
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/
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This report contains the essential items of infonna- 
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 per page for printed 
matter and SSf per page for photographs, plus postage. 
(Minima charge is $2.00.) 

Copies of material ordered will be mailed from the 
Washington, P. C. business film which holds the current 
contract for coimercial reproduction of the Board's public 
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 6 Records Section 
Washington, D. C. 20591 



SCTOPSIS 

Conti-nental Airlines, Inc., McDonnell Douglas DC-10, N68041, on 
a crew training f l ightJ  departed front Tucson Int-ti& A i r p f i ,  Wsm, 
Arizona a t  1152 mountain standard time, on May 2, 1972. B e r e  were nine 
persons on board the f l ight -  

Appracbately 1 hour a f t e r  departureJ the No. 2 engine lev-pressure 
t u r b b e  assem?Jly, turbine rear frame, and reverser assembly separated 
fro= the aircraft .  The crew conducM a standard in-flight e w e  shut- 
d m  procedure and landeathe aircraft a t  !kcson InternatiorIal Airport 
without further  incident a t  1306 mmmtain standani time. 'There were no 
in.juries. 

the National Transportation Safety Board determines t h a t  the. probable 
cause of t h i s  incident was the fa i lure  of a stiffener OG the p m s w  
tube located within the high-pressure turbine shaft of Ho. 2 engine. This 
fa i lure  resulted in a condition of  rotor  imbalance W c h  precipitated a 
sequence of component failures culminating i n  s e p m t i o n  of  the  aft 
portioa of  the engine. 

As a result of the Investigation of t h i s  incident, the Safety Boarfl. 
recomended to the Federal Ariation Administrator on June 22, 1972, that 
the provisions of General Electric Service Bulletin (6-6) 72-177, which 
pmposed adding a sleeve tube t o  strengthen the hi@-pressure turbine 
pressure t&e, be eaforced at an early date. The Board fa r the r  reconmended 
that "C" sump borescope inspection and engine o i l  consumption monitoring, 
similar t o  t h e  procedures reconmended In General Electric Alert Service 
Bulletin (CF6-6) A72-2nJ with attendant appropriate action, be required 
unti l  an iqroved "C" sump assembly is provided. 



Continental Airlines, Inc., McDonnell Douglas DC-10, n6W1, departed. 
from Tucson International ~irport?' (TOS), Tucson, Arizona, a t  ll52 m.s.t. I/ 
on May 2, 197'2. The purpose of the f l i g h t  was t o  conduct type ratings f o r  
captains and training f o r  second officers- 

Appmx5amtely 1 hour af ter  &part=, the aircraft was a t  an al t i tude  
of 5,000 fee t  m.s.1.. i n  the I&an Radio Beacon holding pattern. The 
training schedule called f o r  one circuit  of the holding pattern p r i o r  
to commencing the TOR DKE 2/ approach t o  TOS. As the a i r c r a f t  completed 
the l a s t  45 turn from the f i x  and onto the outbound leg of the holding 
pattern, the crew f e l t  a mild vibration. Shortly thereafter, the second 
officer instructor reported zero o i l  quantity a d  zero o i l  pressure on 
No. 2 enghe. ImmcEately thereafter, the no. 2 engine low o i l  pressure 
and master warning l igh t s  came on, the No. 2 engine reverser unlock 
l ights  fl.ickered on and off, and. a thumping sensation was noted in the 
cockpit. Bie crew then shutdown No. 2 engine, and the aircraft  returned 
t o  !KISS I a n - p  Fanway l lL a t  13W. 

Ground Inspection of -41 revealed the No. 2 engine lor-pressure 
turbine (LPT) assembly, turbine rear Crane (!PEP), and the turbine 
reverser assembly had separated from the a i rcraf t .  The aircraft  sustained 
&or damage .ncident t o  the loss of the section of No. 2 eqine .  

There were no Injuries amoung the nine persons aboard a t  the time of 
the incident. 

M'68041 was ferr ied  to the Continental Airlines maintenance base a t  
U s  Angeles, Californ2a7 whe-re a detailed examination was ini t iated.  !be 
rembing  portion of No. 2 engine was removed f o r  shipment t o  the .San 
Erancisco, California, maintenance base of United. Air Lines fo r  shop 
examination. Most of the misshg portion of the e w c e  had .*en recovered 
from the ground near Tucson and had been shipped to the San Francisco 
fac i l i ty  f a r  examination. 

teardown examination of Lhe engine, it war d i s c o v e ~ d  that  
the felled components relevant t o  the in-flight separation were a 
stiffener ring of the high-pressure turbine (HFT) pressure tube, the "c" . 
soap assembly, the Mo. 5 main bearing, the IiPT shaft, and the turbine 
midframe (IMF) t o  EPT s ta to r  case retention bolts.  

