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WESTERN AIR LINES, INC.
BOEING 720:047B, N3166
ONTARIO INTERNATIONAL AIRPORT
ONTARIO, CALIFORNIA
MARCH 21, 1971

SYNOPSIS

A Western Alr Lines, Inc., Boelng 720-047B,
N3166, operating as Flight 366, crashed on the
Ontario International Airport, Ontario, Cali-
fornia, at 0633:29 Pacific standad time, on
March 31, 1971, All five crewmembers, the on!{

cecupants of the aircraft, were fatilly injured.
The aircraft was completely destroyed by
imy act and ensuing fire.

“light 366, a routine proficiency check flight,

wa. executing an Instrument Landing System
approach to Runway 25 at Ontario with the No.
4 engine reduced to idle power to simulate an
engine-out approach, The flight had been cleared
to land or to execute a missed-approach proce-
dure at the pilot-incommand®s discretion. At
decision height, approximately 100 feet shove
the runway, a simulated engine-out missed
approach procedure was initiated. The aireraft
began to climb and the landing gear was
retracted. The aircraft continued to climb to an
altitude of about 500 feet above the runway
while rotating to the right about its roll and yaw
axes. As the rotation continued, the nose of the
aircraft descended to a nearvertical downward
position, and the aircraft crashed on a south.
exsterly heading approximately 3,140 feet west
of the approa‘c% end and 420 feet north of the
centetline of Runway 25.

The weather at Ontatio about 3 minutes after
the accident was: 600 feet overcast, 3/4-mils

visibility in fog, haze and smoke, wind from
250° at 4 knots, and a Runway 25 visual range
of more than 6,000 feet. Similar conditions were
reported 34 minutes prior to the accident,
except the ceiling and visibility were 500 feet
and 5/8-mile, respectively.

Investigation revealed that the rudder hydrau-
lic uctuator support fitting had failed, resulting
in the complete loss of left rudder control
shortly after commencement of the missed.
appreach. The fitting failed due to a combina-
tion cf stress-corrosion cracking and high tensile
loading.

The National Transportatior Safety Board
determines that the probable cause of this
accident was the failure of the aircraft rudder
hydraulic actuator support fitting. The failure of
the fitting resulted in the inapparent loss of left
tudder control which, under the conditions of
this flighe, precluded the pilot’s ability 1o
maintain directional control during a simulated
engin:.out missed-approach. The existing
weatker (onditions degtaded external visual
cues, theieby hampering rapid assessment of air-
craft pecformance by the flight check captain.,

Based 01 evidence gathered in the initisf
investigation of the accient, the Safety Bowd
rccommendad to the Federal Aviation Admial-
stration on April 9, 1971, that: (1) The inspec-
tion time periods associated with the rucder
hydraulic actuator support fittings on
B-707/720 vircraft be recvaluated, and (2) all




B.707/720 operators be informed of the po-
tenzial operational hazards associated with low
altitude, high-asymmetric thrus: operations.

The FAA responded to these recommenda-
tlons by: (1) issuing a new Airworthiness Direc-
tive, on April 27, 1971, requiring more frequent
inspections of the support fitting, and (2) issuirg
an Operational Alert Netice on April 9, 1971,
informing all B-707/720 operators of the fitting
failures and sdvising that simulated engine
failures not be performed at low altitudes unii’
certain conditions had been met,

After further inquiry into the support fitting
problem, Safety Board consultations with the
manufacturer and the FAA resulted in the es
tablishment of an earlier support fitting replace-
ment {or modification) date. This was con-
sidered necessary to further reduce the possibili-
ties of in-flight failures of the fitting.

Based on the evidence gathered in the inquiry,
the Safety Board further recommended to the
FAA that: (1) thete is a need for more definitive
information or warnings in Airworthiness Direc-
tives; (2) improvements are needed in pilot train-

ing programs; (3) simulated engine(s)-out manu-
evers be performed. to the maximum extent pos-
sible, either in flight simulators or at altitudes
that will insure salety if unexcpected aircraft
emergencies are encountered; and (4) continu-
ous surveilance is nceded of aircraft components
made of materials known to be susceptive to

stresycorrosion cracking. The latter recommen
dation Is also made to associations repiesenting
aviation manufacturers and operators.

The Board also recommends that the Air
‘Transport Association, the General Aviation
Mamutacturers of aircraft airframes, accewories,
and components, include more definitive
information and warnings in service bulletins.
Finally, the Board recommends to the Air
Transport Association and the Natlonal Air
Transportation Conferences that they encourage
their meinbers to escablish flight satety cffices.

1. INVESTICATION

1.1 History of Flight

Western Air Lines, Inc., Flight 366 (WAL
366), a Boeing 720-047B, NJ3166, was scheduled
on March 31, 1971, as a training flight for the
purpose of administering proficiency flight
checks to two Westetn captains. The crew con-
sisted oft (1) a check captain (the pilot-in-com-
mand), seated in the right-hand pilot scat, per-
forming first officer duties, {2) a captain seated
in thenfe&-hand pilet seat, flying the aircraft and
receiving a profi:iency check, and (3) a second
officer performirg flight engineer daties. Seated
behirnd the left-hand pilot’s seat on two tandem
jumg seats were a captain who was to receive a
proficiency check later in the flight and a
captain who joined the crew shortly prior to
departure to observe flight check procedures,

The check: captain received a flight briefing
fiom the Western ﬂﬁht dispatcher at 0520' on
the morning of the flight. The triefing included
weather reports and forecasts, weight and
balance data, Notices to Airmen, fuel load, and
clearance information. An Instzument Flight
Rules (IFR) tlight plan had been filed with the
Los Angeles Air 1'raffic Contvol Center request-
ing clearance from Los Angeles International
Airport (LAX), Los Angeles, California, 10
Ontatio Internation Alrpnt (ONT), Ontarlo,
California, via the V.16 arway, and return to
LAX, with an cstinated 2 hours en toute, An
altitude of 5,000 f'eet mean sea level (m.s.).) was
tequested en rout: to ONT, A tcal of 50,000
pounds of fuel was on board N3166,

WAL 366 departed LAX from Runway 25R
at 0610 and procteded under the direction of
Lot Angeles Departture Corsrol. At 0615:30,

1Al times used herein aro Packic stanland tines (P.1.1.) basod
on the 24-Lour clock.
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WAL 366 was cleared ditect to Ontario and
control was transferred to Ontario Approach
Control.

At 0616:25, WAL 366 established rudio con-
tact witl: Ontario Approach Control and
requested radar vectors to n point 3 miles east of
Colton* for an Instrument Landing System
(1LS) approach to Runway 25 at Ontatio, “*with
the option.””* The reques: was acknowledged
and the landing und weather information given
as: Runway 25 n use, a2 measured ceiling ot 600
feet overcast, visbility five-eights of a mile in
fog, haze and smoke, wind calm, altimeter
setting 29.92 inches, and a Runway 25 visual
range of more than 6,000 feet. WAL 356
acknowledged reczipt of the information and
received radar veciors to intercept the Ontatlo
I1LS localizer course. At 0620:50, WAL 366 was
cleared for the apptoach “with the option.” The
Cockpit Voice Recorder (CVR) disclosed that
the check captain ‘etarded the power lever on
the No. 4 engine st about 0621 to simulate a
loss of that engine, The engine failure checklist
was completed and the No. 4 engine power lever
was checked in the idle position. The in-range
checklist® was completed several minutes later;
and at 0628:25, Ontario Approuch Control
established WAL 366’ position at 1/2-mile
southeast of Colton. and cleared the flight to
comact Ontario Tower. Radio contact with
Ontario Tower was ustablished at 0629:05 and
the flight continued inbound on the lccalizer
course. The CVR tape disclosed that at about
this time the captain receiing the check stated,
“In the event of a missed-approach, remember, !
want you to get my V-bars.”® The check captain

30 nordirectipnal sadhy beavon bocated on the Ontario (LS
focatizer course, 5.3 miles east of the ouler sarker.

3The optlon cither to land of execule s mised-appoach pio-
ccdure ot the pilot-in-command s discretlon.
At of items that ase scnnmplished when the akcraft s
aSout 28 riles from ths destination arpoit.

responded, “I'll get ‘em out of the way,” WAL
266 reported over the outer marker at 0630:45
and was again cleared for the “oprion” by
Ontatio Tower. This was the last known radio
contact with WAL 366,

At 0631:42, the flight check captain said,
*Okay, you have a thousand feet and you have
ref.”$ Similar altitude and airspeed call: were
made at 900, 800, 500, 400, and 300 fcat. At
0633:08.2, the check captain said, “Minimums,
no airport]” The captain flying the aitcraft
responded with, “‘max power, flaps thirty,” and
sounds of an increase in engine compressor
totational speeds were recorded. At 0633:14,
the captain receiving the check called, “Positive
rate, gear up,” and, following sounds similar to
landir.g gear control handle actuation, the check
captain said, “Positive rate, gear comin’ up."” At
0633:20.4, the sound of an engine compressor
stalt was recorded, followed 0.6 second later by
another similar sound. The sounds of two more
compressor stalls were recorded at 0633:21.7,
and at 0633.23.4, the captain seated in the first
jumpseat said, “Com on!" This was followed 1.4
seconds later by an exclamztion from the same
captain, “Roll it all the way over!” Sounds of
ground impar.t wete recorded at 0633:28.7,

Several ‘witnesses reported. that the aircraft
descended low over the runway and then began
to climb. As the climb continued, several loud
popping sounds wete heard, flames were scen
extending from the rear of the engincs under the
right wing, and the aircraft was oisewed to yaw
and toll to the right, As the maneuver
progressed, the nose of the aircraft descended to

5The Collins Fight Divector FD-108 instrument contairs a V-bar
command bxllaator tat ghes aisaafl attitude Information to
the pilot. Some pilots prefer that the bars be deactinated and
rermoved frotn view during a missol-spproach proceciures as they
may present a confusing pktute when an Inmediste heading
change isto be sccomplished,

SAn indicsted sirspeed that is 1.3 times the stall peod of the
airceaft for a particular gro.. welght and configurstion.




a near-vertical downward position and the air.
craft struck the ground on a southeasterly

heading.

Fo‘;fowlng their report of outer marker
passage, the tower controller confirmed the
flight's clearance for the “option” and main-
tained a listening watch on the tower radio
frequency. After their acknowledgenient of the
clearance, the tower controiler ﬁeard nothing
further until his attention was attracted by an
unintelligible transmission on the tower frequen-
cy, followed immediately by sounds similar to
muffled explcsions. He ?:)oked to the east and
observed N3166 in a nos:-down attitude about
300 to 400 feet above the ground. The under
side of the fuselage appeared to be facing west,
and, as he watch, the aircraft struck the ground
and explosed.

The accident occurred below an overcast, in
dazllght conditions. The location was at latitude
34> 03’ N., longitude 117° 36' W., at an eleva-
tion of approximately 929 feet m.s.l.

1.2 Injurles to Persons

Injuries  Crew Others
Faial 5 0 0
Nonfatal 0 0 0

None 0 G

Passengers

Pathological examinations of the fiev crew-
members revealed no significant disease. No
problems of health, fatigue or concern could be
identified by persons in recent close contact
with the pilots flying the aircrah.

1.3 Damage to the Alrcraft

Impact forces and ersuing fire completely
destroyed the aircraft.

1.4 Other Damage
Mo other damage occurred.

1.5 Crew Information

The flightcrew was certificated and had com-
pleted the flight and ground training programs
required by existing regulations. See Appendix B
for detailed information,

The captain who was flying the aircraft and
receiving a proficiency check was also qualified
and curtent in Boeing Model B-727 aircraft. He
had originally qualified as 2 B-720B captain on
March 31, 1969, and in October 1969, had com-
menced training in the B-727, His last pro-
ficlency check was successfully completed
October 16, 1970, in the B-727, and he had
received a line check in the B-727 on March 13,
£971. He had passed a proficiency check in rhe
B-720B on April 28, 1970. He satisfactorily
completed the flight simulator portion of Lis
B-720B proficiency check on March 26, 197},
and was in the process of recciving the flying
portion of the check when the accidem
occurred. He had flown a total of 172 hours in
the 90-day period preceding the accident, 15
hours of which were in the B-720B or B.7077.
He had not flown either the B-707 or B.720B in
the preceding 30-day period.

1.6 Alrcraft Information

N3166 was owned and operated by Western
Air Lines, Inc, It was properly cettificated.

The gross weight and center of gravity were
within limits at the time of takeoff from LAX
and at the time of the accident. The aircraft had
been serviced with 4,442 gallons of jet type “A”
kerosene which gave, when added to the fuel on
board, a total fuel weight of 50,000 pounds. For
additional aircraft information, see Appendix C.

The flight report logs of N31€6 for the
3-month period preceding the accideat were
examined, Two potentiddly pertinent itemns
appeated repeatedly. The first itemn concerned

TFo: qualification, type rating, and flight time rveoiding pur-
poses, the B-720B »0d B-707 are considered similas s¥craft,




misalignment of the engine power lcvers in: that,
in order to equalize thrust output for the four
engines, the power levers for the Nos. 2, 3, ard 4
engines had to be progressively retarded from
the No. 1 engine lever position towards the idle
position. This complaint had been deferred, in
accordance with Western maintenance proce-
dures, pending engine trim checks. The second
item concerned a slowness of the No. 3 engine
to accelerate from low-power to high-power
settings, This item had received maintenance
corrective action prior to the accident flight.
The firat officer on the flight that had preceded
the accident flight stated that neither item had
affected the controllability of the aircraft during
the course of his flight.

