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This report contains the essential items of informa-
tlon relevant to the probable cause and safety message to
be derived from this accident/incicent, However, for thogse
having a need for more detailed informetion, the original
factual report of the accident/incident is on file in the
Wagshington office of the National Transportation Safety
Board. Upon request, the veport will be reproduced com-
mexcially at &n average cost of 15¢ per page for printed
matter and 95¢ per page for photographs, plus postage.
(Minimum charge is $2.00,) , _

Coples of materiai ordored will be mailed fyon the
Washington, D. C. business firm which holds the cuyrent
contract for commercial reproduction of the Board's public
files. Billing 1is sent divect to the roquester by that
firm and {ncludes a $2.00 user service charge by the Safotv
Board for special service. This charge ls 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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File No, 4-0001

NATYONAL TRANSPORTATION SAFETY BOARI)
WASHINGTON, D, ¢, 20551
AIRCRAYT INCIDENT REPORT

CONTINENTAL AYRLINNS, INC.
MODONKELL DOUGLAS DU=10, NG8&O4L
TUCOON, ARXZONA |
MAY 2, 1972

SYNORIIS
Continental Airlines, Inc., McDonnell Dougles DC-10, KNEEOLL, on
& ¢rew training flight, departed from Tucsvn International Airport, Tueson,
Arizona at 1152 mowntair standard time, on May 2, 1972. Thore were nine
persons on board the flight, _ |

Approevimately L hour after departure, the No. 2 engine low=pressure
turbine asgembly, turbine rear frame, and reverser assembly geparated
from the ailvreraft., The crew conducted r standard in=flight engine shut-
down procedure and landed the aireraft at Tucson International Airport
without further incident at 1306 mountein suandard time. There were no
injuries, : _ ' ,

The National Transportation Jafety Bourd determines that the probable
cause of this ineddent was the failure of n atiffener ring on the pressure
tubs located within the high-pressurs turbine shaft of Vo. 2 englne. This
fallure resulted In a con&ition of rotor imbslance which precipitated a
geguencs of component failures culminating in separation of the aft
portion of the engine. : : '

As a result of the investigation of thig incident, the Bafety Board
raeommended to the Fodersl sSviation Administrator on June 22, 1972, that
the provisions of General Electric Serviece Bulletin (CFé=6) T2=L177, which
pioposud adding & sleeve tube to strengthen the high»pressure turbine
pregsure tube, be enforced at an enrly date. The Board further recomended
that "¢ sump borescope inspection and engine oil consamption monit sring,
sinilér to the proceduros recommended in Ganersl Electric Alert Servicas
Burletin (OW6-6 AT2-273, with attendant approprlate action, be required
uwitil an improved "C" swnp assembly Ls provided, | |
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INYESTIGATION

Continental. Alriines, Inc., McDonnell Douglas DO«10, NOHOUL, departed
from Tucsen Interaational Airport (TUS), Tucson, Arizona, at 1152 m.s.t. 1/
on May 2, 1972. Yhe purpose of the f£light was to conduct typ? ratings for
captains end training for second officers. ' :

. Approximately 1 hour after departure, the sircraft was at an sltitude
-+ a -of 5,000 feet mes.ly, in the Ryan Radio Bemzon holding patiern, The

- training schedule celled for one clrcult of the holding pattern prior !
b ) - to commonciug the VOR DME 2/ approach to TUS. As the aireraft completed

i the last U5 turn from the fix and onto the outhound le of the holding

3 , patt~rn, the crew felt a mild vibration. Hhortly thereaf'ter, the second

it _ officer instructor reported zero oil quantity and zero oil pressure on
{3 , No. 2 engine. Immediectely thersafter, the No, 2 engine low oil pressure
i and mester warning lights came on, the No. 2 englne reverser un.ock

;o lights flickered on and off, and a thumping sensation was noted in the
=H@ - cockpit. The erew then shutdown No, 2 engine, and the ailrcraft returned
R B to TUS, landing on Runway 111 at 1300,

o - Oround inspection of N68O4L revealed the No. 2 engine low-pressure

E ' turbine (LPT) assembly, turbine rear frame (TRF), and the turbine

B : reverser agdembly had separated from the aircraft. The alrcraft sustained
3 ‘ minor damage incident to the loss of the aft section of No. 2 engdne.

