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Abstract (Cont'd)

failure allcwed lubricating oil to spray forward into the low pressure fan sha’t acoa where
it ignited into a steady fire; the fire overheated the fan shaft and the fan fafl-safe shaft
both of which falied, nllowing the fan module to move forward and break through the
No. 2 engine duct. This caused extensive damage to the aircraft's structure and flight
conttrol systems. The oil leaks werc most likely ceused by poor mating of the abutment
surfaces.
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NATIONAL TRANSPORTATION SAFETY BOARD
WASHINGTON, D.C. 211594

| AIRCRAFT ACCIDENT REPORT
Adooted: June 1, 1982

EASTERN AIRLINES FLIGHT 935
LOCKHEED L-1011-385, NS0SEA
NEAR COLTS NECK, NEW JERSBY
SEPTEMBER 22, 1981

SYNOPSIS

About 1140 eastern daylight savings time on September 22, 1981, the No. 2
engine, a Rolls-Royce RB-211-22B, failed as Eastern Airlines Plight 935, a Lockheed
L-1011-385 (N309 EA), was eclimbing through 10,000 feet after departing Newark
International Airport, Newark, New Jersey, for San Juan, Puerto Rico. The displacement
of the fan module in the course of the engine fallure sequence caused loss of hydrauiic
systems A, B, and D and jammed the captain's and first cofficer's rudder pedals in the
neutral position. The flightecrew performed the approptiate emergency procedures,
réquested an immediate landing at John F. Kennedy International Airpori, Jamaica, New
York, and dumped about 48,000 pounds of fuel. The aiceraf:, with 11 crewmembers and
190 passengers atoard, landed on runway 22L at 1212 e.d.t. without further incident. No
one aboard was injured, an.l there was no damage to property or injury to persons on the
ground. The aircraft was substantlally damaged. o |

The National Transportation Safety Boerd determines that the probahié cause
of the acecident was thermally induced degradation and consequent failure of the Mo. 2
engine low pressure location bearing because of inadequate lubrication. OIl leaks between
the abutment faces of the Intermediate pressure compressor rear stubshaft and the 1w
pressure location bearing ofl weir and between the intermediate pressure location bearing
inner front flange and the intermecliate pressure compressor rear stubshaft reduced the
lubricating ofl flow to the low pressure location bearing which Increased opeérational
temperatures, reduced bearing assembly clearance, and allowed heat to biild up in the
bearing's balls and cage. The bearing failure sllowed iubricating oil to spray forward inte
the low pressure fan shaft area where it ignited into a steady fire; the fire overkeated the
fan shaft and the fan fail-safe shaft both of which failed, allowing the fan modu'e to move
forward and break through the No. 2 engine duct. This caused exisnsive damage to the
alrcraft's structure and flight eontrol systems. The oil leaks were most likely caused by
poor mating of the abutment surfaces. - |

1. FACTUAL INFORMATION
1.1 Mistory of the Kligh!

On Beptember 22, 1981, Esstern Airlines Flight 935 was being operatad as an
internationel seheduled passenger flight f~om Boston, Massachusetts, to San Juan, Puerto
Rico, with an e route stop at Newark, New Jersey. According to the ceptaln, the Boston
to Newark flight was normal.  Flight 935 taxied frcm the Easterr Afilines
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ramp at 1057, 1/ received an instrument flight rules (IFR) air traffic control clearance,
and was directed to runway 22L at Newark International Airport for takeoff.

The aireraft departed the airport ut 1125, using & reduced thrust takeoff
power setting of 1.522 engine pressure ratio (RPR). The takeoff and initial climb were
normal. According to the flightcrew, as the alreraft was climbing through
800 feet, 2/ they noted that the yellow warning light for the No. 2 engine fan airborne
vibration monitor (AVM) had illuminated momentarily, indicating an abnormal level of
vibration, then went out and did not come back on, Using the broad hand vibrator filter
selector, the flight engineer determined that while the No. 2 engine N, and Ng4 rotor
readings were normal, the N, rctor reading was high and off scale, The fl}ghterew stated
that when power was reducea at 1,000 feet in accordance with the normal procedures all
AVM readings were normal. Shortly thereafter, the No.2 engine oil filter pressure
warning light, which measures pressure differential across the filter, illuminated
indicating that the filter could be blocked and that the filter may be operating in the
bypass mode. The flighterew then slowly retarded the No. 2 engine throttle to near idle.
Oil pressure was steady at 50 psi, and the oil quantity was 15 quarts, Both readings are
within normal limits. The captain directed the second officer to check the abnormal
procedures seetion of the Plight Manual for corrective action to be taken when the oil
pressure filter warning light illuminated.

All engine parameters, including AVM readings, were normal when the aircraft
was leveled at 2,000 feet in accordance with departure instructions. In accordance with
Flight Menual procedures, the {lighterew slowly reestablished climb power while
monitoring all engine instruments. According to the flighterew, as the aircraft climbed
through 10,000 feet, they heard and fel* a loud explosion accompanied by heavy aircraft
buffeting. They stated that there was no advance warning and that immediately after the
explosion numerous warning and caution lights illuminated,

The second officer called out that the No. 2 engine had failed and that
hydraullie systems A, B, and D had been lost simultaneously. There were no concurrent
pressurization problems. The No. 2 engine was shut down immediately, and the crew
performed the engine shutdown and mulliple hydraulic-system-failure cheeklists. Since
the No. 2 engine fire warning systems would not test properly, the flightere: discharged
the fire bottle as a precautionary measuce,

The flightcrew requested air traffic control elearance for an immediate
descent and landing at John F. Kennedy lLiternational Airport, Jamaica, New York. The
request was granted and the flighterew wes given headings to jettison fuel at 10,000 feet
to reduce aireraft gross weight from 393,1100 Ibs. to 545,600 lbs. Airspeed was reduced
from 320 to about 270 knots indicated airspeed (KIAS) to reduce buffeting. The captain
and first officer noted that their rudder pecals were Jammead in a neutral position.

. The flighterew. made. an approgch to John F, Kennedy International Airport
using elevators, ailerons, and differential fower for aireraft control. The aircraft was
ianded on runway 22L at 1212, Crash/fire/rescue (CFR) units were standing by and after
the alreraft stopped on the runway they inspected the extericr of the alreraft for damage
and leaks and determined that there was n» immediate danger. The captain taxied the

aireraft to a parking gete and the passengers and flighterew deplaned normelly; no one
was injurad,

:l:f All times are esastern daylight raving, besed on the 24-hour clock.
2/ Al altitudes are mean sea level.
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The sccident occurred about 1140 during daylight hours at latitude 40°11'N and
longitude 74°10' W. '

1.2 Injuries to Persons

uries Crew Passungers

Fatal

Serious

Minor/none
Total

1.3 Damage to Aireraft
Inspection of the afrcraft revealed that the No. 2 engine fan shaft had failed

and that the fan agsembly had moved forward about 12 Teet in the No. 2 engine inlet "S"
duct before breaking through both sides of the duct. (See figure 1.)

An inspection of the sireraft showed that a section of the No. 2 engine low
pressure compressor rotor (fan) module, including the dise, the blades, and an aitached
26-inch-section of the fan shaft, was missing from the engine. A colncidental
30-inch-section of the fan module fall-safe shaft was also missing. As the fan module
separated, it cut a spiral path through the inlet ("S") duct and struck the left side of the
fuselage about 9 feet forward of the engine's front flangs. The module then cut through
the afreraft fuselage, leaving & clear cruciform-type impact mark at the upper right-hand
side of the "S" duct.

The fan module created u 40- by 20-inch hcle on the left side of the aft upper
fuselage "S" duct and a 75~ by 88-inch hole on the right side of the duet as it passed
through. The rear pressure bulkhead was punctured in 10 places, with dents and scratches
over a 4-foot-square area. The aft center "C" lavitory was damaged slightly. A 8-inch
piece of a 1-inch-diameter steei rod, used to support the "S8" duet, was found on the floor
of tho lavatory. The rear pressure bulkhead bejow the eabin floor level was not damaged.
The "S" duct was damaged internaily from next to the fan blades forward about 15 feet,
Holes in the "S" duct coincided with the heles in the fuselage. '

Holes were punctured in the top surface of the horizontal stabilizer center box
beam. There was & hole in the forward spar web, but no holes in the rear spar. The left
stabilizer contained about 18 holes in the top surface and 2 holes in the lower surface.
The damuge pattern was from the top to bottom. The right stabilizer was not damaged.