All applic "te Airworthiness Directives (AD)
had been complied with, including AD 69-13.2

ertaining to the integrity of the rudder hydrau-
ic actuasor suppore fitting (Part No. 65-5937-8),
Force and moticn from the rudder hydraulic
actuator ate transmitted through the upper and
lower lugs of this fitting for operation of the
rudder. See Attachment 1 for details of the
fitring.

On May 1, 1969, The Boeing Company had
sent o telegraphic message to all B-707/720
operators recommending that a visual inspection
of the rudder hydraulic actuacor support fitting
be made on all B-707/720 aircraft, The Western
Air Lines Buagincering Depattment issued
Engineering Authorization No. 720-20755 cn
May 2, 1969, referencing the Boeing message as
follows:

“Subject
Support Fitting Assembly Inspection -
Rudder Hydraulic Actuator,

Description

Several KC-135 airplanes and one 707-3001
airplanie had experienced cracking of the
upper and lower ligs and web of the rudder
hydraulic actuator support fitting assembly.
Boeing has just been advised of a secord
incident by another operator where complete
failure of the actuator attach (sic) lugs was
experienced on a 707-300C aitplane at

5

approximately 10,300 flight hows. Failure
occurred during tralning with two engines at
idle. At the catliest possible time consistent
with scheduling requirements, a one-time
visual inspection of the subject fittings is to
be accomplished. WAL Engineering will
report the outcome of these inspections to
"t'he Boeing Company. Any fittings found
cracked are to be repliced before further
flight.”

No cracked fittings were found on Western's
alrcraft as a result of those inspections,

On June 2, 1969, Boeing issued Service Bul-
letin (SB) 2903, recommending an inspection
and replacement program for the rudder hydrau.
lic actuator support fittings made of 7079-T6
alumirum alloy on all B707/720 aircraft. On
June 6, 1969, the Federal Aviation Administra-
tion {FAA) issued AD 69-13-2, estabiishing a
mandatoty inspection and replacement program
based on $B 2903,

AD 69-13-2 required, within 73 hours time in
service after June 6, 1969, that & visual inspec-
tion with magnification, or 2 dye penctrant or
eddy current inspection, be made ln accordance
with the insteuctions in SB 2903 to determine
the existence of any cracks in the fitting. If no
cracks were found, a repeat inspection using the
above methods was required at intervals not to
exceed 325 hours time in service, up to a maxi-
mum of 1,400 hours time in scrvice subsequent
to June 6, 1969, If cracks were found within the
oversizing limits specified in Part 1 of SB 2903,
the fitting could be reworked by incremental
reaming and fitted with a new aluminum-nickel-
bronze bushing, or could be ieplaced with one
made of 7075173 aluminum alloy maverial. If
the cracks were too large to be reworked, the
fitting had to be replaced with either a similar
ficting contairing the new aluminum-nickel-
b:onzebushing, or anew 7075-T73 fitting. In any
event, within 1,400 hours time in service after
June 6, 1969, the new aluminum-nickel-btcnze
bushings had to be installed. Following that
instaliation, an inspection for cracks was re-
quired at iritetvals not to exceed 1,200 hours in
service untila new 7075-T72 fitting containing a
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flanged aluminum-nickel-bronze bushing was
installed. Installation of the 7075-T73 fitting
constituted terminating action for AD-69-13-2,

Boeing issued Revisions 1, 2, 3, and 4 to SB
2903 on June 4, 11, and 20, 1969, and
December 22, 1969, respectively., These revi-
sions dealt with technicaf changes anid aligned
the Boeing recommendations with the FAA
requirements of AD 69-13-2, The latter was
amended on July 24, 1969, without substantive
change.

On February 3, 1971, Boeing issued Revision
5 to SB 2903, recommending that an ultrasonic
inspection of the lug bores be conducted in addi-
tion to a visual, dye penetrant, or eddy current
inspection of the fitting in general. An eddy
current Inspection with lug bushings removed
was deemed an acceptable alternative to the
ultrasonic. It was also rccommended that a one-
time ultrasonic inspection be accomplished at an
carly opportunity. Cited as a basis for these
recommendations was one operator's experience
of a complete fitting failure 80 hours after
installation of a new bushing and a repeat visual
inspection, along with a subsequent ultrasonic
inspection program which disclosed seven
cracked fittings among 136 that had previously
passed other inspections.

The suppcrt fitting on N3166 had been
inspected, teworked. and fitted with aluminum-
nickelbronze bushings on July 28, 1969, A
visual and dye penetrant inspection of the fitting
had been made on February 8, 1971, No cracks
were found on either inspection. About 452
hours time in service were accumulated by
N3166 from February 8, 1971, to the day of the
accident,

A revision to AD 69-13-2, effective March 18,
1971, tequited, within the next 600 hours time
in service, that an ultrasonic or, after removal of
all bushings, a dye peneteant or eddy current
inspection be made of the support fitting in
accordance with Revision 5 of SB 2903. N3166
had accumulated 82,12 hours since March 18,
1971, and was not due an inspection for another
51/:48 hours.

During the period June 2, 1969, to March 31,
1971, a total of 12 support fittings on Western's
fleet of B-707/720 airctalt had been replaced
with fittings made of the 7075-T73 material. Of
those 12, two had been reported on FAA Main-
tenance Reliability Reports (MRR) as cracked
beyond rework limits. Western's policy was to
replace any cracked fittings with 7075773
fittings, rather than rework them as authorized
by AD 69-13-2,

Effective April 27, 1971, the FAA issued AD
71.9-2 super.eding AD 69-13-2, The new AD
dealt with the same problem. However, it
intensified the inspection program on the
B-707/720 suppon fittings, and required
replacement of the 7079-T6 firting within 5,400
hours time in service but, in any event, prior to
further flight after October 1, 1972,

1.7 Meteorological Information

The check captain was briefed by the Western
flight dispatcher and a weather display was
available in the WAL dispatch office.

The surface weather observations for Ontario
at the times indicated wete:

0459 Record special, measured 700 feet over-
cast, visibility 1 3/4-miles, haze, smoke,
temperature 52°F., dew point 48°F,,
wind calm, altimeter setting 29.91
inches.

Special, measured 600 feet overcast,
visibility 5/8-mile, fog, haze, smoke,
temperature 51°F., dew point 49°F,,
wind calm, altimeter scwing 29.92
inches.

Measured 500 feet overcast, visibility
5/8-mile, fog, haze, smoke, temperature
51°F., dew point 49°F., wind 250° at 4
knots, altimeter setting 29.93 inches,
Runway 25 visual range 6,000 feet
plus, breaks in the overcast.

Special, measured 600 feet avercast,
visibility 3/4-mile, fog, haze, sinoke,
temperature 51° F., dew point 49°F,,




wind 250° at 4 knots, altimeter setting
29.92 inches, Runway 25 visual range
6,000 feet plus.

Sunrise at Ontario occurred at 0540 on March
3, 1971,

1.8 Aids to Navigation

The Cntario International Airport Is equipped
with an ILS precision approach to Runway 25,
The inbound localizer course is 255° magnetic.
The Colton nondirectional radio beacon, the
outer marker, and the middle marker are located
on the localizer course at distances of 11,2, 5.9,
and 0.6 miles, respectively, from the ruaway
threshold. The glide slope crossing altitude at
the middle marker is 1,145 feet ms.l., or 216
feet above the ground, Decision Height (DH) is
200 feet above the runway touchdown zone
clevation of 929 feet m.sl. It was Western’s
policy, and an FAA requirement, to use a
training DH of 100 feet for pilots-in-command.

The published Runway 25 ILS missed-
approach procedure specifies that a climb be

made to 1,300 feet m.s.l. while maintining

runway heading (255° magnetic), after which a
left curn is required to proceed to the Ontario
VOR while climbing to 4,200 feet m.s.l. In this
instance, CVR. information indicates that WAL
366 was cleared by Ontario Approach Contzol
for the “option” with a left turn to 210° magne-
tic and a clinb to 4,000 feet m.sl. in theevent
that a misscd-approach was elected.

On the day of the accident, there were no
outstanding Notices to Aitmen or pilot reports
concerning the status of the aids to navigation at
ONT. Subsequent to the accident, all com.
ponents of the ILE were flight checked by the
FAA and found to be operating within
prescribed tolerances.

1.9 Communications

No problems with communications were
teported during the flight from LAX to ONT.

1.10 Aerodrome and Grounl Facilities

Runway 25 at Ontario is the primary instru-
ment runway, It is 9,982 feet long with a
useable length of 3,862 fect. It is 150 feet wide
end is constructed of asphalt and concrete. The
airpert elevation at its highest porat is 952 feet
m.tl,, and the Runway 25 touchdown zone
elevation is 929 feet m.s.l. A 1,000-foot overrun
extends eastward from the threshold of Runway
25.

A U.S. Standard Conlfiguration A high inten.
sity approach lighting system with sequence
flashing lights is installed in the overrun and
approzch path leading to Runway 25. These
lights were on and set Step 5 (maximum inten-
sity) at the time of the accident. High intensity
runway lights are installed and were set at Step
4, a slighty lower intensity than Step 5.

The Ontario Airport firefighting services were
provided by the City of Ontario Fire Depart-
ment /OFD). A central dispatch system, located
at OFD headquarters in the city of Ontario, was
used to dispatch equipmenr, A direct telephone
line to the central dispatcher was provided in the
ONT Control Tower, and the tower controller
used it to notify the central dispatcher of the
crash. Direct radio communication between the
tower and the firefighting urits was used to
control the latcer while on the airport taxiways
and ranways,

A total of 17 units from the OFD responded
to the crasu, Three units from the fire station
located on the airpcrs were at the crash site
about 2 minutes afi.r the impact occurred.
Three units from the headquarters fire station
were delayed 2 or 3 minutes by a train pro-
cecding along trazks adjacent to the airport. The
California Air National Guard provided
assistance with two 1,000 gallon, 0-11 crash
trucks.

An estimated 25,000 gallons of water and 350
pounds of dry chemival were used in extinguish-
ing the fire. The fire was brought under control
in approixmately 1 hour.




1.1 Flight Recorders

a. Flight Data Recorder

A Fairchild Industrial Producis Flight Data
Recorder (FDR), Model 5424.501, Serial No.
5680, was aboard N3166 at the time of the
accident. It was recovered from the wreckage
and examined at the Board's Washington office.
The FDR case was clean with no evidence of
expusute to either smoke or heat. The top of the
case’s midsection was crushed inward, but the
foil recording medium was undamaged.

A FDR readout was made of the last 5.16
minutes of the flight, beginning 5 minutes prior
to the time of the lowest altitude recorded on
the final approach at ONT.

In addition, an altitude mecasurement was
made at the point where the aircraft was in the
takeoft position on Runway 25R (elevation 100
feet) at LAX. The measurement reflected a
tecorded altitude of 225 feet, or 125 fcet too
high. The FDR altitude trace reflected a value of
5,225 feet at the reported cruise altitude of
5,000 feet m.s.., or 225 feet too high.

The recording accuracy tolerances for ihe
FDR paramcters are:

£ 100 feet at sea
level to # 700 fect
at £0,000 feet

Airspeed . . £ 10 knots
Heading . . £2°

Yertical
Acceration . . . . . 20,2¢g

Altitude . .

Time. ... .....tlpercentin8hours

b. Cockpit Voice Rerorder

N3166 was equipped with a Fairchild
Industrial Products Cockpit Voice Recorder
(CVR), Model A-100, Scrial No. 2517, It was
found clear of the aircraft structure, and had
sustained slight damage from impact but none
due to fite or heat.

A transctiption was made of that poition of
¢ recording coveting the fast 12:43 minutes of

flight. Voice identification was accomplished by
pessons familiar with the WAL crewmembers
aboard N3166.

¢. Correlation of FDR, CVR, aul Eye
Witress Information

A probable flightpach profile of the last
34.2 seconds of flight wis constructed from
FDR data, runway and ILS geometty, and eye-
witness reports. The flightpath was plotted from
the point of impact back to the middle marker
iocation using an approximate groundspeed and
eyewitness accounts of the mancuvers. CVR
information was added by correlating the actusl
times established for the CVR comments with
the calculated (rate x time) linear base of the
dightpath plot. The probable flightpath is an
approrimation of the aciual fligntpath, and it
should nor be used for finite measutements or
values. See Attachment 2 for the probable flighe-
path profile,

1.12 Wreckage

N3166 struck the ground 420 feet north of
the centerline and 3,140 feet west of the
threshold of Runway 25. The major portion of
the wreckage was confined to an arca approxi-
mately 300 feet by 350 feet. It was aligned
generally on a heading of 160° magnetic, See
Attachment 3 for wreckage distribution derails.

Most of the aircraft was consumed by fire
subsequent to impat. Portions of the fusclage
structure from Fusclage Station (FS) 960
forward to and including the cockpit area were
locatid in the main wrc?fagc. The major portion
of the airframs was reduced to fragments and
molten metal, Various components weee located
and examined in an cffcrt to determine precrash
operative conditions.

All wing wailing edge flap jackscrews were
located. Extention measurements corresponded
to 2 30° flap position. The leading cdge flap
actuators weee in the eatended configuration,
Pottions of all of the left wing spoilers were
attached to the wing structure, with hydraulic
actuators and tubing intact; the spoiler panels
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were in the retracted position. The No. 6 spoiler
panel on the right wing was in a partially
extended porition; the remaining panels were
cetracted. The No. 6 spoiler actuator was
removed for exarniination, The actuator piston
positlon reflected a retracted spoiler.

The hotizontal stabilizer jackecrew extension
measurement corresponded to an aircraft nose-
up stabilizet position of 3.0 to 3.5 nnits. All
three landing gear actuators corresponded to a
gear up and locked positicn.

