movement, The descent was continued to
FL 110 (11,000 feet), and the crew notified LAX Center of the control
difficulty, The TWA dispatcher was also rotified, and the situation was
discussed with company maintenance personnel. The ¢crew requested

that emergency medical assistance standby at the Los Angeles Inter-
national Airport,

After furthexr evaluating the aircraft flight characteristics, the
crew declared an emergency,and the flight was cleared by LAX Center
for an instrument landing system (1LS) approach to runway 7L. Flight
742 landed at 2243 without further incidents, |

The accident occurrad during hours of darkness,

Injuries to Persons

¥
. i‘.}
i
;
£
:
|

Injuries Crew Passengers

I"atal 0 1 )
Nonfatal 2 2"
None 9 138

* Include s only those passengers who were immediately hospitalized,

1.3 Damage to Aircraft

An inspection of the aircraft did not reveal any structural damage
which could be attributed to the accident.




Other Damage

None

1.5 Crew Information

The crewrnembers were certificated for the flight, (See Appendix
B.)

At the time of the accident, crewmambers had bean on duty for 6
to 7 hours. Before reporting for duty, the crewmembers had a rest
period of about 21 hours.

1.6 Alrcraft Information

N8705T, a Boeing 707-331B, serial No. 18916, was owned and
operated by TWA, Its date of manufacture is December 9, 1965. The
aircraft had accumulated 31, 136 flight-hours at the time of the aceident,
A block overhaul had been performed on January 4, 1970, at the TWA
Maintenance Facility, Kansas City International Airport, Kansas City,
Missouri, The aircraft had flown 14, 305 hours since this overhaul and
48,7 hours since its last C-check maintenance.

N8705T was certificated, equipped, and maintained according to
Federal Aviation Administration (FAA) regulations,

- The aircraft's estimated gros»s weight and center of gravity {c.g.)
were 204, 000 pounds and 30 percent MAC, respectively. Both are within
specified limits,

N8705T had also experionced pitching oscillations on July 18, 1972,
Theroe was no damage reported as a result of that accident,

1,7 Meteorolegical Information

The Los Angeles Internatiovnal Airport surface weather observations
were as follows:

2100 - 1200 feet scattered, vxslbility -7 miles, temperalure-
63° F., dew point-58° F'., Wind-260° at 5 knots
aitimeter sectting-29, 89 inches,

200 - 1200 feet scattored, visibillty -8 miles, temperature-

L e e

62° F., dew point- -50°F, » wind- 250° at 5 knots,
altimeter sotting-29, 90 inchos.
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The crew of Flight 742 reported that the weather was good with
clear skies. They reported no turbulence during the entire flight.
There were no other pilot reports of turbulence or adverse weather
weast of Los Angeles.

‘1.8 Aids to Navigation

Not applicable,

1.9 <Communications

Not applicable.

1.10 Aerodrome and Ground Facilities

Not applicable,

1,11 Flight Recorders

N8705T was equipped with a Fairchild A-10C Cockpit Voice
Recordar (CVR) and Lockheed Aircraft Service (LLAS) model 109C
Flight Data Recorder (FDR).

The CVR tape will retain only 30 minutes uf recorded audio. Since
the recorder continued to operatc after the oscillations, ths conversations
which took place during the accident were erased by subsequent recordings.

The FDR meta! foil was removed and examined, (Sve Appendix C.)
The porpoising was evident on the verti¢al acceleration trace as approxi-
mately 55 itycles oceurring during a 2-minute perfod, Ths indicated
airspeed ani pressure altitude traces showed that the aircraft was desceond-
ing about 2,100 fuet per minute and was passing through 22, 400 feet altitude
at 352 kn, whun the first significant vestical acceleration peak occurred.
The airspeed reduced to 340 kn, during the next 20 seconds and remained
between 340 to 345 kn, for about 1 minute. The airspoed then decayed to
300 kn., where the vertical acceleration excuriions convergod., The
altitude remained constant at 22, 400 feet for about 25 seconds, aftor which
the aircraft descended. The afrcraft was leveled at 19, 500 faet a8 the
pitching oscillations ceared,
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The vertical acceleration reached maximum values of +2, 4g and
-0.3g. Peak acceleration for successive cycles varied slightly as did
the time interval botvseen the peaks.




1.12 Afrcraft Wreckage

‘Not applicable.

1. 13 Medical and Pathological Information_

‘The fatally injured person and the three seériously injured persons
sustained fractures, internal injurias, and cuts and bruises.

Post-mortem examination raovealed that the cause of death was
"subarachnoid and retruperitoneal hemorrage' which was caused by
“blunt force trauma to the entire body, "

10 l‘i .E‘.i_!g
Not applicable,

1.15 Survival Aspects

The parson who died and those who were seriously injured had been
standing in the aft galley and lavatory area when the oscillations began,
The "fasten secatbelt! sign was off but most passengers were seated and
thelr scatbelts were fastened. The persons standing in the aft part of the
aircraft were thrown from thae floor to the ceiling several times. There
were many sharp, hard, and protruding objects in the aft galley and
lavatory area which could have inflicted the injuries to the unrestrained
persons, One passenger was reportedly in the aft lavatory while the air-
craft was porpoising; however, that pessenger was not injured.

Several persons were cut and bruised as they were thrown against
the aircraft's interior, armrests, and other portions of seats, The
contents of overhead racks spilled onto the floor and seats., One passen-
ger was struck on the head by a camera that had been stowed in an over-
head rack. The contents of the auxillary bar waste contalner spilled onto
the floor in the aft galley area.

After tire porpoising ceased, two of the injured passengers, who
were unconscious, remained on the floor in the aft aisle. The other
injured persons were strapped into seats., The uninjured flight attendants,
a Navy flight surgeon, and two passangers who were traiaed in nursing,
administered first aid, Two pzssengers moved to other scats because of
seatbelt fallure. The cause and typo of s:atbelt fallures was not deter-
mined since the seatbelts had been rapaired or replaced before they could
be Inspected by Safety Board personnal. However, maintenance records
indicate that a pair of "mismatched' belts were replaced with a "matched
set,




1.16 Tests and Research

The investigation centered around ar. evaluation of the ajrcraft's
flight characteristics and an examination of its control syatem, ospe~
cfally those primary control surfaces which could affect longitudinal
stability,

1.16.1 B-707 Control System

The B-707 aircraft is controllad longitudinally by movable horizontal
stabilizer and elevator control surfaces, The stabilizer is used for trim
and the elevators are normally used for transient maneuvers., The position
of the surfaces may be commanded by the pilot or by the automatic flight
control system (autopilot).

The &ngle of incidence of the horizontal stabilizer is varied by
repositioning a linear ball nut jackscrews-type actuator. During normal
manual flight operation, the actuator is driven by a unidirectional,
three-phase induction motor which is energized by movement of trim
switches on either pilot's control wheel, The motor operates thruugh

two electro-magnetic clutches which control the diraction of the jack-
screw actuator mction, During automatic flight, the stabilizer trim
jackscrew actuator is driven by a separate servomotor in response to
autopilot signals. If the normal electrical system malfunctions, the
jackscrew actuator can be operated manually by rotating trim control
wheels which are mounted on cach side of the center contyrol pedestal,
This action will disconnect the autopilot servo and trim: motor and drive
a machanical system which repositions the ball nut and jackserow
mechanism,

The elevators are floating aerodynamic surfaces which extond the
full span of the stabilizer. The left and right clevators are structurally
independent and are interconnected only through the control system,
The position of the elevators is controllec by motion of the control
column which is connected by a cable and tinkage system to a trailing
edgo control tab on each elevator, The elevators rotate about thelr
hinge line by reaction to aerodynamic forces imposed by displacement
of these control tabs,

Six aerodynamic balance panels are attached to each elevator sur-
face forward of the hinge line. The balance panels are supported by a
parallelogram linkage attached to stabilizer structure and move within
a cavity in the atabilizer as the clevators are deflected. During flight,
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a pressure diiferential is created between the usner and lower surfaces
of the panels by the airflow across the stabilizer-elevator assembly.
This pressure differential produces a moment about the elevator hinge
line which opposes the moment caused by the aerodynamic load on the

elevator surface and thus cssists the control tabs in moving the elevators.

