
Uncontained engine failure, Airbus A300-605R, October 19, 1993

Micro-summary: This Airbus A300-605R experienced an uncontained engine failure
on climbout.

Event Date: 1993-10-19 at 1001 PDT

Investigative Body: National Transportation Safety Board (NTSB), USA

Investigative Body's Web Site: http://www.ntsb.gov/

Cautions:

1. Accident reports can be and sometimes are revised. Be sure to consult the investigative agency for the
latest version before basing anything significant on content (e.g., thesis, research, etc).

2. Readers are advised that each report is a glimpse of events at specific points in time. While broad
themes permeate the causal events leading up to crashes, and we can learn from those, the specific
regulatory and technological environments can and do change. Your company's flight operations
manual is the final authority as to the safe operation of your aircraft!

3. Reports may or may not represent reality. Many many non-scientific factors go into an investigation,
including the magnitude of the event, the experience of the investigator, the political climate, relationship
with the regulatory authority, technological and recovery capabilities, etc. It is recommended that the
reader review all reports analytically. Even a "bad" report can be a very useful launching point for learning.

4. Contact us before reproducing or redistributing a report from this anthology. Individual countries have
very differing views on copyright! We can advise you on the steps to follow.
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 History of the Flight

On  October 19, 1993, at 1001 hours Pacific daylight time, an Airbus A-300-605R, N41063, experienced
an  uncontained engine failure during climb-out from Los Angeles International Airport, Los Angeles,
California.    The  airplane  was  being operated as a scheduled domestic passenger flight to Miami,
Florida,  under  Title  14  CFR  Part  121,  when  the incident occurred.  The airplane, operated by
American  Airlines  as  flight  number  915, received minor damage to the fuselage.  Two flight crew
members,  both  certificated  airline transport pilots, 8 cabin crew members, and 76 passengers were
not  injured.   Visual meteorological conditions prevailed.  The flight departed Los Angeles at 0959
hours.    The  pilot  reported that after departure from runway 25R, about 6,000 feet mean sea level
(msl),  a  loud  bang was heard followed by "engine fire" and "reverser unlocked" annunciator lights
in  the  number  one  engine.    The  number  one  engine  instruments decreased to zero.  The pilot
discharged  the  number  one engine fire extinguisher and declared an emergency.  The first officer,
who  was flying the airplane at the time, proceeded to return and land on runway 25R at Los Angeles.
 There was no evidence of fire.  The passengers disembarked the airplane at the terminal gate.

Aircraft Information

The  airplane  had  accumulated  a  total time in service of 13,905.07 flight hours and 5,515 cycles
since  being  delivered  on  February  2,  1989.    The most recent inspection, a phase B check, was
accomplished  on September 24, 1993, 175 flight hours and 72 cycles before the incident.  The number
one  engine  had  accrued  1,328  hours  and  520  cycles  since April 30, 1993, when the engine was
installed  on  the  airplane.   The most recent engine inspection was accomplished during the latest
phase  B  check  listed  above  for  the airplane.  The engine's 3-to-9 compressor spool had accrued
11,094 hours and 4,404 cycles since new.

Compressor  rotor  blades  (airfoils)  are  attached  to  the compressor spool in stages (rows) that
rotate  between  alternating stages of fixed (stator) vanes.  Air, taken into the engine through the
fan  section,  passes  through  successive  stages  of compressor rotor blades and compressor stator
vanes,  being  compressed  as it passes from stage to stage through 14 stages of blades.  The 3-to-9
compressor  spool  is  a  one  piece  forging  that was originally produced from a 13-inch billet of
titanium.

Flight Recorders

The  airplane's digital flight data recorder (DFDR) provides aircraft and engine parameters that are
recorded  by  sample  numbers  within  the  recorder.  The DFDR sample number 90793 at 1001:50 hours
indicated  that  the  airplane  was  climbing  through 6,203 feet msl, at 241 knots, on a 197 degree
magnetic  heading.  Beginning at sample number 90794, also recorded at 1001:50 hours, the number one
engine  fan  speed  (N-1)  suddenly  decreased to flight idle and the engine parameters decreased to

NoNo

AirplaneA-300-605R          Airbus Industrie

1978Off Airport/Airstrip

PDT100190009    CALOS ANGELES    

NTSBIncident

None10/19/1993

N41063LAX94IA018 
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near  zero  within  10 seconds.  The engine event occurred over the Pacific Ocean about 8 miles west
of the Los Angeles airport.