H:I draulic Systemp~-There was damage to the components of hydraulic
systems A, B, C, and D. The A system return line frorn the rudder had been punctured
below and to the left of the main blded afr duct. The up nd Jown lines on the A system
stabilizer actuator were punctured. The B system pump presSure énd supply lines, which
zan outboard and below the bleed air duct, were dented in numerous places; however, they
were not punctured. Both lines on the B system stalilizer actuator were damaged
extensively and torn. The B system pump supply firewall shutolf valve was in the open
position. The C system pump supply line had several dents; however, there was no
leakage. The C system oump supply :irewall shuto?f valve was in the closed position. The
pump pressure line was not damaged. The extend and retract lines between the servo and
the stabilizer actuator were dented 18 inches above the sarvo unit; however, there were




Figure 1. --
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Holes in aft pressure bulkhead.
Figure 1,




no punctures or leaks. The rotract line on the D stabllizer actuator was broken at the 90°
elbow, three-fourths of an inch below the weld. There was a dent on the line about
10 inches above the break. The A, B, and D system fluid reservoirs were empty while the

C system reservoir was full. The B system brake pressure gage was 1,100 psi, and the C
system brake pressure gage was 2,200 psi.

Plight Ccntrols--The left--side rudder trim cables were severed and the
right-side rudder control cables were jammed by the "S" duct as it was forced outward to
the right. The "8" duct was jammed between the stabilizer front spar #nd the pressure
bulkhead. After the "S" duct wes removed, the rudder system operated normally. Only
the B system stablilizer actuator was damaged extensively . All stabliizer actuator shear

pins were intact. The horizontal stabilizer was positioned to 0°% The right-side servo
feedback rods were bent.

Elzewrical--The six generator feeder cables on the left side were damaged in
numerous places. Insulation was torn and abraded and & cavle was cut about 50 percent

through its diameter. Al of the small electronic wire hundles on the left side of the
fuselage were severed.

The throttle contro; cables for the No. 2 engine on the left side were severed.
The bleed air duct on the left side was punctured in two places and dented in numerous
places. One of the two temperature overheat sensor wires was broken,

Engine Fuel System--The No. 2 engine fuel supply line was punctured in two
places forward of the primary electrically operated fuel shutoff valve. Both the primary
and the secondary fuel shutoff velves were fcund In the oper: pocition and their electrical
lines were severe” The electrically operated fuel shutof{ valve at the rear wing spar was
in the closed position.

1.4 Other Damage

None,

1.5 Personnel Information

The flighterew consisted of a ceptain, first officer, and flight engineer. Al
were properly certificated and qualified for the flight. Eight flight attendants were
aboard the afreraft. (See appendix B.)

1.8 Aireraft Infoumation

The aireraft, & Lockheed 1,-1011-385-1 {(N3G9EA), was certificated, equipped,
and maintained in accordance with Federal Aviation Administration (PAA) requirements.
Three Rolls Royce RB 211-22B engines, which develop 42,000 pounds of static thrust each,
were installed on the aireraft. (See appendix C.)

The gross veight of the aircraft was about 405,000 pounds at takeoff, and the
center of gravity was within limits. At takeoff, the aireraft had about 87,000 pounds of
jet-A fuel on board.

1.7 Meteorological Inforn ntion

The surface weather observation for John F. Kennedy International Airport at
the time of the accident was: 800 feet scattered clouds, 4,500 feet overcast;




visibility~-5 miles; temperature — 74°F; dewpoint — 68°F; wind — 171° at 4 knots;
altimeter setting -~ 28.96 inHg.

1.8 Aids to Navigation

There were no reported difficulties with aids to navigation.
Communications

There were no reported communications difficulties.

1.10 Aerodrome Information

Newark International Airport and John P. Kennedy International Airport were
fully operational at the time of the accident, an there were no reported difficuties with
either aerodrome facility.

111 Flight Recorders

As required; the aircraft was equipped with both a coekpit voice recorder
(CVR) and a digital flight data recorder (DFDR).

A Fairchild CVR tape was brought to the Sufety Board's Audio Laberatory for
exam:nation and transetiption. The tape started with the aireraft on final spproach
20 minutes after the incident. Since the recorder's capacity is 30 minutes, {there was no
information pertinent to the incident on the tape. The audio quality of the tape was
excellent.

The DFDR was processed at the Safety Board's Flight Data Recorder
Laboratory. The recorder indicated the followirg information just before the engine
faflure:

Altitvde: 10,808 feet

Indicated Airspeed: 304 knots

Heading: 127°

Pitch: 2.2° nose up

Roll; 2.1° left wing down

Engine Exhaust Pressure Ratio {(EPR): 1.4437 (No. 1)
1.4745 (No. 2)
1.4261 (No. 3)

Immediately after the accident, the No. 2 ongine BPR reading went
momentarily to zero and then rose {» tha hirh stop and remained there for the duration of
the flight. o .

1.12 Wreckage and Impact Information

The fan moc e, which separated from the fan sheft and broke through the "S"
duct, fell in the Atlantie Ocean and could not be recovered.

1.13 Medical and Pathoiogical information

Not Applicabtile.




Fire
The in-flight engine fire had extinguished by the time the afreraft was landed.
Survival Aspects

The aceident was survivabie; there were no deaths or injuries.

1.18 Tests and Research

1.16.1 Powerplants and Metallurgical Examination

The RE~211 engine is manufactured by Rolls-Royce, Ltd., ~t Derby, Engiand.
Engine power to propcl the Lockheed TriStar (L~19f1) aircraft is provided by three
RB-211 engines. One engine is attached by a pylon to the underside of each wing with the
third positioned in the rear of thz fuselage below the vertical stabilizer. Eack
three-shaft, turbo-r'an type engine consists of a single-stage fan mountec on & separate
shaft driven by a two-shaft gas generator. Engine thrust is produced from two separate
streams--sicflow from the fan aud exhaust from the gas generator. The fan airflow
produces about 75 percent of the total thrust.

The engine has six rotating assemblies; the low-pressure compressor (LPC)
rotor or fan, the intermediate-pressure compressor (IPC), the high-pressure compressor
(HPC), the high-pressure turbine (HPT), the intermediate-pressure turbine (IPT), and the
low-pressure turbine {LPT). (See figure 2.)

Engine Modules-~The engine has been designed to break down into seven major
moduies. These are: (See figure 3.)

Engine Component _hjlodule Nvu.

LPC rotor (Fan) 01
IPC 02
Intermediate Module 03
High Pressure System 04
IPT & LPT Assemblies 05
Bxternal Gear Box 06
LPC Case 07

Under the supervision of the Safety Board, the No. 2 engine was disassembled
and closely examined at Bastern Airlines' John C. Ray Engine Service Center, Miami,
Florida. The investigation consisted of conducting a borcscope examination of the high-,
intermediate~, and low-pressure turbines, determining the axial positioning of the
intermediate- and low-pressure turbines, testing the electrical continuity of the airborne
vibration monitoring system, and removing the various engine fuel &nd oil pipes and engine
operating accessories. The engine fue! system components were functionall;;.tested. The
fuel and oil pipes were checked for blockages or obstructions. The -ngine was
disassembled by separating the seven basic modules and the modules were disassembled to
determine and document the condition of their parts. Pertinent torques and engine-build
dimensions were measured for each module and, where #pplicable, were compared to the
engine manufacturer's overhaul limit specifications. Pertinent modules were tested for
either oil pressure or oll passage flow. A deseription of each component and the detalls of
tliese examinations and tests follow:
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Propulsion System Genera! Arrangament

HPC
H3T

External
Gaearbox

*ain Rotating Assemblies

Figure 2. -- Propulsion System General Arrangement and Main
Rotating Assemblies.




Moduie 1
LPC Rotor (Fan)

Module 3
Intermediate Case Module 5

Mod'.le 4 IPT and LPT

P Svystem

lls"-Duct

Figure 3. ~- Module Breskdown of Engine.
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Low-Pressure  Compressor {LPC) Rotor (Fan) Moduie (01)--Thirty-three
titanium blades ure fitied to the titanium compressor dise which Is streamlined by a large
rotating nose bullet. The LPC shaft is supporiad by a roller bearing and a ball thrust
bearing snd the shaft p2s.es through the IPC, It is splined and locked to the LPT shaft.

‘The fan shaft separated in the shaft's reduced section area about 0.8 inches
forward of 'he rearmost cooling air passage holes. The recovered portion of the fail-safe
shaft, loiated concentrically within the fan shaft, had localized heat damuge. 7The
faii-safe shieft had fractured at the rearmost cooling air passage holes in the same
relative ares as the fan shaft, The characteristics of the surfane of tha fall-safe shaft
fracture were moderately irregular, jagged In appearance with tensile necking down, a
small clegrz2e ol torsion, and localized overheating. The most severe heat diseoloration
was nolec in the plane of the cooling air passage holes. The tubular bolt for the fail-safe
shaft and tie bolt's retaining nut exhibited localized areas of heat discoloration.

JPC Module (02)--The IPC is a seven-stage axial flow compressor. A ring of
fixed inlet guide vanes supporis the front bearing housing. Both the LPC and IPC roller
bearings aro located in this housing., Services transferred through these guide vanes are
ofl feed and scavenge, &ir vent and LP/I? rpmn {ndication wiring.