In addition to the main control tab, a stabilizer actuated elevator
cortrol tab (SAE tab) is hinged to the trailing edge of each elevator. The
- position of the SAE tab 13 ¢ontrolled by the elevator position ralaiive to
the stabilizer, The tab functions to balance elevator loads, which are
fmpoeed by stabilizer trim cnanges, and to optimize elevatos net hinge
moment characteristics.

The position of each clevator at any instant is determined by the
aerodynamic load: on the elevator surface, the balance panels, the
elevator control tab, and the SAE tab. For a given control column
position; the elevators will move to a position where the aum of the
moments about the hinge line 8 zoro. Since the left and right elevator
control tabs are operated from a common control system, their move-
ment will be substantially identical, and if tab efficiency, aerodynamic
balance, and SAE tab rigging are equal, the two elevators will asaume
identic .1 positions,

The force within the control system that the pilot must counteract
to control the aircraft by elevator movement is that force induced through
the mechanical system by the contzol tab hinge moment 2nd a force
generated by deflection of a control system centering spring, The relation-
ship between pilot control force and aircraft response is thus dependent
upon the relationship between aircraft response to elevator deflection and
thoss variables afiecting the elevator hinge moment balance.

During automatic flight, the cable and linkage system which conncete
the control column with the elevator control tabs is driven by the autopilot
elevator servomotor, The servomotor produces a load suificient to counter-
act the control tab kinge moment and the centering spring force. The auto-
pllot stabilizer trira servo may be considered an elevator servo "helper, "

A computer within the system monltors the load on tho eclevator servo.
When the elevaior control force reaches a given threshold, the slabilizer
servo will run and reposition the stabilizer until the elevator control force
is relieved.

1.16.2 inspections and Test Flights

Flight tests and inapactions were conducted at TWA's maintenance
facllities in Los Angelas, California, and Kansas City, Missouri, and
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3 “the Boeing Company's facility in Seattle, Washington, Engincering,
i maintenance, and flight test personnel from both TWA and the Boeing
i Company partic:ipated in aiicraft inspections, maintenance, modifica-
, ? tions, and test flights.
E Initial Inspection of Aircraft in Los Augeles - The initia!l
3 inspectio:u of the longitudinal control system of N8705T, including
the empennage structure, disclosed the following discrepancies:
' E" 1. Trimming the horizontal stabilizer by the normal

. "baep' trim system caused a ground power c¢ircuit

5 breaker to open. The circuit breaker ope: 3d tecause

X of a burned contact on the trim control retay. The

discrepancy would result in an open phase of the three-

phrase winding on the stabilizer trim motor. The in-
flight effect would be an approximate 25- -percent re-

: ‘duction in trim speed under maximum trim load

f conditions.

: 2. The elevator hinge line friction exceeded values
specified in the applicable maintenance manual. Forces
of 13,5 1bs, and 15 lbs. were required at the trailing
edge to move the loft and right elevators, respectively.
The maximum allowable force is 8.5 lbs. Friction

_ was reduced te an acceptablc level by lubricating the

;o elevator hinges and balance panel mechanisms.

All other aspects of the structure and the iongitadinal control system,
including the antupilot, conformed to spacifications,

Since the noted discrepancies were not sufficient to cause the accident,
‘the aircraft was ferried to Kansas City, where facilities were available for
a2 more detailed investigation,

During the ferry flipht from Los Angeles to Kansas City, the pilot
noted that on one occarion the aircraft pitched up decidedly .vhen the
altitude hold autopilot function was discngaged.

Tests Conducted in Kansas City - The aircraft's longitudinal
control sy dtem, inchiding the stabilizer and elovator surfaces, was
reinspected after arrival at Kansas City. Although no significant
defects were uvbserved, minor rigiing adjusiments were made; the
right-hand SAE tab, the right-hand elevator control tab, and both the
left an¢ right gust damper assemhlios were replaced to improve
system performancae.
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N87051 was {lown four times to evaluate the flight characteristics
in the "as received" condition and rhanges in those characteristics sub-
sequent to specific maintenance and modirication., Ancther B- 707 air-
craft was flown to eatablish a baseline by which to comparn the per-
formance of N87¢5T, Al flights were conducted with an aircraft gross
weight and c. g. position as near as possible to those believed to have
existed during the accldent, Boeing Company personnel with B-707
flight test experwnce piloted the aircraft,

The objective of the first flight of N8705T was to assess the
characteristics of tha longitudinal control system and the vircraft re-
sponse té’static and dynamic control surface displacement. Since
instrumentation was not installad, the tests and the observed results
were of a qualitative, rather than quantitative nature, The tests,
which were conducted at 15, 000 feet and 29, 000 feet, included wid-up

“turns, elevator puises, stabilizer-clevator trades and autopilot

operation,

The flight characteristics of the aircraft for the wind-up turns,
elevator pulses, and autopilot operation were satisfactory. However,
it was determined during the <tabilizer-elevator trade tests that the
magnitude and variation of the force required to displace the conirol
column for increasing elevator deflections differed from those generally
expected by a pilot, The control column push forces necessary ‘o _
counter alrcraft noseup out-of-trim conditions did not satisfy acceptable
stability criteria,

The control column forces required to produce elevator trailing
edge down deflections throughout the range of elevator travel were
weaker than desirable. TFor steadily increasing clevator deflections,
the push force required on the controls increased, then became con-
stant, and eventually, for large deflections, decreased. Howavar, the
force remained a "push' force and did not reduce to zero at the maxi-
mum deflection,

Upon complation of the tests at 29, 000 feet, the aircraft was taken
to 33,000 feet. From this point a descent was initiated similar to the
daescent initiated before the accident, Nothing unusual was obsurved
during the descent to 15, 000 feet,

Following the first flight of N8705T, another TWA B-707-300 air-
craft was flown and stabilizer-elevator trade tests were conducted at |
15, 000 fect. The pilot ohserved that the control column forces required
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during these tests were significantly different from those required on
N8705T, The forces were of an acceptable magnitude and the gradient
was positive throughout the range ¢¢ elevator travel.

- After ¢stablizhing that the longitudinal control force characteristics
of N8T05T differed fromthose of other B-707 aircraft, the longitudinal
control system was examined in more detail, Particular emphasis was
placed on those components, fits, and tolerancas known to affect control
forces, SAFE tab rigging and spring preloads were changed to specified

-nominal values. Balance panel seals and clearances were checked and

readjusted,

The second flight of N87051 was lo evaluate the effects uf these
changes., Stabilizer-elavator trades were conducted at 15, 000 foet.
The test results were similar to those experienced on the firat flight.

Before the third flight, the internal structures of the stabilizer
and elevator assemblies were incpected, There were no significant
findings. However, the left elevator was replaced as a precautionary
measure. Othor minor dimensional changes were accomplished. The

third flight was terminated before completion of tests because of an un-
related problem,

Before the fourth flight, the balance panel sliding seals were ro-
adjusted to achieve the maximum allowable clearance with stabilizer
structure. This change theoretically would produce heavier control
forcus. The fourth flight of N8705T consisted of further evaluation of
control forces during stabilizer-elevator trades. Although the control
system characterisiics were improved, the control forces neceasary
to produce high elevator deflections were still weaker than desirable.

