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FILE NO. 1-004

NATIONAL TRANSPORTATION SAFETY BOARD
Washington, D. C. 20591
AIRCRAYT ACCIDENT REPOIT

Adopted: December 29,1971

i

UNITED AIR LINES, INC.

BOEING 737-222, N900SU
PHILADELPHIA INTERNATIONAL AIRPORT
PHILADELPHIA, PENNSYLVANIA
JULY 19, 1970

SYNOPSIS

At approximately 1907 c.dt., on July 19,
1970, United Air Lines, Flight 611, a Bocing
737.222, N900SU crashed shortly after taking
off from the Philid:phia International Airport,
Philadelphia, Penusylvania. There were no fatali-
ties. Among 55 passengers and six crewmembers,
17 passengers were injured, one seriously, and
one crewmember received minor injuries,

Flight 611 made its takeoff from Runway 9.
The takcoff toll and lift-off were reported nor-
mal in every respect. At the point in the climb
where the landing gear is normally retracted, the
flightcrew heard a2 loud explosion, following
which the aircraft vecred right, The captain
stated, **1 advanced power on both engines with.
out any response and then made the decision to
attempt to land on the remeining runway.” The
aircraft touched down hard on the departure
runwiy and contirued off the end and acress
the blast pad. The aircraft came to rest, 1,634
fect past the end of the runway, on a nagaetic
heading of 70°,

No. 1 engine failed in flight. Disasseinbly of
the engine revealed a contained failure within
the tuthine arca. A first-stage turbine blade
failed in flight which caused cessation of engine
rotation prior to ground contact,

Disastembly of the right (No. 2) engine and
functional testing of its components revealed
that it was in an operable condition at the time
of the accident. All the evidence developed dur-

ing the investigation demonstrated that the
engine was operating in the air, during the thrust
reversing, cycle, and until the engine impacted
the ground.

The National Transportation Safcty Board
determines that the probable cause of this acci-
dent was the teemination of the takeoff, after
the No. 1 eagine failed, at 1 speed above Vp ata
height of approximately 50 feet, with insuffi-
cient runway remaining to effect a safe landing,
The captain’s decision and his action to termi-
nate th2 takeoff were based on the erroncous
jud gment tha: both engires had failed.

1. INVESTIGATION
1.1 History of the Flight

The aircraft wis a Boeing 737-222, N90OS5U,
powered by two Prate & Whitney JT8D-7 turbo-
fan engines The aircraft Tad operated without
ivcident with the same flighterew from Washing.
ton, D.C., to Phil- delphia, Pennsylvaria, with en
route stops at Hochester and Buffalo, New
York. An en route maintenance caeck was com-
pleted prioe to takoff from Philadelphia,

At 1550 c.d.e.? Flight 631, a scheduled pas-
senger flight from Philadelptia, Peansylvania, to
Rochester, New York, wer taxed from the
United Air Lines' gate for takeoff on Runway 9.

TTTEAN £ mes hereln are caste 1 daylitht baed on the 24 heor
clock.



The fiest officer, who was controliing the air-
craft from the right pilot's seat, initiated the
takeoft roll at 1905,

‘The takeoff procecded normally until the
point in the climb where the landing gear s
normally retracted, when a loud explosion was
heard and the aircraft vecred to the right. The
captain immediately joined the first officer on
the controls. According to the first officer, the
“both worked together to control the aircralt
until it catne to a complete stop.”

During an interview .with the captain, he
stated that he thought the noise came from the
right side and he observed the right engine in-
struments begin to “spool down.' He further
stated that he advanced power on both engines
without any response and then made the deci-
sion to attempt a landing on the ramiining
Tunway.

The first officer stated, *shorely after the
loud noise was heard, it seemed to me that the
left cigine began to *spoo! dow 1’ and the ailevon
and clevator controls felt ar if we were in
manual veversion,” The first officer fursher
stated, “The aircraft became tnable to sustain
flight at this time."

According to the sccond officer, the captain
smoved both throttles forward at this time but
there was no response and the aircralt began
sertling.” Also, according to the second officer,
the captain “made an instantancous decision to
st the aircraflt back on the runway.” He further
stated, “the touchkdown was smooth approxi-
mately 1,000 feet from the erd...” and the
captain “‘attempted to place tie throttles in
reverse to no avail.”

The three stewardesses in the abin heard the
loud noite and all agreed that it came from the
left cngine. One of che stevardesses observed
sparks coming from the Jeft engine.

The aircraflt touched dowr on Runway 9 ata
point 1,075 feet short of the far or upwind end
of the runway. After the touchdown, the air-
craft continuzd off the end of the runway and
actoss the blast pad. 1t then crosted a fiddd and
passed through a 6-foot-high aluminum chain
link fence into an arca covered with high grass,

weeds, and brush. The aircraft came to rest
beside a pond, 1,634 fect past the end of the
runway, on a magnetic hcading of 70°. (See
Appendix C.)

Pre-Trapact Obscevations

There vere nine eyewitnesses to the accident,
The aversge of these witnesses maximurm esti-
mates indicates that the aircraft reached an alti.
tude of 122 feet above the ground. Three of the
witnesses hicard a Langing noise after lift-off.
One saw firc and one saw smoke from the left
engine, Two saw exhaust smoke coming from
the right engine only. Five witnesses described
their obscevation of the wings rocking in flight.

Statements were reccived from 33 passengers.
Eleven passengers heard a loud bang after lift-
off. Two saw fire coming from the lefe engine,
One passenger stated that they scemed to lose
power on the left engine. Another passenger
stated that he saw the right engine slip out of its
mount and hang there. Eleven passengers stated
that the wings titled or wobbled in the air, Six
passengers stated that the lights in the aircraft
blinked off and on,

1.2 Injuries to Peisons

Injurics  Crew  Passengers Others
Fatal 6

Minor 1 17 0
Scrious 0 i 0
None ) 37

1.3 Damage to Aircralt
‘The aircraft sustained major damage,
1.4 Other Damage

An aluminum chain link fence was damaged.
Theee runway threshold lights and the instyu-
me nt landing systera localizer were damaged.

1.5 Crew Information

The Righterew of Flight 611 were properly
certificated and qualificd for the flight. (For
detailed crew information, see Appendix B.)




1.6 Aircrafe Information

The aircraft was a Bocing 737-222, registra
tion No. N900SU, serial No. 19043, It had
accumulated & total flying time of 3,956:04
bours, and 447:53 hours since the last line
maintenance inspection was performed,

Two Pratt & Whitney JT8D-7 curbo-fan
engines were instalied on ¢he aircraft. The left
engine, serial No, 655899, and the right engine,
serial No. 656069, had opcrating times of
2,942:00 and 1,846:00 hours, respectively.

No uncorrected maintenance items which
were related to the airworthiness of the aireraft
were recorded in the aircraft fight logs and
maintenance records,

United's maintenance records indicated that
the fucl control unit had 713 hours operational
time since overhaul, 642 hours of which was on
the right cngine of this aitcraft. Total time on
the unit was 1,840 hours.

The maximum certificated gross takeolf
weight for this ai-craft is 100,000 pounds, and
the center of gravity (c.g.) limits are 30.3 per-
cent maximum aft and 8.3 percent forward,
mean acrodynamic cord (MAC). The takeoff
gross weight for this flight was 90,040 pounds.
The center of gravity was computed to have
been 24 percent MAC,

The aircraft had been fueled with 7.100
pounds of jet A-t fucl at Philadelphia. The take-
off fuel load was computed to have been 17,100
pounds.

1.7 Metcorologiral Information

The sutface weather obszarvation at Phila
delphia International Airport at 1909 was: High
thin scattered clouds at 25,000 feet, visibility 10
miles, temperature 84°F,, dew point 69°F,,
winds 150° at ' knots, altimeter sctting 29.98.
Weather conditions are not considered to have
been 2 factor in this accident,

1.8 Aids to Navigation

Not applicable.

1.9 Communications

Commu nications were nofinal,

1.10 Aerodrome and Ground Facilities

Runway 9 at the Philedelphia International
Airport is 9,491 feet long and 150 fece wide. A
concrete blast pad 150 feet fong is located at the
takeoff end of Runway 9 (approach end of
Runway 27). Runway const.uction consists of a
concrete base surfaced with a bituminous all-
weather material, The airport elevation is 14 fect
above mecan sca level. At the touchdown point
of the aircraflt on the runway, there was a heavy
concentration of black rubber depowts.