The empennage section had separated from
the fuselage in an irregular tear berween FS
1462 and FS 1543. All control cables to this
~ sectiun were compietely separated, with red:cea
strand diameters at the breaks.

The vertical stabilizer conealning the rudder
had separated from the empenna,c section. The
tudder and rudder control tab hinge fittings
were intact. The rudder was displaced to the
right.

i8"l‘!\e upper and lower lugs of the rudder
hydraulic actuator support fitting were broken
transversely through the bolt holes provided for
attachment of the actuator rod-end to the
fitting. The scparated portion of the upper lug
was Emnd in the actuator compartment of the
vertical siabilizer. An unsuccessful search for the
separated portion of the lower lug was conducted
during the Investigation. Later, on June 23,
1971, an aliport employee found thc separated
pottion 225 feet south of the center line and
1854 fect west of the approach end of runway
25.

‘The bol that secures the actuator rod-end to
the suppntt fitting was intact on the actuator
rod-end. A corrosion resistant slip bushing, an
aluminum-nickcl-bronze bushing and a washer
were tntact on the hcad-end of the bolt. An
aluminum nickel-bronze bushing and a washer
were intact on the nut-end of the bolr. Ths nut
was secure and the safety pin was in place.

The rudder hydraulic control unit was
recovercd intact from the wreckage. The unit
was placed in a gest fixture and was operated by
both the inpii *wver and the yaw damper
actuator control assembly. Both operations met
test specifications. The rudder control tab lock

mechanisin released propetly when hydraulic
pressure was removed from the controi unit. The
horizontal stabilizer electric trim motor was
funictionally rested. Both clutch sestings were
normal at 700-inch-pounds, with current draws
at those settings of 16 to 13 amperes.

The Nos. 2 and 3 engine hydraulic pump
supply shutoff valves were recovered in the areas
of their respective engines. Both valves were in
the open position. Both hydraulic pumps had
been subjected to heat damage and could not be
rotated. The splined drive couplings for both
pumps were intact. The two electrically drivea
alternating cutrent, auxiliary hydraulic pumps

-~ were recovered and examined tor rotational

scoring; none was obsetved. The drive couplings
for both pumps were complete.

Examination of cockpit control par.ss
disclosed the No. 2 Engite Hydraulic Pump
Switch missing and the No. 3 Engine Hydraulic
Pump Switch in the “ON" position. The No. 1
Auxiliary Hydraulic Pump Switch was missing
and the No. 2 switch was broken. The Rudder
Power Switch was also broken.

N3166 was equipped with four Pratt &
Whitney JT3D-3B engines. All four engiaes had
separated from their pylons and the engine
cowlings had separated from their respective
engines.

The turbine, compressor, or fan blades of the
four engines wete bent opposite to the direction
of rotation, None of the engines showed any
signs of preimpact over-temperature conditions,
The compressor bleed valves on the Nos. 1 and 2
cngines were in the closed position; those on the
Nos. 3 and 4 engines were in the open position.
These valves were desioned to close whenever N,
compressor speed reached a value exceeding 80

ercent, The N, compressor rear hubs were

actured on the N, compressors fromn the Nos.
3 and 4 engines. The tie-bolts were sheared on
the N; comptressors from the Nos. 3 and 2
engines.

The th- it reverser systems on all four engines
were in the stowed configutation. There was no
evidence of either distress or a lack of lubrica.
tion on the bearings, gears, or drives of any of




the engines. The main oil screens from all
engines were frec of contamination, The etgine
fuel shutoff valves were in the open position.

1.13 Fire

There was no evidence of preimpact fire. The
aircraft exploded on impact and was almost
totally consumed by fire, (See Section 1.10
above for firefighting report.)

1.14 Survival Aspects

This was 2 nonsurvivable accident.

1.15 Tuds and Research
a. CVR Sound Spectrographic Examination

A cest flight was conducted in a Western
Air Lines B-720B for the purpose of recording
engine sounds on the CVR tape. Recordings
were made under selected operational conditions
and at various engine l‘powver settings. The flight
test tape yielded the following sound frequency
data associated with the rotational speeds of the
N, compressors, as expressed in percentage of
N| speea:

100%N: . ... ..o 0. 3820Hz,
90%N; . ... v v v v . 3460 Hz,
BO%N;. ..o v v 3100 Hz.
70%N; . v v v v v v . 2130 Ha,

Due to the presence of corsiderable
ambient roise in the 500-Hz to 2300-Hz range,
it was not possible to identify positively ntie
spectrogram traces associated with a flight idle
power setting (40% N, ). However, calculation of
the approximate frequency value at that speed
was 1550 Hz.

Sound frequency spectrograms were made
from both the test tape and the accident tape.
These spectrograms were then compared in an
effort to determine N3166 engine totational
speeds durlng the last seconds of flight.

This comparison disclosed the existence, on
the accident tape, of a 2950-Hz resonance

(equivalent to a speed ot 76 percent N,) for
about 8 or 9 seconds prior to the time the call
“mirimums, no airport’” was made. At the con-
clusion of that call, the compressor sounds on
the accident tape increased in frequency at the
rate of about 500 Hz per second until they
stabilized at 4140 Hz approximately 3 seconds
later -- this itequency oorresponde! to a speed
of about 109 percent Ny . There was no evidence
of a change in the rae of Ny speed until an
additional 8 seconds later, immediately follow-
ing the sounds of the flrst comptessor stall, At
that time, a decrease in frequency was appatent
with the continued prusence of the 4140-Hz
rescnance,

The above frequency decrease occurred at a
rate of aveut 500 Hz per second for the first 2
seconds, and then at a rate of 106 K.z per second
for the next second. It reached a low of sbout
3040 Hzx, or about 78 percent Ny, at 0633:23 .4,

At 0633:235.6, fo{lowin the remark “‘come
on,” a frequency increase, which occurred at the
rate of 500 Hz per second, was apparent for 0.4
second,

Between 00633:26,0 and 0633:26.5, a
resonance of 2645 Mz appeared, reprosenting a
speed of 67.7 percent N, . At 0633:28.6, 01 0.1
second priov to the sounds of impact, a
resonance of 3645 Hz (95 percent Ny ) appeared.

b. Metallurgical Examination of the
Rudder Hydraulic Actuator Support Fitting
From N3166

Bota the upper ard lower lugs of the
support fittiug from N3166 had separated from
the main body of the fitting due to fractures
exzending through the actuator attachment bolt
holes. The fracture surfaces were examined with
the aid of a binocular microscope, and by
clectron fractographle techniquas. Eleven and
one-half percent of the left fracture face and 6.3
percent of the right fracture face had been
produced by stress-corrosion cracking on the




upper lug.® The remainder of the upper lu

fr[;lzwre;lgand all of the lower lug &acfure hag
been produced by tensile rupture. The fittin

was made of 7679 aluminuia alioy, heat treateg
to a 'T6 temper.

¢. Nondestructive Inspection Methods and
Stress-Corrosion Cracking

A consulting metullurgin provided
information to the Board on the results of tests
that he had conducted on a cracked support
fitting removed from another Western B-7208
sircraft.

A visual Inspection of the fitting revealed a
single crack in one of the lugs, It was then tested
by the dye penetrant method, which revealed
the possible existence of another smaller crack.
When further tested with o fluorescent
penetrant, the smaller crack was cleatly evident,
Additional inspection by eddy current and
ultrasonic methods clearly revewled both of the
aforementioned cracks with indications of the
possibility of other cracks. Rudiographs {x-rays)
were then taken of the lug. These shawed the
presence, extent, and depth of the two major
cracks, and indications of smulier cracks
associated with one of the major cvacks. When
the radiographs were subjected to a photogra-
phic enhancement process’, it was found that
the ind*cations associated with one of the major
cracks actually were smaller cracks; additionally,
approximately a dozen indications of other
¢racks weve disclosed.

$Stress-cortosion cracking results froen the complex Intetaction
of: (1) & corrosive environment (s humil stmosphese ks sffk
clent), with (2) 2 niscoptble material that Is in 2 state of
sustained tensdle tress. The stress niay be either residus)
(quenching after solution heat theesiment, machinig, and
stralghtening) ot spplied (induced by notmal loading, mifits,
Intesferance fits, and clamping). The aimbination of these two
conditions produces britthe fractures In otharwise ductide ma-
tetials, Ity aluminum alloys the path of the fracture Iy slways
intergranular,

*hotographic enhancement conshts esnentially of s series of
precisely o< ntrolled printing exposuies of a high lithographle
contsast film. Thew films are designed to transfie & conthwovs
tene image into a black ant white imaga,

For Incipient crack detection, the ulira-
sonic and eddy current methods of non-
destructive inspection are the best methods
available. The radiograph with photographic
enhancement is superior to ether of the above,
but it is still in development and the necessa
equipment was not generally available. An added
advantage was that the photographic end
products fcrm a permanent record, to which
future enhanced radiographs could be compared
for indications of crack formation trends.

Predictions on the rates of crack propaga-
tion associated with stress-corrosion are
exteemely difficult to make with any accuracy.
In laboratory tests, crack propsgation from the
effests of stresscotrosion have aciually been
observed. In other cases, under similar
conditions, comparable crack propagation has
taken a considerable period of time. Also,
viriations In crack propagation rates can be
expected between outwardly identical partsdue
to internal difierences in grain-flow and residual
stresses from heat creating and machining.

As a part of the investigation of this
accident, the Safety Board reviewed the history
of stresscorrosion cracking in aluminuta alloys,
including the 7079 and 7075 type alloys.

The probiem of stresscorrosion cracking
kas been a tubject of concetn in the aircraft
industry for more than 40 years. However, much
of the knowledge on the subject has been
developed in the past 10 to 15 years, due to the
demands for greater performance and the
increasing occusrence olp service failures, This
'ncreased knowledge has led to the more
accurate identification of materials and
processing methods providing; greatet resistance
thereto, As a result, aircraft design engineers
have turned increasingly to the use of alloys,
tempers, and fabricating methods that will avoid
or minlmize the problem. Recent examples of
this include the selection of 7075-T73 material
for use la the McDonnell Douglas DC-10, and
the use of 2024T3 aluminum<lad material in
the Lockheed 1013, even though weight
penalties were imposed in the process. Also, due
to its resistance to latergranular attack,
extensive use was made of the 7075776 alloy in
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the wings and horizontal stabilizer of the L
1011, The 7079 alloys were not used becavse of
their krown susceptibility to stress-corrosion
cracking,

d. The Boeiny Company Support Fitting
Evaluation Tests

The Boeing Company conducted a series of
post accldent tests on nine 7079-T6 support
fittings which had been removed from sircraft
after 8,900 to 39,615 hours in service. The
oojectives of the tests were to: (1) generate, by
exposure to vatious environmental cownditions,
stress-corrosion cracking in the Serings, (2)
determine the susceptibility of rewotked Ritings
(actuator attachment lugs removed) to sitress-
corrosion cracking, (3) decermine the location of
stress-corrosion cracking, if any, on the
reworked fittings, and (4) determine the nature
o1 crack initiation, along with crack propegation
as the result of structural Inading.

The tests established that the reworked
ficeings svere basically sound and, on June 21,
1971, Boeing issued SB 3042 contalning an
FAA-approved modification to the 7079.T6
support fitting. The modification consisted of
temoval of the attachment lugs and installation
of a seel clavis.

The FAA issued amendment 30-1254 to
AD 71.9:2 on August 3, 1971, specifying that
modification of the 7079.T6 fitting in
accordance with the FAA-approved SB 3042
would constitute terminating action on AD
71.9-2,

e. Western Alr Lines, B-720B Flight Simula-
tor Tests

A series of tests was conducted In a non-
visual B-720B analog flight simulator owned and
_operated by Western Alr Lines. The objectives of
the tests were: (1) to compare the simulator
perfemance with the airersft performance as
specitied in Boeing performauce charis, and (2)
to attempt simulation of the performance of
N3166 in its last 18 seconds of flight.

The simulator was certificated and had
been maintained In accordance with existing
FAA requirements. It was programmed to use
the Runway 25 ILS approach at Ontario
Airport, and the atmospheric conditions were
progiammed to approximate those existent at
the time of the accident.

The performance comparison tests
disclosed higher than standard rates of climb in
the simulator for 1-engine and 2-engine (same
side) inoperative configurations. Also, the
simulator engine acceleration and decelcration
rates were consistently lower than those
established from Boeing tests. |

Missed-approaches from 3-eirgine
approaches were flown for the purpose of
estimating the control colunin push-force
required to maintaln coastant alrspeed climbs,
On initiation of the missed-approach, maximum
thrust was applied on the three engines, the
landing gear was retracted and the flaps were
raised from 50° to 30°. The untrimmed push-
force was estimated by a Boeing test pilot to be
approximately 8 pounds to inaintain a Vv, !0
airspeed of 134 knots. An estimated 15 pounds
of force was required to rnaintain an increased
airspeed of 144 knots. ‘These forces were later
measured and found to be within the PAA
tolerances as specified in Advisory Circular
121.14,

Under similar conditions in the B-720 pir-
craft, an untrimmed push-force of abou* ~3 to
25 pounds was required to maintain a V, climb
speed, and this force increased about one pound
per knot of airspeed above V;. The push-force
was tequited for elevator counteraction of the
positive pitching moments created by an
increase of thrust and retraction of the landing
gear and flaps. Also the push-forces required in
the B-720B were aborit 250 percent greater than
those needed in a B.727 under compzrable
conditions.

’°Vg s the computed climb sispeod for & particular grow
wolght with s critical engine inoperative.




The attempted simulation of N3166's
terminal maneuver was not successful. Several
3-engine ILS approaches and inissed-approaches
were flown with loss of rudder control simulated
by turning off the Rudder Power and Yaw
Damnper switches, and leavirg the rudder pedals
neutral throughout the missed-approach.