The ability to proceed with further evaluation of the problem at
Kansas City was limited by the lack of quantitative data, N8705T was

therefore ferried to the Boeing Company facility in Seattle for mora

comprehansive examination using flight instrumentation,

Teosts Conducted in Scattle « 'nstrumantation was installed
zboard the aircralt to provide Inflight maasurements of control systom

forces, differontlal pressuras acruss selected balancae panels and elevator

surface and control tab positions, Another series of test flights was
conducted.

Before the first flight a1 Secattle, the alreraft was restored to its
August 28 configuration except for the replacentent of the right-hand




- 12 .

elavator control iab and balance panal seal clearances which were re-
adjusted to nominal values. The control force characterisiics ohsorved
on the flight were essantially the same as those observed at Kansas City,

| Examination of data following the flight disclased that the laft
elevator deflected further than the right elevator for a given control
column displacement. The left control tab hinge moment was signifi-
cantly lower than predicted values while the right control ab hinge
moment was normal, The force which the pilot must exert to displace
the contro! column relates directly to the algsbraie sum of the left and
right control tab hinge moments.

A3 a result of this Iinding the Boein: Clompany's engmeer .ng per-
so~rel theorlzed that the aerodynaniic petforcnance of the left clavator
va-: degraded by a disturbance of the air flov. asross the stabilizer and
elevator surfaces.

Although previous inspections of the empannage had disclosed no
structural deficiencies, a ground test was conducted to examine the effect
of air loads on the stabilizer elevator assembly., Loads proportional to
a 280 kn, 12° elevator deflected condition were applied at three points on
the stabilizer. Spanwise and torsional deflections corresponded to pro-
dicted values, However, during the test, the upper skin of hoth stabilizers
exhibited a spanwise wavinass, the double amplitude of which appeared
excessive, The double amplitude measurements were 0. 42 inches and
0. 32 inches for the }2Mt and right stabilizers, respectively, Ar identical
loading test was condeted on a similar alreraft which had acceptable
control force characteristics, The compression waviness measured on
that aircraft was 0, i2 inches and 0. 28 inches for the left ard right vides,
respectively, A subsequent examination of the upper skin of the stabilizer
surfaces of N8705T under no-load conditions disclosed that the resianal
waviness of the left stabiliZzer surface excernded the surface smoothness
described on fabrication drawings for new assemblies,

The objective of the second and third flights of N8705T at Scattle
was to investigate the characteristics of the boundary layer on the
stabilizer and elevator surfaces. Tufts were installed on the upper
surface of each stabilizer for the second flight. Although conclusfons
could not bae drawn from ohservations of the Lufts in flight, the control
forces observed were weaker tha. those encountered praviously which
indicated further degradation of elevator performance as a result of the
tuft installation,

Vortex geaerators were temporarlly inatalled on the upper surface
of each stabilizer for the third flight, The control column force characteristics
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were improved by the vortex generators, However, analysis of the in-
strumentation data disclosed that the left elevator performance and
control tab hinge moments were st!ll unacceptable,

Investigators were concerned about the influence of the stabilizer
upper surface skin waviness on boundary layer characteristics. Newv
skin panels were fabricated and installed on both stabiliz srs, Skin
wavineas was reduced only slightly, The waviness was aitributed to the |
tolerances governing the match of the rivet Yole patterns of the skin paneis
with those of the stabilizer structures. The rivet hole pattern of the new
skin panels had been established from the removed panels,

The fourth test flight consisted of more stabilizer-elevator trades,

The test results indicated that the new skin panels had no significant
effact,

After the fourth test flight, N8705T was ferrled back to the TWA
facility in Kansas Cily.

Final Lesting in Kansas Cit

Y = Bceth the left and right stabi-

lzor-elevator assembiies wore removed and replaced with assemblies

from another B-707-300 aircraft. Ins‘rumentation was installed in the
replacemeant stabilizers to measure elevator control loads,

W8708T was flown and subjected to the wind-up turn, elevator pulse,
and stabilizer-elevator trade tests, The operating characteristics of the
longitudinal control system and aircraft response to static and dynamic

control displacements were acceptable and comparablie to .hose character-
istics observed on othrar B-707 afreraft.

The stabilizer-elevator assemblies which had been removed from
N8705T w-.re installed on a similar B-707-331 aiveraft, N786TW. There
were no dimersional or rigging changes introduce.. Instrumentation was

installed to achieve a configuration identical to tl.at of N8/0O5T before
stabilizer-elevator assembly rumoval.

- N786TW was flown and stabilizer-clevator trade tests were cofne

~ ducted at 16, 000 feet, The cohtrol column forces were about the same

a8 those observad on N8705T before the stabillzer change.

The investigation records were examined for significant differences
between the right and left stabilizer-elevator assemblies which ecould
account for the lighter conirol loads evident on the left side. Besides the
upper surface waviness, one measured physical difference existed: The
left elevator upper noso surface contour at the hinge line was predominantly
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below the faired coutour extension of the upper stabilizer surface, whila
the right-hand elevator nose was predominantly faired or very slightly
above the faired contour extension of the upper stabilizer surface. (See
Appendix D,) All alinements were, however, within prezarvibed limits,

Boeing Company engineers theorized that the boundary layer effects
caused by the upper surface skin waviness would be aggravated by the
step down thet was predominant at the hinge line on the le elevator.

‘The stabilizer 10 elevator contour fair was changed on both assem-
blies to produce a condition whereln the elévalor nose contour was pre-
dominantly above the stabilizer contour extensions, The alteration was

- accomplished by removing shims between the stabilizer trailing edge
Leam and the elevator hinge support structure.

N7864TW was then flown to evaluate the effect of this change on the
longitudinal control force characteristics. The data obtained during the
stabilizer-clevator trade tests showes that both the left and cight elevator
control loads were similar to those observed on other B-7¢7 aircraft. The
push force required to displace the control column increased steadily with
increasing elevator deflactions; that is, the gradient remained positive
with acceptable force levels,

The pilot assessed the maneuvering characteristics of N786TW
(with NB8705T"'s stabilizers and elevators) as acceptable at maximum and
intermediate out<of-trim conditions.

One final flight consisted of stabilizer elevator trades, elevator
pulses, and wind-up turns conducted at 150 kn, and 390 kn. at 15, 000
feet and .86 mach at 29, 000 feet, Out-of-trim conditions were further
evaluated in a dive from 35, 000 feet at ,90 mach. The aircraft's
handling qualities were satisfactory for all conditions tested.

1.16.3 Tests Results

Tho test results were as follows:

(a) The push force required to displace the ccntrol column was
weak for intermediate to maximum trailing edge down deflections. The
change in the force required for increasivig elevator deflections deviated
from acceptable criteria, These control force ~tharacteristics ware
caused by low hinge moments on the left elevator control tab,
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(b} The upper surface skin of the left stabilizer was wavy under
loaded counditions, the double amplitude of which exceeded that measured
on another aircraft. The residual no-load waviness exceeded limits

- specified for new assembly fabrication, The waviness was attributed to
excessive tolerances of the rivet hole patterns in the skin panel and mating
structure. Waviness disrupted the flow and thickened the boundary layer
on the stabilizer upper surface.