1.11 Flight Recorders

N9005U was cquipped with both a flight data
tecorder and a cockpit voice recorde-. The flight
data recorder was a Fairchild modd b 5425-601,
scrial No, 1934, The cockpit voice recorder was
a United Control model V-557, scrial No. 2018,

Detailed examination of the flight data re-
corder foil by the Safeey Board revaaled the
following: The indicated airspeed trice was
abnormal which precluded deteemination of ac.
curate airspeed information. The tim: trace
showed 22 scconds from the seart of the vakeoff
roll until the aircraft came to rest. The a'titude
trace showed the sitborne time to be aporoxi-
mately 13 to 14 scconds. The maximum altitede
shown on the altitude trace was 50 feet. The
heading trace showed a doviation to the right ot
77 immediately after Tife off. This change of
heading occutred over 2 time period of 3
seconds, Then the aircraft deviated to the lefe 3°
over a time period of 3 scconds, followed by a
sharp deviation to the right of 97 in 2 scconds,
7° of which was in the Tast wecond. The trace
then returned to the runway heading, which
required a otal change of heading of 13°, in 2
secconds, at which point the altitude trace indi-
cated 14 fect. On the offrunway roll, the ver
tical acceleration trace showed a g load factor
from minus 2 g to plus 6 2. (See Appendix D)
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The cockpit voice recorder was recovered
intact and the tape was examined by the Safety

Board. A transcript of the pettinen® portion of

the tape is contained in Appendix E.

1.12 Wreckage

The aircraft's cight main landing gear touched
down approx:mately 1,075 feet from the end of
the runway and approximately 46 feet to the
right of the centerline. The nose landing gear
touched down approximately 776 fect from the
end of the runway and 44 feet to the right of
the centerline. The blackened condition of the
runway prevented the determination of the
touchdown point of the left main landing gear.
However, the track of the left main landing gear
was visible after it came out of the blackered
arca. It was also evident that the nos gear
wheels tracked toward the right main gearwheel
tracks throughout the landing and overrun. The
aircraft came to rest 1,634 fect beyond the end
of the runway beside a pond on a heading of
070° magnetic. During the overrun, the aircraft
had passed over three runway threshold lights,
through a chain link fence topped with barbed
wire, and then impacted two mounds of carth
and rubble before it came to rest. (See Appendix
C)

‘The right wing and right engine were over the
surface of the pond. The right engine thruse
teveeser buckets were fully deployed. The out-
boatd thrust reverser bucket had been punctured
by, and contained, a picce of aluminum fence-
post.

Picces of chain link fence and barbed wire
were around both main landing gears and in the
inlet cowls of both ergines. One section of
fence-post had penetrated the radome and was
lodged in the nose gear well. Barbed wire had
entangled around the left engine pylon and ex-
tended over the left wing.

The only visual damage on the empennage
was two smalt dents. All the conttol surfaces
were attached and intact. The position of the

horizontal stabilizers corresponded to the setting
on the cockpit controls.

The left wing sustained major structural
damage. The forward trunnion attach fitting of
the lefe landing gear and had been fractured
resulting in fucl leakage, The left aileron and tab
were not damaged. All leading cdge slats and
flaps were attached and fully extended. The
ground spoilers were intact and fully extended.
The inboard and vutboard trailing cdge flaps
were damaged, Mcasvrements of the flap jack
screws indicated a trailing edge sctting of 5° flap
cxtension.

There was no major structural damage to the
right wing. All the leading edge iaps and slats
weee attached and fully extended as were the
ground spoilers. The flight spoilers weee intact
and in varying degrees of extension. The inboard
trailing edge flap was damaged. The outboard
trailing edge flap was intact. The flap jackscrews
were extended the same amount as those on the
left wing.

The loveer fusclage steucture was substantially
damaged. The right main landing gear was scpa-
rated from the aircrafe. The left main landing
gear was attached to the aircraft by the outboard
walking beam attachment. The nose landing gear
had folded aft and was ledged in the clectronic
and clecteical compartment of the Fusehige.

The right air conditioning pack, hydraulic
sysiem components in the right wheelwell arca.
and some ofthc navigational units located in the
electronic and clectrical compartment sustained
impact  damage. Examination and functional
testing of the removed systems components
sevealed no discrepanicy that could Yave con-
tributed to the accident,

The cockpit arca was intact. All instruments
and ~ontrol parnels were in place. The pertinent
cockpit documentation was as follows: Both
throttles were fully retarded: lefe engine reverser
was in the idle detent and stuck: right engine
reverser lever was near the tull reverser pocition;
the flap sclector was at 5% anti-skid was “ O™
the landing gear lever was down: and the speed
brake was in the (lighe detent.




No. 1 Engine

The engine was scparated from the pylon and
was lodged beneath the lteft wing. The engine
was dcﬁcctcd in an outboard direction of
appromuntc:y 45° and had rotated approxi-
mately 40°, such that the bottom of the engine
was facing towards the lefe wingtip.

The thrust reverser was attached and in the
full stowed position. The thrust reverser was
functionally tested and was fouad 10 operate
normally. The lower portion of the inlet cow!
was heavily crushed rearward toward the engine
inlet case. The cowlings were all generally intact
and displayed no cvidence of ground or in-flight
firc damage. The external engine cases digplayed
no evidence of internal to external punctures.

The front and rear cover. of the accessory
drive gear case were broken open in the arca of
the fuel pump fuel control mount pad and the
hydraulic pump mount pad. The right side cross
shafe mount flange was broken off at the acces-
sory drive gear case housing. This damage pre
cluded determination of power lever position at
Hupact.

All engine accessories were intact and
attached except for a separated fucl filter hous-
ing assembly. This asseibly was subsequentdy
recovered. A section of the filter housing was
found broken. The tilter was intact. No obvious
metal particles were present within the fileer,

Disassembly and examination of the engine
revealed that the engine was not rotating on
impact. With the exception of the turbine area
of the engine, all the damage was a rosult of
impact.

‘The turbine front case had a hole, 1:172
inches by 2-3/4 inches, at approximately the
12: 30 o’clock position, and the rear flange was
also  ruptured this location. The ruptured
flange remained attached to the case. The case
was uniformly circumferentially bulged outward
from rotational contact of firststage turbine
blades at the rear flange ol the wrbine from
case,

Nine first-stage turbine blades (P/N 564901)2
were broken oft at the blade inner platform. The
remaining blades were broken 1 to 2 inches
above the inncr platform. The first-stage outer
air scal had a 12.inch piece broken out. The
inside diameter of the aiz scal was heavily
rubbed, Eigh + percent of the antirotation lugs
were beoken or worn oft at the leading cdge.
Three first-stage turbine nozzle guide vanes were
broken into picces. Two vanes were at approxi-
mately the 6 o'clock position and the third was
at the 11 o'clock position. At the 6 o'clock
position adjacent to the two missing vases, one
additional vane was broken into two sections.
‘The remainder of the turbine nozzle guide vanes
were heavily dainaged, but in their proper posi-
tion. Vane damage ozcurred primarily at the

teailing edge.

The sccond-stage turbine blades were broken
off approximately 1 to 2 inches above the inacr
platform. Five second-stage turbine nozzle guide
vanes were broken off 1/2 inch to 2-1/2 inches
out from the outer shiroud at random locations.
The remainder of  the  vanes were  heavily
damaged, but remained in their proper positions.

All third-stage turbine blades were broken off
in a {airly woiform pattern approximately 3-1/2
inches above the biade inner placform. The
third-stage turbine noszle guide vanes were
intact, but heavily damaged from foreign debris,

The fourthstage turbine blades were all
broken off from 1 inch to 6 inches above the
Plade anmer platform. The fourth-stage turbine
nozele guide vanes were basically ol intact, bue
the individual vanes were heavily damaged from
passage of upstream debriv.

The fuurth-sl.tgc turbine #ir sc.liing ring was
rotationally forced into the exhaust case. 1t was
necessary to dnill out the 17 attaching screws
which retain the fourth-stage turbine air sealing
ring to the nozede case so that che ring could be
removed with the exhaust case.

Yy . . g .
~teless otherwise specificd, the part namboes (1N Cied
botewih wre vngine rranatacturer’s designatinng,




No. 2 Engine

The cngine remained attached to the right
wing and was vartially submergea in a pond. The
cngine inlet was completely packed with mud
and was lodged against a small tece,

The thrust reverser was in the “full reverse”
position.  The upper inboard and outboard
reverser links were twisted slightly. The reverser
was functionally tested and was found to
operate prorerly, except for the cffects of
impact damage. Examination of the urbine
from the enJ of the exhaust duct disclosed no
visible damage to the fourth-stage blades, The
visible portion of the cowl panels displayed no
evidence of in-tlight or ground fire,

Mud, metal, und two sections of aluminuis
fence rail were removed from the inlet cowl,
One large scction of fence rail, bent into a »U™
shape, was found junned into the engine inlet
at the 2 o'clock posivion, as viewed from the
front of the engine. The end of the rail had the
appearance of beoing milled or ground  down
from contacting the ratating first-stage fan
bhides. The other end of the rail did not contact
the fan blades. One Jinch section of chain fink
teace pipe was found beoween the first-stage
Blades and statars. This pipe was formed over
the stator,

The leading edge of the intike cowl evidenced
minor impact damage from the 3 through the 2
o'clock position. The boteons of the inlct cowd
and the cowl panels were scraped and buckled
rearward for approximately 3 to 4 feet. This
arca also cxhivited several farge tears. Mud was
forced into the inlet duce “blow in™ doors. The
cowl was also tonally packed with mud up o
and including the acces<ory drive gearbox front
cover. The mud totally engulfed the fuel con
trol/fuel pump modute.