On each missed-approach, the pilots were
able to maintain lateral control and keep the
simulator near wings-level flight at aitspecds as
low as 134 knots. However, directional control
could not be maintained, and positive yaw
angles'! were incurred. This was ars?) true when
the body angle was increased to 20° noscup and
the indicated airspeed was reduced to 115 knots.
The Boeing charts indicate that, under similar
conditions, with the rudder at zero deflection,
the aircraft bank angle is uncontrallable at
indlcated airspeeds helow 140 knots. Similarly,
with the rudder free and floating, the aircraft
bank angle is uncontrollable at sirspeeds below
about 157 knots.

f. NASA/Ames, Flight Simulator Tests

In an effort to accurately simulaie the
flight performance of N3166 in its last 18
seconds of flighs, the Safety Board requested the
Ames Research Center of the National
Aeronautics and Space Administration to
conduct tests and demonstrations in its Flight
Simulator for Advanced Aircrafe (FSAA).

This simulator incorporates a transport
type, 3-man cockpit with collimated television
monitor displays of the scenc of a runway and
adjacent terrain, gencrated with a Redifon
fixed-model visual simulation system. The
simulator motion system includes linear
excursion capabilities of £ 40 feet laterally, ¢ 4
feet vertically and t 3 feet longitudinally;
extensive excursion capabilities are provided in
pitch, roll and yaw, Cockpit Instcumentation,

Pysw sngke Is defined a4 the angulsr displaciment of the
~ abcrsft centerline fiom a reference azimuth. The yaw angle Is
positive for displacement of the sk araft nose 10 Use 1ight of the
reference azimuth and negative for displacement to the lefl.

while of a generalized configuration for research
purposes, provides all of the primary flight and
engine controls found ina B-720B, and a Collins
FD109 flight ditector system,

XDS Sigma 7 digital computer systems are
used In the FSAA. The dura used in program.
ming these sysrems were obtained primarily
from Bocing performance documents. Per-
formance and control limit checks nf the simula-
tion were condusted for compar'son with The
Bocing Company data. Pilots with recent
B-720B flying experience expressed acceptance
of the simulations.

Numerous simulator test runs were made
with configurations identical to those of N3164,
Failure of the rudder hydraulic astuator suppont
fiting was simulated at a point coincident with
the rapid incrcase in heading observed on the
FDR heading trace. To determine the effects of
a suspected thrust loss on the No. 3 engine due
to compressor stalling, test runs were made
assuming conditions of: (1) no thrust loss, (2)
loss of a large percemtage of thrue: for 2 to 3
seconds, and (3) toral thrust loss. Thrust losses
were initiated to ccincide with the sounds of
compressor stalls recorded on the CVR.

The purpose of the repeated simulator runs
was to obtain trajectory data that best matched
the tecorded and observed accident evidence.
Bank angles and rates-of<climb at the point of
simulated support fitting failure were the
primary variables in the matching process.

The most compatible results were obrained
from the following assumptions: (1) actual
altitude above the runway was 100 feet when
the call “minimums, no runway" was made, (2)
as the missed-approach procedure was executed,
support fitting failure was sitnulated while the
aircrafe was in a shallow left turn {8° left bank)
and several degrees higher than the normal climb
attitude, and (3} total loss of thrust on the No. 3
engine was used.

The simuluted trajectory from this run
produced an impact point 600 fect to the right
of the runway centetmc and 2,800 feet beyond
the threshold as compared to the 420 feet and
3,140 fect, respectively, mcasured at the
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accident site. The simulator impact attitude was
a, neatly vertical nosedown descent with the
plane of the wings nrarly parallel to an imagi-
nary plane extendit.  rertically upward from the
runway centerline. The top of tie fuselage was
facing towards the runway.

Of particular significance was the behavior
of the simulator immediately followli:g support
fiteing fallure. Within 3 seconds, the side-li
reached 2 maximum value of 13°, the rate of ro
to the right reached a maximum value of 20° per
second, and a right bank angle of 20° was
achieved despite opposition of fu'l left aileron/
spoilet control.

In otder to assess the relative merits of
several recovery procedures, several simulator
trails were made. On the first trial, the No. 4
thrust lever way advanced within 2 seconds of
the fitting failure and a momentary loss of
thrust on the No. 3 engine was ussumed. The
rate of roll was checked at a bank angle of about
70° but insufficient time remained to roll
wings-level and atrest viie high rate of descent
that was induced. On another similar trial, a
successful recovery was accomplished when the
No. 4 thrust lever was advanced to maximum
1.0 seconds afeer fitting failure.

In other trials, successful recoveries were
effected by reducing the thrust on the No. 1
engine 2,5 seconds after the failure of the
support fitting. The bank angle did not exceed
50° right bank despite the momentary loss of
thrust on the No. 3 engine. Stabliized, wings-
level flight was reestablished about 400 feet
above the runway. In a similar 1rial, reduction of
the No. 1 engine thrust was delayed until §
seconds after failure of the support fitting. A
successful recovery was made although the
altitude margin was only 30 feet,

It was noted by the pilots flying the simula-
tor that the primary motion cue (lateral or side-
ways acceleration at the cockpit) Accompanying
the fitting failure was deceptively mlEl. The
op‘fosin'g influences of yawing accelerailon and
rudder sideforce produced an initial iateral
acceleration In the cockpit of only 0.1g, which
was sustained as sidetorce due to sideslip

buildup. In comparison, the cockpit lateral
acceleration produced by loss of an outboarc
engine was abov* 0.15g. The motion systems of
the FSAA accurately reproduced this accelera-
tion cue.

These tests demonstrated that:

{1) The motion cues plus the visual percep-
tion of yaw rate produced, on the part
of the pilot, instinctive counteractive
deflections of full rudder. In the
absence of any changes in rudder pedal
force characteristics, the pilot lacked
immediate indication that he no longer
had rudder control, and the gravity of
his predicament did not become
apparent until the roll rate continued in
spite of full aileron/spoiler deflection.

(2) If the pilot was flying by reference to
his flight instruments, primarily
attitude and airspecd indicators, the
indications of heading changes were less
compelling, and fusther ?elay in his
recognition of grave difficulty was
probable.

(3) In either of the above cases, it could
not be assumed that the pilot would
respond within several seconds with
thruzt change unless he was consciously
anticipating a directional control
problem of the magnitude produced by
a rudder support fitting faifure and loss
of rudder control.

(4) A reasonable reproduction of the
established accident trajectory para-
meters was obtained by simulating
rudder support fitting failure after
climbout was initiaced.

{5) The evidence of compressor stall on the
No. 3 englne corresponds in time to the
occurrence of combined Initial peaks of
slideslip and roll tate as recorded in the
simulation.




{6) The behavior of the No. 3 engine had
fittle effect on alscraft performance
after failuze of the support fitting.

(7) Recovery for this type of simulated
vpset was possible only by reducing the
thrust on the No. 1 engine within4 w 5
seconds or by Increasing the thrust on
No, 4 within 1 sccond after the upset
began.

(8) In the absence of training in the thrust
reduction technique, the rapidity with
which the upset developed precluded
efiective pilot action,

1.16 QOther Information

a. Bocing 720-8 Rudder Contro! System With
Series Yaw Damper

Directional control of the aircraft is
provided by the rudder, rudder control tab, a2d
rudder control system. Rudder positioning ray
be accomplished hydraulically through the
rudder hydraulic power conteol unt or mechani-

cally through the rudder control tab and balance
panels, The rudder trim system is a cable-
operated linkage that functions through a power
trim gearbox during tuddec operation in the
power mode, ot thtough 1 insaval trim gearbox
during rudder optration in the manual mode.

With hydravlic power available, rudder

edal motion s transmitted by the conirol
irkage to the rudder power control unit hydrau-
lic actuator control valve. An artificlal feel unit
is incorporated in the powered rudder configura-
tion to provide the r ot with a sensation of the
amount of appliecd rudder pressute. In the
mechanical mode, releass of the hyd:aulically-
actuated tab linkage lock allows rudder pedal
motion to be transmitted by cables and
pushrods directly to the rudder control tab, The
tab is then moved in a balance diraction to
position the rudder acrodynamicaily.

Reversion to the mechinicl mode is
accompliched automatically by tuining off the
Rudder Power Switch., Wheu this is done,
caution must bo used if the n:dder is at or near

- contro

full ceflection as a rapld change in deflection
will occur and may adverssly affect aircraft
cont:ol,

Reversior o the mechanical mode wiil not
oczar automatically either in the event of auxil-
laris hydraulic system failure or deactivation of
thes auxiliary hydraulic pumps. In such casas, the
rudder must be streamlined, or hydraulic actua-
tor pressures must be dissipated to permit
releasc of the tab linkage lock.

If complete failure of the hydraulic-actus-
tor surport ‘fitting should occur with rudder

in the hydraulic mode, left rudder
control is lost, but near normal right rudder
control is available. The antificial feel provided
the pllot is unaffected whether or not the
sapport fitting Is intact. The reason for the fore-
going is that the rudder pedal input to the hy-
draulic-actuator control valve is pivoted through
the tab linkage lock at the forward end of th
actuator piston rod, which will deflece the anl-
ficlal feed control rod.

. With a complete fallure of the support
fitting, reversion to the mechanical mode
(Rudder Power Switch “Ofi**) will not provide
any left rudder control, since the release of the
tab linkage lock frees the formerly fixed pivot at
the forward end of the actuator piston rod. Near
norma! right rudder control would be available
as would full manual trim capability.

The ultimate tensile strength of an intact
actuator support fitting was approximately
100 000 pounds. With a single actvator attach-
ment lug fallure on a fitting, the reraining lug
would sustain a tensile load of approximately
18,500 pounds. With a fully pressurized rudder
hydraulic system of 3,000 pounds per square
inch, maximum (eft rudder deflection (25°)
exerted a msximum in-flight tensile load of
approximately 26,300 pounds on the support
fitting. Under the asymmetrical thrust
conditions established by WAL 366, with st
least 23° left rudder deflection, nearly the full
26,300-pound tensile load wus applied to the
support fitting.




b. History of Rudder Hydraulic Actuator
Support Fitting Failure

In carly 1967, several cases of support
fitting cracking were discovered in US. A¥
Force KC-135'? aircraft. These were brought to
the attention of The Boeing Corspany. On
February 8, 1967, the Al: Porce issued an
Urgent Action Technicsl Orcler requiring that a
visual inspection be made of all fittings, Any
susgected cta ks were to be further examined
with the dye penetrant inspection raethod. Air.
craft with cracked support fitings were
restricted tothe use of the mechanically powered

rudder until 2 new rudder assembly was -

installed. A check made of commercial operators
of B-707 and B-720 aircraft revealed no
indications of sitnilar problems at that time.

When Boelrg issued SB 2703, the following
description of the fitting problem was included:
“. .. (F)ive operators have reported cracking of
the upper, lower, or both lugs of the rudder
actuator support fitting on five alrplanes with
7,000 to 26,000 flight hours., Complete failure
accurred through the actuator bolt hole and the
actuator became separated from the rudder In
two Instances, resulting in loss of cudder hydrau-
lic control. Uneventful landings were made in
both instances. Fitting failure is attribured to
cracks caussd by stresscorrosion which stacted
at the bushing.”

In a revision to SB 2903, dated Jure 4,
1969, Information was included that one
operator of B-707/720 aircraf: had discovered
five fittings with cracks after inspecting a large
portion of his fleet of aircraft, \

On Febtuary 3, 1971, a fifth revision to SB
2903 was lssued by Boeing. It contained, inter
alia, a report that one operator’s airplane
experlenced a complete failure of both lugs 89
flying hours after a visual inspection of the
fitving, The failure was stated to have occurred
during a training flight on which a No. 4 engine
failure was being simulated.

Boeing recotds contained a history of four

complete failures of both lugs on B-707 aircrafe

| I An aeckal tunker version of the 1107,

prior to March 31, 1971, The following is a brief
summaty of the circumstances invelved in the
fatlures:

(1) October 13, 1967 A foreign aitline’s
B-707-3378, with 7,350 hours in
service, sustained a complete (both
lugs) fitcing failure while on a training
flight, Vith the aircraft at 5,000 feet
and the No. 4 engine at idle thrust, the
No. 3 ergine was retarded to idle and a
practice canyon approach was
Initiated. The aircraft veered right and
nosed down. Recovery was completed
at 2,500 feet by the use of aileron and
symnetrical thrust,

May 1, 196%.- A foreign airline's
B-707-349C, with 10,300 hours time in
service, experienced a completc fieting
failure while on a training flight. The
aircraft was in the eraffic pattern at
1,700 fect with the Nos. 3 and 4
engincs ac idls thrust. With the left
rudder polal pushed to full travel, the
aircraft wett into a right bank.
Recovery was effected at 700 feet by
the reduciion of the thrust on Nos, 1
and 2 engines and an increasc of thrus:
on Nos. 3 and 4 engines. Full left
alleron/spoiler was required to
maintain control during the thrust
symmeteization process.

