Uncontained engine failure, Continental Airlines, Inc., McDonnell Douglas
DC-10, N68041, Tucson, Arizona, May 2, 1972

Micro-summary: This McDonnell Douglas DC-10 experienced an uncontained engine
failure including the near-total loss of the #2 engine from the airplane.

Event Date: 1972-05-02 at 1252 MST (approx)
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.

Aircraft Accident Reports on DVD, Copyright © 2006 by Flight Simulation Systems, LLC
All rights reserved.
www.fss.aero
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SPECIAL NOTICE

This report contains the essential items of informa-
tion relevant to the probable cause and safety message to
be derived from this accident/incident. However, for those
having a need for more detailed information, the original
factual report of the accident/incident is on file in the
Washington office of the National Transportation Safety
Board. Upon request, the report will be reproduced com-
mercially at an average cost of 15¢ per page for printed
matter and 85¢ per page for photographs, plus postage.
(Minimum charge is $2.00.)

Copies of material ordered will be mriled from the
Washington, DN. C. business firm which holds the current
contract for commercial reproduction of the Board's publiec
files. Billing is sent direct to the requester by that
firm and includes a $2.00 user service charge by the Safety
Board for special service. This charge is in addition to
the cost of reproduction. No payments should be made to
the National Transportation Safety Board.

Requests for reproduction should be forwarded to the:

National Transportation Safety Board
Administrative Operations Division
Accident Inquiries § Records Section
Washington, D. C. 20591
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NATTONAL TRANSPORTATION SAFETY BOARD
WASHINGTON, D. C. 20591
ATRCRAFT INCIDENT REPORT

Adopted: October 18! 12@

CONTINENTAL AIRLINES, INC.
MCDONNELL DOUGLAS DC-10, N68041
TUCSON, ARIZONA
MAY 2, 1972

SYNOPSIS

Continental Airlines, Inc., McDonnell Douglas DC-10, N680OL1, on
a crew training flight, departed from Tucson International Airport, Tueson,
Arizona at 1152 mountain standard time, on May 2, 1972. There were nine
persons on board the flight.

Approximately 1 hour after departure, the No. 2 engine low-pressure
turbine assembly, turbine rear frame, and reverser assembly separated
from the aircraft. The crevw conducted a standard in~flight engine shut~
down procedure and landed the aircraft at Tucson Intermational Airport
without further incident st 1306 mountain standard time. There were no
injuries.

The National Trsnsportation Safety Board determines that the provable
cause of this incident was the failure of a stiffener ring on the pressure
tube located within the high-pressure turbine shaft of No. 2 engine. This
failure resulted in a condition of rotor imbalance which precipitated a
sequence of component failures culminating in separation of the aft
portion of the engine.

As a result of the investigation of this incident, the Safety Board
recommended to the Federal Aviation Administrator on June 22, 1972, that
the provisions of General Electric Service Bulletin (CF6-6) 72-1T77, which
proposed adding a sleeve tube to strengthen the high-pressure turbine
pressure tube, be enforced at an early date. The Board further recommended
that "C" sump boresccpe inspection and engine cil consumpticon monitoring,
similar to the procedures recommended in General Electric Alert Service
Bulletin (CF6-6) AT2-2732, with attendant appropriate action, be required
until an improved "C" sump assembly is provided.
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INVESTIGATION

Continental Airlines, Inc., McDonnell Douglas DC-10, N680L1, departed
from Tuecson Internmationmal Airport’ (TUS), Tucsom, Arizonma, at 1152 m.s.t. 1/
on May 2, 19T2. The purpose of the flight was to conduct type ratings for
captains and training for second officers.

Approximately 1 hour after departure, the aircraft was at an altitude
of 5,000 feet m.s.l., in the Ryan Radio Beacon holding pettern. The
training schedule called for ome circuit of the holding pattern prior
to commencing the VOR DME 2/ approach to TUS. As the sircraft completed
the last 45° turn from the fix and onto the outbound leg of the holding
pattern, the crew felt a mild vibration. Shortly thereafter, the second
officer instructor reported zero oil quantity arné zero oil pressure on
No. 2 engine. Immedistely thereafter, the No. 2 engine low Oil pressure
and master warning lights came on, the No. 2 engine reverser unlock
lights flickered on and off, and a thumping sensation was noted in the
cockpit. The crew then shutdown No. 2 engine, and the aircraft returned
to TUS, landing on Runway 11L at 1300.