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

I/ A l l  times berein are muntain stan-, based a? ths 24-hour clock. 
WR DIE - Very High Frequency M a ! c e c t i o n a l  Range wi th  colocated 
Distance Measuring Equipment. 



the metallurgical laboratory revealed 24 fatigue crack segments of a 
nature indicatkg rapid progression. The= was evldence of aa intense 
fire tn the  "C" sump/~i~~hr ib  area. . 

Upon disassembly of the HPT, the forward st iffener ring ws focnd 
separated from the pressure tube. The location o f t h e  st iffener ring 
and abrasion markings, both on the ring and the Wide of the turbhe,  
isdieat& that the tmbine hed been rotating w i t h  the ring against the 
i w i d e  of the HPT front hub and the front face of the first-stage turbine 
disk. The fracture surfaces of the stiffener ring indicated fatigue- 
crack propagation under very high-frequency loading. 'Ole veld zones 
of the  two other s t i ffener rings were also cracked, but these ri- were 
still in the i r  proper position. 

The ITo. 5 bearing assembly was devoid of residual o i l ,  and showed 
evi&ence of ovez+mperature. The inner race indicaged heavy si& loading 
and &idding, and was cracked, circumferentlally 270 through the roller 
path. About 160 of the forward portion of the limer race vas broken 
in to  small pieces, but the race Â¥wa i n  position prior  to disassembly. The 
outer race was cracked a t  the anti-rotation slot,  a t  the 9 o'clock 
position, with the appearance of short-duration fatigue marks on a portion 
of the fracture surface- the bearing retainer was cracked, and eight 
ro l lers  had been released. Roller flattening a s  a result of skidding 
was i n  evidence. 

the o i l  j e t s  of both No. 5 and No. 6 bearings were open. She outer 
race o i l  l ine  of the No. 5 bearing had been broken off a t  the fitting. 

~ There was no resLdua1 o i l  i n  the No. 6 be-, but the bearing was 
Intact  and did not show evidence of overtemperature. Also, the si lver  
plating of the retainer was intact.  heat shield f o r  KO. 5 and Bo. 6 
bearings was burnt, -torn, and bent 90 from its normal position. 

The Bo. ?'bearing shoved no evidence of o i l  starvation or overheating. 

The first-stage EET disk bad separated fron the second-stage disk 
&.+he bol t  circle. Forty-three consecutive first-stage blades had 
separated through the a i r f o i l  root. The remaining blades sere deformed 
and severely gouged on the rear side of the shroud. Eleven shrouds were 
broken away. The t r a i l ing  e e s  of the airfoils were genera- gouged 
and tom. 

the second-,third-,and fourth-stage UT disks and the separated WrtiOn 
of the 1ST front huh had remained together. 



The In-night  loss of a portion of the KO. 2 engine was the resul t  
of a p m ~ s s i v e  structural fa i lure  which originated with the fatigue 
fracturs G-Â¥ a stiffener ring in  the HPT assembly. 

The three stIK'ener rings, the forwardmost one of which was found 
failed in  f a t i p . ,  ha& been an *add on" fix by the engine manufacturer 
t o  prevent f a i l ! ! s  o f t h e  yessure  tube, which c&es c w l b g  a i r  
through the Zâ‚ hub and bell-shaped HFT shaft. !Phe rings had been 
secured t o  the tube by circimferential welding. 

mere had 'been a history of we12 cracking i n  both the 6 engine 
and the military counterpart, the TI39 engine. However, General Electric 
reported that  in  the t o t a l  of 300,000 hours of combined military and 
commercial engine time, th i s  was the f i r s t  Imovn instance of cracking Of 
the ring i t se l f .  After the forward st iffener ring welded bond in the 
subject engine was dissipated, and the ring i t s e l f  cracked through 
radially, centrifugal force would have operated T.O spread the ring ~ n t i l  
it was tkm off of the pressure tube md lodged a g ~ i n s t  tk m h u m  
ID 3/ area of the shaft, a t  the forward face of the HPT f irst-stage 
disk. With the ring in  t h i s  position, it i s  estimated that  the resulting 
turbine imbalance would he in  he orcler of k6 inch-ounces. 