(¢) The upper nose contour of the left elevator at its hinge line was
predominantly below the faired contour extensfon of the upper stabilizer
surface, Although the alinement was within prescribed limits, the result-
ing step down caused further disturbance to the thickened boundary layer.
The disturbed flo'v of air within the boundary layer affected the pressure
distribution and thus the resultant lift vector acted on the elevator so that
the moment about the alevator hinge caused by air loads on a deflected
control surface was lo. 4r than riormal, |

(d) The position of the elevator for any given control column dig-
placement depends upon the balance of moments about the elevator hinge
produced by air loads on the control surface, the elevator control tab,
the SAE tab, and the balance panels. The lbwer-than-'-normal‘hlnge
moment caused by air loads on the control surface affected the total balance
of moments about the elevator hinge so that the balance was achinved at a
greater-than-normal control surface deflection with a locwer-than-normal
elevator control tab hinge moment,

The force within the control system that the pllot counteracts to
move the elevator depends directly on control tab hinge monient. The
lowor-than-normal control tab hinge moment produced lower-than-normal
pilot force requirements,

Acceptable control force characteristics were obtained by eliminating
the step down at the stabilizer-to-elevator contour fair by removing shims,
Boeing Company engineers theorized that elimination of this step down
desensitized the elevator-to-boundary layer thickening which occurred for-
ward of the hinge tine.

The Boeing Company propared a report of the test findings. The
following is excerpted from that report: |

"The recent testing has provided new information on the effects of
variutions of the dimensional tolerances at the ¢levator hinge line that
was not discovered on previous developmental tests where alrflow over
the horizontal tail surfaces was apparently iormal. However, the basic
design of the control system ia such as to provide protection against =ven
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greater degradation of elevator hinge moment characteristics than those
observed on this aivplane in that any erratic elevator motion that causes
a rapid pitching oscillation can be controlled and damped by preventing
rapid control column movements, Control dioplacement should be smoothly
limited to that necessary to provide a slow variation in attitude as reéquired
to obtain a smooth and gradual appraach to turbulence penetration speed.
With thoe control column movement so limitad, the control tab antibalance
~actions tend to resist elevator motion. Erratic pitching raotion can be
aggravated by an improperly phased attempt to manually damp the airplane.
An erratic pitching motion due to ths causes discussed above has con-
stituted a vaery infrequent phenomena, Such arratic pitching, if it appears,
wouli be asscelated with ¢ - out-of-triyn stabilizer not readily apparent to
the crew because of light contml forces in the out-of-trim condition. The
procedures to be followed by the flightcrew if unusual rapid longitudinsl
pitching of any nature occurs are essentially che same as those outlined
for turbulonce penetration in the FAA Approved Flight *Aanual and as dis-
cussed inthe Boeing Flight Training Manual and the Novemher-December,
1963, Boelng Airliner. The airlines should review these procedures with
their pilots to emphasize tha prevention of ranid control column movaments. "

1. 17 Other Information

N8705T experienced a pitching os< illation on July 18, 1972, during
which one flight attendant was injured. 71hat accldent occurred 10 miles
east of Bradley Field Intarnationai Afrpoit, Windsor Locks, Connecticut,
The porpoising started after the aircraft :limbed and leveled at 12, 000
feet with the autopilot engaged.

Flight data obtained from the FDR showed vertical accelerations
similar to, but for shorter duration than, those encouatered on August
28, 1973, The crew stated that they held the control column fixed until
i tha oscillations stopped. Inspaction of the aireraft after the accldent
. disclosed no evidence of control system or structural irregularities,
Consequently, it was con¢luded that the oscitlation was a result of turbu-
lence encounter,

ldaintenance records reflect no further difficulties of this kind from
July 18, 1972, to August 28, 1973,

2. ANALYSIS AND CONCLUSIONS

2,1 Analysis

A pitching osclllation which imposes largo vertical acceleration
loads on an aircraft can be caused vy: (1) Turbulence, (2) erratic pilot




- 17

actions, (3) a stability problera inherent to the aircraft's basic design,
or (4) a malfunction or cut-of-tolerance condition within the particular
alreraft's longitudinal control nyetem. Each of these possibilitiss is
considered.,

The weather forecast (or L.48 Angeles on the night of August 28,
1973, did not indicate turbulence, nor were there any pilot reports of
turbulence or unusual weather in the area. Tha crew of Flight 742 stated
- that the skies were clear with no apparent turbulence, Therefore, the
Safety Board concluded that inflight turbulence was not a factor in this
azcident,

Tha crewmembers of Flight 742 were properly c’ertificated; trained,
and qualified for the flight. There was no indication of any problem which
would have affected the performance of their duties.

The Boeing 707 aircraft hus baeen used for nearly 15 years, During
the early service life of the aircraft there were occasional incidents of
longitudinal upsets caused by an encounter with savere turbulence¢. During
investigation of thoss incidents the longitudinal control characterlstics of
the aircraft were thoroughly analyzed and tested. The findings of these
investigations led to minor changes to the aireralt and to published turbu-
lence penetration procedures, There was no evidence that the upsets were
caused by longitudinal instability.

There have been two other instances of erratic pitching motions
which were not attributable to turbulence. Both of the aireraft involved
were found to have out-of-tolerance discrepancies within their longitu-
dinal control systems, When corrected, both aircraft exhibited accept-
able flight characteristics, ' :

Therefore, the Safety Board concluded that the stabllity problem
encountered by Flight 742 was not one inherent to the basic 707 design,

N8705T was certificated, equipped, and maintained accoriing to
requirements and regulations. The gross weight and ¢, g. were within
proscribed limits throughout the flight fzom Honolulu to Los Angeles.

Although the circumstances of the July 18, 1972, accident were
somewhat different and the p'tching motions were damped in less time
than those encountered by Fuyht 742, thare were definite similaritios
in'the ontry airspeed, tho peak loads reached, and the average frequency
of oscillation. The similarities are too great to be coincidental, Evidence
indicates a strong possibility that the longitudinal instability in both
accidents was caused by some fault unique to the longitudinal control
8ystem of N8705'T.




- 18 -

During the postaccident flight tests, it was datermined that the
magnitude and variation of the force ¢equired to displace the control
column to produce elevator trailing-edge-down deflections differed
from that generally expected by a pilot, The unusual characterlstics
~Were most apparent when undesirably weak push forces were necessary
to counter aircraft noseup out-of-trim conditions.

The low control forces were caused by the effect of a thickened
boundary layer on the left stabilizar which was produced by waviners
on the stabilizer upper surface combined with the step down at the stabi-
- Hzer-to-elevator contour fair.

: The control column force characteristics play a major roly in

- determining the pllots feel of the aircraft and his consequent ability to
maintain stable flight, When the control column force gradient is low,
the slightest change in force applied by the pilot will result in over-
response by the aircraft. Such response will tend to cause a pilot to
overcorrect any initlally sensed pitch disturbance. This, in turn, will
lead to overcorrection in the opposite direciion and thus induce an
oscillation. The tendency to overcorrect will bo magnified as the contyvnl
column force gradient bucomes negative. Continued efforts by *he pilot
to regain stable flight can result in a eritical phasing betwean the pilot's
control column movemaent and the aircrafi's pitching motion, which will
sustain rather than damp the oscillation.

A second effect of low céentrol forces relates to avtopilot oparation,
Automatic pitch control of the 1-707 is effectnd through the basic elevator
control and stabllizer trim system by signal inputs to the respective servo-
motors. Transient pitch error ¢'gnals are rulled by alevator deflections,
A computer monitors the elevator control lvad and when the load reaches
a given threshold, the ~ aiilizer serve will vun, retrimming the stabilizer
until elevator control forces are relieved. If the elevator control force
gradient is lower than normal, the autopilot will drive the elevators to a
greater-than-normal deflection before the stabilizer trim threshold is
reached. The condition can manifest itself by an out-of-trim condition
when autopilot is disengaged.

If then, the autopilot is disengaged with no force t.pplied to the
control column, a pitch excursion will occur. Such a pitchup accom-
panied autopilot disengagement on the flight from Los Angeles to
Kansas City.