There was some damage evident on the lead-
ing and trailing edges of the inlet guide vancs.
The first and sccond-stage compressor blades
evidenced heavy foreign object danage primarily
from the nidspan outboard. This damage con
sisted mainly of broken and gouged blade dip

scctions, mostly at the leading ¢dge of the
blades. Some trailing edge blade damage was also
present, Several of these blades were olso bent
rearward with respect to engine rotation. Signifi-
cantly less damage was prevalent to these blades
inboard of the midspan,

The Ny compressor and its turbine rotated
freely.

The inlet of the engine and the debris re-
moved from the inlet were closely examined for
evidence of a bird strike, No such evidence was
found.

All engine accessories, including the power
fever control linkage, were intact. Continuity
and full throttle movement were  established
when the linkage was  activated from the
cockpit.

The engine was disassembled and the follow-
ing was noted:

4. A broXea fuel pumo drive shaft (TRW P/N
2082351, a mispasitioned  fuel pump
quick  disconnect  coupling. and ather
damage atuributable to impact  and/or
f(m'ign object ingestion.

. The engine front and rear compressor/
turbine (N| and Naj} asseinblies totated
frecly after impacted mud was removed
from the infet,

Vegetation: was found  throvphout the
sccondary gas path, in the primary gas
path as far back as the diffo . ¢ case, and in
the sixale and eighth-stage air bleed system
as well as the cighthstage cireraft bleed
system. Mad coating was found adhering
completely through the engine from the
inlet to the oxhaust,

All ot the fuel nozedes oxhibired varying
degrees of dire contamination on the ex
tersal and the internal surfaces of the
nozzle assembly. The fuel exit hales were

ra—

I sel pump manufacturer part number,




clear and were without an accumulation of
dirt to restrict the flow,

Yhere was no visual cvidence of overbeat
in the combustion azea, turbince bfades, or
on the nezzle guide vanes.

Thirteenth-stage air conditioning modulat-
in, valve was closed.

Particles of Bonmagnric material were
found between the sixth and  seventh-
stages of the high (N2} compressor and tho
combustion chamber suppore assembly.

Aluminum metal splatter was evident on
the first-stage turbine nozzle guide vanes,

The blades of the fan asseimbly, the low
compressor (N1}, and the high compressor
(N3} all evidenced vandom foreign object
damage.

The reed valve installed within the fuel
drain valve and the fuel drain manitold
was found to be free of contssnination.
The reed valve was in the open position,
indicating normal operation,

Both ignitor plugs were covered with dire
and there was o evidence ol metal
splatter. The cooling air passapes were
plogeed with dire.

The CGTY probes were covered with dire
and duminnm meral splateer, The metl
splitter had oaidized showis, that the
melting tenperature range of the alumi-
num {1160° 1250°F.) had been ex.
CC(‘JC‘('_

1.13 Fire

There was nio evidence of fire on any part of

the aircraft or on tie ground in the impact area,

SEahaust Gas Tempetature,

1.14 Survival Aspects

This was a survivable accident. Seventeen
passengers received meinor injurics and one was
scriously injured. The scrinusly injured pa.-enger
received o fractured ankle when her foot struck
the ground at the bottom of (he evacuation
chute.

No warning was given by the cockpit crew of
the emergency to the cabin crew or the pas
sengers. The three stewardesses were awarce from
the excursion of the aircraft that there was a
good posability that the aircraflt would crash,
One stewardess at cach extreme end of the cabin
called for the passengers to grab their ankles.

Evacuation

Aftt.‘r the aircraft canewo a stop, cvacuation
was inttiated innnediately by the cockpic crew
and stewardesses. The first officer and  the
sezond officer imimediately  entered  the pas-
winger cabin and opened the left main door and
the right forward buffet exit doot and deployed
the slides. The first offices had ditficuley in
apening the buftet doos. He was unable 1o move
the door hande to the full open position dise to
o partiadly open galley drawar, He gaickls
recognized the problenm, hicked the drawer toirg
closed position, and oponed the daor with no
furcher difficaley. Individual passngers opened
the right and lefe single overwing exits with no
difficulty. The two stewardesses weated on the
aft Jump <cats opened e left aft door with
Onwe eliffé(u’l}‘. e of the stewardesses de
scribed the difficudty s, “the plane was shighdy
tilted to the night which made ica Bedde harder
o open the door.”™ (The sircraft atrest had 4 §8°
right roll altitude)) The sdhide for this door e
Hated sometime during the evacuatiog,

Atcer all passeugers were ddear of the cabin,
the first officer discovered four passengers stand.
ing or the right wing which extended over the
pond. He helped these passengers back an the
cabin and they exited by she Ieft forward anl
afe exite, The evacuation was ardesly and the
clapsed time  was approzimately 45 scconds,




‘There was no evidence of seat or seatbelt
failures,

The aft lefe slide, which deflated during the
avacuation, was found to have about an 8-inch
gear on its bottom sarface. The aft right slide
wss found to have about a 13 by &-inch “L”
shaped tear on its bottom surface. Examination
of the slides disctesed that the tears were cavsed
by foreign objects.

1.15 Tests and Research

in view of the cvidence forind durirg che
investigation concerning the fractui of the No.
2 engine fuel pump drive shaft P/N 208235, a
visual metallurgical cxamination of this part was
conducted by the Safety Board. This cxamina-
tion revealed that there was a complete trans-
verse fracture in the shaft in a 3/8.inch diameter
reduced section about 1.7/8 inches frem the,
larger (7/8-inch major diameter) splined end,
The appearance of the mating fracture faces, as
viewed through a binocular microscope, indi-
cated that the fracture resulted from the propa-
gation of fatigue cracks from the surface of the
reduced scction of the shaft.

As a result of this cxamination, the Safety
Board roquested Pratt & Whitney Aircraft to
study this fracture to develop the following
technical daca:

(1) An analysis to determine the type of frac-
ture and type of loading that induced the
failure.

Also, if the fracture was caused by
fatigue, the type and level of loading
irvolved in the initiation and propagation
of the fatigue crack.

(3) The type of loading that caused the final
scparation of the shaft and whether fow
ot high cycle fatigue was involsed.

(4) An estimation of the number of load
cycles and time required to fail the drive
shaft.

(5) Analysis of the wear pattern on the fucl
pump drive shaft splines, and examine the
quick disconnect coupling assembly in
terms of possible misalignment and any

other pertinent factors,

The Safety Board also requested experimental
test data and/or analytical evaluation that would
demonstrate the amount of time required to
fracture a fuel pump drive shaft,

Pratt & Whitney reported that a laborator
examination of the bioken fuel pump drive sha({
indicated that the fracture was caused by
fatigue, which resulted from & rotating beam-
1y pe loading,

Pratt & Whitney also reported that the load-
ing induced in the drive shafr was due to an
extreme misalignment between the fuel pump
and the spur gearbox drive gear shaft.

In order to study the effects of this misalign-
ment, Pratt & Whitney performed 2 simplified
rig test wherein test specimens were subjected to
a known stress range and the number of rota-
tional cycles to failure were counted.

The stress ranges and number of cycles re-
quired to fail these specimens are listed below:

Steess Range {p.s.i.)
120,000-125,000
140,0G1-145,000
160,000-165,000

Rotational Cycles
12,000
5,300
3,500

A technical background literature review™ by
Pratt and Whitney substanciated the validity of
the above tests. The literature indicates that a
bending stress of high magnitude results in the
ratchet matks, which indicate multiple facigue
origins. their quantity increasing with the degree
of stress concentration and stress level. Also, the
number of cycles to induce failure is primarily
depandent on the level of this bending steess.

For this investigation, Pratt & Whitney
assumed thai the number of cycles to induce the
shaft failure was low. Inspection of the {ractured

St Chatacteristics of Fatigue Fractures™ American Soclety of
Mctals Joutnal abstracted from “How Components Fail,” by
)onald J. Wulpi, copyright 1366,




fuel cump drive shaft revealed an extremely high
number of fatigue origins--at least SU. Inspec-
tion of the test specimen that was subjected o a
stress range of 160,000 to 165,000 p.s.i. re-
vealed a minimum of 40 fatigue origins.