During  the  initial  readout  of  the  DFDR  data, performed by the operator, it was noted that the
recorder  lost  data  synchronization at or near the time of the number one engine failure, and some
data  was  not  recovered.    The  DFDR  tape was sent to the National Transportation Safety Board's
recorder  laboratory  where additional, but not all, data was recovered.  An examination of the DFDR
tape  was then conducted at the Transportation Safety Board of Canada (TSB) where the remaining data
was recovered.

Wreckage and Impact Information

Safety  Board  investigators  examined the airplane at the operators maintenance facility on October
19  and  20, 1993.  The airplane received damage to the left side of the aircraft.  A large quantity
of  nicks  and  gouges  were  visible  along the inboard leading edge slat, underside of the inboard
section  of  the  left wing, and along the left side of the fuselage from the wing root aft to about
the  lower  navigation  light.   The 8th stage check valve and a small portion of compressor section
airfoil  from  the  number  one  engine  were found embedded in the left side of the ram air turbine
fairing.  The wing and fuselage were not punctured by any debris.

Examination  of  the  number  one  engine revealed that the right side of the engine's high pressure
compressor  case  was  ruptured  in  an  outward  direction.    An  8-inch  wide  hole  was oriented
circumferentially  from  about  an  11  o'clock  position around the right side to about a 3 o'clock
position.   Engine ducting, tubing, and hardware were separated or bent outward in areas adjacent to
the  compressor  case  opening.    The  lower right side of the compressor case exhibited an outward
bulge.    Examination  of  the  compressor section revealed that the 6th stage segment of the 3-to-9
stage compressor spool was missing entirely from the engine.  The engine pylon was not damaged.

No  metal  splattering  was  visible  in the tailpipe.  The fan disk and low pressure turbine turned
freely.    The aft portion of the compressor rotor and the high pressure turbine turned freely.  The
forward  portion  of  the  compressor could not be rotated.  There was no evidence of foreign object
damage (FOD).

The  right  fan  duct inner flow path exhibited about a 12-inch wide hole adjacent to the compressor
case  rupture.    A  34-inch  wide  section  of  the  right  side  thrust  reverser  cowl,  oriented
circumferentially  from  about  a  12 o'clock position to about a 5 o'clock position, separated from
the  engine  and  was not located.  The upper thrust reverser cascade segment, oriented on the right
side  of  the  engine,  was bent upward.  The center cascade segment was separated from the cowl and
not  located.  The lower cascade segments were still attached.  The lower latches holding the thrust
reverse halfs together were found still latched.

Beginning  on  October  26,  1993, Safety Board investigators conducted an engine examination at the
engine  manufacturers maintenance facility in Ontario, California.  The compressor/stator module was
separated  from  the  other engine modules.  The upper case half of the high-pressure compressor was
removed  and  revealed  that  the  entire 6th stage disk of the compressor rotor (3.329 inches wide)
separated  at the spacer lands between stage 5 and 6, and at the spacer lands between stage 6 and 7.
  Compressor  rotor  blades  attached  to  stage  1  through  stage 4 exhibited leading edge damage,
trailing  edge  damage,  and  blade  bending.    Stage  5  rotor  blades  were  broken off entirely.
Compressor  rotor  blades  in  stage  7 and aft received extensive damage including numerous missing
blade pieces. 

The  compressor  stator  inlet guide vanes were bent in a clockwise direction.  The inner shrouds of
the vanes exhibited rotational damage and removal of large slivers of shroud material.

The  fan mid-shaft, located through the center of the compressor rotor assembly, exhibited about a 1
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and  1/2-by  3-inch  circumferential gouge in the plane of the 6th stage disk.  Areas of splattering
of  metal  were  visible  adjacent to the gouge.  The mid-shaft also exhibited a bright scoring mark
adjacent to the high pressure compressor rear bumper bearing.

The  engine manufacturer reported that the absence of significant impact damage to the fan mid-shaft
and  axial  cracks  in  the remaining pieces of the 3-to-9 spool was consistent with a separation of
the  stage 6 disk due to a bore to rim crack.  Disk rim initiated separations have shown damage that
goes  beyond  a  single  disk  in  which  axial cracks propagate through the spacer arms to adjacent
disks.  This type of crack was not apparent in this incident.