‘The outer pivot arin bushings to the front bearing housing assembly's variable
inlet gulcle vane were either missing or were dislodged from their installed positions, &s a
cesult of the engine failure. The outer two-fifths of the leading edges of the inter-
mediate-pressure compressor rotor blades and vanes were damaged by hard foreign
objects; the damage consisted of heavy gouging and tearing. The damage was « ost severe
at the stage 1 airfoils and gradually diminished in intensity and became more random in
the aft compressor stages.

- The sealing materinl installed inside the ocurvie coupling seal of the
intermediate-pressure compressor rear stubshaft was heavily rubbed; the heaviest rubbing
and metal-to-inetal contact weas over 120° of the seal's internal circumfererce. The
rubbing esulted from the s=al material's contacting the roteting fins of the low-pressure
location bearing: alr and oil seal.

The intermediate-pressure compressor curvic coupling seal lip had a
heat-iuced lobe that was about 2.5 inches in circumference by about 0.5 inch in height.
The area adjacent to the lobe was discolored by heat and the lobe's seal area was heavily
rubbed. Some of the sealing liner remained within the interior surface of the lobe.

Intermediate Module (03)--The IPC case is constructed of aluminium alloy in
the forward section and steel in the rear. The material of which the stator vanes in the
case are made correspoinds to the material of the section of the case in which the vanes
are lecated — sluminuimn and steel.

The comgressor rotor shaft has five titanium dises in the forward section and
two steel dises forming the rear section. Titanium rotor blades are used throughout. The
rear stub shaft is splined and locked t¢ the IPT shaft. (See figure 4.)

The front air seal knife edge fins of the low-pressure location bearing (LPLB)
air and oll seal were rubbed iown to about 50 percent of their normal height; the fins had
rubbed against the IPC rear stuoshaft coupling.
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The front and rear faces of the hydraulie seal fin were rubbed; the front face
was rubbed by the piston ring seal housing to about 0.600 inch from the fir tip. The rear
face was rubbed by the front face of the LPLB ball cage.

A heavy rudb he’l occurrcd between the riale member of the LLPLB air and oll
sen) assembly and the locacng land of the ring seal. The ring seal had als> rubbed end had

baen forced into its ring seal locating groove, fusing it into the ring sczal carrier housing.

‘The outer surface of the LPLB ring seal housing was heavily heat damaged and
was dry. Heat produced by the rubbing had discolored the inner diameter of the ring seal
housing. Heat discoloration was greatest at the housing's inner portion near the ring seal.
The piston ring was seized In its seal locating groove. Evidence of oil Jeakage was
observed bDetween the abutment faces of the IPC rear stubshaft and the LPLB oil weir and
between the abutment faces of the intermediate pressure location bearing (IPLB) inner
race front flange and the IPC rear stubshaft.

The low-pressure location bearing had deteriorated from intermittent spalling
of the bearing's outer race that encompassed 250° of its cireumiersnce. The area of
apparent fstigue spalling was biased toward the rear side of the bearing's race track. The
profile of the LPLB's inner race track was worn heavily and was elongated axiaily to a
width of 1.250 to 1.375 inches; the forward and rear lands of the inner race adjacent to
the track profile were also heavily worn. The bearing cage was extensively overheated.
The: bearing lonation lands were worn and the bearing cross grooves were filled with
dobris. The front half of the bearing cage was heavily rubbed on its frunt faze from
contact wita the buse of the hydraulic sesl fin, Molten material produced from the inner
track/ball wesr and brealkup had been deposited onto the front half cage tore for 160° of
its eircumference. The cage ball pockets were heavily worn. The rear oil catcher lip was
distorted rearward from wear and rearward movement of the inner race; it had come in
contact with the retention bolt heads of the low pressure location bearinig oil weir. The
main surface areas of the location bearing balls showed minor primary skidding type
damage with wear ranging between 0.007 1o 0.012 inches on the diameter of the ball. The
individual ball's wear pattern was uniform and the balls generally msintained their
sphericity. None of the balls had any visual appearance of secondary fatigue. All of the
balls had rendomly located slidiny flats, some of which were reoriented. ~ The flats’
spproximate diameter ranged from .125 of an inch to .75 of an inch; these flats could be
related to the inner race movement ir the fore and aft thrust directions.

e The oll scavenge cavity located in the intermediate pressure compressor rear
zwubsnaft contained a mixture of metal and oil sludge In the scalloped area of the cavity,
although none of the oil scavenge holes was clogged. The mating abutment faces of the
rear stubshaft of the IPC and the inner race front locating flange of the intermediate
pressure location bearing exhibited paths of leaking ofl and embedded fine metallio
particles which had formed seoring paths. - ‘ '

The ma‘tln;g abutment faces of the LPLB oil weir and the IPC rexr stubshaft
also contained embedded fine metallic particles, particle scoring paths, and oil -3tained
leakage paths. Ol passages were not clogged. : ,

The securing bolts to the IPLB outer race were siretched; the head of one bolt
had separated. As a resuit of stretching, a gep hed been created between the bolt heads
and the IPLB outer race.- The opening was 0.00185 inch at its narrowest separation and
0.050 inch at its maximum separation. The sealing bure for the IPLB support flange was
rubbed by the rear stubshaft rotating fins of the IPC. - A |

e .
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An airflow test was performed on the intermediate module oil system with no
significant findings. An oil-jet test was performed with the of jet undisturbed and the
intermediate pressure location bearing in i1s installed position. The il Jet flowed at

?ressures up to 56 psig; 100 percent of the oil-jet flow was ejected under the
PLB inner race flange. .

The internal gearbox assembly static-air and ofl~scal Ining was ‘vorn as a
result of contacting the high-pressure compressor stubshaft assembly air and oil seal tins.
All ¢f the seal fins had been rubbed over their entire circumference and the rub was about
0.010 inch deep. The abradable lining of the inte=nal gearbox ¢il collecting sleeve had
been heavily rubbed by the rotating sex! fins of the IPT shaft, ‘

High-—?ress_ure System Module (04}--This system is made up of the HPC, the
combustion chamber and outer ¢5se, and the HPT. The six-stage axial flow compressor

casing is formed by steel flanged rings which house the six rows of steel stitors. The
drum-type rotor is built from titanium ang steel dises with titanium rotor bla les for the
first three stages and steel for the remainder. The combustion section consist; of a fully
annular chamber fitted with 18 spray nozzle assemblies, 2 of which incorjiorate high

energy igniter plugs.

The leacing edges of all the high-pressure compressor blade sirtoils were
heavily damaged by foreign objects. The blades trailing edges wers less ‘damaged by
foreign objects than were their leading edges. The blade airfofl damrage beeame
progressively less severe in the latter atages of the high-pressure compresso. The stator
vanes and cases were also damaged. The stator vanes and blades were splattered with
aluminum debris and were oil-coated., : o - ‘

The high-pressure turbine nozzle guide vanes had a heavy buil Jup of metaltic

gplatter on their concave surfacas and on the leading edges. ‘Tie metalie splatter was
anes and had blocked some of the cooling air hoies, Tie high-pressure

turbine blades were intact and were not damaged, except for a fused metallic buildup on
the leadiing edges and concave sides. B I IR

| Low- and Intermediate-Pressure Turbine Module (05)--The roller bearing for
the single-stage IPT is located in the same ‘housing as the HPT bearirg. This housing is
supported by a febricated steel strueture which passes tarough the IPT nozzle guide vanes
to attach to the IPT nozzle case. The first-stage low pressure nozzle Zuide vanes are also
housed in this case. A separate LPT nozzle cass s used to hotse the second- and
third-stage low pressure nozzle guide vanes, - o : L

angential
the three-stage LPT dise and spaft assémblyg

: - Externally, the eiitire ‘modute wes intaet and was 1ot damaged. The only
discrepancies observed were secondary metil deposits on the ouier third of the cor:cave
sides and under the shrouds of the intermediate-pressure turbine: blades, all of the blades
exhibited metal splatter and leading-edge roughness. The lyw-pressure turbine seal
seginents exhibited heavy axial and radial rubs, :

The low-pressure turbine blade airfoils were intact and were not damaged.
There was no avidence of ény unusual wear on any of the blade tip seals, indicating that
no significant low-pressure turbine dise overspeed had occurred. The low-pressure
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turbine stage 1 dise bore and outside diameter were within specified limits, also indicating
that the di=¢ had not been subjected to a significant overspeed condition.

’ External Gearbox (08)--The external %parbox, including the engine oil system
tark, is mounted on tha lower left-hand side the LPC case. It provides drives and

mounting pesitions for the following units:

front face - ofl pumps
air starter
hydraulic pumps (2 positior:s)

rear face fuel pumips
fuel regulator
indicator genreraior
In:tegratad drive generator

The gearbox was examincd and was found to b2 in normal ¢ondition.