An ontrapolation of the above cited rig test
and fatigue origin datz, coupled with a com-
parison of the similarity between the fracture
surface of the broken fuel pump drive shaft
(Appendis G) and the test specimen that was
subjected to a stress range of 160,000 to
165,000 p.s.i. (Appendix H), led! to the estima-
tion by Pratt & Whitney that a stress in excess of
180,000 p.sia. was required to fail the broken
fuel pump drive shalt,

The manufacturer indicated that it was not
possible to determine the specific number of
cycles from the initiation of the fatigue crack to
the final failure since the stress level or time
exposure to the stress necessary to initiate the
crack is not known, However, based on ihe
aforccited rig test, there is an indication that the
failurc could have occurred in fewer than 2,000
cycles from initiation of a crack. This is evi-
denced by the similarity between the rig failed
shaft and engine failed shaft in that the rig
failure had at least 40 fatigue origins. These
origins wete very similar in appearance,

Pratt & Whitney specifications for the shaft
required that it be n.ade of AMSe 6415, heat
treated to a hardness range of 44 to 48 Rockwell
€. Laboratory csamination showed that the
shaft material complied with these specifica-
tions. The actual hardiiess was 44 to 15 Rock-
well C, which indicated that the ultimate tensile
strength of the shaft material was approximately
210,000 p.s.i

The fuel pump drive shaft spanes bore evi-
dence of normal as well as abnormal wear. The
normal wear was obvious, due to its pattern and
axial location, on the driven side of che spline.
The abnormal wear was particulatly evidenced
by the wear on the nondriven side. This degree
of abnormal wear further substantiated a high

bAzrospace material specification.

misaligniient and resultant high bending stress.
This vsas a resvlt of a severely misaligned shaft.

Rescarch of Pratt & Whitney records showed
that there has not been a failure of the fuel
oump drive shaft at the shear section in the 30
million plus hours of operation of the JT8D
engine. However, there have been two failures in
the retaimnyg ring groove, These failures accurzed
at the base of the retaining collar gronve and
were the resule of sharp corner stress concentra-
tion. No fuel puinp drive shafts have been re-
jected from service as w resule of cracking over
the past 2 years.

Examination of the fuel pump rear coupling
assembly, P/N 473860, and quick disconnect
nut assembly, P/N 522702, actermined that the
wear on the scrrations of both was typical of
wear which would be encountered during
normal scrvice use. The coupling wear pattern
also indicated that the fuel pump shaft had not
been subjected to a significant degree of pre-
existing misalignment. 'The fuel pursp drive shaft
splinc wear couid not be directly correlated to
the wear pattern on the coupling assembly serra-
tions. The separation found at the interface of
the fucl pump quick disconnect and the acces-
sory drive gearbox might have accounted for the
second wear pattern on the diven side of the
fucl pump drive shaft spline, However, this
scparation would not have created the high
bending loads necessary to produce the type of
fracture found in the failed shaft.

Disassembly of the spur gearbox drive gear
shaft and associated bearing at Pratt & Whitney
revealed the follewing:

Location of O-ring rub indicated that
the coupling was operating in an im-
properly aligned position. The roller
beating on the gearbox drive shaft
nearcst the fuel pump had picces of
the backside of the inner rail broken
ovt. The only plausible explanaticn is
severe distortion of the gearbox haus-
ing and the resultant thrust load from
the outer racc having been transferred
through the rollers to the inner race.




Four first-stage turbine nozzle guide vanes
removed from the No. 2 engine, foreign meral
from between the sixth and seventh stage of the
compressor and a sample of fence from che
Philadelphia Airport, were seat to the Federal
Burcau of Investigation for cxamination.

Examination disclosed that there were numer-
ous small bright-appearing arcas on the surface
of the turbine nozzle guide vancs., Minute
forcign deposits of metal were removed from
some of the bright arcas on the vanes, An insttu-
ment analysis determined that these forcign
metal particles consisted essentially of alumi-
num. These particles were too contaminated and
limited in quantity for further compositional
analysis.

listrumental anaiysis of the metal fragment
and the fencepost rample revealed them to be
the same in composition.

Therefore, the analyzed motal deposits on the
tutbine nozzle guids vanes and the fragments
could have originatedfrom the aluminuin fence-
post.

A first-stage turbine nozzle guide vane was
sectioned by Pratt & Whitney in order fo deter-
mine if any aluminum particles from the par-
tially ingested fencepost could have entered the
turbine air cooling chambers. By virtue of this
examination, it was determined that aluminum
particles cntezed the air cooling chambers. These
particles were observed adhering to the inside
core of the vane. A particle was also found
lodged in a cooling hole of the inlet guide vane
spigot.

Research of the operation of the thrust re-
verser disclosed that the engine running switch
installed in the isolaiion valve conteol circuit
would open at an engine oil pressurc of 352 2
p.si. When the engine ol pressure was below
that value, the thrust ceverser would not deploy.

Pratt & Whitney Aircraft was requested to
furnish the following technical data:

Given a sea level day, an ambiene tem-
perature of 84°F., a 140 knot truc
airspeed takcofl power, at this point
in the takcoff assuming a rapid fucl

cut off. would you provide analytical
andfor graphical data chat demon-
strates for the above conditions, the
rate of change of the following param-
aters as a function of elapsed time
from takeoff conditions to both idle
and windmilling condition,

1. Percent of takenff thrust di zay.
2. Enginc pressurc rativ decay.

3. Decay in percentage of takeoft
r.p.ny., both Nj and Nj.

4. Decay in engine oil pressure,

L, Decay of turbine infet tempera
| ture,

Graphs were prepared by Pratt & Whitney for
the above parameters, These graphs are shown as
Appendix F and depice the results of a single
engine run on a test engine with all the param-
cters recorded on this run, Fuel shutoft as de-

icted on the graph was accomplished by shut-
ting the fuel off to the engine at the source, with
the thrust lever in the full power position,

The graph of main oil pressurc as a function
of elapsed rime in seconds disclosed that the oil
pressure dropped from 45 psid. to below 37
p.si. in 4 seconds and 35 pusd. iv 5 seconds
dring fuel shutoff. in a snap dcceleratior to
idle, the oil pressure dropped off rapidly to 40
p.s.i. in 2 seconds, then gradus'ly to 37 pusii. in
16 seconds and then held 37 p.si. constantly.
{Sce Appendix F.)

Thz Bocing Company was requested to deter-
mine the approximate cngine power level at
which the 13th-stage aircraft bleed duct modu-
lating valves would open, ie., thrust, EPR and
N rotating speed.

The Bocing Company stated the 13th-stage
aireraft bleed duct modulating valves would
begin to open at the following conditions (on
decreasing power):




N> Percent of
Vras Percent Net Takeoff
Knots rp.m. EP.R. Thrust-lbs Net Thrust
0 854 1,392 6,660 49.0
102 84.8 1.346 5,170 42.6

The graph showing percent of takeoff thrust
decay at time of fuel shutoff disclosed that
thrust decayed from 100 parcent to 25 percent
in 1 secend and continued to decline to 11
percent in 2 seconds. In a »nap deceleration to
idle, the thrust decayed from 100 percent to 28
percent in 2 seconds (See Appendix F)

On the engine pressurc ratio graph, a drop
from 1.9% EPR to 1.15 occurred in 1 second at
fuel shutoff. {Sec Appendix F)

The graph showing percentage of rakeoff N
rotor speed showed that an initial decay from
100 percemt to 77 percent occurted in 2
secends, arnd continued tc decay to 58 percent
in 4 seconds and to 40 percent in 8 secands.

t¢ should be noted that this curve was not
corrected for horsepower extraction required to
opetate the aircraft clectrical and hydraulic
systens; thus, this curve reflects a maximum
time ccquired for the engine to decelerate. Since
the No. 1 engine failed and the resvltant clec-
trical Joad was transferred to the No. 2 engine,
the tctal horsepower extraction would have
been greater than normal and tended to slow the
engine at a rate greater than shown on this
curve,

Bocing Aircraft Company also stated that
laboratory tests have shown that gencrator
transfer occurs at the following values of Nj
during . deccleration cf 180 r.pan./sec. on N
speed.

Electiical Load N2 Speed
90 amps (30 KVA) 44.5%
45 amps (15 KVA) 43.1%
No Load 42.3%

The Bocing Company indicated that the air-
craft fuel boost pump would not have the capa-
bility to supplv the engine fucl in the event that

the fucl pump drive shaft was lost. The high
pressure stage of the engine-driven purap is a
gear type pump and no Fuel will pass through
when the pump is not rotating. There are no
alternate mean for the engine to receive fuel,

2. ANALYSIS ANDY CONCLUSIONS
2.1 Analysis

There was no evidence of structwmal failure,
malfunction, vr abnormality of the airframe,
control systems, powerplants, and other com-
ponents other than the failure of the No. 1
engine. The failure of this engine occurred at a
height of approximately 50 feet and above Vo
speed. Failure of this engine wonld not have
caused the accid .t, as the aircraft at the time of
the engine failuie was capable of continuing to
climb on one engite and to make a subscquent
safe landing.