December &, 1970-- A B-707-321C,
operated by i U.S. air carrier, sustained
a complete fitting failure while on a
teiiining flight. The pilot advanced the
power for a go-around from a 3-engine
ILS approack (No. 4 engine at idle)
when, at 150 feet above the runway
and 125 knots indicated airspeed, and
as the flaps were vetracting to25°, he
felt a jerk in the left rudder pedal as it
reached full depression. The aircraft
veered to the right, He immediately
increased thrust on the No, 4 engine
and reduced thiust on the other three
to minimize the yaw, However, a




positive ysw angle of about 30°
occurredd before he regained directional
control. This incident was not reported
to the National Transportation Safaty
Board, as required by 14 CF.R,
430.5'?, until early June 1971,

(4) March 8, 1971.- A foreign airline’s
B-707-336C »xperienced a complete
fitting failure while on a training flight.
The aircrafic was on the takeoff roll
and, after 'V, had been attained, the
No. 4 engine was reduced to idle
thrust, The aircenfe began turning to
the right. ‘Thrust was reduced on the
No. 1 engine and vestored on the No, 4
engine to regain control. The takeoff
was complated, During the subsequent
landing, difficulty was experienced in
maintalning directional conteol on the
rollout,

A review of FAA Mechanical Reliabilicy
Reports revealed that during the period May
1969 chrough Murch 31, 1973, a total of 28
cracked fittings nad been teported. The total
time in service of the aircraft involved varied
from 2,185 to 39,383 hours.

Alter receigt of service bulleting, or notifi.
cation of proposed setvice buletin action from a
manufacturer, the data are anzlyzed by FAA
engineers. If an unsafe condition appears to exist
involving an alrcraft, ot an alrcraft engine,
propelles, or appliance, additional information
may be sought from the -manufucturer and
affected operator. When the vnsafe condition is
vetified. and it is likely to exist or develop in
other products of the same type and design, an
Airworthiness Directive project is initiater..

V3aThe operatior of an altcraft & U bmnadistely, and by the
most expeditious means svailidle, nctfy the nearest Nationa)
Transportation Safety Bonrd, Bureau of Avhation Safety, Fiekd
OfTice when: (a) ‘A1 sitcraft accident or any of the 7 flowbry
listed incldents ozevs: (1) Flight contrel system malfunction or
faiute; (2) Inabitity of any requited flight cewmember to
peeform his normal (ight duties an a tesult of injury of Hiness
(3) Turbine ergine totor fallures excluding cpmpres~ , bisdes
ind turbine buckets; (4) In-flight fie; (3) Alrctaft collide in
flight, () An aliceaft Is overdue :nd 13 Delieved to have been
fnvolved L an accident,”

When the AD is issued as an adapted rule, it is
distributed to the affected operators and the
FAA regional and distiict offices for action. In
cases in which time is critical, an AD may be
issued telegraphically. Copies are also sent to
foreign embassies, or foreign civil aviation
suthorities in cases where bilatcral airworthiness
agreements exist,

FAA Airworthiness Directives are manda-
tory compliance orders, binding on all U.S. air
carriers. They are issucd for the expiess purpose
of cotrecting unsafe conditlons, am}) are continu-
ously reviewed for effectiveness, Amendments
are issued to implement necessary changes.

The FAA occasionally receives information
of Incidents or problems ditectly from forelgn
civil aviation authorities. Hewwever, the source is
mos: often the domestic manufacturer of the
equﬂmenh The FAA had received the four
incidsnt reports of the inflight ftting failures
mentioned above. In addition, the FAA Main.
tenance Reliability Reports reflected 28 cracked
firtings discovered as a result of inspections
made pursuant to AD 69-13-2 and SB 2903,

The Western Air Lines mainterance and
engincering departments had reccived SB 2903
and AD 69-13-2, and the associated amendments
to buth. Abso, these departme wts had received
the MRR's on the cracked support fittings. AD
69-13-2 was regarded, primé.rif;r(.) as a directive
involving a quaﬁ::y improvemest item, and not
as one hiving operational implications.

Western's engincering department issuad an
enginecering authorization to perform the
requiretnemis of AD 69-13-2. Copies of these
documents were provided to the flight opera-
tions departncent and the chief pilot’s office.
However, the flight operations departirent,
excepting the chief pllot’s office, was unaware
of the fitting problemuntil after this accident.

AD 69-13-2 was considered as advisory in
nature, insofar as flight operations were
concerned, and was not provided to elther the
company line pilots or Instructor pilots. The
chie pii::t's office did nor receive information
on the incidents involving mRight failure of the
support fitting.




Boeing received information from both
foreign and domesiic operators of foeing equip-
ment, primarily through their field service repre-
sentatives. This information was analyzed by
Bocing engineers and safcty personnel, and, in
instances where corrective aciion was indicated,
a service bulletin was issued. The service
bulletins conformed to ATA Specification No.
100, which established a standard format for the
presentation of technical data from aircraft, atr-
craft accesory, and afrcraft component manu.
facturers. Pertinent sections of this specification,
dated March 15, 1968, provided that: “Matters
of extreme urgency shall be transmitced by tele-
graph, cable or ip some cases by telephone,
These shall be identified as ‘Alert
Bulietins’. ... An ‘Alert Service Bulletin' shall
be prepared and mailed promptly to confirm
and ¢laborate upon all such messages .. .. Alert
Service Bulletins shall be issued on all matters
requiring the urgent attention of tho operator
and shall generally be limited to items a&:cting
safety . ... [They) shall be prepared on LIGHT
BLUE coloted Service Bulletin forms with she
~ord YALERT” in the heading.... Service
Bulletins must not be used to cover routine
reccommended inspection checks, standard
tepairs or tevisions to mainteance practices or
overthaul procedures.”

The manufacturer may state that the
Service Bulletin compliance action Is “recom
mended” i€ he feels scrongly thut it should be
accomph.hed, Othetwise, he 1s to state thai it ls
“optional” based on the operator’s experience.
However, in any event, compliance action
remains discretionary with the operator,

On May 1, 1969, Boeing sent a telegraphic
messege t~ all B-707/720 operators recom-
mending that a visual inspection of the support
ﬁttlngﬁ)e sccomplished, On May 27, 19069, the

ATA sent a telegraphic message to all operatons

informing them of the impending issue of
Boeing Alert Service Bulletin 2903, On June 2,
1969, SB 2903 was issued, printed on blue paper
In the Alert Setvice Bulletin format. Compliance
with the corrective action was recommended.

Operators of Bocing manufactured equip-
ment were kept informed of specific problem
developments, including incidents and accidents.
This is frequently accomplished by telegraphic
message. If additional corrective action should
be considered nscessary, Issuance of revisions are
developed and issued in accordance with ATA
Specification No. 100,

¢. Proficlency Flight Check Information

It was the flight check captain’s practice to
issue precheck instruct.ons to pilots due for a
proficiency check. These instructions contained
information on flight check scheduling and

reparation and a list of important items to be
Ee t in mind during the counr2 of the check.
Additionally, a typical flight clearance and
sequence of events were listed, using the Ortario
facilities. The pertinent iteras on the sequence of
events were: “(1) Takeoff, hood'* up Ly 100
feet, (2) Lose engine between LAX and ONT, or
destination airport, (3) 3-engine ILS to 100 feet
for captalas, 200 feet for first ofticers, and (4)
missed-approach -- use the one published for
altport unless otherv/ise ditected.”

Western’s instrument approach and missed-
approach procedures for B-720B aircraft were
specified in Trelning Program Monual 95.32,
paragraph 17, The pertinent sections of this
patagraph ptovided: “On all goarounds,
whether on 4 0: 3 engines, the object is to reach
obstacle clearance altitude... "at maximum

tformance . . .. On decision to go-atound, the
pitot_should call ‘Missed-Approach’ (the pilot
not flyin should tum mode selectors, FD-108,
to desired position). At this time, he will rotace,
initiate mgo call for maximum power... fla
30° and then gear up at a positive rate of cllmg.
Indicated airspeed should be V, or Rotation
speed whichever is greater until reachi
oﬁstacle clearance (500 feet). A 15° deck angle
H47he tnstrument bood used by Western check pilots conssted
of ¢t plece of fiberglesn about 20 Inches long by 11 inches high. it
was inserted above the glire shiokl, ageinst the lefthand ot righ-

thand windshiel! to block the pilot’s forwatd vison 1t could be
iraerted and removed without difficulty,




is sufficient if [the) aircrafe is light. At this
ﬁoint he should increase airspeed to V. .¢ + 20
nots and call for flaps 20°, then accelerate to
Vier + 30 kuots and order flaps up .. .. Go-
around 3-englnes... use enough rudder
pressure andfor trim to keep {the} aircraft
trimined at all times.*
In training situations, with an engine
veduced to idle to simulate its failure, Western
Uots had been instructed to restore the thrust
tom the idling engine in the eveat that control
ot other difficulties were encountered. Several
Western pilots expressed reservations about
red1zing thrust under such clrcumstances, when
opetacing at low altitudes, because tkey thought
that ths thrust from two engines might not be
sufficlent to sustain level nﬁiglt and descent
would become necessary,

"1, ANALYSIS AND CONCLUSIONS

The aircraft was properly certificated and
maintained in accordanca with cxisting

tegulations and established malntenance proce-
dures, All required Alrwosthiness Directives had
been complied with in the prescribed manner,
The air:rafe gross weight and center of gravity
were within established limits at takeoff and
during the approach to Ontarko, The aircraft was
properly equipped for the Latended flight.

Exam.nation of the airfrae, control systems,
engines, and other aircraft components revealed
no evidence of structural fatlure, malfunction, or
abnormality othet than the structural failure of
the rudder hydraulic actuator support fitting in
the vertical stabilizer. There was vo evidence of
an in-flight fire. Blectrical, utility hydraulic, and
rudder hydraulic power were avallable until
ground Impact. The rudder hydraulic control
unit and spoilers were capable of satisfactory
operation,

Due to previous pilor complaints asscclated
with power lever misalignment and the sluwness
of the No. 3 engine to accelerate, the Noard
examined the possibility that the latter
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condition, particularly, might have contributed
to an unexpectedly high asymmetrical thrust
configuration, while the alrcraft was operating
below the minimum conttol airspeed (Vmea) of
abou: 172 KIAS for 2-engine-out (same side,
Nos. 3 and 4) operation, However, comparison
of the engine compressor (N ) rotational sounds
from the CVR test tape with those recorded on
the ac..dent tape disclosed the existence on the
latter of a 2950 Hz resonance (equivalent to a
speed of 76 percent N;) for about 8 or 9
seconds prior to the time the call “minimums,
no airport” was made. At the conclusion of that
call, the compressor sounds on the accident tape
increased in frequency at the rate of about 500
Hz pe: secoad until they stabilized at 4140 Hz
approximately 3 seconds later — this frequency
corresponded to a speed of about 109 percent
N,. No change in N; speed occurred until an
additional 8 seconds later, immediately after the
sounds of the fizst compressot stall. At that
time, a decrease in frequency occurred together
with the continued presence of the 4140 Iz
resonance. Therefore, the Board concludes that
the No. 3 engine accelcrated nonmally.

The power lever misalignment would not have
contributed to an increased asymmetric thrust
condition as, assuming the power levers were
advanced in a parallel group, the No. 3 engine
would have been at a higher thrust setting than
either the Nos. 1 or 2 engines. However, the
misalignment m:( have required added pilot
attentlon to equalize the thrust settings, thereby
detracting from attention to other performance
Indicators.

The crew was properly certificated and
qualified for the flight. No evidence was dis-
covered to suggest pi?ot {impairment or incapacl-
tatlon, The CVR tape reflected notmal
funct'>nal responses from both pilots. No pre-
exlsting medical, psychological, or physiological
s_mblema that raight have contributed to pilot

iability were identified.

The flight had proceeded routirely from Los
Angeles to the point where the missed-approach
protedure was initlated at Ontario, The CVR
ond alr traffic control recordings indicate that
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no operational, mechanical, or communications
difficulties were experienced duting that period
of time. The fightcrew had acknowledged
receipt of the Ontario landing and weather
information, and had been properly cleared for
the approach with the *“‘option” o land or
execute a missed-approach,

It was evident from the flightcrew remarks
recorded on the CVR that: (1) a pilot-in-com-
mand proficiency checn was being condiscted,
{2) the flight was making a 3-engine {No. 4 at
idle thrust) ILS instrument approach to Runway
25 at Ontario, and (3) the accident occurrsd
shortly after the commencement of a 3-engine
misscd-approach.

In view of the foregoing, it is apparent that
the areas of primary causal concern are those
involving the operational and systems/structural
events that occurred during the approximately
18.5 seconds that elapsed from iritiation of the
missed-approach to ground impat. In an cffort
to reéconsteuct those events, the CVR, FDR and
eyewitness information were correlated to create

s probable flightpath.

With reference to the probable flightpath,
beginning with the call “minimums, no airpore,”
the FDR traces showed a magnetic heading of
about 2557 ¢ .« away heading), an altitude above
the rumway of about 150 feet, and an indicated
airspeed of about 145 knots. At the conclusion
of the command “max power, flaps thirty,” the

headinz teace showed the beginning of 7°
heading decrease (left yaw). However, about 2
seconds luter, coincident with the conclusion of
the command “‘positive rate, gear up,” the
heading trace showed an abrupt reversal and
rapid increase {right yaw). The aircraft’s position
at that time is estimated to have been approxi-
mately 1,100 feet west of the threshold of
Renway 25. During the next 9.9 scconds, the
magnetic heading increased about 30°, the
indicated airspeﬁ decreased about 24 knots,
and the altitude increased approximately 375
fect. Aircrait control was effectively lost during
that petiod of time. Also, during that period, the
sounds of four engine compressor stalls were
recorded on the C\?ﬁ

]

Inquiry into the rcason or reasons for the loss
of control initially centered about the signi-
ficance of the broken rudder hydraulic actuator
support fitting. It was evident from metallurgical
analysis that the fitting failed duc to a combin--
tion of the weakening effects of stresscotrosion
cracking and high tensile loading. Under the
circumstances, the source of tensile loading was
confined almost exclusively to the application of
left rudder control as the impact forces would
have been largely of a compressive, bending,
torsional, and shearing nature.