" gl

. N - There were no injuries amoung the nine persons aboard at the time of P
s the incident. ‘

NGBOkL was ferrded to the Continental Airlines maintenance base atb
Los Angeles, Callfornia, where a detalled exaeminetion was initiated. The
| remaining portion of No. 2 engine was removed for shipment to the 8Sen
i Francisco, Californie, maintensnce base of United Alr Lines for shop
' exemlnetion. Wost of the missing portion of the engline had been vecovered
from tlte ground near Tucson and had been shipped to the San Francisco .
fecility for exsmination. '

t;g , During teardown exemination of the engine, 1t was discevered that
R ﬁ the falled components relevant to the In-flight separation were g
stiffener ring of the high-pressure turbine {MPT) pressure tube, the "C"
sump assambly, the No. 5 main hearing, the LPT shaft, and the fturbine
midframe (TMFi Yo DT slator case retbuntion bolte.

Examlnation of the "C" sump showed the presence of cracks in the No.
% and the No. 6 bearing housing cone support area. Further uxamination in

sty

1/ ALl timos herein are mountain standard, based on the 2h-hour clock,
g/,' VOR DME - Vexry High Frequency Omnidirectionsl Range with colocated
Digtance Measuring Bquipment .
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the metallurgical laboratory revealed 24 fatigue crack segments of o
nature indicating rapld progression, 'There was evidenace of an intense
fire in the "¢" sump/LPT hub ares. -

Upon dicassembly of the HPT, the forward stiffener ring was found
separated from the pressure tube, The location of the stiffener ring
and abrasion markings, both on the ring and the inside of the turbine,
indicated that the turbine hed been rotating with the ring against the
inslde of the HPT front hub and the front face of the first-stage turbine
disk, The fracture surfaces of the stiffener ring indicated fatigue=
erack propagation under very high-frequency loading, The weld zones
of the two other stiffener rings were also cracked, but these rings were
atill in their proper position, | ~

The No. 5 bearing assembly wes devold of residual o©il, and showed
evidence of overtemperature. The inner vece indiceted heavy side loeding
and sgkidding, ang was cracked cilrcumfexentlally 270 through the roller
path. About 160° of the forward portien of the inner race vas brcken
into small pieces, but the race was in position prior to disassewbly, 'The
outer race was cracked at the anti-rotation slot, at the 9 ofelock
position, with the appearance of short-duration fatigue murkg on a portion
of the frecture surface, The bearing retainer was cracked, end eight

~rollers had been released., Koller flattening es a result of skidding

was in evidauce,

The oll Jjets of both No. 5 and No, 6 bearings were open. The outer
race oil line of the No, 5 bearing hed been brokien off at the Fitting.,

There was no residual oil in the No. 6 bearing, but the bearing was
lntact and did not shov evidence of overtemperature. Also, the silver _
plating of the retainer was intact, ghe heat shield for No. 5 and No. 6
beavings was burnt, tora, and bent 90 fro its ncrmal pesition.

The No. 7 bearing showed no evidence or oil stervation or overheating.

Tae flrst-stage PT dlsk had separated trom the second-stage aisk
at the polt circle. Forty-thres consenulsve first-stage bledes hsad
gseparated through the airtoll root. The remaining blades were deformed
and severely gouged on the rear side of the shroud. Eleven shrouds were
broken away. The tLralling edges of the sirfoils were genarally gouged
and torn.

The second~, third-,and fourth-stage LPT disks and the separated portion
of the LPT front hub had remained together, |
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The in~flight loss of a portion of the No. 2 engine was the result
of & progressive structural feilure which originated with the fatigue
fracture of a stiffener ring in the HPT assembly.

The three stiffener rings, the forwardmost one of which was found
fulled in fatigue, had been an "add on'” fix by the engine manufacturer
to prevent failures cf' the pressure tube, which carries cooling air
through the HPT huwb and boll-shaped HPT chaft. The ringe had been
gecured 1o the tube by clroumferential welding. ‘

There had buen e history of weld cracking in both the CF6 engine
and the mililary counterpart; the TF3Q engine. However, General TFlectric
reported that in the total of 300,000 hours of combined wilitary and

commereinl engine time, this wes the first known instance of cracking of

the ring itself. After the forward mutiffener ring welded bond in the

“subject engine was dissipated, and the ring itgelf cracked through

radially, centrifugal force would have operated to e¢pread the ring until
it was thrown off of the presgure tube and lodged sgainst the naximum

ID 3/ area of the shaft, at the “orward face of the HPT first-stage

disk. With the ring in this p.  :lon, 1t 1la estimeted tha® the resulting
turbine imbalance would be in the order of L& inch-ounces.