Ground inspection of N680k1 revealed the No. 2 engine low-pressure
turbine (LPT) assembly, turbine rear frame (TRF), and the turbine
reverser assembly had separated from the aircraft. The aircraft sustained
minor demage .ncident to the loss of the aft section of No. 2 engine.

There were no injuries amoung the nine persons aboard at the time of
the incident.

N66041 was ferried to the Continental Airlines maintenance base at
Los Angeles, California, where a detailed examination was initiated. The
reraining portion of No. 2 engine was removed for shipment to the San
Francisco, California, maintenance base of United Air lines for shop
examinaticn. Most of the missiag portion of the engire had Leen recovered
from the ground near Tuecson and had been shipped to the San Francisco
facility for examination.

During teardown examination of che engine, it war discovered that
the failed components relevant to the in-flight separation were a
stiffener ring of the high-presswre turbine (HPT) pressure tube, the "C"
sump assembly, the No. 5 main bearing, the LPT shaft, and the turbine
midframe (TMF) to IPT stator case retemticn bolts.

Examination of the "C" sump showed the presence of cracks in the No.
5 and the No. 6 bearing housing cone support area. Further examination in

1/ All times herein are mountain standard, based on the 2k-hour clock.
2/ VOR DME - Very High Frequency Ommizirectional Range with colocated
Distance Measuring Equipment.
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the metallurgical laboratory revealed 24 fatigue crack segments of a
nature indicatirg rapid progression. Ther= was evidence of an Intemse
fire in the "C" sump/IPT hub area.

Upon disassembly of the HPT, the forwerd stiffener ring was found
separated from the pressure tube. The location of the stiffener ring
and sbrasion markings, both on the ring and the inside of the turbine,
indicated that the turbine had been rotating with the ring against the
inside of the HPT front hub and the front face of the first-stage turbine
disk. The fracture surfaces of the stiffener ring indicated fatigue-
¢rack propagation under very high-frequency loading. The weld zones
or the two other stiffener rings were also cracked, but these rings were
still in their proper position.

The No. 5 bearing assembly was devoid of residual oil, and showed
evidence of overtemperature. The inner race indicaged heavy side loading
end skidding, ang was cracked circumferentially 270" through the roller
path. About 160" of the forward portion of the inner race was broken
into small pieces, but the race was in position prior to disassembly. The
outer race was cracked at the anti-rotation slot, at the § ofclock
position, with the appearance of short-duration fatigue marks or a portion
of the fracture surface. The bearing retainer was cracked, and eight
rollers had been released. Roller flattening as a result of skidding
was in evidence.

The oil jets of both No. 5 and No. 6 bearingé were open. The outer
race oil line of the No. 5 bearing had been broken off at the fitting.

. There was no residual oil in the No. 6 tearing, but the bearing was
intact and did not show evidence of overtemperature. Also, the silver
plating of the retainer was intact. The heat shield for No. 5 and No. 6
bearings was burnt, torm, and bent 90  from its normal positicn.

The Ko. T-bearing showed no evidence of oil stgrvation or overheating.

The firste-stage LPT disk had separated from the second-stage disk
at the bolt circle. Forty-three consecutive first-stage blades had
separated through the airfoil root. The remaining blades were deformed
and severely gouged on the rear side of the shroud. FEleven shrouds were

broken away. The trailing edges of the airfoils were geverally gouged
end torn.

The second-,th.ird—,ana fourth-stage LPT disks and the separated portion
of the LPT front hub had remained together.
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ANALYSTS

e in-flight loss of a portion of the No. 2 engine was the result
of a progressive structural failure which originated with the fatigue
fracture of a stiffeper ring in the HPT assembly.

The three stifiener rings, the forwardmost one of which was found
feiled in fatigue, had been an "add on" fix by the engine manufacturer
to prevent failures of the pressure tube, which carries cooling air
through the HPT hub and bell-shaped HPT shaft. The rings had been
secured to the tube by circumferential welding.