The pilot’s application of left rudder
positioned the rudder powcer control unit,
hydraulic actuaror control valve, to hydraulical-
ly move the actuator piston longitudinally
forward, imposing a tensile load on the support
fiting lugs through the piston :1od-to-fitting
attachment bolt. Right ridder application
results in the longitudinally rearward movement
of the actuator piston, impesing compressive
loads on the fitting lugs. Since the pilot would
hase been using almose full fefe rudder (at least
23°) to maincain dircctional control during the
missca-approack mancuver, the Board concfudcs
that a load approaching the maximum tensile
loading of 26,300 pounds was applied to the
weakened fitting, resulting in complete inflight
failure and consequent loss of left rudder
control,

This conclusion is further substantiated by
the point where the forward portion of the
lower lug was found, i.e. 225 feet south of the
centetline and 1,854 feet west of the threshold
of Runway 25, or about 1,400 feet southceast of
the main wreckage, Although it is remotely
possible that this portion of the lower lug may
have been severed and propelled to its location
by impact forces, it is considered highlv
unlikely, It is much mote probable that it fell
from the alecraft as the latter passed relatively
close to the point where the lug portion wa-
found which was approximately 750 feet almost
due west of the estimated position of the
aitcraft when the abrupt heading reversal was
recorded on the FDR. This teversal was
undoubtedly precipitated by the loss of rudder

-
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control, which allowed the positive yawing
moments, created bv asymmetrical thrust, to
rotate the aircraft to the right about its vertical
axis.

Previous incidents of inflight failure of the
support fitting and resultant loss of rudder
contro!, under somewhat similar circumstances
did not resuls i a catastrophic accident, although
aircraft control was apparently jeopardized for
varying lengths of time. In an etforr to determine
what actions the flightcrew of WAL 366 may
have taken to maintain control, demonstrations
and tests were conducted using the NASA Flight
Simulator for Advanced Aircraft to simulate the
loss of rudder control as experienced by WAL
366.

These tests duplicated quite closely the final
maneuver of N3166 vhen the complete loss of
rudder control was simulated under the
conditions heretofore established. Additionally,
the tests revealed the rapidity with which
normal performance parameters were exceeded;
that is, within seconds following rudder failure,
the sideslip angle reached its maximuni of 13°,
the roll rate reached 20° per second,and a right
bank angle of 20° developed in oppasition to
full countering lateral control (left aileron/
spoiler).

The tests also demonstrated the relative
merits of the thrust-reduction and thruse-restora-
tion methods of symmetrizing thrust to regain
conitrol, The thrust-restoration method, Initiated
by advancing the No. 4 engine pewer lever 2.0
seconds after rudder %&ilure. successfully
countered the rolling moments created by
sideslipgenerated differential life at about 70°
of right bank; however, insufficient altitude
remained in which to roll the wings level and
arrest the high descent rate. A successful
recovery was made when he No. 4 lever was
advanced 1.0 seconds akter rudder failure. A
successful recovery was made by teducing the
thrust from the No. 1 engine 5.0 seonds after
the loss of rudder control; hawever, the a'titude
margin was only 30 fect. The diffetence, of
course, is attributable to the rapidity with which
thrust is lost in a decelerating engine as opposed

to the gain from an accelerating engine.
Hewever, with cither method, the pilot reaction
time was marginal, leading to the conclusion
that recovery was possible only by reducing the
thrust from the No. 1 engine within 4 to §
seconds,

The Board believes in this case, that the th.ust
restoration method was used, but it was initiated
too late to regain control, Also, it is concluded
that the No. 3 engine suffered the coompressor
stalls due to fuselage disruption of the airflow,
under a high angle sidelsip zondition,

All four engines'® were cperating at impact.
The compressor bleed valves on the Nos. 1 and 2
enﬁines were found closed; those on the Nos. 3
and 4 engines were found open. Therefore, the
Nos. 1 and 2 engines were operating i1 excess of
80 percent N;, while the Nos. 3 and 4 ¢ngines
were operating at or below that speed.

The engine compressor (N, ) rotational sound
analysis indicated a decreasing N, speed
immediately following the conclusion ofpihe
firse compressor stall, along with the continued
presence of a speed of 109 percent N,. This
decrease continued to a low value of 78 percent
N,, and at the conclusion of ihe exclamation
“Come on!” (rccorded 1.5 scconds after the last
compressor  stall) an increase in compressor
spaed was briefly apparent. This speed decrease
and increase, and the noticeable compressor
stalling, could be related only to the No. 3
engine due to the position of the bleed valves,
the cyewitness teports of flames associated with
the 2ngines on the right side of N3166, and the
absence of any resonance indicative of No. 4
engine acceleration,

About 2.5 seconds zfter the conclusion of the
exclamation *Come on!” a resonance equal to a
speed of 67.7 percent was recorded, indicating

USChasactetistics of the JT30-3B fet engine that must be kept in
mind throughout the following analysis ace: (1) the compressor
bleed valve was designed to close at speeds In excess of 80
petcent Ny, (2) with the ieed valve open, it was unlikely that
severe competssor statiing would occut, and (3) severe com
pressor stalling would cause loud popping sounds, visible flame
emissions from th: engine tailpipe, and losses of compiessor
speed and ergive thrust,




that the No, 4 engine was arcelerating, !lince it
would take about 2.0 seconds for the engine to
accelerate from flight idle to 67.7 percent N,
the No. 4 power lever must have been advanced
after the conclusion of the compressor stalls,
and cbout 9 secands after the loss of rudder
coatrol,

Questions were taised during the course of the
investigation regarding the possible benefits that
may have been geined had the crew activated the
mechanical rugder by turning off either the
rudder power switch or the auxillary hydraulic
pummps.' ¢ It is evident that these questions are
moot as left rudder control would not have been
available under any circumstances (see Section
1.16, supra).

Based on the data obtained from the NASA
simulations, it is obvious that in order to cope
with directional conirol problems in sweptwing
aircraft, recognition, assessment, and response
must occur very rapidly.

Considering all of the circumstances of this
accident, it is believed that the onset of the loss
of directional control was subtle; the loss of
rudder conttol was not apparent; and recovery
was not possible by the time the pilots dis-
covered that aileron/spoiler and rudder controls
were not sufficiently effective.

The pilot ﬂyl.nﬁ the aircraft was doing so with
teference to his flight instruments, his forward
vision having been blocked by the instrument
hood. Consequently, his only immediate
indication ¢f a problem would have been an
undesired heading increase. As noted in the
NASA tests, the lateral acceleration accompany-
ing the rudder loss was deceptively mild and,
therefore, the indications of sideslip (ball
uncentered to the left) probably went un-
detected. As the sideslip angle increated,
creating positive rolling moments, the next
symptom: of the problem would have been

167 here s 50 evidence to ndicate that either was accomplished
a4 the position of the apolicable switches coudd not te
determinod. However, ctew comments on the CVR refiacted no
assvssment of the control problem as being attrbutable to the
rudder control system; consequently, R b doubiful that
Rydeaulic power was removed from the rudder costrol unkt,
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indication of right roll. The continued prescnce
of the artificially supplied rudder feel and
nornal bydraulic pressure would have 12d the
pilot to believe that nething was v.rong with the
rudder, and to seek the cause ¢!sewhete (a split
flap condition could have been susracied as the
flaps were recently in tzansit from 59° to 30°).
As increased wheel deflection wax applied to
counter the roll and yaw, forward yoke pressure
could have been relaxed'?, allowing the positive
pitching moments (created by the increase in
thrast, retraction of the landing gear, and the
reduction in flap extension) to increass the body
attitude and reduce the airspeed, which further
reduced lateral contro! effectiveness. As made
apparent by the NASA tests, only when the roii
rate centinued in spite of fuil lateral control
deflection would the gravity of the situation
have become evident. At about that point, the
compressor stalling of the No. 3 engine would
have provided not only distraction but furcher
aggravation of the asymmetrical thrust
condition. The No, 4 power lever was advasniced
2 to 3 seconds later, but aircraft control had
been lost,

Similarly, the check captaln may not have
recognized the imblem until the point of
posﬁ:le recovery had been exceeded. His atten-
tion would have been initially distracted from
alrcraft ¢ uformance by the requirement to
deactivate the pilot’s *“V-Bars,” an activity that
required him to mach up, back, and to his Lft to
tuen the switch on the center overhead panel. He
quite probably looked at the switch in the

/T quite probable that the capiain’s tecent and extensive
B727 expesicnce, as contrasted to his comparatively little recent
R-720B experience, induced a reladation of forwad yoke
pressuse, It is well known that ¥ old and new situations oontaln
dmitar stimulus patteins, they will have & tendency to evoke
similes responses. However, ¥ the rcanonses required differ n
ome maraee, and stressor distraction ks introduced into the r.w
situstion, ihe Individual Involved will tend to revert to the old
sesponsts This s termod hadit interf27ency. In this instance the
stimull (poskive pliching moments) wae similar but the
responses (forward yoke pressure) differod in magnitude by &
factor of 2.5. Consequently, it is possle that, as the situstion
deteriorated In this sccident, habit interference ioduced a
cetnstion of the foeward yoke ptessure,




process to make ceriain of its proper activation,
a practice that is highly recommended under
most ciccumstances. His atzention would also
have been directed to the other fiest officer
duties of checking the power lever advancement
and ralsing the flaps and gear. Consequently, his
attention would not have been directed solely tc
any one instrument or visual reference that
would have given him an indication of the initial
heading control problem. Also, the body
attitude (12° to 15°) in conjunction with the
low ceiling and visibility would have seriousl
degraded in value, if not completely obliteratcc{,
external visual cues within seconds after the loss
of rudder control. He, likewise, would not have
suspected a rudder problem had he given the

ilot assistance on the controls (which he
probably did), and would have sought the cause
eltewhere. Vhen the compressor stalling began,
he too would have been distracted, and by the
time the No. 4 povier lever was advanced, air-
craft control had Been lost.

The Board :otes that the identifiable com-
ments “minimum airspeed,” “come onl”, and
“roll it sil the way over” were made by one of
the captains not at the ocomtrols. This may
indicate that the pilot's attentions were distracted
from their flight instruments to causative assess-
ment of the problem. At any rate, the latter
comment was undoubtedly provoked by the
high angle of bank (probably well in excess of
90°) und recognition that recovery was possible
only by continuing the roll to an uprigh
position. However, due to the loss of lift from
the uncontrollable yaw, low airspeed, and high
bank nngle, recovery was not possible at that
lew ar altitude.

The NASA tests demonstrated tiat in
sweptwing, noncentetline thrust aircraft, the
pilot reaction to uncontrollable directional
deviations, at high angles of attack, asymmetric
thrust conditions, must be virtually reflexive in
nature, particularly if the thrust restoration
method it used to regain control. Additionally,
the pilot must understand and appreciate the
magnitude of the rolling moments created by
tideslip fa sweptwing craft. In order to acquire

these reflexes and an apprecistion of the side-
sliproll coupling effects,'® realistic training
must be provided wita recurrent opportunities
to practice, Although this training and practice
could be accomplished in the aircraft, it ideally
should be done in a realistic flight simulation
device in order to safely explore regimes of
flight beyond those of normal operation. These
regimes could include maneuvers at and below
minimum control speeds, as well as unusual
flight attitudes. Simulator training in these
manuevers would aid pilots in the ffight instru-
ment interpretation required to determine the
correct flight control responses to these unusval
flight conditions,

From comparison of the results of the tests
conducted in Westetn's B-720B simulator with
data extracted from Breing performance charts,
it was apparent that the simulator was not
properly simulating the dihedral or sideslip-roll
coupling effect, as excessive latesal control was
available to counter the roll. Moreover, as no
visual or lateral motion cues were provided,
thece was no way of detecting sideslip except b
reference to the turn and slip indicator, whic
cannot, and did not, accurstely indicate this
condition. Consequently, though rudder control
was correctly required to maintain simulator
dicecticnal control under asymmetric thrust
conditions, the resulting roll (at high angles of
attack) from sideslip due to too much, too little,
or no rudder control was easily counteted with
the excessive lateral control that was available.
Unless a pilot had a full appreciation of swept-

1¥R0ll induced by sideddip. Rotation of the akcraft about Its
vertica) axis displaces the akcralt centecline from the telative
wind (sideslip). The magnitude of the relstive wind vector
component normal to a Hne thiough the wing section
setodynsinic centers, which determines wing sweep angle, ks
increased on the advancing wing and decreased on the retreating
wing. This results In o lft differential on the wings, Inducing
rolling moments that force the advancing wing up and the
retreating wing down. The magnitude of the lifi differenti] b
ditectly propostional to the wing sweep angle, the cocfficicnt of
1ift, and the ddeslip angle. Consequently, sdesdip induced rolling
moments ate quite large in swepiwing akrcraft when operating st
high angles of atiack.




wing alrcraft chasacteristics under those
conditions, he could acquire the impression that
there was no connection between directional
deviations and lateral deviations. Thetefore, if
such conditions were encounteted in-flight, he
might be inclined to revirse the cause and effect
relationship and search for difficulties that
would cause an apparent lateral control
problem.

It is ~oncluded, thercfore, that any simulator
that does not properly simulare the effects of
sideslip-roll coupling cannot provide realistic
training for maneuvers involving sweptwing
aircraft operating under relatively high asymmet-
ric thrust conditions.

‘The investigation into the history of the
B-707/720 rudder actuator support fitting prob-
lem disclosed areas of concern similar to those
encountered in the Board’s investigation of an
accident that occurred in late December 1968.
The Safety Board addressed those ateas in a
special report entitled, The Anatomy of An Air
Carrler Accideni,'? which was rclcased on May
12, 1969.