LPC Case Module {07)--Two circular cuses extend from the engine intake to
the firewall diaphragm. The front section is steel and is thickened opposite the
compressor rotor blade tips to form a blade containment ring. Titanium is used for the
rear section and steel outlet guide vanns are bolted to it. The inner eads of these guide
vanes ars welded to a steel case which surrcunds and supports the LPC. Tw» piston-type
bleed valves are located on the steel outer support case and when open will bleed air from
the last stage of the IPC. The LPC case modul® aitrilion liner was intact but slkghtly

d-maged. There was no other damage to the modtle, . |

Oil Syctem--All of the engine oil pressure, scavenge, ard venl pipes were
flushed out In order to determine f any of the [.pas leaked o contained any foreign
dGebris., None of the pipes were fouid to leak, iwo of the oil pipes contained foreign
debris. The debris way fallu: e~generated, carbon-like and metallic materials from witinin
the engine. '

Metallurgical Bxamination--The No. 2 em;ine low-pressure location -bearing
end associated components, a section of [ractured fan shaft, u section of fractured
fail-safe shaft, and the fan shaft thrust ring were examined at the Safety Board's
rietallurgical laboratory | o

: " Metallurgists determined that the far shaft had separated as n result of
torsior.al overstress while subjected to localized heating at temperatures above the
transformation temperature of the materlel 730‘ C (1350°F .

The. LPLB contalned masswe mechanic*al dama'g@ ‘which aliowed excessive
axial and radial movement within the bearing assembly. Rubbing of associated
components was consistent with the excessive axial and radial movement produced by tlm
failed bearing assermbly. L

1.17 Additional "ﬁlfOﬂﬁﬂi@g

1.17.1 Low-Pressure Location Bearing

The RB~211 low-pressure spool is suppoited on two roller bearings, cre at the
LPT and the other just aft ¢f the fan, and a ball beuring near the shaft center in the 19C
case. The bell bearing remets to all low-pressure spool thiust leads ~nd io called
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the low-pressure location bearing (LPLB). The LPLB constitutes an intershaft bearing
between low-pressure &nd intermediate-pressure spools, and thus at maximum takeoff
thrust the inner race rotates a«t 3,380 rpm and the outer race at 7,140 rpm (clockwise
fr-m the front). Both races and the 15 balls are made of hardened high strength tool steel
(18 percent tungsten, 4 percent chromium, 1 percent vanadium), This Is not a highly
corrosion-resistant material. Normal hardness is Rockwell C 40 and melting point is
1,510 °C. Normal LPLB operating temperature is about 240°C. The two-part bolted ball
cage is made of silver-plated low ailoy steel. Overall diameter of the bearing Is about 14
inches and each ball is 1.1039 inches in diameter. (See figure 5.)

1.17.2  lubrication System

Mominsl total lubrication system cupacity is 38.7 gquarts »f oll, including 23.7
quarts in the tank; consumption is 0.95 quarts/hour. A single-gear pump in the external
geerbox supplies pressurized oil to the engine via a pressure filter. If the filter becomes
bloecked, the clement is bypassed automatically and the engine oil filter pressure warning
light illuminates on the flight deck., Low-prssiire and intermedia’e-pressure location
hearings are supplied by a single oil jet. (See figure 6.) This jet sprays oil toward an
anaular slot formed between the IPC stubshaft and the IPLB inner race; typical cateh
efticiency is 60 percent for the RB-211 engine, Under centrifugal forces, part of the oil
entering the slot passes outward through a passage in the IPLB inner race to supply the
bearing; the remaining oil passes forward and nutward to a weir through holes in the IPC
stubshaft and in the weir flange. The oil supply must eross the two flanged jcints between
the IPLB inner race and the rear IPC stubshaft and between the stubshatt end the ofl weir
to reach the weir. A lip on the afi side of the LFLB cage catches oil being thrown
outward after spilling over the weir lip for LPLB lubrication. Tege passages distribute oil
within the bearing.

_ . Oil leaving the LPLB collects in & cenirifugal sump in the arza of the LPLB
outer race. Oil leaves this sump through overspill holes in the IPC stubshaft arranged to
mali tain a constant sump depth. In addition, these loles are angled to form a hydraulic
trap air seal between the LPLB chamber and the remainder of the gearbox. Qil leaving
the sump through the overspill holes joins other scevenge flows in the gearbox emd is
returiied to the tank by one of the four scavenge pumps through a magnetic cnip detector
and strainer, and the fine s:avenge filter. - o |

1.17.3  Alrborne Vibration Monitoring (AVM) System

| The AVM system continuously senses et indicates engine vibration levels and
- provides a visuel warning of excessive vidretions or an out-of-balane- condition in the
main rotating assemblies. Bach engine has tvwio vibration accelerometers, one mounted on
‘the fan and the other mounted on the turbine casing. A push-button switeh (PAN) selects
the fan transducer for all enginas, and & second push-button switch (TURB) selects the
turbine transducers for &ll engines. The switches should not be selected simultaneously
sinee erroneous resdings would be displayed. Transducer output signals pest through
junction boxes In the interservice fairing to an airfreme mounted condition monitoring
unit where they are filtered to remove extraneous !requencies and smoothed. A single
control, the broad band vibration filter selector, selzcts one of four frequency hands for
all three ungines:
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Selection:

N, - Corresponds to low-pressure rotor rpm (100% = 3,802 rpm. 89.5% at
mhximum take oft (MTO) thrust)

N, - Corvesponds to intermediate-pressure rotor rpm (100% = 7,000 rpm.
102% «t MTO thrust)

N, - Corresponds to high-pressure rotor vpm (100% = 10,811 rpm. 95% at
MTO thrust)

NOKM - Broad band filter covering Nl, Nz, and N3 range of 3,000 to
11,000 rpm.

Filtering s effective from just below cruise to takeoff rpms. The spool
frequency filters enable an out-of-balance spool to be identified by selecting each band in
turn. All contrcls and indicators are on the sezond officer's panel, and on this 1,-1011
excessive AVM signals also iluminate the single latched amber status caution ligh® on the
pilot's caution and warning panel. This feature was deleted on many Lockheed afreraft by
Lockheed Optional 8B 093-77-039 because of AVM reliability. Since the recent accidents,
further AVM maodification has been initiated to increase reliability.

Almost all of the preaccident AVM system malfunctions manifested
themselves by large fluctations in gauge indication, frequently as a result of intermittent
open circuiting of transducer leads. If the circuit opened permanently, the gauge would
indicate zero and the caution light would not illuminate.

1174  Pailure History

Since the RB-211 engine was introduced to airline service in June 1971, there
have been 258 LPLB in-service fallures as of April 4, 1982, in about 10 million hours of
engine operation. Flectwide statistics for 1981 indicate 0.024 LPLB fuailures per 1,000
operating hours. Coinparable hearing failure rates for the Pratt and Whitney Alireraft
JT9D and the General Eleotrle CF-8 engines are 0,001 per 1,000 operating hours. Since
Novcmber 1878, there have been seven known ceses of fire in the area of the LPLB as a
result of bearing fallure. There was shaft overheat in six instances and the shaft failed in
three cases, including this instance,

- There have beun two previous similar fan shaft fallures. The first, cn May 25,
1931, involved an Eastarn Alrlines L-101l's No. 3 ¢ngine failure. The circumstances were
similar to this aceident, except that the LPT rotor assembly oversped and relessed stage 1
tutbine blades from their attachments; *he released blades completely ruptured the LPT
cupa circumferentially. OIil starvation caused the LPLB balis to rub together which
reduced their size by about 0,130 inch in diameter. The ball material was redeposited
onto both the inner and outcr races,

- The second incident, on August 10, 1981, involved a Delta Airlines L-1011's
No. 3 engine. The LPT rotor assembly also oversped and released the stage 1 turbine
blades) the released blades completely ruptured the LPT case circumferentially in a
manner simllar to that experlenced in the Eastern incident; however, in: the Delta
incident, the 'ail-safe shaft retained the fan module. The LPLB exhibited characteristics
similar to thosie shown in this aceident.
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Rolls Royce reviewed all previous L.PL3 tajlures and categorized 44 as severe,
Of the 44 severe failures, there were 18 suspected incidents of overheated fan shafts.
Therefore, the manufacturer selected 10 engines thet had suspected fan shaft overheais
(failure or softening) for detailed investigation. They are:

Engine
Serial No, Airline Date Comment

10101 Eastern 9/22/81 L¥LB failure with oil fire in
ilight. Fan shaft failure resulting
in loss of fan module.

5/25/81 LPLB failure with oil fire in
flight. Han shaft failure resulting
in loss of fan module.
8/10/81 LPLB failure with oll fire in
flight. Fan shaft fallure but
fail-safe shaft retained module.
10206 Bastern /15/80 Fan shaft softening.
12024 British 8/12/18 Fan shaft softe..ing.
14025 Saudia 8/24/31 Fan shait softening.
10103 Eastern 7/5/81 LPLB failed on2 hour after repair. 4/