- The Safety Board belleves that these are the circumstances which
caused the pitching oscillation experienced by Flight 742.
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The autopilot probably had been engaged for some time during the
cruise at 33, 000 feet, Fuel burn-off would have required an aircraft
nosedown trim change. The change in tail loading required for lavel
flight was probably effected oy the autopilot through elevator displace-
ment and, because of the lower-than-normal elevator control loads,
the threshold required for stabilizer trim was not reached and the air-
craft was out-of-trim in thus noseup direction,

When the captain received the descent clearance, he disengaged the
autopilot, reduced poweér; and started the descent, He probably antici-
pated a mild pitch change when he disengaged the autopilot and iminediately
applied force to the control column to correct the change. The pufa force
required would have felt normal and the out-of-trim condition would have
been noticed only if the instrument panel trim indicators were checked at
the time of autopilot disengagement. The captain apparently intended to
allow airspead to increase and maintain a speed just below the maximum
allowable during the descent. This flight profile would have required
further tail load changes in the aircraft nosedown direction. Because of
the low gradient, the increase in control column force could have been
negligible, Although the captain could have relieved the control pressures
by use of the stabilizer trim, it is likely that he preferred to hold some
push force on ihe column, In this case the forward control column
pressure may have been relatively low and not indicative of the degree to
which the aircraft was out-of-trim,

After the accident, it was datermined that a burned contact in the
stabilizer trim control relay would cause a 25-percent reduction in the
operating speed of the trim motor. The Safety Board believes that the
discrepancy would have had little effect on the captain's ability to trim

- out control loads and thus was not a factor in the accident. In addition,
the higher-than-allowable clevator hinge line friction would have had
little effect except to further mask the abnormal control forces.

In any event, with the atreraft out-of-trim and the low control
column force gradient, even a slight relaxation of prassure on the
column would cause an abrupt pitchup. Tha captain and the first
officer reacted naturally to such a pitchup by applying more push
force to the conirol column, Again, because of the low force required,
the tendency was to overcorrect. Subsequent control column motions
aggravated the oscillation, The crew propurly reduced power and
allowed the aircraft to slow. As the airspeed decreased the aircraft
response became less sensitive to control inputs and the oscillations
ceased,
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Although tha stick fiee stability of the afrcraft was probably not
impaired, the out-of-trimconditibn would preclude the relaxation of
control column force. ‘I'he best procedure would have beer to hold the
control column in a fixed position and allow the aircraft to stabili:ae,

In view of the acceleration loads being experienced, this procedure may
have been difticult to apply, |

Since the aircraft experienced g forces alternating from positive to
negative, the alreraft occupants were thrown to the ceiling and then back
to the floor. 1f the occupa~ts fell to the floor when the aircraft flooy wa
- rising, the force of impact would have been great. Probably this type of
foree and movement caused the serious injuries, Two passengers said
that although they were able to grab onto something with their hands,
~ thelr feet and legs were thrown up in the air and then slammed back to
the floor. Other passengars who were not strapped to, but were sitting
in, their seats escaped seorious Injury by holding onto arm rests or other
seats,

Debris in the aisle from the overhead racks caused difficulty for
the persons administering first aid. The flight surgeon and others
giving first aid noted that first afd supplies were inadequate, They
improvised by using pillowcases and other aircraft materials,

The Safety Board praiaes'the*tli'ght attendants' and'paesengers'
actions during the emergency and the orderly evacuation of the injured
after landing. ‘

2, 2 Conclusions

(a} Findings

| 'I'he pitching oscillation occiirred o night during the
descent from cruise dltitude and consisted of about
55 cycles with maximum peak to peak vertical

acceleration loads at the ajrcraft's ¢.g. of +2,4g to
‘0. 38:

There was no evidence of turﬁulnncé in the area of the
acaldent,

The crewmembers were properly certificated, trained,
- and qualified for the flight, -
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The aircraft was certificated, equipped, and maintained
according to regulations, &

A waviness of tha upper skin on the left stabilizer dis-

~rupted the boundary layer on the surface. The thickened
boundary layer was further disturbed by a step down in
the stabilizer-to-elevator contour fair produced by the
elevator hinge alinement, Tha resulting pressure diatri-
bution on the elevator affected the longitudinal contxol
loads,

Critically weak push fortes were required to displace the
control column and produce elevator trailing edge down
deflections which were necessary to counter aircraft
noseup, out-of-trim conditions. -

The aircraft was out-of-trim when the autopilot was
‘disengaged. The light control forces masked the out-of-
trim condition.

The light control forces indiiced the flightcrew to over-
correct in response to alrcraft pitching motions and
Initiate and sustain the longitudinal oscillation.

The crew reacted properly by reducing power and slow-
ing the alrcraft. |

The '"fasten seatbelt’ sign was off before the porpoising
began. |

Unrestrained persons in their seats and those standing in
the aft cabin area were the most severly injured,

The injured occupants were repeatedly thrown from floor
to celling in an environment which included hard edges,
sharp corners, and protruding surfaces.

(b) Probable Cause

'The Natfonal Transportation Safety Board datarmines that the
probable cause of this accident was a combination of design tolerances
in the aircraft's longitudinal control system which, under cartain con-
ditions, produced a critical relationship between control forces and
alrcraft responsa. The atypical control force characteristics which were
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present in thie particular aircraft's control system were conducive to
overcontroi of the aircraft by the pilot, The pilot's normal reaction to
an unexpacted 'ongitudinal disturbance led to a pitching oscillation
which was temporarily sustained by his subsequet application of con-
trol column forces to regain stable flight,

The cause of the death and injuries was the impact of unrestrained
persons with unylelding objects in the cabin environment,

3. RECOMMENDATIONS

As a result of this accident, on October 18, 1973, the Safety Board
submitted Safety Recommendations A-73-76 through 78 to the Administra-
tor, FAA. Copies of the recommendations and the Administrator's
responses are included in Appandix E,

The Safety Board on May 15, 1974, submitted an additional recom-
mendation to the Administrator which will require that the corrective
measuree described by the Boeing Company be accomplished, This
recommendation {s included as Appendix F,

- This accident reemphasizes the need for improvement in tic design
of alrcraft interiors to reduce the potential for serfous injury as a result
of abrupt maneuvers or an encounter with inflight turbulence. Recom-
mendations previously submitted to the FAA in the Board's Special Study,
“In-flight S?f‘ety of Passange s and Flight Attendants Aboard Air Cartier
Aircraft" 2, pertaining to seatbelt discipline, improvements in padding
of hard surfaces, elimination of sharp edges and corners, and improve-
ments for storage of articlés in overhead racks are relevant to the eir-
cumstances of Flight 742's porpoising encouiter,

2/ NTSB Roport Number AAG-73-1,
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BY THE NATIONAL TRANSPORTATION SAFETY BOARD

/8/ JOHN H, REED
Chairman

/s8] FRANCIS H. McADAMS
Member

/sl LOUIS M. THAYER
Member

/8] ISABEL A. BURGESS
Member

WILLIAM R, HALEY
Membar
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APPENDIX A

INVESTIGATION AND HEARING

1., Investigation

The Safety Board was notified of the accident on August 28, 1973,
before the flight landed at Los Angeles International Airport. Repre-
sentatives from the Safety Board, the Federal Aviation Administration,
and Trans World Airlines were present whon the aircraft landed, In-
vestigation groups were established for operations, systems, human
factors, and flight data recorder. The Airline Pilots Association and
the Boeing Afrcraft Company also participated in the investigation,

Z. Public Hearing

There was no public hearing,
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APPENDIX B