Tests and Research

The  engine manufacturer reported that the 3-to-9 high pressure compressor spool for this engine was
forged  from  6-2-4-2  titanium.    During  the  production  history of the spool (26 years), it has
progressively  been  forged from one piece 16-inch billets, to one and two piece 13-inch billets, to
one  and  two  piece 9-to 10-inch billets.  As a result of previous spool separations, all one piece
spools  are  subject  to  various  service  bulletins  that call for a one-time immersion ultrasonic
inspection.  Service Bulletin 72-418 applies to CF6-80C2 engines.

As  a  result  of  the  immersion  ultrasonic inspections, 12 CF6-50 16-inch billet spools have been
found  with  cracks  or  crack-like  indications.    No CF6-50 13-inch billet spools have been found
cracked.   One 13-inch CF6-80C2 billet spool was found cracked prior to this incident.  These cracks
have  been  attributed  to  a  phenomena  known  as  "Dwell  time  Fatigue"  (also  referred  to  as
"Quasi-Cleavage Cracking").

Dwell  time  fatigue  is  characterized by flat, faceted internal crack initiation that may occur in
areas  subjected  to  high stress at low temperature over a period of time.  Susceptibility to dwell
time  fatigue  is  associated  with  the  presence of regions of microscopically aligned colonies of
alpha  phase  titanium  crystals.  The colonies are aligned so that the basal plane is perpendicular
to  the  axis  of  stress.    The  colonies  form naturally during the billet manufacturing process.
Subsequent  billet  reduction  and  part  forging  normally  breaks  up and randomizes the colonies;
however,  they  may  persist  into  the  final part, resulting in a structure that is susceptible to
fatigue over time (dwell time) under certain conditions.

Both  halves of the 3-to-9 high pressure compressor spool (stages 3-5 and stages 7-9) were subjected
to  a  metallurgical  examination  by  the engine manufacturer.  The results of the examination were
reviewed  by  the  National  Transportation  Safety  Board  Materials  Laboratory.   The examination
included  an  inspection for cracks, voids, inclusions, and cracked/voided hard alpha anomalies.  No
such  discrepancies  were  found.    Residual  stress  measurements, taken at the stage 7 bore area,
indicated  that  the  part was within specifications.  Photomicrographs of material from the stage 5
disk  area  revealed  a  uniform  microstructure.  Material from the stage 7,8, and, especially, the
stage  9  disk area revealed evidence of the aligned alpha colony structure that has been associated
with dwell time fatigue.

Including  this  incident,  there  have been four uncontained failures involving the 3-to-9 spool in
CF6-50  model  engines  (16-inch  billet)  and  one  in  the  CF6-80C2 (13-inch billet).  The engine
manufacturer  indicated  that  of  the  CF6-50  failures, three were attributed to a "type 1" defect
(hard  alpha)  and  one was attributed to dwell time fatigue.  The failure mode for the stage 6 disk
of the incident spool (CF6-80C2) has not been determined.

The  engine  manufacturer reported that there were seven additional 3-to-9 compressor spools (sister
spools)  forged  from  the  same  heat-lot as that of the incident spool.  Examination of the sister
spools has not revealed any cracks.

The  engine  manufacturer  reported that there were eight heat-lot sister spools from the only other
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previous  CF6-80C2  compressor  crack  that had been found in a 13-inch billet.  Examination to this
point  of  the  sister  spools  has  resulted  in  rejection of two spool assemblies for dimensional
variations; however, no cracks have been found.

Additional Information

From  January  24  to  February 13, 1994, the engine manufacturer conducted an underwater search for
the  missing  compressor  spool  segment.    The  search utilized remotely operated cameras and side
scanning  sonar  in  ocean  depths of about 250 feet.  Examination of the ocean bottom revealed rock
outcroppings and limited visibility.  The search did not locate any engine or aircraft hardware.

The  engine  manufacturer  reported  that an engineering and metallurgical evaluation to address the
CF6 3-to-9 compressor spool issues is still in progress.
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Additional Persons Participating in This Accident/Incident Investigation:
HENRY   POLCHOW
FAA-WP-LAX-FSDO
LOS ANGELES, CA 

JOEL   NELSON
AAL  PO BOX 619616
DFW AIRPORT, TX 75261

ROBERT   RECCHUITI
GE  PO BOX 156301
CINCINNATI, OH 45215

RON   ROSS
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