10197 Transworld 6/2/81 LPLB failure with oi. fire. Pire
to rear of 03 module. 4/

10030 Eastern 7/19/81 Flash tire in turbine shaft on
EAL test stand. 4/

10627 Eastern 9/7/81 LPLB failure in ﬁlg’ht. 4/

For the 10 selected engines, Rolls Royce conducted an ext-nsive study of possible
causal factors. These included engine/modite component history, modification standards,
designated engine disassembly reports, fligiht log and line Inaintenance data, test-cell
history, on-wing performance history, and operational procedures, A Ufe history of each
module by serial number from 0 time to the present was com:leted on the 10 engines and
ail reportable events identified. The various modification <iandards:ineofporated since
the engines were new were determined in addition to specific changes incorporated in
each module at its last shop visit. Disassem®>ly reports were completed. Events
associated with the flight data logs and line muintenance reports were reviewed. An
analysis of the test-cell history of the failed engines was completed; all of the engine
parameters were within normal data-scatter bands. The manufacturer concluded that the
study did not reveal any abnormal or unacceptable condition that would cause or
contribute to the types of failures that were experienced,

4/ Pan shaft wss not softened by fire.
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The engine manufacturer's test results indi:raied that there are negligible
dif{erences on bearing loading when takeof! power {3 appiled to an engine that hrs just
been started when compared to bearing loading after the engine has becn operating for
saveral minutes. The engine maniufacturer indicated that a pretakenff warmup is
heneficial to engine performance and has recommended that the operator employ specific

mln)imum engino warmup periods before takeoff (5 minutes for cold engines, 8 minutes for
hot).

Of the 10 selected engines, 8 had steel interinediate cases. (A majority of the
in-service engines are equipped with steel intermediate cases; therefore, the exposvre for
steel cases i3 high.) The engine manufacturer has rot been able to assoclaic the steel
intermediate case configuration with the LPLB failures and oil-generated fires. Falluras
have typically occurred shortly after shop maintenance; eight of these failures oceurred
within 400 hours after the engine module's last shop visit. These fsilures have not
necessarily involved intermediate module disassembly, and the manufacturer has not been
able to correlate these low operational times with the subsequent fallures.

The engine manufacturer has completed a page-ty-page comparison of shop
maintenance procedures used at Eastern Ailrlines with Eastern's ovechaul manual, the
engine manfacturer's overhavl jnanuval, and new engine maintenance instructions., The
comparison covered procedures for IPC rear stubshaft and besring assembly and the
intermediate case buildup required to complete the intermediate case module.
Additionally, the comparison covered the removal and refit procedures for the fan
module, the high-pressure system module, and the low- and intermediate-pressure turbine
module, including any necessary powerplant operations.

The only differences noted in this comparison were: (i) the engine
manufacturer's Service Bulletin 72-4402, which specifies installation of a bevel box steady
bracket for the high-speed gearbox drive for the steel intermediate case, had been
deleted from Eastern's overhaul manual; (2) Eastern's overhaul manual specifies Loectite
joint compound to be used on the LP and IP location bearing's outer race flange bolts; and
{3) Bastern's Work Control Directive specifies "OMAT.28" joint compound on the LP
location bearing outer rear flange. The engine manufacturer stated that the only relevant
difference found is that the engine manufacturer's and Eastern's overhaul manuals call for
Loctite joint conipound on the LP and IP location bearing cuter race flange bolts while the
manufacturer's engine maintenance instructions do not.

1.17.5  Flighterew Instructions

The section of the Eastern Airlines L-1011 FPlight Manual in effect on
September 22, 1981, pertaining to powerplant abnormal procedures states:

ENGINE VIBRATION .

If other evidence of engine malfuaction or During steady runmng conditions,
significant increase in airframe vibration vibration level limits are:
substantiates AVM Indications: 0 2 1/% units (warning
ENGINE...ciovssrsrsvrersasere, SHUTDOWN lights illuminate), or

Do not relight unless a greater emergency 0 Sudden increase of 1

exists, unit or more.
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If no evidence of 2nmine malfunction or
significant increase in airfraine vibration
substantiates AVM indications:

F[LTER SBLECTO_ROH.MM...Q.HHNORM ‘

Compare FAN and TURB pickup Indications
separately.

If both piekups ecnfirm high vibration:

THROﬂ‘LEiitl.QOtlttO.!l.ll.iREDUCE TO lDLE
If vibration level on both pickups follows

the power change: Indicates fallure of engine
BNGI}JEQC.llilt‘...t..l‘........OiSH'JTDOWN ro,-atlng mmbly.
Do not relight unless a greater emergency :
eXiStS. |
OIL FILTER PRESSURE LIGHT ON The FILTER PRESSURE

light indicates oil filter
clogging. This may or may

not be the result of a mechanieal
faflure.

ON GROUND

Takenff prohibited.
Call Maintenance for investigation.

IN FLIGHT

OIL PRESSURE ...evvee- evenene . MONITOR
O!L QUANTITY .....“......‘.F...MONITOR
I‘VM I.‘O...."........l..'.'.......“..MONITOR

If normal:
Record and report.
No further action necessary.

. The following temporary revisior No. 16 was Issued by Eastern’Airlines on
October 16, 1281: | - . |

BACKGROUND

In September, Eastern experienced its second RE211 engine inflight fan shaft failure, the
third such incident to oceur on L-1011 aireraft Industry-wide recently. Although the
cause of these failurea has not yet been positively determined, all incidents were preceded
by abnormally high engine vibration detected on the AVM. This TR reflects mandatory
revisions to procedures and system requirements per Airworthiness Directive T81 21/51.
These procedures and requirements are intended to promptly alert the flight crew to
indications of possible impending engine failure and immediate actions required to

preclude the failure from occurring, Rolls-Royce, Lockheed, and the FAA continue to
investigate the incidents and further rulemaking is expected.




SYSTEM REQUIREMENTS

The following must be operating for dispatch:

o The complete AVM system.
0 All oil FILTER PRESSURE lights.

NORMAL OPERATING PROCEDURE

Prior to tekeoff, the FAN Pickup Selector must be latched in (ON illuminatad) with
the TURB Pickup Selector out (ON extinguished). The Filter Selector must be in the

NORM position.
NEW EMERGENCY PROCEDURE

ENGINE VIBRATION

During steady running conditions,

If the AYM indicates a sudden increase
of 1.0 unit or more, or exceedis 2.5 units
(warning light setting)

IMMEDIATE ACTION

THRO’ITLBCCOI.QOO.'Q.COCORBDUCETOIDLE
BNGINB..'..I.OI.i...l.'......SHUTDOWN

Do not attempt engine restart unless a
greater emergency exists.

NEW ABNORMAL PROCEDURE

AVM SYSTEM MALFUNCTION
If the FAN channel becomes Inoperative:

FAN PICKUP SELECTOR.ueeetee. OUT
TURB PICKUP SELECTOR...ccciedIN

If total loss of AVM indication for one engine
occurs:

ENGINE.OHD.lllli...‘.ll.lll..SHUTDOW“
Unless a greater emergency exists.

This applies even if the excursion
above limits is of short duration
with the incication returning

to normal.

When holding or descending in

heavy icing conditions, the AVM
may gradually increase to as much
as 2.5 units (warning lights setting).
No action 18 required unless there
are other indications ¢f engine
malfunction, in which case the
engine must be shut down. Vibration
due to icing can be alleviated

by the use of 90% N, for 5 seconds.




NEW EMERGENCY PROCEDURE

OIL FILTER PRESSURE LIGAT
ILLUMINATES STEADILY

IMMEDIATE ACTION

THROTTLBQ..C L 2K L IE 2N B BN LN B B I IREDUCE To IDLB
BNG!NE.C.'.. LB L B B B BN B ....Q..OSHUTDOWN

Do not attempt an ¢.'gine restart unless a greater emergency exists.