Once the broken and displaced stiffener ring crested an unbalanced
condition, arnd thus applied vibrational stress to the "C" sump, fatigue
cranks were induced in the "C" sump support cone. The large numbev of
fatigue cracks, their pattern, uniformily und short duration characteristics,
all provided confiymation that the falled stiffener ring had been the
initiating clemeut in the overall engine failure soquence. It was
noted, for example, that three fatigue progressions emanoted from cach
of four design holes in the support cone, and four from each of the
remaining throe holes

One effect of the finul fracture of the "C" aswmp cone support was Lo
nllow a portion of the No. % and No. 6 bearing housings to rotate. This
rotation brought about ruptiure of the bearing oll linés. '

During the course of this investigution, 1t was noted that there had
been "C" sump replacements In several other CFo-6D ¢ ng nes because of

cracking in airline service,

There was evidence of an intensc fire in the "C" sump and LM hub
area. It was deduced, thepatfore, that an alr-oll mixture was formed

3/ ID-Tnside Dlamebex.
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from the released oil until the oil fire was set off by the normally
high temperatures in the area. The additional heat from the oil firve
then overtemperatured the LPT shaft hub section, reducing ites atrength

~until fallure occurred., Vibratory stresses irom the rotor imbaiance

undoubtedly contributed to the failure.

The No, 5 bearing failure would have developed as a result of u
combination of housing misalignment, vibration forces from turbine
imbelance, and oil stavvation after oil 1ine rupture,

After most of the rotating portion of the LPT assembly hed broken
loose, the last mejor failure in the sequence occurred at the rear
flenge of the TM® when the bolts attaching the LPT gtator case falled
in overload. |

The engine monufacturer has been working on an improved "C" sump

and has also issued Alert Service Bulletin (CF6-6) A72-273, dated May 8,

1972, as interim remedial action. 'This bulletin rrescribes 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 menufacturer *ssued
Sorvice Bulletin (CF6-6} 72-17T on March 28, 1972.

CONCLUSIONS.

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

1+ The fallure of a atiffener ying on the pressure tube
within the HPT' initiated the progressive engine structural
f&ilureu

2, Turbine imbglance developed when the failed stiffener ring
became dlslocated within the HPT assembly.

3. The "C" swmp failed as lhe result of a large number of
fatvlgue crrck progressions caused by HFY imbslance
vibration.

4. The oll fire developed from the release of engine oll wpon
failure of the "C" sump support cone.

5+ ‘The No, 5 beuring falled as a rasult of misalignment caused
by "C" sump cracking, vibralion from HPT imbalance, and loss
of oll.

6. The LPT hub falled primarily as a resull of overtoaperature
caused by an oll filre,
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T« The f£inal structural falluve occurred when the TMF/LPT
stator case attachment bolte feiled in overlosd at the ,
time the LPT shext felled. This failure, in turn, allowed
the LPT assembly, the TRF, and the turbine reverser to
separate from the No. 2 engine and fall from the alroraft.

8. The in-flight loss of the portion of the lo. 2 engine
sntailed only superficial demage to the airframe.

9. A massive engine fallure, such as occurred in this
incldent, has the potentlal to «wine the loss of an
aircraft by Inflicting demage to adJacent nircreft
structures or systems. | .

PROBABLE CAUSE

The National Tranrportation Safety Board determines that the probable
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

fallure resulted in a condition of rovor lwbalance which precipitated a
sequence of component fallures culminating in separation of the aft portion
of the engine.

RECOMMENDATIONS

On June 22, 1972, the Safety Board recommended (Safety Recommendations
A~2-82 & 83) that the Federal Aviation Administration: (1} require thas
the provisions of GF Service Bulletin (UF6=6) T2-177, dated March 28, 1972,
which recommended adding e sleeve tube to sirergthen the high-pressure
turbine pressure tube, be incorporsted in all the affaected CHPO-6D engines
st an carly date; and {2) require "C" sump porescope inspection and
engine oil consumpiion monitoring, similar to the procedure recomncnded
in GE Alert Service Bulletin (CFO«6) AT2=273, and require repetiticn and
continuation according to experience, wlth altendant appropriaile aclioun,
until an improved "C" sump assembly is provided by GE.