In the instant case, Boeing was aware of the
support fitting problem at least 2 years prior to
this accident, An Alert Service Bulletin (SB
2903) was issued, in conformity with ATA
Specification No. 100, recommending an
inspection and replacement program as a
solution <5 the problem. Though not required
by the ATA Specifications, SB 2903 contained
no analysis or warning of the potential opera-
tional hazards associated with an in-flight failure
of the fitsing. Moreover, the SB 2903 descrip-
tion of the problem may have been misleading as
the two known (at that time) cases of in-flight
failures were cited, with the comment “uncvent-
ful landings were made in both cases.” While this
comment was factually correct, it may have led
operators to believe that inflight failure of the
fitting presented no operational hazards. As was
the case in “Ancomy,” the Board is of the

19 1tenceforth referred to as “"Amatomy.”

opinion that more definitive information could
have been conveyed, such as a conspicucus
warning that in-flight failure of the fitting would
resvit in a complete loss of lefe rudder control,

The Board is aware that Boeing was confident
that the recommended correctlve action was
adequate to preclude future in-flighe failures.
However, consideration for the known un-
certaintics associated with stress-corrosion
cracking seemingly would have suggested that
the alpc»ssi_bilitg,r remaincd, That possibility ma
terialized, on December 5, 1970, after which, on
February 3, 1971, SB 2903 was revised to
recommend more stringent inspections of the
suppore fittings, However, as before, no
conspicuous warning was provided — only the
statement that then%ai!urc had occurred during
the course of a training flight, while failure of
the No. 4 engine was being simulated.

Unlike the situation in “‘Aatomy,” the FAA
had issued an Airworthiness Directive (AD
69-13-2) requiring domestic operators’ com-
pliance with the manufacturer’s service bulletin
recommendations, AD 69-13-2 was issued 4 days
after Boeing had issued SB 2903, and, though
not required, it did not include a warning of tEe
potential operational hazards associated with an
inflight failure of the fitting,

As additional failures (2) occurred and
cracked fttings were discovered, the FAA was
informed of the surrounding facts and
circumstances. On March 18, 1971, 43 days
after Bocing had issued the SB 2903 revision
that recommended the use of improved inspec-
tion methods, the FAA issued an amendment to
AD 69-13-2. This admendment reduced the
inspection time intervals and cequired that
Boeing's tecommended inspection methods be
used. The Board believes that the 43-day delay
was cxcessive in view of the circumstances which
prompted Boeing to revise SB 2903. Also, even
though two in-flight failures had occured within
the 3% month period preceding the March 18,
1971, amendrient to AD 69-13-2, no warning of
the potential sperational hazards was inclugcd,
not was an opurational alert notice issucd.
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Likewise, the Board is awar: that the FAA
was confident that compliance with the require-
ments of AD 69-13-2 would assure integrity of
the support ftting. However, notwithstanding
the FAA's position — an AD is Lisued to correct
an unsafe condition and appropriately stronger
action would be taken if doubt existed abov:
the correctness of the action imposed — the
Board is of the opinion that additional emphasis
is needed if accldent prevention cfforts are to
achieve complete success. This emphasis could
take the form of a conspicuous warning in the
AD of the potential operational hazards associ-
ated with the subject matter of the directive, or
the concurrent circulation of an Operational
Alert Notice.

Western Alr Lines also received reports of the
incidents involving in-flight fallure of the
support fitting. Western personnel were aware
also of the incidence of cracked fiuings by
means of the MRRs, However, sevaral high-level
officials in the maintecnance and operations
departmentx expressed a lack of knowledge of
these reports when they testified at the hearing.

Western’s maintenance and engineering
departments scheduled and performed all of the
inspections required by AD 69-13-2. They did
not perform the inspection on N3166, recom-
mended in Revision 5 to SB 2903, which was
issued, telegraphically, to all B-707/7¢0 opera-
tors on February 3, 1971, The last inspection on
N3166 was completed on February 8, 1971, Al-
though compliance with the recommendations
of Revision 5 was not made mandatory until
March 18, 1971, the Board believes that, had
Western voluntarily complied, the probabilicy of
detecting a crack in the support fitting on N3166
would have been ircreased.

Western’s flight operations department, after
receipt of AD 69-13-2 in the chief pilot’s office,
did not recognize the potential operational
nazards involved, even though a critical flight
control was affected. However, a significant
clue, the reports of the in-flight failures, was not

tovided to the chief pilot’s office, thereby
Eampering a complete analysis of the problem.

R I L e il e

As was the case In “*Anatomy,” the Board is
of the opinion that the alr carrier’s Internal
evaluation of the available information lacked
the clement of inquisitiveness. The Alert Scrvice
Bulletin. and Airworthiness Directive were
regarded as cquipment irnprovement programs.
Also, an accurate assessment of the problem for
the potential operational hazards involved was
nevee made, though all of the necessary informa-

“tion was avadable within the organization,

The Board’s beliefs as expressed on release of
“Anatomy'’ remain unchanged, and are
repeated: “the manufacturer, the airlines, and
the FAA should reexamine their procedures, not
limited to but including the processing of sewvice
bulletins, and made beteer use of - existing
systems for the exchange of safery information.
Within the aitline segment of the industry, this
could be achieved by upgrading che flight safety
function so that one top official, or one
principal officz, would have direct responsibility
for final evaluation and action on all matters
involving flight safety.”

As before, the Board concludes that until this
is accomplished the accident prevention eiforts
of the aviation community remain less effective
than they ought to be.

After reviewing the metallurgical charactesis-
tics of stresscortosion cracking, the Safety
Board believes that the detection methods
recommended in SB 2903, and made mandatory
in AD 69-13-2, were essentially appropriate.
Howevwer, in view of the erratic crack initiation
and propagation charactetiitics associated with
this phenomenon, ths specified time intervals
between Inspections are deserving of further
comment,

The Board Is of the opinjon that the establish-
mert of time intervals Cor inspections of this
nature must be based on sound engineering
judgment, This is particularly true when the
integrity of a vital arcraft control system, or
other vitsl component, is involved. Though rot
considered lacking in this case, the Board
belicves, after reviewing the histoty of stress-
corrosion cracking in the aviation industry, that




there can be no substitute for the continued
application of this principle.

Moreover, while apptopriate deiign,
fabrication, and control measures have been
taken, and are being taken, to eliminate or
minimize the effects of stress-corrosion cracking
i the most recent generation of transpor
aircraft, it Is apparent that a coutinuing vigil
must be maintained to detect the incipient
failure of existing ajrcraft structures and compo-
nents that are mads of materlals known to be
susceptive to this phenomenon.

2.2 Conclusions

{a) Findings

1. The crewmembers wore properly certi
ficated and qualified for the flight.

2. The alicraft was properly centificated
and cquipped for the flight, and the gross weight

and ceater of gravity were within fimits.

3, The aircraft had been maintained in -

accordance with regulations and approved proce-
dures.

4. The repetitive maintenance complaints
of thrust misalignmert and slow acceleration of
the No. 3 engine were not a factor in the
accident, -

5. The requircments of #D 69-13-2, as
smended, had been complied with,

6. The aircraft was being flown by a
captain taking a required annual proficlency
check.

7. The altcraft was under the command
of a flight check captain wio was also per-
forming flrst officer duties.

8. The accident occurred shortly after the
initiation of a simulated engine-out missed
approach from an ILS instrument approach.

9. The weather conditions In the area at
the time of the accident were 600 feet overcast
with 3/4-mile visibility in fog, haze, and smoke.

10. The flight check captain’s surveillance
of flight instruments and visual cues was
pmba‘:‘f interrupted by his duties as first
officer,

11, The meteorological degradation of
external visual cues hampered rapid asscssment
of haircra& excursion from the desired flight
path.

12, The. rudder hydraulic actuator support
fitting fuiled, resulting in the complete loss of
left tudder control, as the alrcraft began to
climb on the missed-apsroach with maximum
thrust from the Nos. 1, 2, and 3 cnglnes,

13. The rudder hydraulic actuator support
fitting failsd from the weakening effects of

stress-cotrordon crackmﬁfln conjunction with the
application of high tensile loading.

14. The high tensile loading of the support
fitting was imposed by the near maximum left
rudder deflection tequired to maintain direc-
tional control during the high ayymmetrical
thrust conditions sssociated with the 3-engine
missed-approach.

15, The loss of rudder control was not

apparent to the crew due to the continued
presence of the artificlally provided ‘“‘rudder
feel” and normal hydraulic pressure.

16. Lateral control capability was
exceeded severnl seconds after the loss of rudder
contral when the aircraft continued to operate
in the high asymmetric chrust configuration.

17. The total elapsed time from suppoit
fitting failure to ground impact was 138
seconds.

18. Flight simulator tests and demonstra-
tions established that altcraft control could have
been maintained had thrust symmetrization
beern initiated, elther by retarding the thmst
lever on the No. 1 engine to idle witkin 5.0
seconds ot advancing ':%e No. 4 engine thrust
lever to maximum within 1,0 seconds, after che
ficeing fallure occurred.

19, In the absence of training in the thrust
reduction method of symmetrizing thrust, the
rapidity with which lateral control capabilities
viere exceeded precluded effective pilot action.

20. When flying in a‘h'l‘gh asymmettical
thrust configuration with reference 2o izt

s N R SRl S b L G e i A i

s g e e % g R

Y




L W W A < e 4 i W o bren K b  ae

. o 1
] . . ' i s
. . Lo . £
S Lo T
L BRI Ry JawNe)
PRIy LA
Ve T
; 1 A
oy
' r
, % -
J ).
d
- - i
. ; sy
i ' LIS -
' .
. :
\ 1 R j
\ i
R e
“I I " B
L + o3
b L
! .
i
h
|
| :
5,
N g
o -3 »
- RS :
A &
| i [
i M-
i 3
i 3
L ' .
T %
‘ "
7l
&
"
\
71
3
J
4
A
|
1
I
i
h

instruments, it is doubtful that « pilot would
respond with thrust changes within 5 seconds
unless he was anticipating a directional control
problem of the magnitude produced by a com-
plete loss of rudder control.

21, Westetn’s pilots were not provided
italning in the thrust reduction method of
symmetrizing thrust to correct directional con-
trol problems, :

22. Western's B-720B flight simulator did
not propetly simulate arciaft performance
under conditlons of asymmetric thrust in that
the effects of sidealiproll coupling were easily
countered with the excess lateral control that
was available,

23. The Boeing Company, the Pederal
Aviation Administration, and Wescern Air Lines,
Inc., did not emphasize the potential operational
hazards associated with in-flight failures of the
support fitting,

24, The replacement of the 7079-T6 sup-
port fitting with either a 7075773 fitting ot the
steel clevis assembly in accordance with SB
3042, before further flight after Janvary 1,
1972, will substiantially reduce the possibility of
steesa-corrosion cracking initiated falluro of the
support Hetings.

(b} Probable Cause

The National Transportation Safety Board
determines that the probable cause of this acci-
dent was the failure of the alrcraft rudder hy-
draulic actuator support fitting, The failure of
the fitting resulted in the inapparent loss of left
ruddet control which, under the conditions of
the flight, precluded the pilots® ability to main-
tain directional contro! durlng a shnulated
engine-out missed-approach, The existing
weather conditions degraded oxternal visual
cues, thereby hampering rapid agsessment of alt-
craft performance by the flight check caprain,

69132 a

3. RECOMMENDATIONS AND
CORRECTIVE ACTION

A3 3 consequence of the initial investigation,
the National ‘Transportation Safety Board issued
Safety Recommendations A-71.22 and -23, on
Apiil 9, 1971, to the Administrator of the Ped-
eral Aviation Administration, The recommenda-
tions were: (1) that the FAA recvaluate the
mandatory inspection time periods and pro-
cedures required in Alrworthiness Tirective
Amendment 39-1174 and make
modifications as deemed necessary o assure an
adequate level of safety, and (2) tass «ll Boel
707/720 operators be informed . * *}e potent;:%
hazard involved in low-altitude, high asymmetric
thrust conditions in the event that failure of the
rudder actuator support fitting should occur.

In response to the above tecommendations,
the FAA issued AD 71.9-2, effective April 27,
1971, rechuiring more frequent inspections of the
support titting using che methods of ultrasonic,
o eddy current with lug bushings removed. Also
the directive required repaclement of all
707976 fittings within the next 5,400 hours
¢cime in service but in apy event before further
flight after October 1, 1972,

The FAA also issued Operational Alert Notice
No. 8430, on Aprl 9, 1971, informi
B-707/720 operators of the support fitting fail-
utes. The notice also aclvis«{ that simulated
engine feilures at low altitudes not be performed
in B707/720 aircraft until either a 7075773
support fitting had been installed or an Inspec-
tion had been performed withinthe previous 100
hours in accordance with Revision No. 5 to Boe-
ing SB 2903 and Amendment 391174 1o AD
69-13-2,

After further investigation into the naturc of
stresscorroslon cracking in the 7079-T6 fiteing,
Safety Board investigators began consultations
with the FAA und The Boelng Company with a
view towards further compression of the man
datoty replacement schedule. Boeing estimated
that & sufficient number of 7075.T73 fittings
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and steel clevis assemblies could be inanu-
factured to permit carlier replicement. Conse-
quently, the PAA issued Amendment 30-1254
to AD 71-9-2, on August 3, 197}, requiring that
all unmodifled 7079-T6 fittings be replaced or
modified before further flight after january 1,
1972, .

'The Safety Board believes that the revised in-
spection requirements and earlier replacement
date will significantly reduce the possibility of
similar failures of the rudder actuator support
titting on B-702/720 aircraft.