Clb A Mmoo+ sk e
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2. ANALYSIS

The aircraft was properly certificated and had been n:aintained in accordance
with approved procedures, The cifferences in build procedures between the operator's and
the engine manufacturer’s overhaul manuals were not significent. There was no evidence
of preaccident failure or malfunctior of the aircraft systems, structure, or flight controls.
‘The flighterew was properly certificated and qualified for this scheduled interaationsl
paissenger flight. They held currert medical certificates. Weather was not a factor in
this aceident,

2.1 Flightcrew Actions

The flightarew's immediate reaction to the AVM light was to reduce power on
the No. 2 engine to near idle. The second officer used the broad band vibratlon tilter
selector to check vibration in the different sections of the engine. were
normal. s corresponding to the intermediate pressure compressoy, m%s hlgh a"hd off
scale. At t?ia time, the oil filter pressure warning light illuminated, but all AVM readings
were normal and stayed normal for the rest of the flight. Consequently the oil fiiter
pressure light was the only remsaining system to warn of lmpending engine failure,

The Safety Board believes that had other clues of impending engine failure
occurred, such as constant or stead' indications of AVM off-scale or in excess of
2 1/2 units, the assoctated amber AVM warning light, loss of engine oil pressure and/or
engine oil quantity, signlficant increase in eirframe vibration, loss of engine rpmm and
thrust, rapld deerease or increase in exhaust gas temperature or N rpm rotor
overspeeds or decreases, the flightcrew would have immediately s *\ut %ows the No. 2
engine. However, since those clues of impending engine fallure were not in evidence, the
crew reacted to available cockpit engine instrumentation readings and events as they
occurred, and the Safety Board concludes that the flighterew acted in accordance with
the appropriate procedures in existence at the time of the acoident. FPlight manual
procedures and minimum equipment list requirement:s which were modified on October 16,
1981, expanded flighterew procedures for an AVM event or a ofl filter pressure warning
light and required a compleiely operative AVM system for fligl . These procedures and
requirements were made mandatory for all operaters by FAA a.rworthiness directive on
February 11, 1932.

2.2 Mnehﬂumﬁeglm

The initlating event in the LPLB fallure was an inadequate oll supply to the
bearing because of ofl leaks between abutment faces of the IPC rear stubshaft and the
LPLB ofl weir and leaks between the abutment faces of the LPLB inner race locating
flange and the IPC rear stubshaft. Each of these interfuces had evidence of oli leakage
path stains and foreign debris entrapment. (See figure 7.)' The LPLB oll supply system
does not provide a positive ofl feed to the bearing, but rather a "slinger" type is used to
lubricate the bearing. Since the oil supply jet was not positive and sinte lexks occurred
across the flanged abutment faces, probably as a result of poor mating of these surfaces
following overhaul, the LPLB inner race flange may have become distorted at high power
settings. The Safety Board belleves that the "slinger" oil supply and oil leaks at the
abutment faces are major factors in LPLB distress situations.

The inadequate supply of oil allowed the LPLB sssembly | t¢ overheat and
provided a temperature high enough to induce bearing outer race fatigue spalling, which in
turn would have induced ball tigitening and rubbing in the bearing cage pockets. The
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bearing cage as’m the bw,wime I mm lands wlso- wovzld have rubbed tognther, cmmng |
the eago i@ é}xtmnd, These factors, in addition to high centeifugal foree loadings, would
allow the balls to grind and skid, 'I‘hﬁ coniclition of the bearing's inner race and bells.

indicated that the balls were skidding and grinding into the hearing‘q inner race track in
- hoth the fore and aft dxmutiom; as &huwn by the contaur mateh of the i:-allq relative ta
i?lé‘* nearing's imor vace track, -

| ‘The Pr"f*d(}ml!’i&!"st wear i ma.malre pmt@m ovcurred at the front of the
bearing's inner reee. - This failure pattern indiented that gross bat‘l c‘liumg w ke 3)‘«“3‘" when
the eﬂmfme WwAas z‘)pemﬂn:f ata i*P}é’&ﬁV@ low power. »:(nt ting. 5/

Examination rawminej thm the Inner rear faﬁ@* bt t‘tm LPLB mn@r eace and the
forward lp of the ofl weir had come iato contact; the contact was caused by vearward

axial movement of the inner races These contact marks indicated that the LP system wes

rotating when the LPLB way dia;ﬂaoed rearward. This would have further reduced oil flow
hatween the LPLE bearing’s mner rage anﬁ the. 011 welr Pnd thereby redueed oil flow to
the LPLB itself. - . o | o L

The L]'LB f&ﬂura c?isplaced ilw IPC rear stub&hafl eurvic eoupling segl
members axially afid radiauv from their installed positions, -causing heavy rubbing whieh -
generated heat among v&mnus IPC rear stubihatt ebupling seal membars, Components
softened by the heat Inelude hydmuli:x sogl fin, the ring seal, the ring seal housing, and
the IBC rear stubshafi couphng air_seal. The IPC rear stubshaft curvie coupling seal
Qiiing was rubbed mhd grooved to the. extent that a dull blue heai-induced lobe was
produced. The dull blue aolor of the seul’q rietal’ hmng indicated that the heat-induced
lotie had been expossd to. tempemtureq near #00°C, This lebe forn ed a gaqeous pathway
toward the fan shaft snnulus ares. The hydraulle seal fin had also been displaced and was
rubbed at vevevai pla' es by tne Lﬁ’LB cage, the ring sedl, the ring seal housing, and the
“sipgeal sround the IPC rear. stubshafl coupling wiuch wesultcd in th«&1 ]03‘3 of the hydrauM ¢
~ geal's radiel and mzi'xl i':tearal placﬂam@m. g

The rm\g tpiston, snal houtsmg am} the rmg (gistm} seal whieh jg. adjacc*rat to ‘a.hd
hydraulic seal fin were also rubbed heavily, Oil level-typ2 marks present on the cear face
of the ring seal housing arm suggest that different levels of oil were present-in the ring
sea) housing/hydraulic seal owity The ditferences in ot} levels indicated that the normal
capillary-type seal between the. hydrauih. seal and the ring seal: housmg had been
- compromised, thus allowing’ LPLB oil’ to eject inte the. fan shaft area., The oil that
esesped was mixed with prewuri ed oy f:'om two sourcas and was injested into the fan

- shaft annulus area, The first source was the oil scavenge a'-avity, laoated between the LP .
-and IP location basm[ngs, which is pressuri zed by Tth stage vompreﬂsur air to 39 psig with

the engine operating at e¢limb power. Additmnal prmsummﬂ air is.provided from the IPT
Ppressure seal; it iss preyssumzed t@ 24 psig. Tha oll wap: E’aporim*d and. wag ignited by
confact with the ,hmﬂ seil memb &gs, re*;ti‘tmg in # stabillz@d:rﬁi An- th ‘;nn sha:t and the_
fail safe shat‘t ﬂmlmus sxt'ea. (S b figure. &) | RS SN

,-.‘ N .' ‘*'

5/ When the englne s operating at ’ﬂgh pawer eonditivns, the *Jer'tor fcarcfns BEZ00 iatedff-”"‘

with comprogsor rotatlon are direoted forward, Howaver, thd rearward directed veotor

. forees asnociated with fhe rotational demng forces of the rompiensor’s mating turbine ave

greater than the compressor driving forees; therefore; the predominant loads experienced R

by the location bearings are direcied rearward.: When the engine 1§ operating at alow
power eonditicm, the converse ig frue, thus lcaﬂmg the location bearings in'a forward
diveciion. . The eugine manufucturdr estimated that these loads ave about 4,000 Ibs
mm-:lmurm in a rearward dmec*inn, at ‘Wa ié”‘\!(—"i tgknﬁi’f tm*mn, nmnjit;-nns& ;sgm 3{3@1‘{ 1,5_"!3@
to 2 ﬁﬂﬁ !bq m.mzimur:‘f ln a fo ‘ward m. vtlon, dumg ?ow pmu r operwtmg cmxd:.tior.—:m
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e dabilized iwe degraded the mai Q‘i‘*fri‘d pi*u],xerii@s. of %I’ae* mmhimi wmﬂt'm r}f S
the fan shaft end caused the dhaft to fall o toralonal and sheneing wode,  Thi

dagradation of material propuirtios was evident by the dseoloration patievhs on ‘the fan

}shw% froviurs surfacs which indicated fhai the nrsa«.mije!,awnt to the fn H~f%ﬁfﬂ shnft
Traeture mso reachsd g temporature probably in excess of 9007 . The recavared seation’
of the fail-safe shafi exhibited rapid tenslle/torsiongl overtoad fz*a;emv yowinde h 19 80-

wm).rred B3 a result mi" eRPOSUre to thess high ii.‘[!ll;“é?l‘*r?\ﬂ[‘f)m

' As a result of the fan and fail- safe shefis frsctires and i)m mwmimla {}f thc |
'zuan module from Hy ingtalied positlon, the engine surged. The engine surge &:Lppéu'ently

reulted from the combination of (1) inlet air How perturbationd eavaed by the fén module

separation after the fan wes peleased from the LT rotor assemily sid (2) the ingestion of
separated Inlet duet soetions. The engine surge apparently prevented the pelensed LPT
rotor assembly from overspeeding and 4 mmmgmu goag fU Hdin the two previous :

inegidents. Instead, the veleased fan moved 1‘okurr.,l ua the m}fat ﬂunt abrmt 9 feui m\far
()é*ru:utr‘a'cing through the &1c!<as of the dueh | -

g e

4!.&* | Azldn?iaomi ch'ra;ﬁf Damqge -

: As the fzn module mwed £ mward f'llrd separs. ter.l thi‘mx,gh the 1i(§!‘w sislﬂ cvf the
8T duet, it exienslvely damaged the sireeaft's atructurs and: systoms. - While the damage,

ingluding penetration-of the pressurized vabin, probably affected the zaﬁ.mc-tura} mtegrlty

of the vertiesl stabilizer, the pen.etmtion aree was §0 8 ull that *'hc%t*fa was no°Ho 'w able' |

dexgradaﬂm of cabm pres ISUre,

" the most significant damage whinh &i’iente*d thea f*a;,n*mn"‘t ahilitv f() &:ftxntx*ﬂlj
the alrersft was the disabling of three of tlie aiveraft's four hydesulie systems and the
damage to the rudder control cables. The L-1011, like all modern wide- bodied ai!'arﬂi’t,jj-

depands upon the integrity of some hydrauife svrvices foe Dight control. . Redundaney is

buflt inte the sy%tem such that each of the four. hydraulic systems is independent and e&ml.
‘provides pariial power to maintain flight egntrol abotit eachof the sirarufi’s control uxes.