Once the broken and displaced st iffener ring created an unbalanced 
condition, and thus applied vibrational s t ress  t o  the "C" sump, fatigue 
cracks were induced i n  the "C" sump support cone. The large n d e r  of 
fatigue cracks,their pattern, uniformity and short duration characteristics, 
a l l  provided confirmation that the fai led st iffener ring had bees the 
inl t iat tng element in the overall engine fai lure sequence. It was 
noted, for  example, that  three fatigue progressions emanated from each 
of four design holes in the support cone, and four from each of the 
remaining three holes. 

One effect of the f i n a l  fracture of the "c" sump cone support was t o  
allow a portion of the No. 5 and No. 6 bearing housings t o  rotate. This 
rotation brought about rupture of the bearing o i l  lines. 

During the course of th i s  investigation, it was noted that there had 
been "C" sump replacements in several other cF6-6~ engines 'because of 
cracking i n  air l ine service. 

Hiere was evidence of an intense f i r e  in  the "C" sump and LET hub 
area. It was deduced, therefore, that an a i r -o i l  mixture was formed 

3/ ID-Inside Diameter. 



from the released o i l  un t i l  the  o i l  fire was se t  off  by the normally 
high temperatures in  thearea .  The additional heat from the o i l  f i r e  
then overteniperatured the I.PT shaft hob section, reducing i ts  strength 
unt i l  f a i l w e  occurred. Vibratory stresses from the rotor imbalance 
undoubtedly contributed t o  the failure. 

The No. 5 bearing fa i lure  would have developed as a result Of a 
cabination of housing nfisaligment, vibration forces from turbine 
imbalance, and o i l  stamation m e r  o i l  l ine  zq~ture. 

After most of the rotating portion of the  ITT assembly had broken 
Loose, the last major fa i lure  i n  the sequence occurred a t  the rear 
flange of the IMF when the bolts  attaching the IPT stator case fai led 
i n  overload. 

The engine manufacturer has been working on an kiproved "c" smp 
and has also issued Alert Service Bulletin (6-6) A72-273, dated Way 8, 
1972, as interim remedial action. This bulletin prescribes the 
inspection of the "C" sump and. o i l  consumption monitoring a s  a means 
of detecting an incipient "C" sump failure. 

Cracking of the r ing welds bonding the st iffener ring t o  the HPT 
pressure tube has been a problem. In order t o  reduce the cracking of 
the veld bonding t o  the s t i f fener  ring, the engine manufacturer issued 
Service Bulletin (CF6-6) 72-177 on bbrch 28, 1972. 

Proa the investigation of t h i s  incident, the Board concludes the 
f allowing : 

Â¥Hi fa i lure  of a st iffener ring on the pressure tube 
within the EFT in i t i a t ed  the progressive engine s t r u c t ~ l  
failure. 

Turbine imbalance developed when the fa i led  st iffener ring 
becam dislocated within the EPT assembly. 

The C "  sump fa i led  as the  result of a large nuaber of 
fatigue crack progressions caused by HPT Imbalance 
vibration. 

The o i l  fire developed f r o m  the release of engine o i l  upon 
fa i lure  of the "C" sump support cone. 

The No. 5 bearing fa l l ed  as a resul t  of mtsdigment caused 
by "Cn smp cracking, e b r a t i o n  from EFT imbalance, %ad loss 
of o i l .  

The IiPT hub fa i l ed  priaart ly as a resul t  of overteinoerature 
caused by an o i l  f i re .  



7. me tbl s- failure oc- when WF/m 
stater case attachment bolts failed in overi-cad a t  the 
time the LFl' shaft fal l& !i%s failure, 5r1 m, a l l o w e d  
the LET assembly, the EP, and the turbine reverser to 
separate f 2 a n  the No. 2 enghe and f a l l  the m. 

9. A massive engine failure# su& as mcwxed 5n, this 
Incident, has the potential to cause the loss of an 
druaft by W c t l n g  to adjacent aircmft 
structures or  systems. 

PROBABLE CAUSE; 

B e  National Transportation Safety Board determines tha-l AS probable 
cause of th i s  incident was the failure of a stiffener ring on the pressure 
tube located wZth5n the ?xigh-pressure turbine shaf% of RQ. 2 engine- This 
failure xsuLted in a condition of rotor imbalance w U c b  precipitated a 
sequence of catponent feSLures cubinat- i n  separation of the aft portion 
of the engine. 