CREW INFORMATION

Captain John Wilber Harpster

Captain John Wilher Harpster, 53, hald Airline Transport Certi-
ficate No. 116002, with ratings in Boeing 707, He had accumulated
about 26, 171 total flight-hours and about 8, 170 flight-hours in Boeing
707 aircraft, His last proficiency check in the Boeing 707 was May 30,
1973. His last line check was in a Boeing 707 on July 14, 1973, His
first-class medical certificate was issued on June 6, 1973,

First Officer Robert Cooper Evans

- First Officer Robert Cooper Evans, 39, held Alrline Transport
Certificate No. 1410739, with ratings Reciprocating Engine Powered
(F/E} Turbo Jet powered Boeing 707 (F/E). He had accumulated about
6, 128 total flight-hours with about 4, 378 flight-hours in Boeing 707
aireraft. His last proficiency check in Boeing 707 was March 22, 19173,
His last line check in Boeing 707 was January 30, 1973, His first-class

‘medical certificate was issued June 18, 1973,

Flight Engineer Don Wilbur Jackson

Flight Engineer Don Wilbur Jackson, 53, held Flight Engineer's
Certificate No. 725778, and Commercial Pilot Certificate No. 1586750
with type rating Reciprocating Engine Powered (F/E) Turbo Jet Powered
Boeing 707 {F/E)., He had accumulated dbout 19, 000 flight-hours. His
last proficiency check in Boeing 707 aircraft was July 18, 1973, His
last line check was on tha same date. His last medical cortificate was
issued April 24, 1973,
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STABILIZER TO
ELEVATOR FAIR

BOEING 707/720 S™.BILIZER-CLEVATOR CONTOUR FAIR
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 UNITED STATES OF AMERICA |
NATIONAL TRANSPORTATION SAFETY BOARD
WASHINGTON, D..
APPENDIX E

ISSUED:  October 18, 1973

Adopted by the NATIONAL TRANSPORYATION SAFETY BOARD
at Its offlce In Washington, b, C.
on the 3rd day of October 1973

e e e e e e e e

* FORWARDED 70

Honorable Alexander P. Butterfield
Administratoy |

Federnl Aviation Administration
Washington, D: 0, 20591

I“ﬂ-“ﬂ--.-‘-.-.-.“b.“'.‘ﬂ.“.-..-

SAFETY RECOMMENDATIONS Aw73=76 thru 18

The Nationa) Transportation Safety Board's fnitia) investigation
indicates that one or more faults in a Boeing T07-331B longitudinal
control systenm night have been contributory to the cause of a recent
accident involving Trans World Airlines Flight 742, on August 28, 1973,

Although the investigation has not yet been ccmpleted, the Safety Board
believes that the initisl findings are sufficient to justify certain
interim actions designed to preslude the serious consequences which may
result from similar occurrences,
~ The subject accident occurred as the flight, en route from Honolulu

to Los Angeles, vas deacending frem cruise altitude approxirately 35 miles
west of the destination airport., Upon passing through flight level 220 at
approximately 350 K¥AS, the aircraft entered a porpoising oscillation which
persisted for approximately 2 minutes, Over 50 pitching cycles were experiw
enced, with peak acceleration forces ot the aireraft cigs of f2.kg and «0438
Unrestrained passengers and stewardesses in the eircraft were subjected to

- violent displacements. Of the 9 crewmembers and bl passengers » 1 passenger
sustained fatal injuries; 2 stewardesses and 2 passengers sustained serious
injuries before the aircraft regained stabilized flight,

A veview of records after this occurrence disclosed that the same B«707
aircraft had been involved in a similar accident on July 18, 1972, at
Windsor Locks, Connecticut. In that accident, one stewardess was seriously
injured when the aireraft experienced a series of pitch oseillations which
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‘Honcrable Alexander P. Butterfield (2)

persisted for approximately 15 seconds. Although our findings at that
time indicated an encounter with in-flight turbulence, we now have reason
to believe that a longitudinal control system fault might have been cone
tributory to that mishap as well.

The current investigation of the August 28th accident has consisted,
thus far, of (1) an examination of those aireraft systems and components
which could affect the longitudinal stability of the airciaft, and (2)

a series of flight tests to evaluate the aircraft flight characteristics,
Engineering, manofs.: ‘uring, and flight test personnel from the Boeing
Company were key participants in this activity.

The aircraft exanination dfsclosed:

(i) an open cireuit in oﬁe-phase of the three-phase AC pover at the
ttabilizer trim control relay, vhich would 1likely cause a

degradation in the torque output of the stabilizer tpim Jacke
sorev motor, and |

(2) excessive force vas required at the elevator surface when it wvas
- subjected to the breakaway force check specified in the applicable
Boeing 707 Maintenance Manual, More detalled inspection to detere
mine the friction source revealed that rany of the inboard and
outboard seals between the elevator balance panels and stabilizer
structure were compressed excessivoly,

[

The stabilizer trim ¢ontrol relay was replaced and the elevator breakout
friction was brought to an acceptable level by lubri:ation of elevatoy hinge
and balance panel mechanisms, The corpression fit ot the balance panel seals
was not corrected,

=

I3
[
i.
i
5

"
vii

~ The aireraft was then subjected to a flight characteristic eveluation
by a Boeing pilot, accompanied by engineering personnel. The flight test
included & series of elevator/stabilizer trade tests wherein variations of
stabilizer trim vere compensated by ¢levator deflection at different altie
tudes throughout the aircraft's speed range. Although the pilot did not
induce an uncontrollable potpoise, he did note a gignificant anomaly in the
control column force gradient during conditions of elevator down deflections.
The characteristics noted vere of a nature vhich tended toward longltudinal

_ Ivo pogsible factors which are known to contribute to such a condition
are! '
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Honorable Alexander P, Butterfield (3)

(1) an abnormal variation ih aerodynamic balance under certein cone
ditions which can result in a near constant or even negative
hinge momsnt versus deflection gradient for the elevator surface,

and
(2) excessive control surface friction,

Since the elevator balance panel aeallfit can adversely affect both
of these elements, it became suspect; and the balance panels were reworked
to achieve a fit corresponding to the maximum specified gap tolerance,

The aircraft was reflown and a significant change in the elevator foice
gradient characteristic was noted. The subjective evaluation of the piloet
vag that, although nearor to normal, the aircraft still éxhibited low=force
gradient characteristics at high elevator angular deflection: under cone

~ ditions of high dynamice pressure.

The ongoing investipation will be directed toward complete instrumens

tation to explore further the longitudinal flight characteristics of this
- aireraft. :

- Although our findings are incomplele, we believe that the facts
developed thus fay provide évidence that one or more control system faults
can produce a4 longitudinal instability induced by éither external distur<
bance or pilot control input under isolated conditions, We believe that
this is more likely to occur if the aircraft is out of trim in a high

dynamic pressure envircnment.,

The Board is understandably concerned about the existence of other
Boeing 707/120 aircraft which might exhidit similar undesivable characters
1atics if exposed to such ccnditions. We believe that a measurement of

higher-thansnormal elevator breakout forces might be indicative of such a

protlem,

| In order to minimize the possibility of future occurrences of this
- nature, the Safety Board recommends that the Federsl Aviation Administration

initiate the following interim actions:

1. Issue an Alr Carrier Operations Bulletin which describes
the circumstances of this acecident, applicable cautions
regarding such instability, and recommended pilot pro-
cedure to reduce the possidbility of a sustainad high Yg"
oscillation, should an instability marifest itself,




Lo . T . ) : S !
: ‘%&% ﬁgﬁ?&g;w?‘fﬁs‘-ﬁwﬁytﬁl?ﬁ’l P el R o LR e A et A e e s b o g, v s me s e ek BB e w e Tt S ST R b3 3

- 33 -
Honorable Alexander P. Sutterfield (h)

2, TIssue an Alrworthiness Directive which would require:

(a) that all Boeing T07/720 aircraft be subjected to
an élevator briakout force check in accordéance
with the approvel maintenance procedures at the
next scheduled maintenance visit; and

(b) that those aireraft on vhich the breakout friction
"~ determined in part (a) exceeds the maximum allowable
values be subjected to further inspection to ensure
that the elevator balance panel seal compression is
not excessive.