The only causal factors involved in the acci-
dent were those directly associated with the
powerplants and the operational procedurcs
used by the crew.

In assessing the powerplant factors involved,
it was confirmed that the Ne, 3 engine was not
rotating at ground contact. The causce of the
inflight failure of the engine was a M082 heat-
code first-stage turbine blade failure. This blade
failure is typical of other M082 heatcade faitures
in that the blade material contained a concentra-
tion of 1.6 parts per million of the tramp cle-
rncnt bismuth, Laboratory examinatics f pre.
vious M082 heatcode blade failures <rsclosed
concentrations of 1.4 to 1.9 parts per million of
bsmuth.

The airline operators and the engine mana-
facturer arc cognizant of this problen:. The
enginc manufacturer has recommended that the
first-stage turbine blades be cxamined at the
next heavy maintenance and that all blades
identified with heatcode M082 be removed from
setvice,

To accomplish this, United Air Lincs initiated
a program on March 13, 1970, to identify and
remove these blades from service. United had
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examined more than 260 engines in the imple-
mentation of this program.

The No. 1 eugine was scheduled for examina-
tion at the next heavy maintenance check,
which would noimally have occurred at 5,800
hours or less,

ft is apparent the No. 2 engine was in an
operable condition at the time of the accident.
All the evidence reveals the engine was operating
in the aic, during the thrust reversing cycle, and
until the aireraft came to reat.

Resules of examination and testing of the fuel
pump drive shaft showed that the fracture was
caused by tatigue resulting from a rotating beam
type loading.

The ioading induced on this shaft was due to
an extreme misalignment between the fue! pump
and the spur gear drive shaft. it was estimated
that the misalignment created a bending steess in
excess of 180,000 pa.i. in the fuel pump drive
shaft. Such a high bending stress results in
ratchet marks, indicating multiple fatigue
origins, which increase in number with the
degree of stress concentration and stress level,
The number of cycles to failuze is primarily
dependent on the level of this bending stress. In
this case. the number of cycles is assumed to
have been low. Intpection of the fuel pump
drive shaft fracture surfaces revealed an ex-
rreinely high number {at least 50) of fatigue
origins.

It is not possible to determine the specific
number of cycles from the initiation of the
crack to falure since the stress level and time
exposure arc not knnwn, However, based on
laboratory tests cenducted at  higher than
normal bending load (180,000 p.s.i.}, theee is an
indication that the failure could have vccurred
in less than 2,000 cycles from initiation of the
crack. This was evidenced by the similarity
between the rig failed shaft and engine failed
shaft in that the rig failure had at least 40
fatiguc origins. Thesc origins were very similar in
appearance.

This type of fracture could have occurred
only at impact when the shaft was subjected to
an extreme misalignment over a short period of

time. The location of the O-ring rub indicated
that the shaft was operating in an improperly
aligned position,

The roller bearing on the gearbox drive shaft
nearest the fuel pump had picces of the backside
of the inner race broken out. The only plausible
cxplanation is severe distortion of the gearbox
housing which resulted in a thiust load from the
outet 7ace being teansferred through the rollers
to the inner race.

Microscepic analyses perforined on the four
first-stage nozzle guide vanes showed that the
metal splatter on the vanes was aluminum.
Similar matevial was found lodged in the cooling
air spigot of » vane and was depasited inside the
vane core sutfaces, The soutce of the aluminum
was the chain link fence that the aircraft passed
through, approximately 2,000 feet afier touch-,
down. The melting point range of this type
aluminum is approximately 1,150 o 1,250°F,

1n addition to the wectallurgical! analysis find-
ings of the fucl pump drive shaft failurc at
impact, thete are other factors to substantiate
the fact that the No. 2 enginc was operating at
touchdown and throughout the overrun,

The tuthine inlet temperature decay graph
shows at fucl shutoff the temperatere will drop
from 1,800°F. to 900°F. in 1 second and down
to 600°F. in 2 seconds.

ft is tecognized that turbine vane cooling rate
is slower than the rate of decay of turbine inict
gas temperature. However, the uniformity and
degree of adherence of the aluminum splatter
observed on the blades and vanes indicated that
sutticicat heat, pressuee, rotation, and air flow
were available upstream of the first-stage nozzle
guide vanes co melt and fusz the aluminum splat-
ter to the vanes and blades. This finding sig-
nificantly demonstrates notmal No. 2 engine
operation after the aircraft contacted the chain
link fence.

Additional evidence of No. 2 engine operation
was an increase of engine noise level after touch-
down aud audible on the cockpit voice recorder.
{Appendix E.)

The No. 2 engine thrust reverser was fully
deployed and was subsequently functionally
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tested and found to operate properly A further
indication that the engine and reverser were
operating was the evidence that during the run-
way and off-runway roll the nose gearwheels
tracked toward the right n:ain landing gearwheel
track, (Appendix 1D.)

An engine oil pressure of 3512 psig. is
required to deploy the engine thrust reverser.
Below this pressure, the reverser will not deploy.
If the shaft had failed in flight, the c¢ngine oil
pressure would have decreased below 37 p.sd, in
4 scconds and below 35 p.s.i. in 5 secords.

The 13th-stage aircraft bleed modulating valve
was closed. The 13th-stage blecd modulating
valve would begin to open on decreasing power
at the following conditions:

N» Percent of
Vras Percent Net Takeoff
Knots ¢p.m. BEP.R. Thrustdbs Net Thrust
0 854 139 6,660 49.0
102 848 1346 5,170 42.6

At fuel shutoft, a drop of Ny percent r.p.m,
from 100 to 72 percent would occur in a maxi-
mum of 2 seconds. A drop from 1.95 EPR to
1.15 occurred in 1 sccond. A drop from 100
percent of takeoff net thrust to 25 percent
would occur in 1 second. The 13th-stage bleed
rmodulating valve closed position showed the
engine was operating throughout the flight and
during the reverse cycle until the aircraft came
to rest.

Bocing Aircraft Company laboratory test
showad that the generator would not carry an
electrical load below 42.3 percent Ny specd.
These values of No are for a deccleration of 180
rp.m/sec. of Ny speed. At fucl shutoff, the
percent of No dropped off to 41 percent in a
maximum of 8 seconds.

If the aitcrait did have a double engine fail-
ure, the normal electrical generating systems
would hav: been lost,

Electrical power on the aircraft was available
throughout the ovetrun. The only question is —
was it coming from a normal bus or from a
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standby bur and the aircrafe battery. One trans.
fer of ¢l tvical power was evidenced on the
voice re. ¢ -:r. This would have occurred when
the No. 1 engine failed, since the normal power
source for the voice rccorder comes from the
No. 1 radio bus. There was no evidence on th.:
flight recorder of a power loss and it is powered
from the same bus.

The fact that the flight and voice recorders
opcrated throughout :he overrun is conclusive
evidence that electrical power from a normal
generating systemn was available. The flight and
voice recorders cannot be powered from the
standby buses. In addition, ac the landing gear
on the aircraft was down, the electrical circuit
for the flight recorder could not have beva com-
pleted unless an enginc was running. The elec-
trical circuit for the flight recorder is completed
through either engine oil pressure switch or the
landing gear latch relays.

The similarity of the compass information on
the pilot’s and copilot’s Course Indicator (Ci)
and Radio Magnetic Indicator (RMI) instru.
ments would indicate that normal electrical bus
was powered when the aircraft came to rest. If
the aircraft had switched to the standby buscs,
only the pilot's Ct and copilot’s RMI should
have displayed the correct compass headings.

Other factors of pasticular significance tc sub.
stantiate that No. 2 engine was operating in-
clude:

A. Vegetation was found throughout the sce-
ondary gas path, in the primary gas path as
far back as the diffuser case, and in the
sixth and eighth-stage aircraft bleed sys-
tem. Mud coating was found adhering
completely through the cngine from the
inlet to the exhaust,

B. All fvel nozzles were coated with dried
mud cxcept for the nozale nut fusl exit
holes.

C. There was no cvidence of overheat in the
combustion area, turhine blades, or on the
nozzle guide vanes.




United Air Lines enginc-out procedure is as
follows:

If an engine fails after reaching vy
speed, the takeoft will be continued,
The climbout will be at V4 (if higher
speed is already attained at the time
of engine failure reduvction 1o Vy
speed is not nocessary), with a 15°
bank maximum and a snaximum deck
angle of 15°, On rcaching 500 feet
acceleratz the aircraft to V2 +15 knots
and set flap position 1. At 190 knots
set flaps 0,

At a gross weight of 0,000 pounds operating
from a g:ld elevation of 14 fear and the aircraft
in flight at an approximaze height 50 feet and
above Vo speed, a singleengine climb and a
subsequent safe tanding could Fave been accom-
plished if the engine-out procedures had been
followed.