The systems are physiceliy separated so that norinelly damage inflieted to a small srea of
the alreraft will not affeet all of the hydesulic systems.- 4 separation’sf the entive fan
‘module, however, was not c'cmside'vrm m 4 post :mle pecurrence during the design of the -
akeframe and, this, was ot an'influencing factur-in the placement of redundant systems,
The extensive spread of debris from the fan module severed the fluid lihes of threa of the
hydremllc systems, = The fourth. systern sustained » damaged line; however, it was ot
severetl and fluld pressure copacity was retained. The system whh,,h remained providid
‘eontrol to the horizontal gt tabilizer; the inbosard ailemné, the’ rufddevr, the outboard spoileit, ,
“the trailing edge flaps; the leading odge &la cn, the landing gfear, HosR whewl stwrin[{, am U
_‘ihi’ aJ ternate wheel _breake As*yrstem.; ; |

‘ , Y ‘?f!’ié{’ tmt fr! drmr ('1)1111’01 c.ablcns Wq}re ‘Jﬂmmsfd, pwwz}tmg thes’";,ﬁ ,
- mavement 0f th&' rudder E‘&iiﬂls; Qin l“Mddl‘r editrol and noge; Wha%l ste@: ag‘a-wthe controls ~
“for which are Interconected {o' the rudder controi cablei--were tenderad i inogierable,

* Nevertheless, sufficient flight eunf“ro] ‘WaS avsmilmslsﬁ Tor me @aptaxim t0 Iuml and qu tkmgi';

, awm'af £ wrthout furtl ey mcid@m., : Co

‘ ~ The fan. mo{mm df-'brih ﬂ}% dﬂmaggwd he: f:; &J{*‘h.“iftal Wtrez btmdieﬁr uml g,urmmtw; o

| ffmnder cables to the No. 8 -ohging-deivon ganerm‘om However, all essential el fegtvlend -
- gervices ra?mamrad ﬁpt}t’ﬂble #hruuuh vhe ti»e lms vhi:vh i:fie‘rwmwm ﬂ;a QRPEY ‘&f‘i g thied 0
,eleaetmeal pcawwf sources, L x : y e
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‘Thus, the Safety Board belleves that, while this aceident clearly demonstrates
the potentinl for a catestrophic aceldent as a result of a separation of & mejor engine
component which could cause mafjor structural damage or render multiple redundant

systems inopaerable, the accident nevertheless demonstrates the walue of system
redundancy in the design philosophy of modern transport ¢ategory aleerait. |

3. CONCLUSIONS
.1 Findings

1.  The alrcraft was properly certificate¢ and had been maintained in
accordance with approved procedures.

The nightcrew Was properly certificated and medically qualified for the
flight.

There was no evidence of preaccident feailure or malfunction of the
aireraft systems, flight controls, or structures,

Weather was not a factor in this secident.

Ol leaks between the abutment faces of the IPC rear stubshaft and the
LPLB weir and between the abutment faces of the IPLB inner race front.
flange and the IPC rear stubshaft resulted in an inadequate lubricating
ofl supply to the LPLB.

The LPLB failed because the inadequate supply of lubricating oil caused
an increase In the bearing's operating temperature as & result of
increased friction.

The increase in the LPLI's operating temperature reduced bearing
operating clearance gnd caused individual balls and the bearing' cage to
‘Ei.t.. .

The LPLB failure allowed an axial and radlal displacement «:f the curvie
coupling seal members of the IPC rear stubshaft.

The displacement of ‘he seal members allowed oil to escape from- the
. LPLB and ignite on the hot seal members, creating a stab; hzed fire in
- the fan shaft and fail-safe shaft annulus arwa.

The fan shaft feiled in torsicnal shear because heat had degraded the
shaft's material properties.

| 'l‘he hot gases from the fan shaft annulus fire were earrned through the
cooling air passages of the fail-safe shaft, overheated and weakened tlm
fafl-safe shaft, and led it to fail in a torsinnal end tensile mode. :

Inlet flow disturbances and duct-section ingestion aftev the fan shatt and
fail-safe shaft released caused the engine to surge; the engine 3urge
preventgg an overspeed of the LPT rotor assembly. ~
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13.  The fan module moved about 12 feet forward in tne inlet duct and exited
throvgh the sides of the duet,

14, The oil leaks were most likely caused by poor matiﬁ{g‘ of the abutment
. surfaces, -

3.1 Probable Cause

The National Transportation Safety Board determines that the probable cause
of the accident was thermally induced degradation and consequent failure of the No. 2
engine low pressure location bearing because of inadequate lubriention. Oil leaks between
the abutment faces of the intermediate pressure comprassor rear stubshaft and the low
rzressure location bearing oil weir and between the intermediate pressure location hearing
nner front flange and the intermediate pressure compressor resr stubwhaft reduced the
lubricating oil flow to the low pressure location bearing which increased operational
temperatures, reduced hearing assembly clearance, and allowed heat to build up in the
bearing's bails and cage. The besring failure allowed lubricating oft to spray forwerd into

the low pressure fan shaft area where it ignited into a steady fire; the fire overhested the = -

fan shaft and the fan fail-safe shaft both of which falled, allowing the fan module, tn move
forward and break the No. 2 engine duct. This ceused extensive. domage to the
aireraft's structure and t control systems. The oll leaks were siost 1tKely caused by
pior mating of the abutment surfsces. : - o -

4. RECOMMENDATIONS

~ The Safety Board believes that this accident grephically illustrates the
patential hazards of an uncontsined failure in a large turbine engine operating at high
po>wer. Further, the Safety Board recognizes that the lerge fragments and rotating
components that are released from large turbine engines cannot always be contained
within the engine or the nacelle structure with state-of-the-art materials and technology.
The Safety Board realizes that during normal operational circumstances, these types of
faflures oceur infrequently when compared to the total number of engine operationsl
hours, Nevertheless, when such a failure does occur the consequences are potentially

. The Safety Board recognizes the continuing efforts by the Pederal Aviation
_Administration, the National Aeronautics and Space Administration, tiie Department of
Defense, arnd engine and aircraft manufacturers to develop new materials and technology
to alleviate or minimize the hazards of uncontained engine fallures. The Safety Board
urges.that ail these parties continue their current efforts and expand-them to develop new
naterials and technology to minimize these hazards. The fafety Board also believes that
the FAA and the manufaeturess should review their design and installation eriteria based
¢n service experience gained as a result of uncontained failures to assure that the
instcliation design for critieal alreraft components minimize their susoeptibility to
damage in the event of a massive fallure, reccgnizing that these -efforts cennot be
expected to apply to the separation of an entire module such ap occurred in this accident.

. As a result of its Investigation of an uncontained engine failure on )Lir Florida
DC~10-30F, N101TV, at Miam! International Airport on September 22, 1981, the National
‘Transportation $afety Board recommended that the Federal Aviation Administration:

i
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Escped!?.e‘ the publication of guidance material for acceptabie
‘means of compliasice with ‘14 CFR' 25.803(d)1),' which includes
compliance documentation by failure mode and effect enalysis,
provides for rotor fragment energy levels and paths bised on cases
of severe in-service damage, and refiects advances in enolytical
techniques and concepts which have taken place since certification
programs of the early 1870's, (Class 1I, Priority Action) (4-82-38)

Actively encourage researsh and development in esntainment
technology and engine reliability, includirg basie design concepts,
manufacturing processes, and maintenance faciors to detact and
prevent impending faflures. ( .iass H, Priority Action) (£~82-39)

| ~ Al3o, as u result of the Bastern Alrlines Flight 935 aculdent and-the previous
Incldents, the engine mariufi cturer, the aireraft manufactirer, and L1011 opétutors have
adopted short-, Intermediute-, and long-term corrective actions with respect  to
engine-build proceduies and the installation of new configuration parts. These esrrective
actions follow: : - I

Short Term--The engine manufecturer revised the engine overhaul manual
with respect (o proceduros te be adopted when building up the IPC rear stibshaft
assembly. These procedures recninmend restoration of the IPC and LPC rear stubshaft
Learing and ofl welr location faces whenever the module is worked ofi. Additionally, the
engine manufacturer has developed fmproved, stronger niaterial for the IPLB fnner race
retention bolts (1/4 inch). These bolts are torqued to 150 in-lbs as coposed to 109 in~lbs
for the replaced bolt and are to'be installed any time that the intermediate module is

exposed.