0x1 Jme 22, l g z ,  the Safety Board reammended (Safe* Reconmendations 
A-72-82 & 83) that the Fedem A-clation Addrdstration: (1) req- that 
the provisions of CS Service Bulletin ( a - 6 )  72-177, dated March 28, 1972, 
which reccnmnended addlug a sleeve tube t o  strengthen the high-pressure 
turbine pressure tube, be incorporated 5n & the &feetea &-6D engines 
a t  an early date; and. (2) require "C" sump borescope inspection and 
engine o i l  consumpticxi monitoring, shUar t o  the procedure recmnnencled 
in (23 Alert Service Bulletin (CF6-6) A72-273, and require repetition and 
continuation accordiag t o  experience, w i t h  attendant appropriate actLon, 
until  an improved "Cn sump assembly is provided by BE. 

h J m  30, 1972, i~ F@J t o  *hew m n a t i ~ ~ ~ ,  We AbbiStmtor  
stated: 

"This problem i s  be- stuCied extensively by the rnanufacttirer 
and the Federal Av3.atZon A&ddstratiost. m e  pre- 
Indication that the loosening of the stifYening rings on the 
pressure tube la the high-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 a t  
the f i r s t  opportunity. 



'!be subJect f a 5 . l ~  and cracking incidents on other service 
engines found through barescope inspection have proven t o  be 
due nminly to stress concentrations i n  c r i t i c a l   location^ Of 
the "C" sump support structure. Ccrrective action has been 
in i t ia ted  t o  circumvent this problem ly strengthening the 
assembly in n e w  designs being developed- A meeting between 
the xaamfacturer, air carriers, and the F M  was held aud a 
course of action was developed,to he followed, until such 
time as the increased, strength parts are available for  
retrofit. 

"Experience w i t h  borescope Inspection in this area has proven 
to be quite effective from the standpoint of early crack 
detection and i n  sufficient  t ine  to prevent a f l igh t  safety 
problem. 

'General Electric Service Bulletin A72-273 ca l l s  fo r  repetitive 
borescope inspections a t  75 cycles on the center engine and. 
150 cycles on the wing-mounted engines. The results  of the 
f i e l d  inspections are being forwarded. t o  the F M  f o r  
evaluation on a timely basis. It is  not believed that  issuance 
of an airworthiness directive would contribute t o  increased. 
airworthiness of the E-10 e i r c r d t  as compliance with %is 
service bulletin is he* obtcined through voluntary 
adoption by the carriers  iEvolved, and i s  'being closely 
monitored by FAA inspectors." 

/s/ J O E 4  H. REED 
c h a ~  

/s/ ICTUS M. THAYER 
Member 

/s/ I S m  A-GESS 
Member 

/s/ WILLIAM R. ?%LEY 
Member 

FYwcis H. Hdzms, IWber, was not present and did not participate I n  
the adoption of this report. 

October 18, 1972 
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Preceding page blank 
APPENDIX A 

The instructor pilot-in-co~miand, Captain K. R. Bellerue, held a 
valid FAA Airline Transport Eating, Certificate No. 1419009, as well 
as a current first-class EM medical cert2ficate. Cautain Bellerue 
held type ratings for McDonnell Douglas DC-9 and DC-16, and Boeing 727, 
720-8, ami 707- 

&s to ta l  t h e  as of I&Y lgp ,  was approximate* 6,100 
hours, 17 hours of which were accunrdated. i n  the McDocnell Douglas DC- 
10. 

Captain M. V. Dixon, who was being type rated in the DC-10, held a 
valid FAA Airline -ansport k t ing ,  Certificate no. 1381727, as  well as 
a current first-class FAA medical certificate. Captain Dixon held. type 
ratings for Boeing 707, 727, 720B. 

Bis total flying time as of May 1972, was 9,000 hours, 6 hours of 
which were acciznulated in  the McDonnell Douglas DC-10. 

The second officer trainee, P. He M e r ,  held a. valid FAA Flight 
Engineer's Certificate No. 174.6913. Ee d s o  held bamercial Pilot 
certificate No. 1411425 and a current "F memedical certificate. Els 
to ta l  flying tine, as a fl ight engineer, was 2,100 hours, 3.5 hours O f  
which were accumulated In the McDonnell Douglas DC-10. 



~68oh1, a McDonnell Dougla~i DC-10, was accepted by Continental 
Airlines, lac., on April lk, 1972. It was powered by three General 
Electric CT6-6D engines. The engine larolved in this  Incident, 
Serial Ho. b51-221, had a total operating time of 182:54 hours and 
bad accumulated a total of 635 operating cycles. 
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