Statements by the crew and quescioning by
the accident investigation group tevecaled that
after a loud explosion was heaed none of the
threc crewmembers checked the engine instru.
ments to ascertain their problem or whether
they had lost one engine or both engines. The
first officer stated, “numerous amber lights on
the overhead panel came on, The 3 svstem low
quantity light, two or three lights on my master
caution panel came on. At this vire, it scemed
to me that the left engine began to *spool
down'.” The captain related that he believed he
saw the right engine instruments sposling down.
None of the crewmembers could recall what the
airspeed was or the altitude at the time of the
“loud bang,” only thac it happered about the
notmal time of gear retraction.

it is difficult to understand, without a check
of the engine and flight instruments, how the
captain decermizned that both engines had failed
and why a decision to land was made immediate-
ly. This decision to land was made by the
captain who stated, “I applicd additional power
with no response. There was no audible sound of
power from ecither engine, nc additional rudder
fecl, no increase in airspeed.” 'The captain’s

assutaption tha: both engines had failed mus
Mave been based on the decrzase in engine noise,
no increase in airspeed, and no additional rudder
feel, This hasty decisiot to land must have been
based on the captain’s sensory faculties rather
than on aircraft and eagine instrtumentations.
This conclusoun is verified by the second
officer's stat:mcnt, in part, that the captain
“moved botls throttles forward at thiy time but
there was no response and the aircraft began
settling.” e “then made an instantancous
decision to sct the aircraft back on the runway.”

The cockpit volee vecorder and flight daca
recorder sowed that the time interval from the
loud explosion to touchdown was approxi.
mately 12.7 seconds. The maximum altitude
shown v as approximaiely 50 feet. Six seconds
after ¢be loud explosion the aircrafe started
descending. The pilot’s decision and action
taken ‘o land the aircratt occurred in approxi-
mately 6 seconds. The cockpit voice recorder
revealid no discussion of the problems involved.
Immc diately afeer the loud bang, the captain
said, “Okay, 1 got it,"” and the gxrst officcr te-
pliec. with a question, “Are you flyin® it?* The
captain never stated his intention to tand but his
inté ntions were made clear with his statement,
“Gat the gear down quick!”

All the flightcrew’s teaining and expericnce in
this type of emergency would dictate that they
continue the flight, With the aircraft ata height
of 50 feet and above Vo speed, the ctew should
have been cognizant of the fact that it was not
possible to land the aircraft and stop it betore
averrunning the far end of the runway. The
captain had satisfactorily accomplished an
engine-out takeoff in the simulator on March 6,
1970, in the aircraft on September 27, 1969,
and in his rating flight on March 12, 1969,
Takeoff with simulated engine faituee is required
by United Air Lines for captain proficiency
flights and by the FAA for « e rating flights.
The engine cut is wmade immediately following
Vy and before reaching V4 speed, The pilot is
required to continue the takeoff and demon-
strate his abllity to fly the Bocing 737 aitcraft
oh one engine,
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This accident appears to poiat up the ditfi.
culties that can be enccuntered 'when conteol of
an aircraft is shifted from one pilot to ancther
during an emergency, The pilo assuming con-
trol, in such & sitwarion particularly, lacks
knowledze of control prassures und rates of con-
trol pressure changes that were cccurring prior
to the takeover, In thisaccident, the crew stased
there was an immediate yaw to the right. This

aw was not, acrodynamiczally, the result of the
{eft engine failure, Cne is left with the con-
clusion that such a yaw tesutted from applica.
tion of cortrol pressutes by a pilot. It can be
assumed that the first plot nay have applied
rapid excesiive right rudder control in a reflexive
response to a left yaw that probably vecurred
with the sudden loss of left engine power. Then
the captain, not realizing this rudder input. took
over control of the aircraft, which was yawing to
the right. afeer the explosion occurred. The
captain's assessment of the engine instruments
revealed to him that onc set of instruments was
spooling down and he interpreted this sct as
representing the right enginc. Since the captain
did not note both sets of cngine instruments
spooling down, and since the left engine seffered
a rapid total power failure, aue must conclude
that he read the left set of instruments and
interpreted them to be the right see.

It can be assumed then. that a tight yaw,
observed by the captain, which may have in-
duced hitn to transpose the snstrument readings
to be compatible with a yaw to the righe, 1t is
interesting to note that the first officer’s im-
ptcssion was that the left engine was “ipoovling
dowa,”

Perhaps the first officer had a better fee! for
the airceaft prior to the captain's assuming con-
trol. f such a misinterpretation as w which
engine had failed remained (ixed, subsequent
subjective “feel” for the aircralt could have been
confusing. tn this aceldent, accurate “feel” for
the aircraft may also bave been compromised by
the preseiee o.f both pilots on the controls,

The captain stated he applied full power with
no tesponse in airspeed, engine noise. or tudder
fee!, Very little increase in thrust would have
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resulted from this action. The increased power
lever input would not have given significant in-
creases in tae parameters of response for which
the captain was looking.

All three crewmen stated there was a steady
and substantial loss of cngine ncise before “he
attempt to and was initiated. The decrease of
engine noiw associated with the loss of one
engine, locared symmetrically with the second
engine in reiation to the flight deck, could be
perceived as no mote than a 3 decibel decrease.
This decrease, If noted at all, would not be
alarming. It also would not have been perce ved
as a graduval steady loss.

It is difficult to explain the reason the flight
deck crew heard a steady and substantial de-
crease in engine nolse, One possible explanation
is that there is a substantial decrease of engine
noise in the cockpit when an aircrafe leaves the
ground on takeoff.

The captain’s assessiment of the cmergency
was that the aircraft would not sustain light. He
was then forced to make en immediate decision
as to where to make the inevitable landing. Since
a portion of the runway was still visible, his
choice was to land back on the sunway. Fusiher-
nore, the need for a rapid decision in order to
cffect a return to the runway greatly com.
promiscd the time available to assess the emer-
geney.

2.2 Conclusions
(a} Findings

1. The flightcrew members were proper-
ly certificated for the flight.

2. The aircraft was properly certificated
and airworthy,

3. The weight and balance of the air-
crate was within the allowable Hinits.

4, At the gross weighe @t which the ais-
craft wis being operated, it was capable
of climbing on one engins,
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catsc Of this accident was the termina-

} g5 .1
¥ 5. The No. 1 engine failed in flight as a
a result of a first-stage (Ng) turbine blace tion of the takeoff, after the No. 1 )
failure. cngine faled, at a spced above V) at a
| height of approximately 50 feet, with
6. The No. 2 fuel pump drive shaft insufficient runway remaining to effecta
SN fat'ed at impact of the engine. sale landing. The captain's decision and
SRR his action to terminate the takeoff were
: x 7. ‘The No. 2 enginc was opcrating until based on the erroncous judgment that
£ ‘ it impacted the ground, both engines had failed.
i ] 8. The aircraft was airborne and above 3. RECOMMENMDATIONS
AW V, speed at the time of the ergine fail-
1 ure, During its deliberations, the National Trans- |
o portation Safety Board found that important
SRR 9, The flightcrew did aot properly safety lessons were evident from the facts, con-
1 utilize the engine and aircraft instru- ditions, and circumstances of this and similar
ﬁ ments to determine the condition of th accidents, The Board, therefore, reconmends to
B engines, alcitude, and airspecd. the Fed-ral Aviation Administration the fol-
lowing:
AU 10. Company procedures and applicable ;
3 Yo f flight manuals dictate that the ﬂig]“; 1. Rcassess t“'ic HHPCCliVC dutics a-ud fespon- 3
2 !\'_/ N should have been continued with one sibilities of the vaptain and the first officer i
-‘ | { ¥ ¢ngine inoperative. during critical phases of flight. In so Aoing, 4
ML the *captain in command” concept should
T AVAE 11, The captain discontinaed the tike. be rc.examincd with its applicability in |
e { off and landed back on the runway. situations where time may not permit the i
iAW captain to countermand effectively the
l{ 4 12. The captain crroncously decided dcms!on of the first officer who is flying
118 power to both cngines had been lost. the aircraft.
2. Reappraise the current training manuals
g 13, ‘The No. 2 engine reverse thrust vias and insteuctions provided by all aidline.
L] M sclected and power was applied after with a view toward a positive approach
Ay touchdown, toward emergency procedures. Such an 5
AR cvaluation would nclude an amplification i
t4. The «captain had satistactorily and clarification «f such procedures, in- |
\f accomplished an engine-ocut takeoft in cluding safety margins and the need for ;
the simulator and 1wo i the aircraft prompt and proper sequencing of cach '
;'- since March 12, 1968. action,
s
S 15. The first officer remained on the 3. Reemphasize in taining that pilots use tk:
A controls after the caprain took over the aircraft instrumentatior,, rather than their |
N control of the aircraft. physiological responses, to determine the
E extent and cause of emergencies, 1
/ B (b) Probable Canse ]
e | The Board futther recommends that the Air '
TR The National ‘Transportation Safcty Transport Association bring this report to the
| 1 Board determines that the probable ate- ation of its training coimmittee,
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JOHN H. REED
Chairman

OSCAR M. LAUREL

Member

FRANCIS H. McADAMS

Member

LGUIS M. THAVER

Member

ISABEL A. BURGESS

Member
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APPENDIX A

INVESTIGATION AND HEARING

1. Im'cstiga:ion

‘The Boasd reccived notification of the accident at approximately 2000 eddt. on July 19,
1970, from the Federal Aviation Administration. An investigating tcam was immediately
dispatched to the scene of the accident. Werking groups were established for Operations,
Aircraft Records, Witnesses, Structures, Systems, Powerplants, and Human Factors. Parties to
the investigation were: The Federal Aviation Administration, Air Line Pilots Association, Pratt
& Whitney Aircraft, The Bocing Company, and United Air Lines, Inc.