Taere had been a history of weld cracking in both the CFS engine
and the military counterpart, the TF39 engine. However, General Electric
reported that in the total of 300,000 hours of combined military and
commercial engine time, this was the first known instance of cracking of
the ring itself. After the forward stiffener ring welded bond in the
subject engine was dissipated, and the ring itself cracked through
radially, centrifugal force would have operated to spread the ring until
it was thrown off of the pressure tube and lodged agzinst the maximum
ID 3/ area of the shaft, at the forward face of the HPT first-stage
disk. Witk the ring in this position, it is estimated that the resulting
turbine imbalance would be in the order of 46 inch-ounces.

Once the broken and displaced stiffener ring created an unbalanced
condition, and thus applied vibrational stress to the "C" sump, fatigue
cracks were induced in the "C" sump support cone. The large number of
fatigue cracks, their pattern, uniformity and short duration characteristics,
all provided confirmation that the failed stiffener ring had been the
initiating element in the overall engine failure sequence. It was
noted, for example, that three fatigue progressions emanated from each
of four design holes in the support come, and four from each of the
remaining three holes.

One effect of the final fracture of the "C" sump cone support was to
allow a portion of the No. 5 and No. € bearing housings to rotate. This
rotation brought about rupture of the bearing oil lines.

During the course of this investigation, it was noted that there head
been "C" sump replacements in several other CF6-6D engines because of
cracking in airline service.

There was evidence of an intense fire in the "C" sump and ILPT hub
area. It was deduced, therefore, that an air-o0il mixture was formed

3/ ID-Inside Diameter.
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from the released ¢il upntil the oil fire was set off by the normally
high temperatures in the area. The additional heat from the oil fire
then overtemperatured the LPT shaft hub section, reducing its strength
until failure occurred. Vibratory stresses from the rotor imbalance
undoubtedly contributed to the failurse.

The No. 5 bearing failure would have developed as a result of a
combination of housing misalignment, vibration forces from turbine
imbalance, and oil starvation after oil line rupture.

After most of the rotating portion of the LPT assembly had broken
100se, the last major failure in the sequence occurred at the rear
flange of the TMF when the bolts attaching the LPT stator case failed
in overload.

The engine manufacturer has been working on an Zmproved "C" sump
and has also issued Alert Service Bulletin (CF6-6) AT2-273, dated May &,
1972, as interim remedial action. This bulletin prescribes the
inspection of the "C" sump and oil consumption monitoring as a means
of detecting an incipient "C" sump failure.

Cracking of the ring welds bonding the stiffener ring to the HPT
pressure tube has been a problem. In order to reduce the cracking of
the weld bonding to the stiffener ring, the engine manufacturer issued
Service Bulletin (CF6-6) 72-17T on March 28, 1972.

CONCLUSIONS

From the investigation of this incident, the Board concludes the
following:

l. The failure of a stiffener ring on the pressure tube

within the HPT initiated the progressive engine structural
failure.

2. Turbine imbalance developed when the failed stiffener ring
became dislocated within the HPT assembly.

3. The "C" sump failed as the result of a large number of

fatigue crack progressions caused by HFT imbalance
vibration.

4, The oil fire developed from the release of engine oil upon
failure of the "C" sump support cone.

5. The No. 5 bearing failed as a result of misaelignment caused
by "C" sump cracking, vibration from HPT imbalance, and loss
of oil.

6. The LPT hub failed primarily as a result of overtemperature
caused by an oil fire.
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7. The final structural failure occurred when the TMF/LPT
stator case attachment bolts failed in overload at the
time the LPT shaft failed. This failure, in turn, allowed
the IPT assembly, the TRF, and the turbine reverser to
separate from the No. 2 engine and fall from the aircraft.

8. The in-flight loss of the portion of the No. 2 engine
entailed only superficial damage to the airframe.

9. A massive engine failure, such as occurred in this
incident, has the potential to cause the loss of an
aircraft by inflicting damage to adjacent aircraft
structures or systenms,

PROBABLE CAUSE

The National Transportation Safety Board determines thal .he probable
cause of this incident was the fajlure of a stiffener ring on the pressure
tube located within the high-pressure turbine shaft of No. 2 engine. This
failure resulted in a condition of rotor imbalance which precipitated a
sequence of component failures culminating in separation of the aft portion
of the engine.