3. Require changes in the approved Maintenance Manual for all
Boeing 707/720 aireraft to:

(a) specify a more precise method of measuring the net
elevator hinge friction throughout the entire range
of control surface travelj and

(b) specify a more definitive method for adjusting the
balance panel seals within the desirable tolerance.
At present, the manual specifies & 040,020~inch fit
between the balance panel seal and the stabilizer
 structures A «0,020«inch measurement implies seal
compsession which is extremely aifficult to rrasure
accurately,

Our technical staff is available for any further assistance they may
be able to provide,

REED, Chairman, McADAMS ; THAYER, BURGESS, and HALEY, Menbers, concurred
in the above recommendations,
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DEPARTMENT OF TRANSPCRTATION
- FEDERAL AVIATION ADMINIS_TRATION

WASHINGTON, D.C. 20390

MAR 41974

Honorable John H, Reed ~ THE ADMINISTAATOR
Chairman, Natlonal Transportation Safety Board

‘Department of Transportation | o
Washington, D,C. 20601 Notation 7/ 5/
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De‘ér Mr. Chairman:
‘This will supplement our letter of November 2, 1973, regarding
Safety Recommendations A-73-76 thru 78, |

The stabilizer from N8708 which had shown several anornalies

was reworked in several suspect areas, installed on N876TW and
teet flown, The resulis were unsatisfactory. Modifications

were then made to the elevator{bf making the ''ski jump'’ negative,
(The “ski jump" is the vertical distance between a projection of the
horizontal stabilizer and the surface of the elevator at the hinge
line.) Results of the flight teat were satisfactory,

s
5 1:
i
i
1.
'
v

As ihe result of the investigation, the following actions will be
undertaken,

Two revisions to the maintenance manual will be made, One will
reduce the limits and specify negative values for the skl jump for
both upper and lower surfaces. The other will reduce the Himits for
the elevator balance bay gaps, | |

and specify the corrective action to be taken 'n cage of pilot induced
osciliation, |

An operations bull2tin will be issued which will digcuss the problem

We helleve that this will be a satisfactory solutfon to the problem,

Sincerely,

Ad

ST 3 Wy et e Sy e . .
I e e N T AN T A R i




B P Sk sheme sy B A U LR B LT R v pon e

| | . -35.
DEPARYMENT OF TRANSPORTATION
FEDERAL AVIATION ADMINISTRATION .
| ' WASHINGTON, D.C. 205%0
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oV 23973 Notation 1181
Honorable John H, Reed -

Chatirman, National Transportation Safety Board

Department of Transportation
Washington, D, 6, 20591

THE ADMINISTRATOR

Dear Mr, Chairmant
‘This ts in response to NTSB Safety Recommendations A-73~76*thru”78.

Recommendation No, 1, Xssue an Afr Carrier Operations Bulletin which
desoribes the circumstances of this accident, applicable cautions
regarding such instability, and recommended pilot procedure to

reduce the possibility of a sustained high "g" oscillation, should
an instability manifest itself,

Comment, We share your concern that other Boeing 707-720 aixplanes
might exhisit characteristics similar to those of the TWA airplane,
However, after a review of the Board's findings, we do not find
persuasive argument or factual data to Justify the {ssuance of an

operations bulletin, We believe that issuance of a bulletin at
this time might tend to confuse concerned flight crewmembers on
the proper action to take in a situation similar to that of the
TWA aixplane of August 28,

We are withholding action on this recommendation pending completion
of the fnvestigation, We are prepared to meet with your technicil
staff to discuss any additional fnformation or data in support of
the recormendation which may be available,

Recommendation No, 2, Issue an Afrworthiness Directive which would
requires

(a)llthét §11_B¢e{n3"167-720 aircraft be subjected to-#n elevator
breakout force check in accordance with the approved maintenance
procedures at the next scheduled maintenance visit; and

(b) that those aireraft on which‘:he]bfeakout friction determined
in part (a) exceeds the maximum allowable valuas be subjected to
further inspection to ensiure that the eievator balance panel compression

is not excessive.

Comments W2 do not believe that an Afrworthiness Directive is appropriate
at this time,
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Our enginecring personnuvl in the Northwest Reglon are working with
the Boeing Company to assess the characteristics, both aerodynamically
and structurally, of the TWA airplane involved in the August 28
accident which xesulted in high peak acceleration forces due to an
inflight longitudinal oscillation, A test program, being conducted
by the Boeing Company, is presently under way to determine the '
phenomenon related to the oscillatory characteristics experienced by
the 1WA airplane, The elevator osreakout friction does not appear
to be a related cause associated with the .longitudinal ose¢illation
_experienced by this afxplane, The Boeing Company conducted a test
in which the elevator breakout force exceeded the maximum allowable
value and no oscillating was experienced,

 Flight vests were conducted on September 25, 29, end 30 of the TWA
airplane fn which fnvestigations were made to measure the elevator
balance pressures in the upper and lower cavity, Tuffs were installed
on the clevator and tabs, Also, strain gages were installed on the
structure, The results indicated a boundary layexr thickening occurred
on the elevator, Vortex generators were 1nstalled on the upper surface
of the stabilizer and no oscillations were experienced,

Static tests on the stabilizer were conducted on the airplane whish
indicated a severe wrinkling of the skin on the horizontal stabilizer
due to torque loading, A high torque loading would be experienced

by the stabilizer in an out-of-ttim condition due to the loads
imposed on the stabilizer by the elevator, The stabilfzer urinkling
characteristics affect the boundary layer over the elevator, IX. :™3
noted in the static test that the wrlnkling pattern differed beth.eu
the left and right stabilizer, A check made on another airplane with
the same loading conditione resulted in a different skin wrinkling
pattern on the stabilizer which was less -avere,

Boefng is still assessing the structural characteristics of the
stabilizer of the TWA airplane to determine the structural features

 {nherent in the structure which resulted in this problem, They are
checking fabrication characteristics, skin gages, and material

~ characteristics for conformity, Until the structural characteristic
is tdentified which causes this problem on the TWA airplane, e
have ro criteria to dotermine those airplanes in service that may
have the same difftculties,

When the test program is completed and the data asgsessed, we will
take appropriate action at that time,




Recommendatfon No, 3. Require changes in the approved Maintenance Manual
for all Boeing 707-720 aircraft tos

(a) specify a more precise method of measuring the net elevator
hinge friction throughout the entire range of control surface travel;
and

(b) specify a more definitive method for adjusting the balance panel

seals within the desirable tolerance, At present, the manual specifies

8 040,020-inch fit between the balance panel seal and the stabilizer

structure, A -0,020-inch neasurement implies seal compression which
{8 extremely difficult to measure accurately,

Conment, The Boeing Company agrees that accurate measurement of
balance seal comprassion is difficult and have advised that they will
work toward an improved procedure,

Revisions to the Maintenance Manual are expected as soon as improved
procedures can be developed,

Sincerely,

J,}z't’nit’/l 6 5957""/

j/ég lexander P. Butterfield
Administrator
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NATIONAL TRANSPORTATION SAFETY BOARD
WASHINGTON, D.C.