2. Huaring

A public hearing was not held by the Safcty Board. A preliminary report was teleased on
October 5, 1970.
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APPENDIX B
CREW INFORMATION

Captain Joseph Lubozynski, aged 46, was initially employed by Capital Aitlines August 3,
1956, and con-inved with United Air Lines after the merger of Capital and United Air Lincs.
He holds an Aitline Transport Pilot Certificate No. 421597 with ratings in te Bocing 737 and
the Douglas DC-6/7 and Vickers Viscount 745 D aircraft.

He passed his last examination for a Federal Aviation Administration first-class medical
certificate on June 26, 1970, with the limitation noted, must possess corrective glasses for near
vision. He had accumulated 11,236 hours of Rlying time as of July 19, 1970, of which 164
hours wete accumulated in the preceding 90 days and 2.55 hours in the preceding 24 hours. He
had acquired 517.51 total hours in the Bocirg 737 aircraft. Ground school and flight training
in the Bocing 737 was completed when he passed his rating flight <heck on March 15, 1969.
Mis last en route check was completed January 13, 1970, his last proficiency check was
completed on March 6, 1970, and his fast emergency cvacuation review on the Docing 737
type equipment was completed on March 5, 1970.

First Officer James W. McWilliams, aged 25, was employed by United Air Lines on February
7, 1960, He holds Commercial Pilot Ce-tificate No. 162674 and Flight Engincers Certificate
No. 1639418, His commercial pilot’s certificate was rated for airplanes single and multiengine
land. instrument and flight instructor.

He passed an examination for a Federal Aviation Administration first-class physical without
limsitations on August 29, 1970. He had accumulated a total of 2,319 flight hours as of July
19, 1970, of which 180.38 hours were in the last 90 days and 2.5% hours in the last 24 howrs.
He had acquired 736 total hours in the Bocing 737 aircraft. His first officer training in the
Bocing 737 was completed on May 5, 1969. His last profizicncy check in the Bocing 737 was
complcted Mav 29, 1970,

Second Officer Lee H. Hoffer, aged 32, was employed by United Air Lines on July 10,
1969. e holds Commercial Pilot Certificate No. 1639471, His commercial pilot's certificate
was rated for airplanc single engine and multiengine land and instrument ratings.

He passed an cxamination for a Federal Aviation Administration sccond-class physical
without limitations on October 4, 1969. He had accumulated a total of 3,024 hours of flight
time as of July 19, 1970, of which 141,00 hours were in the last 90 days and 2.55 hours in the
last 24 hours. He had acquired 380 total hours as second officer in the Bocing 737 aircraft. His
second officer training in the Bocing 737 was completed in August 1959, His last cn routc
check was completed on May 31, 1970.

Stewardess Linda Evans, aged 24, was employed by United Air Lines on September 4, 1968,
and reczived her last recurrent training on September 9. 1969.

Stewardess Margaret Powell, aged 22, was cmployed by United Air Lines on June 26, 1968,
and received her last recurrent training on July 16, 1970.

Stewardess Cynthia Holt, aged 21, was employed by United Air Lineson October 25, 1969,
and reccived her last recurrent training May 11, 1970,
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APPENDIX C

JVATIONAL TRANSPORTATION SAFETY BOARD
| Washington, D.C.

{

WRECKAGE DISTRIBUTION CHART

| UNI{ED AIR LINES, INC.B737-222, H9005U
PHILADELPHIA INTERNATIONAL AIRPORT
July 19, 1870
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APPENDIX D

NATIONAL TRANSPORTATION SAFETY BOARD
Washington, 1. C, 20591

March 9, 1971

SUPPLEMENT TO FLIGHT DATA RECORDER REPORT NO. 71-2

A. Accident

Location : Philadelphia, Pennsylvania
Date ¢ July 19,1970

Aircraft t Boeing B-737, N9005U

Aitline : United Air Lines

Flight No.  : 611

Flight Recorder: Fairchild F5424-601, §/N 1034
Ident. No., : NYC 71-A-N009

B. Supplementary information

The subject flight data recorder foil was reexamined on March 1, 1971. The heading
parameter trace and heading north-south binary trace were plotted on a graph to shaw their
correlation,

The design of the subject flight data recorder is such that the heading binary scribes along a
line approximately 2.6050 inches above the raference line when the aircraft Leading is in the
azimuth of 90 degrees through 180 degrees to 270 degrees. This s referted to as the southern
hemisphere of the conipass, When the aircraft heading is in the azimuth of 90 degrees through
zero degrees to 270 degrees, of northern hemisphere of the compass, the heading binary scribes
along a line approximately 2.6350 inches above the reference line. The heading synchro rotor,
which drives the heading stylus, operates a cam driven switch to clectrically energize a D.C,
solenoid when the compass heading goes through 90 degrees or 270 degrees toward north.
Similarly, the solenoid is de-encrgized when the heading synchro rotor passes through 90
degrees or 270 degrees going south. A loss of clectrical power to the flight data recorder and/or
N-$ birary solenoid results in the binary scribe arm dropping to the lower or south value due
to a spring preload. The cam-switchsolenoid sequence must be set to operate at 90 degrees or
270 degrees plus or minus 2 degrees. Calibration data from United Air Lines for the subject
flight data recorder indicated that the binary solenoid activation setting was within tolerances
when checked on July 9, 1970. A heading calibration curve was made on March 1, 1971, and
the readout of the heading teace was plotted on the attached graph applying this calibration
data. In addition, the graph ircludes the headiug binary trace for the same time period.

The attached graph was plotted after applying an oifset of +.0210 inches to the “X" axis
(time) of the heading paramecter reading. Foil examistion reflected that the heading binary
trace was leading the heading teace by +.0210 inches.

The readout showed that the aircraft heading during the attempted takeoff roll was casterly
with the heading varying beiween 80 degrees and 95 degreces. The heading binaty showed 10
binary changes during the readout which covered the time from turning onto the runway to

a5




APPENDIX D

loss of flight data recorder power after the accident. Comparison of the heading information
with the N-§ heading binary showed no activity on the binary trace except binary shifts due to
compass heading information denoting passage through or spproach to 90 degrees plus or

minus 2 Jegrees.
™~ 2
, /’.Lu !.) /"Q(,{,,‘WJ

Is!™ John D, Rawson
Air Safety Investigator

Attackment




APPENDIX B

TRANSCRIPTION OF LAST PORTION OF COCKPIT VOICE RECORDING
BOEING 737, N900SU, PHILADELPHIA, PENNSYLVANIA, JULY 19,1970

LEGEND
Philadelphia Tower Local Controller
Radio transmission from N9CO5U
Cockpit area microphone sound or voice source

Voice identified as Captain

dr e T e g ey T A N e Ty Arinaey - oy s d

Voice identified as First Officer
Voice ideatified 2s Sezond Officer
Voice unidentified
. Unintelligible word or phirase
() Words in parentheses are subject to correction

SOURCE
& TIME CONTENT

PHL - Unlted six eleven are you ready?

—

RDO-2 Yeah, you wure broken up there, we"re ready

2

-

PHL United six cleven taxiinio nosltion aud hold runway nine
RDO-2 Okay
- CAM-3 And we need a recall on * departure
CAM-? - Checxed and out
CAM-? Position and hold
CAM-? Right
CAM:? Give * some gas back there
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APPENDIX k.

SOURCE
& TIME

0:00

PHL

RDO-2

CONTENT

A e mm e e, ol R VA e A e it el AP iy o

United six cleven after departure proceed direct to Pottstown, cleared for

takeoff

Six elaven cleared to go

What do you want, a right or left?

Whai do you want, & right or lefe?
A lefe tura disect Pottstown

Okay
Let ’er rip!