However, in view of the known or suspected
susceptibility of existing aircraft structural
members and comporents to stresscorrosion
ctacking, the Safety Boand recommends that:

1. The Air Transport Association, National
Air Transportation Conferences, the Aero-
space Industries Association, the General
Aviation Manufacturers Association, and
the Federal Aviation Administration re-
emphasize the need for continuous vig-
ilance in maintaining the structural integ.
tity of existing aircraft components that
are made of materials known to be, or
suspected of being, susceptive to stress-
corrosion cracking,

Although Boeing's Service Bulleting conform
to the standardized format set forth in ATA

Specification No. 100, the Safety Board believes

that Service Bulletins (particularly Alert Service
Bulletins) which affsct critical safety of flight
items should coatain information regarding the
potential operational hazards related to the
item, Por instance, with respect to $B 2903, 2
clearly delincated and conspicuous warning that
failure of the support fitting would result in the
complete loss ot left rudder control would have
alerted operators that more was involved than
equipment’ improvement. Consequently, the
Safety Board recommends that:

2. The Air Transport Association, the Gen
etal Aviation Manufacturers Assoclation,
“operatots, and manufacturers of abrcraft,
altframes, accessories and components,
tevise present Service Bulletin (particularly

“situation could occur if fitting

 be detetmined sol

Aleit Setvice Bulletin) formats and pro-
cedures to Insure that definitive informa-
tion on the problem is provided therein,
including a conspicuous warning of the
poteniial operational hazurd s fitvolved.

Likewise, when the FAA issues an Airworthi-
ness Directive that affects a critical flight safety
item, it should contain information on the
tential operaticnal hazards involved. In this in-

" stance, it appears that operations and engineer-

ing specialists did not recognize that 2 dangerous
failure occurred
under certain flight conditlons. Also, the amend-
ments to AD 69-13-2 did not apprise the opera
tors of the potential hazards assoclative to
in-flight failure of the fitting. Although there
were no requirements for the inclusion of such
information, the Board believes that AD’s
should contain a conspicuous wasning of the
potential operational hazards associated with the
subject matter of the AD.

Consequently, the National Transportation
Safety Board recomtnends to the Administrator
of the Federal Aviation Administration that:

3. Airworthiness Directive formats and pro-
cedures be revised to include information

and conspicuous warnings of the potential
hazards associated with the subject natter

of the directive. An acceptable alternative
would be the concument release of an
Operational Alert Notice containing simi-
lar information. -
Becavse aircraft performance must frequently
ef; by refetence to flight in-

struments, the Safety Board believes that addi.
tional emphasis should be placed on the de-
termination of performance and necessaty
corrective action when the aircraft becomes
involved in abnotmal regimes of flight or un-
usual attitudes Moreover, since these situations
are encountered infrequently in-flight, pilots
lack familiarity with aircrafe performance
therein and are hard pressed to cope with the
situation when encountered unexpectedly.
Sometinies, they are umable to do so success-

fully.
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Obviotsly, it is not safet to practice these
types of tianeuvets in transpors aiecraft, and the
simulator pppears to be the best sclution. How-
ever, to achieve the desired degree of effective-
ness, the simulators must be capable of tealis-
tically duplicating alrcraft pedformance in
abnormal flight regimes and unusual sttitudes,
and a training program must be established. Con-
sequencly, the Safety Board again recommends
to the Adminjstrator of the Federal Aviation
Administration¥? chat:

4. 14 CFR (1, Appendix A, and 14 CFR
121, Appendices B and F be amended to
include & requirement for pilots to demon-
strate their ability to recover froin abnor-
mal regimes of fligh? and unusual attitudes
solely by reference to fight instruments.
For maximum safety, thesa demonstra-
tions should be conducted in an appropri-
ate flight simulator. Should existing or
proposed simulators be incapable o f realis-
tically duplicatirg alrcraft performance in

~ the regimes of flight beyond normal opera-
tion, it is further recommended that the
FAA take appropiiate measures to require
tha* such existing or proposed simulators
be replaced or modified to include such a
capability. "

The Safety Board also recommends to the
Administrator that:

5. The FAA review all alr carrier pilot train-
ing programs to insure that adequate infor-
‘mation is made available to the pilots on
which to base: (1) a camprehension of the
sideslip-roll coupling effects in sweptwing
aircraft, and (2) considerations for the use
of the thrust reduction method of sym-
metrizing thrust to overcome directional
control problems.

39, simitar recommendation was made in Nay 1970; however,
the FAA d¥ not concut in our recommendation.

As ¢ consequence of several similar training
accidents in the past, the Safety Board made
seversl recommendstions to the Administrator,

‘rhose recommendations, for the most part, re-
¢elved favorable considetation; however, due to

interim advancement in the design of flight sim-
ulation devices, the Safety Board again recom-
mends to the Adralnistrator that:

6. All maneuvers requiring engine(e) -out op-
eration of the aircraft close to the ground
be conducted, to the maximum extent

ossible, in appropriate flight simulation

svices. For those engine(s) -out maneu-
vers which the Administrator determines
must be performed in flight, the Board
furthet recommends that cons'deration be
given to their performance at altitudes that
will fasure ample margins of sofety in the
event that urexpecte afrcraft emergencies
are encountered.

The Sefety Board believes that if Westetn Air
Lines had had a flight safety officer at an appro-
riate level in their organizational structure, the
ull extent of the support fitting problem quite
probably would have been brought to the atten-
tion of those responsible for implementing cor-
rective actions, As it was, the appropriate main-
tenance, engineering and operations personnel
apparently aever assembled all of the necessary
intormation from which the extent of the prob-
lem could have become known. This Is one of
the functions that a flight safety office is de-
signed to accomplish.

Therefore, the Safety Board recommends

that:

7. The Air’ Transport Association and the
National Air Transportation Conferences
study the desitability of establishing flight
safecy offices in each mxmber organiza.
tion,and rnake this a subject of discussion
with the association’s membership at the
eatliest opportuniey.
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APPINDIX A
INVESTIGATION AND HEARING
1, Iivestigation | |

The Safety Board recvived notification of the accident about 1000 e.s.t., on March 31, 1971,
An investigation tesm was immedistaly dispatched to the scene. Investigative groups were
established for Operations, Alr Trafflc Control, Witnesses, Weather, Human Factors,
Structures/Maintenance Records, Powetplants, Systems, Flight Datti Recorder, ard Cockplt
Voice Recorder,

Participants in the investigation inclided representatives of: the Foderal Aviation Adminis-
tration, The Boeing Company, Western Air Lines, Inc,, the Air L'sie Pilcts Association, and the
Pratt & Whitney Alrcraft Dividdon of tha United Aircraft Gorporition,

2. Public Hesring
A public hearing was held in B\ Segundo, California, on June 8, 197 1.

3. Peelirninary Report
A preliminary report on this accilent was issued by the Safety Board or June 2, 1971.




APPENDIX B

FLIGHTCREW INFORMATION

The cockpit seat positions of the Western flightcrew members on this flight were: Captain
‘Raymond E. Benson, Instructor/flight check pilot (also pilot-incommand), sight-hand pilot
seat; Captain Henry T. Coffin, lefi-hand pilot seat; Second Officer Kent M. Dobson, flight
engineer’s seat; Captain Richard B. Schumacher, jump seat immediately behiid Capeain Coftin;
Captain Howard A, McMillan, jump seat immediately behind Captain Schumacher,

Captain Rayriond E. Benson

Captain Raymond B. Benson was 49 years of age. He was employed by Western Air Lines in
November, 1945, He held Airline Transport Pilot Certificate No. 321990 with type ratings in
Convair 240/340/440, Douglas DC-3,6/7, Lockheed 1-188, and Boeing 707/720 alrcraft. He
had commercial pilot privileges with an airplane single-engine land rating, His FAA first-class
medical certificate, witﬁou; limitations, was last issued on December 24, 1970,

Captain Bemon initially qualified as 2 Boeing 720B captain on March 24, 1965. His last
proficiency check in the B-720B was satisfactorily accomplished on March 13, 1971, Pre.
viously, on December 12, 1970, he had completed a satisfactory line check in the B-720B,

Duting his flying career, Capeain Benson rmd accumulated s cotal of 19,714 flying hours, of
which 3,780 hours were in B-707-720 aircraft. His cotal pilot time in the last 30 days preceding
the accident was 46:20 hours; in the last 60 days, 66:01 hours; and in the last 90 days,
104:23 houss, He had accumulated a total of 68 hours in the Boeing 707/720 flight simulatoc

In the 24-hour period preceding the accident, Captain Benson had a rest period of 13:19
hours.

Captain Heney 1 . Coffin

Captain Coffin was 40 years of age and had been employed by Western since March 1957,

He held Alrline Transport Pilot Certificate No. 1121977 with typae ratings in Douglas DC-3,4,
Lockheed L-188 and Boeing 707/720, 727 aircraft. He had commercial pilot privileges with
airplane single-engine and multiengine land and airplane single-engine rea rasings. He possessed
Flight Bngincer Certificate No. 1495931 and a pilot, lighter-than-air certificate with a hot alr
balloon rating. His last PAA firstclass medical certificate was issucd without limitations o
October 9, 1970, | |

Captain Coffin was qualified and current in both the B-707/720 and B-727 type aircraft. He
became a qualified B-720B first officer and captain on July 24, 1964, and March 21, 1969,
respectively. He recelved his initial B-720B captain’s line check on April 1, 1969, In October
1969, he began B-727 training and in the interim had flown 167 hours as 2 B-T20B captain, His
last B-720B proficlency check was successfully completed on April 28, 196%; and on October
16, 1970, he had satisfactosily completed a B-727 proficiency check. On March 26, 1971,
Captaln Coffin had successfully completed the fight simulator portion of his B-720B pro-
ficlency check, and was in the process of taking the aitcraft portion of the check when the
accldent occuired,
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During his flying carees, Captain Coffin had accunilated a total of 15, 767 flying hours, of
which 3,840 were flown in B-707/720 aircraft, In the 30, 60-, and 90-day perlods preceding
the accident ko had flown 4 total of 41116, 110:31 and 172:00 hours, respectively. Duriag
those same periods, he hid flown the B-720B a totil of 00:30, 12:06, and 15:05 houts,
respectively. The differences between the tosal times wete accounted for by the time flown In
the B-727. Capeain Coffin had flown ir the B-707/720 flight simulator a total of 120 hours
during his carcer. : :

Captain Coffin was not on duty during, the 24-hour period preceding the cecident.

Second Offlicer Kent M. Dobson

~ Second Officer Dobson was 32 years of age; he had been employed by Western since June
1968, He held Commercial Pilot Certificate No. 1610493 with a Lockheed L-188 type rating
along with instrument and sirplane single-engine and multiengine land ratings. Additionally, he
possessed Flight Brgineer Certificale No. 1875469 with an akeraft, turbojet powered rating.
His PAA sectiia ~lass medical certificate was last issued without limitations on May 15, 1970,
Secord Officer Dobson had qualified for flight engineer dutles on B-720B a'rcraft on Septem-
ber 30, 1968, and had satistactorily sccomplished his last emergency procedures check on
August 20, 1970, On October 14, 1970, he successflully passed a Lne check in che B-720B.
Du:ing his flying carcer, Second Officer Dobson had flown a total of 3,988 hours as a pilot
or flight engineer. Of those, 1,740 were accumuiated in B-707/720 type alrcraft. During the
30-, 60- and 90-day periods preceding the nccident, he had flown 42:53, 117:03 and 161:43
hours, respectively, 37075720 aircraft. He had accumulated 49 hours in the B.707/720

flight simulator during his career. Second Officer Dobson was not on duty during the 24-hour

petiod preceding the accident,

Captains Richard B. Schumecher and Howerd A, McMillan

Captains Schumacher and McMillan were regularly employed by Western Alr Lines, Inc.,
and they weze 1ualiﬁed and cument in the Boeing 720B. Howewer, since they were not
involved directly in the operation of the aircmft, their bistories are not included.
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APPENDIX C

AIRCRAFT INFORKMATION

" The aireraft was a Boeing 720-047B, Serial No. 19439, with U. §. Registration No. N3166.
I was owaed and operated by Western Alr Lines, Inc. The Alrworthiness Certificate was issusd
qh Septeraber 7, 1967 and the Certificate of Registration was issued on September 22,1967,
' N3166 had a maximum gross taxi weight of 235,000 pounds and a maximum Janding weighe
of 175,000 pounds. The takeoff center of gravity (c.g,) was computed at 24.0 percent of the
Moan A~xodynamic Chord (M.A.C.) and was within the fore and aft limits of 15 and 29.2
etcent M.A.C., respectivaly. The takeoff welght was 171,524 pounds, vrith 50,000 pounds of
"uc\_ on board. The crash weight was 162,524 pounds with a computed fuel consumption of
0,000 pourds from LAX ko ONT, The cg. at impact was computed at 23.3 pounds M.A.C. and
was within the allowable aft c.g., at that time, of 28.9 percent M.A.C.
N3166 had accumulazed a total time in service of 11,521:46 hours. A total of 7,011
landings had been recorded.
A review of Western's maintenarce tecords disclosed that all required inspections and checks
had been: pearformed on the aircrafs,
N3166 was powered by four Pratt & Whitney JT'3D-3B engines, each with a rated thrust of
17,000 pounds. At the time of the accident the engines had been in service the following
mamb ¢ of hours and cycles:

No. 1 S/N 667953 10,225:44 hours 6,379 cycles
No. 2 S/N 645269 14,541129 hours 9,708 cycles
No. 3 S/N 643701 20,865:04 hours 15,272 cycles
No. 4 S/N 644542 16,839:29 hours 12,848 cycles

The time since overhaul and cycles since overhaul on the engines were:

No. 1 10,255:44 hours 6,379 cycles
No. 2 6,364:29 hours 2,893 cycles
No. 3 11,600:40 hours 7,512 cycles
Mo. 4 11,550:07 hours 8,437 cycles
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