RECOMMENDATIONS

On June 22, 1972, the Safety Board recommended (Safety Recommendations
A~T2-82 & 83) that the Federal Aviation Administration: (1) require that
the provisions of GE Service Bulletin (CF6-6) 72-1T7, dated March 28, 1972,
vhich recommended adding a sleeve tube to strengthen the high-pressure
turbine pressure tube, be incorporated in all the affected CF6-6D engines
at an early date; and (2 req_u.u:-e "C" sump borescope inspection and
engine oil consumption monitoring, similar to the procedure recommended
in GE Alert Service Bulletin CFE-S) A72-273, and require repetition and
continuation accordiag to experience, with attendant appropriate action,
until an improved "C" sump assembly is provided by GE.

On June 30, 1972, in reply to these recommendations, the Administrator
stated:

"This problem is being studied extensively by the menufacturer
and the Federal Aviation Administration. The preliminary
indication that the loosening of the stiffening rings on the
pressure tube in the khigh-pressure turbine region was the
primary cause of the problem has since been discounted as a
result of most recent investigation of the occurrence. Never-
theless, the modification to strengthen the high-pressure air
tube is being incorporated in all early production engines at
the first opportunity.
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"The subject Pailure and cracking incidents on other service
engines found through borescope inspection have proven to be
‘due mainly to siress concentrations in critical locations of
the "C" sump support structure. Ccrrective action bas been
tiated to circumvent this problem by strengthening the
assembly in new designs being developed. A meeting between
the manufacturer, air carriers, and the FAA was held and a
course of action was developed to he followed until such

time as the increased strength parts are availasble for
retrofit.

"Experience with borescope inspection in this area has proven
to be gquite effective from the stendpoint of early crack
detection and in sufficient time to prevent a flight safety
problem.

"General Electric Service Bulletir AT2-2T3 calls for repetitive
borescope inspections at 75 cyeles on the center engine and
150 cycles on the wing-mounted engines. The results of the
field inspections are being forwarded to the FAA for

evaluation on a timely basis. It is not believed that issuance

of an airworthiness directive would contribute to increased
airworthiness of the DC-10 airecraft as compliance with this
service bulletin is being obtrinsd through voluntary
adoption by the carriers involved, and is being closely
monitored by FAA inspectors.”

BY THE NATIONAL TRANSPORTATION SAFETY BOARD:

/s/ JOEN H. REED

Chairman

/s/ IQUIS M. THAYER

Member

/s/ ISAEEL A. BURGESS

Member

/s/ WILLIAM R. HALEY

Member

Francis H. McAdams, Member, was not present and did not participate in

the adoption of this report.

October 18, 1972
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Preceding page hlgnk

APPENDIX A

CREW INFORMATTON

The instructor pilot-in-command, Captain K. R. Bellerue, held a
valid FAA Airline Transport Rating, Certificate No. 1419009, as well
as a current first-class FAA medical ceriificate. Captain Bellerue
held type ratings for McDonnell Douglas DC-9 and DC-10, and Boeing T2T,
T20B, and TOT.

His total flying time as of Mey 1972, was approximately 6,100
hours, 17 hours of which were accumulated in the McDornnell Douglas DC-
10-

Captain M. V. Dixon, who was being type rated in the DC-10, held a
valid FAA Airline Transport Rating, Certificate No. 1381727, as well as
a current first-class FAA medical certificate. Captain Dixon held type
ratings for Beoeing TOT, T27, T20B.

His total flying time as of May 1972, was 2,000 hours, 6 hours of
which were accumulated in the McDonnell Douglas DC-10.

The second officer trainee, P. H. Branner, held a valid FAA Flight
Engineer's Certificate No. 1T46913. He also held Commercial Pilot
Certificate No. 1411425 and a current FAA medical certificate. His
total flying time, as a flight engineer, was 2,100 hours, 3.5 hours of
which were accumulated in the McDonnell Douglas DC-~10.
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APPENDIX B

AIRCRAFT INFORMATION

N68041l, a McDonnell Douglas DC-10, was accepted by Continental
Airlines, Iac., om April 1%, 1972. It was powered by three General
Electric CF6-6D engines. The epgine involved in this incident,
Serial No. 451-221, had a total operating time of 182:54 hours and
had accumulated a total of 635 operating cycles.
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