APPENDIX F

ISSUED: May 15, 1974
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Forwarded to:

Honorable Alexander P. Bucterfield

£ -Adrinistrator S e
3 Faleral Aviation Administration SAFETY RECOMMENDATION(S)
3 Wasidngton, D. C. 2059} AeTholi)
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During its preliminary investigation of the accident involving
Trans World Airlines, Flight 42, on August 28, 1973, the National
Pransportation Safety Board submitted Safety Reconmencations A~T3-76
through 78. 1In your initial response to these recommendations, you
stated that sdditional action would be taken after the investigation
was completed,

i
Fr———

As indfcated in your subsequent response of March L, 1974, the
4 investigation has been completed. The conclusion was that the abnomral
! f1ight control characteristics of Boeins 707-331B, N8705T, were produced
when the boundary layer on the horizontal stabilizer-elevator assembly
thickenad, The thickening was caused by a combination of excessive skin
waviness on the upper surface of the stabilizer and the existing vertical
dimension of the stabilizer to elevator fair at the eclevator hinge line,

P Since this dimension can be modified by adding or subtracting shims
between the stabilizer trailing edge beam and the elevator hinge suppors
_ structure, corrective getion is possible, However, since the dimeneions
i on the aceident aireraft were all within tolerances specified in applicable
; dravings and maintenance documents, these tolerances should be changed
2 ; and other rleet afreraft should be inspected to ensure that they are not
q 3 : susceptible to the control problems,.

The Safety Board is aware of Boeing Company's intentions to establish
nev tolerances, modify maint2nance manuals, and issue a service bulletin
to require inspection and uccomplish modification, if needed. The Safety
Board believe: that Federal Aviation Administration action is required to
ensure thal cerrective mcasures are implemented,
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Honorable Alexander P. Butterfield (2)

Therefore, the National Transportation Safety Board recommends
that the Federal Aviation Administration: (Safety Recommendation A-74-41)

1. Issue an Afrvorthiness Directive which:

(a) specifies nev tolerances for the vertical

(b)
(¢)

~(a)

dimensions of the Boeing 70T/720 stabilizer
to elevator fair av the elevetor hinge lineg

describes procedures for measuring and
establishing proper dimensions;

‘requires that &1l Boeing 707/720 ‘atreraft be

inspected, at the next scheduled maintenance
visit, for the propsr dimensional relationship
of the stabilizer to elevator fair at the
elevator hinge line in accordance with the

| procedures established, and

requires those aireraft found t¢ have an
out=of=tolerance condition to be modified
according to prescribed procedures,

The findings of the investigation and tests made subsequent to
submission of Safety Recommendations- A-73-76 through 78 notwithstanding,
the Safety Board continues to believe that excessive control surface
friction can further aggravate undesirable control system characteristics
and that these recormendations are still relevant.

REED, Chairmon, McADAM3, THAYER, and HALEY, Members, concurred in
the above recommendation. BURLE&S Member, was absent, not voting.

&
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DEPARTMENY OF TRAFISPORTATION
'FEDERAL AVIATION ADMINISTRATION
WASHINGTON, D.C. 2058

Honorable John H, Reed THE ADMIRISTRATOR

Chairmay, Nat'ir?nal 'I‘rans;:o_rtation Safety Board
Department of Transportation ‘
Washington, D,C, 2060] Notation 11814

Dear Mr. Chairmani

'Ihis s in response to NTSB Safety Recommendation A<74-4), igsued

hﬁay NSt

‘Recommendation No, 1

1. 1ssue an airworthiness directive (AD) whirh;

(a) Specifies new tolerances for the vertical dimensions
of the Boeing 707/720 stabilizer to elevator fair at
the elevator hinge line.

{b) Describes procedures for measuring and eatablishing
proper dimensions,

(c) Requires that all Boeing 707/720 aircraft be inspected,
at the next scheduled maintenance visit, for the proper
dimensional relationship of the stabilizer to elevator
fair at the elevator hinge line in accordance with the
procedures established,

(d) Requires thoge aircraft found to have an out-of-tolerance
condition to be modified according to prescribed procedures,

Comment

1. An AD covering the following technical areas is currently being
prepared for early adoption:

(a) New tolerances for the vertical dimensions of the Boeing
i?O'l/‘?zo stabilizer to elevator fair at the elevator hinge
ine,

(b) Procedures for measuring and establishing proper dimensions,
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(¢} Requirement for all Boeing 707/720 aircraft to be inspected
for the proper dimensional relationship of the stabllizer
to elevator fair at the elevator hinge line in accordance with
the established procedures. The time of inspection may not
be at the next scheduled maintenance visit, as you recommend,
since this time differs between operators, However, a time
of inspection will be established to achleve timely coverage,
and may be expressed In terms of flight hours, -

(d) Requirement that those alreraft found to have an out-of-
tolerance condition to be modified in accordance with
prescribed procedures, and within a specified time period,.

Recommendations from A-73-76 through 178

The Safety Board con'tlnue’a to believe that excessive control surface
friction can further aggravate undesirable control system cheracter-
istics, and that these recommendations are still relevant,

Comment

Flight teat data indicates that reduced control system friction may
improve control characteristics but is not directly related to the
porpoising problem, The AD will incl. de provisions to Ingpect balance
panel clearances with appropriate criterla for adjustments to prevent
excessive control surface friction,

Sincerely,

B bt

Administrator
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GLCSSARY

Boundary Layer - That thin region of retarded air flow immediately

- adjacent to the surface of an airfoil in flight, Disruption or impeding the

flow of the boundary layer will cause pramature stagnation and air flow
separation from the surface. The point of separation will affect the
pressure distribution and thus the resultant lift produced by the airfoil,

Control Column (Stick) Force Gradient - The longitudinal control
forces of an alrcraft are dlacussed as ''stick force gradient." In terms
of static stability characteristics, the stick force gradient is desérihec
a8 the change in the force reoquired to be exerted on the control column
as the airspeed increases above (push force) or decreases below (pull
force) a specified trim speed. Interms of maneuvering or dynamic
stabllity characteristics, the stick force gradient is descyibed as the
change in'the force required to be exerted on the control column to
produce a change in load factor. For poritive maneuvering stability,
the aircraft must require a steady {ncrease in control column force to
produce an increase in load factor,

For purposes of this report, the stick force gradient is described
as the change in the control column push force required to produce an
increasing elevator trailing edge down deflection for a constant set of
operating conditions,

Elevator Pulge Tests - The aircraft is trimmed for a stabilized
airspeed and the control column is pulsed to introduce a transient
pitch disturbance. The tendency of the afrcraft to return to the con-
dition from which it was disturbed is 2 meanure of the longitudinal
stability,

Stabilizer- Elevator Trade Tests - The alrcraft is initially trimmed
in level flight at a stabilized airspeed. The stabilizer angle of incidence
is then changed by use of the stabillzer trimm system. Level flight is
maintained by displacing the control column to produce that elevator de-~
flection necessary to keep a constant tail load. The vapiation of the
force required to displace the control column for increasing elevator
deflections is a diract indication of the aircraft's handling qualities.

Stick Free Stability - The tendency of the alrcraft to return to
stable flight after an Initial disturbance with the control column fraun,
i, ¢, hands off,
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Tufts - Pieces of cloth or string tacked to the surface which will
He streamlined in an area of unseparated flow but will Me forward in
an area behind the separation point,

Yortex Generator - A small airfoil placed vertically on the surface
of a large airfoil, The vortex generated by the small alrfoll mixes with
the air in the boundary layer of the large airfoil to increase the kinetic
energy within the boundary layer thereby delaying stagnation and airflow
separation, '

‘Wind-Up Turn - The aircraft is tritamed for a stabilized airspeed
and then placed in a positive Yg" trim, Elevator deflection is required
to maintain the desired load factor.