Intermediate Term--Larger diameter (5/16 inch) IPLB inner race retention
belts are also being provided with torque values of 280 In-lbs. A twin axial ofl jet has
been installed to increase the oil supply to the LPLB, : |

A fan retention device has been fnstalled, featuring two snubber rings designed
to engage each other in the event of a fan shaft failure. The retention device functions so
that if the chaft fails, the fan's forward movement is iimited by the snubber ring. The fan
retention device was successfully tested on an engine et fuil power In early 1982, The
FAA has issued a proposed airworthiness directive requiring  installation of the fan
retention devices on all RB-211 engines in a timely manner. 3 o

The engine manufacturer alse has indicated that the above modifications are
being developed with a target cate for parts avajlability early in 1982, These
modifications are being designated as "Packages 1B and 3" by the engine manufacturer.

Long Term--The engine manufacturer {8 condueting an extenaive design and
daevelopment program to modify the front sealing arcangerent t¢ the LPLB area, The
engine manufacturer has indicated that the target for introducticn' of _modifiad engine
parts Is toward the end of 1982, _

Eastern Alrlines--As a result of the May %5, 1981 fallure, Eestern and other
RB-211 operators modified their Intermediate module buildup procedures o require hand-
stoning of the LPLB and IPLB and the LPLB ol welr sbutment faces which could
potentially be subject to abutment face oil leaks. New LPLB inner race vetention bolts
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are also being installed during each intermediate module buildup. Specific new inspection
provedures were instituted for fan shafts that were involved in LPLB failures, Eastern
has al> bagun oil aampling of removed L~1011 engines that were performance monitored
or evaluatsd in Bastern's engine test cells.

In August 1981, Eastern began a fleet campaign te check engine ol samples on
sll of its L-1011 sircrafi that remained overnight at its fo-flitler in Miami. It also
introduced grinding and ping; to replace the previously requived handstoning of the
location bearing abutment feces. Al suspect fan shafts involved L serious LPLB fajlures
were removed and were returned to the engine manufacturer, '

~ As a result of this accident, Eastern retained a bearing expert to investigate
the LPLB problem; the besiing consultant spent & days investigating the LPLB bearing
groblem at the engine and bearing manufacturer’s lacilities and is currently evaluating the
LPLR design through a Netional Aeronauties and 3pace Administration bearing evaluation
program. Eastern has also dbegun installation of the LPLB bearing inner race retention
bolts made of stronger materisl, and torquing these boits to the engine manufacturor's
proseribed limiis. Eastern has also begun a controlled 30-day program of engine %il
snalyses and magnetic chip detector inspections of engines installed on L-1011 aircraft

which remain c¢vernight in Miami, Atlanta, Join F. Kennedy international Airport; ——- -

Newark, Boston, and Los Angeles. As new and raplacement engine components becoma
available, Eastern intends 10 incorporate the intermediate- and long-term comnponenti
replacoments as specified by the engine manufacturer.

BY THE NATIONAL TRANSPORTZTION SAFETY BOARD

/s/ JiM BURNETT
Chalrman

/s/ PATRiCIA A. GOLDMAN
fice Chalrman

/s/ PRANCIS H, McADAMS
Member

e/ . H. PATRICK BURSLEY
Wember

June 1, 1082
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Preceding page blank

5. APPENDIXES
APPENDIX A
INVESTIGATICN AND HEARING

1. Investigation

f
The Safety Board was notified of this aceident about 1230 on September 22,
1981. A partial team of investigators was dispatched immediately from the Safety
Board's Headquarters in Washington, D.C., and arrived in New York about 1600. . Working
groups were established for systems/structures, powerplants, maintenance records,
metallurgy, flight data recorder, and cockpit voice recorder.

Parties to the investigation were the Federal Aviation Administration, Eastern
Airlines, Rolls-Royce, Ltd.,, Lockheed Aircraft Company, Airline Pilots Assoclation, and
the International Association of Machinists.
2. Hearing

A public hearing was not held, and depositions were not taken.
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APPENDIX B
PERSONNEL INFORMATION

Captain

Captain Adam C. Kagel, age 58, holds Alirline Trsnsport Pilot Certificate
(ATP) No. 439446 with ratings for airplane single/multiengine land. His first-class
medical certificate was issued on April 16, 1981, Captain Kagel had about 21,600 total
flying hours with 1,649 hours fn the L~1011 at the time of the aecident.

First Officer

First Officer Richard B. Donica, age 40, hoids Airline Transpor. Iilot
Certificate (ATP) No. 155 9112 with ratings for airplane single/multiengine land. His
first-class medical certificate was issued on March 2, 1981. Pirst Officer Donica had
about 9,095 total flying hours with 861 hours in the L~1011 at the time of the acecident.

Second Officer

Second Officer John L. Barrett, Jr., age 49, holds Flight Engineer Certificale
(PE) No. 1926279 with a turbojet rating. His first-class medicai certificate was issued on
Februrney 27, 1981, Second Officer Barrett had about 11,239 total flying hours with
4,695 hours i the L~1011 at the time of the accident.
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APPENDKX C
AIRCRAFT INFORMATION

Lorckheed L-1011-385-1, N309BA, manufacturer's serial No, 193A-1010, was
delivered to Bastern Airlines by the Lockheed California Company on July 25, 1872, and

has becn operated continuously by Eastern since. The aireraft's total time on September
22, 1981, was 23,902.44 hours, with 12,149 total sircraft cycles.

B e N ol e Sk i

;\{he aircraft was equipped with three Rolls-Royce Model RB-211-22B engines.

Engine No. 1 No, 2 No. 3
; Seriai Number 10131 10101 10j03 I
) Time Since Installation 3778 hrs, 87 hrs. 118 hrs.
Time Since Restoration 3778 hrs. 87 hrs, 118 hrs.
| Total Time 19,165 hrs. 17,780 hrs. 18,356 hrs.

Total Cycles 6,876 8,367 9,389

Date Installed 5/14/60 9/11/81 9/4/81

Cyecles Since Restoration 1,868 46 67

The records review indicated that the aircraft had received the following
inspections: '

Last "A" Check Segment 9/16/81
Last "C" Check Segment 6/10/81
Last "D" Check 4/1/79

Bastern Airlines L~1011 continuous airworthiness program entails the following:

The "A" checks are accomplished every 260 flight-hours and are scheduled in
two segments at 130-hour intervals. A 15-hour window is epproved for possible scheduling
problems.

The "C" checks are 405-day periodic service inspections scheduled in three
segments of 135 days each.

The "D" checks are primarily structural evaluations and restorations of the
aireraft and are scheduled at 8-year intervals for first cycle aircraft, at 8-year interval
for second cycle aireraft, and at 5-year intervals for third and subsequent cycle aircraft.

A review of the Airworthiness Directives (AD's) was accomplished, and the
records indicated that all applicable AD's were recorded and complied with. Service
Difficulty Reports submitted to the FAA since the No. 2 engine was installed on
September 11, 1981, were reviewed and did not reveal any significant problems.

Y et n L+ o

No. 2 Engine History

The engine, S/N10101, was installed on the accident aireraft on Septeniber 11, ;
1981, following restoration and testing at the facilities of Bastern Airlines in Miami, . /
Florida. The restoration was generated by a cracked high pressure turbine blande.




APPENDIX C -36-

On September 13, 1981, the following ciscrepancy vias entered into the log

During rotation momentarily loss of power on No. 2 engine. All
parameters low, about 1,2 EPR, Power came back after lift off

- with all parameters back to normal. Check N, power overspeed
pointer. On a go around in MIA power and perameters normal.
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Corrective action taken:

N2 overspeed sensor checked and found to be normal. Note:
Engine 0.K. on go around in Miaml and request outbound crew to
give more detailed information if any problems encountered.
Please give enroute parameters on top section of log book.

Outbound flightcrew entered the following note:
"As per request page 35 this log No. 2 engine appears normal."

The times/cyecles on No. 2 engine 03 Module/LPLB at the time of the
accident were:

Total Tirie 03 Module S/N AM553 11,462 hrs.
Total Time Since 03 Module Restoration 2,900 hrs
Total Time Low Pressure Location Bearing S/N P102 11,841 hrs.
Time Since Restoration Low Pressure Location Dearing 2,900 hrs.

The low pressure locating beaving restoration war accomplished in accordance
with an EAL engineering order. Review of the engine records indicated that all required
AD's had been complied with and that the engine hed been meintained in accordance with
BAL approved maintenance program. All life-limited and time-controlled components
are computer controlled and were shown to have been within the required time limits,
ineluding inspections and checks. |
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