On June 30, 19782, 4in reply tc these recommendations, the Administrator
ptoted :

"'Mhis problem le belng studied extensively by the manufacturer
and the Federsl Aviatlon Adwinistration. The preliminary
indicatlion that the loosening of the stiffening riugs on the
pressure tube in the high-pressure turbine reglon was the
primary couse of the problem has since been discounted as a
result of moust recent investigation of the cccurrence, Never=
tholess, the medificatlion to strengthen the highewrescure alyp

- tube 1s belng incorporated in all early production engines at
the first opportunity.




"The subject fallure and cracking incideuts on other gervice
engines ound througd borencope ilnspection have proven to be
due mainly to stress concaatrations in critival locations of
the "C" oump support atructuve, Corrective actlon has been

dnitinted to virrumvvnt ihjw preb:am by strengthening the
sssonbly In new des A waeeving betweern
the panufertbugraer, aie ﬁﬁffit¢ﬁ; ﬂnﬁ the T%A was nold end ¢
courte of schlon wus developed to be followed untll such
time as the increased sirength parts are available for:
retrofit

"mxperience with borescope Inupectlon in this area has proven
to be gquitc effective from the standpoint of early crack
detection and in sufficient time uO prevevc 8 flight saf?ty

- problem.

"General Electric Service Bulletin A72-273 calle for repetitive
borescope inspeations at T5 cycleus on the center enéine and
150 eycles on the winge-mounted englnes. The resulte of the.
field inspections are being forwarded to the FAA for
evaluation on & timely bhesis. It is not belleved that isauance
¢f an airwvorthineas directive would coniribute to increased
airworthinese of the DC-10 airexeft =5 compliance with this
service tulletin is being obtained through voluatary
“adoption by the carriers involved, snd is being closply
monitored by FAA inspeators,"

BY THE NATIONAL TRANSPORTATION SAFETY BOARD:

/s/ JOHN H. REED
Chairman

/s/ 1QUIS M, 'I'HAYEE___
Membey

/s/ ISABEL A. BURCGIESS
Membex

/s/ WILLIAM R, MALEY
Member ’

Francis H. MCAdams, Menher, was not prasent and d1d not participate in
the adpption of tnils report.

October 18, 1972
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APPENDIX A

CREY, INFORMATION

"The instructor pilot- inwwommand, Captain K. R. Bel1erun, held a -
valld FAA Airline Trensport Reting, Certificate No. 1419009, as well
ag a curreny first-class FAA medical certificate. Captain Bellerue
held type ratings fav Mnnonnell Dauglas-DC“Q and Bﬂ~?0, and Baeing 7%?,
7¢UB, and r1’0"(.

His ‘total £ly? ng tdme az of May 197d, vas approximately 6 lQO
houra, 1T hours of- which wer9 a'curulated in the McDonnell Douglaq DC~
lOQ- , | |

Captein M. V. Dixon, who was being type rated iu the DC-10, held a
valid FAA Alrline Tranecport Rating, Certificate MNo. 1381727, es WQLl as
e current first-class IAA medical certificate. Captain Dixon held type
raﬁings for Boeing 707, 7979 ?EOB. . . .

His total flying time as of May 1972, was 9,000 hours, 6 hours of

. which were accunulated in the McDonnell Douglas DC~10.4

| The second officer trainee P. H. Branner, held a valid FAA Flight
Fngineer's Certificate Nu. 17h6913 He also held Commercial Pilot
Certificate No. 1411425 and a current FAA medical certificate. His
totel flying time, as & flight engineer, was 2,100 hours, 3.5 hours of -
“which were accumulataé in the MeDonnell Douglas BC=10,




~ APPENDIX B

AIRCRAFT INFORMATTON

N68Oh1, a MeDonnell Douglas DC-10, was accepted by Continental
Alrlines, Inc., on April 14, 1972. 1t was rowered by three Genersl
Blectric CF6-6D ongluss. The angine involved in this inoident,
Seriel No. 451-221, had u total operating time of 182354 hours ang

had accumulated & total of 635 operating cycles. o