Takeoff power
Ahhh!

Sound of rattling
* and temps good

(erim) handles *

¥ % &

Vee one, Vee R, Vee two

Sound of loud bang

Hang on!
Sound of electrical power transfer for recorder

Okay, 1 got it




APPENDIX E

SOURCE
& TIME CONTENT

CAM Sound of loud rattle

e e OGRS o R T, R

0:56.9
CAM:-2 Are you flyin'it?

CAM-1 ** dewn now
CAM-2 Huh?

1:00.6
CAM-1 Get the gear down quick!

CAM Sound of toud rattle

1:05.0
CAM Sound of touckdown fcllowed by inzrease in engine sounds

1:11.0
CAM-? Hang on!

CAM ~  Seunds of impact

Sound of electrical power removal from recorder
Everybody out!!

End of recording
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APPENDIX F
VARIOUS ENGINE PARAMETERS
PRATT & WHITNEY AIRCRAFT
ron uuien sawunn AR P L e A 3 o ' Tas ro— o m S S . Ll SB Y s v B - mane e y
bt e .}r:l’ ra o by 'y [ i b b iy 'nes "y T i 1 P SEE bk 3 pna IR B E -
- — - . > L & 1 4 1 -4 . 4
- —— e Jr 7 EI"(' “\,!p T e ety 3L 1 4
ok BD- ".RWFAN WXt e - vy T T
al Yy + 1 PE Sy -
e TH rr ety rie 1T x 3
: ESTIMATED DECELERATION RATE i1 S eanes ITipeNieey Lanm trzes & e irees 1)
s s - i ek bn w9 9 Hm e 32 ans rrigpats
peanSlosadestsfontid ptrtfre rg o S A G S 3 eA L TEEUE - - - 4
anas et siele azaadsasns Loty SODRIESY o it TAMB = 84° F It 5 Bt
T T L A0 Sa w4l 1 ¢ 88 HSLE LHhbiSutis MBI B Yot = T
=1 L Ao ne Lol - p-5084-inds - it
!'% :z&; . 1 —— e ' e I "
cotns tae ‘ ‘zi 1 L s Hao i iag-ag b IS5 a4 BRREA hnade nay e + e
- - pir Sy — il FBAN bb ks noal < s
et - ot L TLS dinge (5558 MPRE i : Ty oat i i ians
e " Yy : a
iy T T I . ¥ bk b-ai s v 5 99 BuaRs AN o a
IS Suoed o . 1 T e B mne T e 4 it T
14 v o 4 13 T Y T -
v 8 v 14 il o 1 :
it 1 v T
i=s sapdd ade: 1 T - e — . gy :
e
b i T a e —_ I T M 1 g T ~+ fase om
- - 4 I ¥ I T b '
. o) rwd H ‘e "o = o g n 4 .
— b4 ha f,‘_ ’ b B NSDS § Aana GEE A Y e .
b 4 v] - s [EER . A Re A el o 4 TV iy ru b g +
- + ¥ + Pand naaa &l i -ty v i — =Tl d TR ky
puy B ry e T : ’
- i bl SE44rE & -ty : Ly oy b 4
- bl g I3 L st e s 14 ) roren re o
; ) b sl T A h r - -y b 1T
ﬂ-wo-h?o * . * et + -yt g
o e T 14 - : s . o - - .4
z';' - X b & Dy it SO 19 4 g H H I 14 "':_‘__ - I LS e -
- r 4 ¥ " T * Ta ra 1 T 1 1 oy
- v . PR B t 37 AP aE S ¥ s e T s ¥ Dt el W g e
Pty (=S mm—— I iy re gt xu : s
STE ias st s Fpass =i taaas S Hr = et e 3
. . - — ey 1 H 1 198 v 1 " Y
iy x w b yr PPN ILE MM — - r - 1. — i il e 2
L + T T v + .
—s. " a0 - , e Wiy T . al T ” SR IT L KTTTT Y
. e >en T T T 3 e Aapaag B 10 B S4B Tt ITTVwns pd s oa s uess s sma
Tt e v B et Y + T et 2 - Fa a i 51 Lan0e vesas ve v : I
H L k4 e ’e
v P s + - e e Sl +ryre Al IRER: Sanasintes Tyt mvn, 4 v PEses nass
- - M - LT ——t 1 o e B Amird mas - - . 14
L ety 2 ‘Jﬂ____' - T . b ¥ bd wilf VOO § e i A . raind et ¥
’ * >
= 5250 £ 1 i S
* ? - g L T i | 1 T I
" x""‘“‘: hd ~— L8 B b ¥ 1y - T
t b = rr * 2 BT 4 . L8 | ¥
— bl e ha s - b =T - i Lot o b4
ik -l e o T M - - i
[ Y i e v - 1=+ -} ey s > L et S0 + +
by = - — .2 MY Y T H
Y T — i i T e a4 biLg ihhms pd H T s Lu np 4 b
e T rd— - ¥
Tl —_— >
v VS e b o - —r - — < y "3
e B = % TS ; e ge ot
by e S ] + + it e rer PUEA R WA B il Ent s oias s +
i L
, O AdS ™ 'y \d > 1 11
- i as 14 T | i . S ey Sl ‘B plkd A S o S P w ) T w4
j- S e d B e + re H 173 T it b ym e "4 . e T
+ T ot T gy X T - S T ! 158 BEa Lo ¢ TT. T raa e u o il e 1T -
- a--h" - " v T ot — ! —— $ - ’
,: xlll" pv 5 L l' - M - - by i + - -~ & b4
P 4 A bl b iy LS. A B L8 W "y !
i T b a1 pi v -y ": ok o
5 - - 4 - ) dnd Fi i
v * T e T a > - + Y b nad.ad
bl L4 - - e 1T H P i )i el Fa . -
* » ¥ 4t PP -~ e 14 - 1 T - re ¥
3 '
o 4 re
et - : A t i
. : ¥ gy 3 = eyt H8nd by ¥ : —_ : L0 81 Ti :
e o dbdnshishs b - - i 2
¥ } v : . b—tyey = 1t t -t
Ly - . . 1 o i & SN -
+ 3 > - ot bl - — I nny ba o b mad B 4 el 14 D
it 4 T J g — = i d Fus s
- bl T To I 14 gy Fiime i e
P e
o o : OLE 3= T soor e >
. S ——— 0 LFY T T - v :
r— lad SEUPT-THIN . v 3 b ———— e * T = ¥
e ! : v agmadvos sy = e
b ~ > Lo Y h tnyd - .
Toan ¢ gn) v b, e il s 4 : T z 1044
v | 9o r h -1 T L ¢ T id
b o oo ; T3 ray wa s
- * b - > - - -
e 55y s T e o b4 gt B bam rs s o .y : A e hs P wnis onand
*r; b T - F b Wkl e ’ 1 LS ¥ ML AEL s iEh Ly o . - A I
S w4 o ghua e e B Aty s | Sl s PR S [ oy &4 s -y : * -
- T r. 3 T . I'e H "! - ' N g X
- b " therad B - 'S SRUES duSAn Amay LTk L - ik ‘U"‘*-L d tid e 1 11
Ly b » T T r b bl o TT—T b ” bl
. - " : et ot o8 : 1T reas seagdly Y - ] iy 3 — e o PR T i T
" o . = >
= G 26 THE 28 7 30 =t G
— ) - T~ S oy fans bt . o+ )
-y Atreprts g, et & i K - m
et T nd pY i -—
— - e + N = s
A - re
i — o T~ e T .4 p ’e > a
- ME i b4 . —t vl - T 0 e T
3 Tt hfHET thd m @ m e I ——ht 4 1 ra —_— —t S
- T o i " e s o T vw ; T
. + * . il 1 T »”
e " ol el 1ol FUBSARE Fohi - T Ty I T 3 'y — " . — T e il
: b T pa 5 & o 3 T - ——— -
x - rud bl hd o r B8 w Tt 1 1T L b T - o t
s L 34 Pid : e $ et L 4 5 88 sk 0l S et 4 rud snasa sem. .ﬂ
- L]
i " o TP T t i = iy N . . 2 EeE s = e
- N S i - — B — -
- ) = el : i e . —ll . :
- . N e T - - - .
— & = ' - . i = 3 - v
Y Cauit ™ T
. T w - i . - ; sz T i o - : . T - . -




APPENDIX F
VARIOUS ENGINE PARAMETERS
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APPENDIX G

Failed Fucl Pamp Drive Shaft P/N 208235 from UAL Engine 656059 lnvolved in
Fhiladelphia Incident, . .Bocing 737 11900 5U, Flight 611, No. 2 Position,
7119170, Vicwed Toward Gearbox,
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APPENDIX H

Fuel Pump Shaft Test Simulation — Bending Stress 160,000-165,000 PSI -- 3500 Cycles
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