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PO W ERPLA N TS G RO U P CHAIRMAN'S FA CTU A L REPO RT O F INVESTIG 4llO N

A. A ccident

Location : M iam i, Florida

A irline - : Pan A m erican A irw ays

A ircraft :  Boeing, B-72'1-200 Tri-jet, Y4734

D ate : Pcbruarv 17. 1982 

- . 

Tim e : 330 p.m .
 e.s.t.


NTSH NO. :  M IA-a2-IA-051 
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A bout 3:30 p.m ., rl.q.t. on Fcbrrw ry 17, 1982, P!in A m erican A irlines flighl-N o.-975,


:,Iliam i to O rlando service, W IL ~  sbortcd during takeoff from  !diam i International A irport.

The abort w q s  initintr:rl w hcn thc flight crew  hcard a i?ud cxplosion follow ed by scvcrc

vibration nnd a lire w arning light. The cxplosion occurred as pO w cr W BS being incrcascd

to thc Ccsircd tukcoff pow cr Y etling of 1.96 RPTO -EPR 1/ w hen the EPR indicator W LU

rcsding 1.94. 'rhc M iam i Tow er adviscd thc crew  of nigh? 975 that thcre %as fire and


sm ckc com ing from  thc hrcn of thc No. 2, (centcr)engine. A ftcr tht cxpl-ion, the

aircraft w es divcrtcd to h n  hdjnccnt intersecting taxiw hy w hcrc thc aircraft w ns stopped,

and ;hc 47 pnzcngcr!, and crew  cvncucctcd through the cm crgcncy exits ond slidc chutcs.

Tw o pu.s~cngcrr sustairicd m inor injurics during thc cvncuotion process. The airporl

firc dcpa.-tm ent exlinguishcd the fire in t.hc tail of thr aircraft when the onboard firc


cxtinguishiny system  w ny ineffcctivc.

A cursory i!;tainir~alion of lhc aircraft M il section after thc incident indicated

thht thc probeblc CRU SC of thc cxplosion w ng a failcd, front com prcssor, front hdb, (1st

stsgc coin:rc% w r fun disc) on Ihc No. 2 cnginc. D uring llberation, n section of thc disc

cut into end sc?crcd thC  fucl supply llnc to lhc No. 2 engine causing thc subscqucnt

airc:af! firc. Scc atl~chm ents I lhrough 1.


'Ihc fnilf?d puts w crc rccovcrcd from  lhc runw ay and adJaccntarcas m d  w ere

forw.:,
 .d to thc cn6it.c inunuf~~cturcr for foiliirc annlyis.

0 . DE'T.4iLS O F THE IN V E sn~A T lO N
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-

I. 

Pun ,\incrican fllght 975 Is opcrakd w ith U ociny 0-727 type airplanes. On

Fcbruary 17, 1982 a 0-727-200 airplane, R cgirtratlon No. N-4714 W LU u rip ed

to this flight. Thc 0-727 airplane & pow crtd by 3 Prat: & W hilney m odel

JTBO turbo ran cnbnea IocutcJ on tho aft section of the fuselage.

rc;.F JiG Jcr T akeoff -Enginc Prervurc R atio

67
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P9w erphnK .%

M anufactuw : Prutt &  W hitney A ircraft G roup, East H artford. CT. 

M odel: JT 8D 7P

Serial No. h.d Position: P-654892 No. 2, C enter fuselage location.

Total Engine Tim eiC yclu: 30,943 H rs. 28,637 cycles.

The JTBD-7B is an axial now , fully ducted, front turbdan enpire. The

JTbD - 78 engine is rated at14,000 lbs. thrust at takeoff porer.

-

It em ploys a four-G age ttlrbine to drive a "dual-3pw l", thirteen-stage coinpresor.

consisting of 6 low -pressure and 7 high-pressure stages. The term  "dual-spool" idrsdfies

the com pressor design w hich scprates the com priso: into two Independent rohting

assem blies. The six-strge, Iow -pressurc com pressor (N1) is driven by the Second, third

ana fourth stage turbines. The 3even s:agc high-pr-*urc com pressor, (N 2) L driven

b;r the first stegc turbine. Tbc tw o-stage fen is equippcd w ith a full length annular dischrg?

duct. 'rnh pcrm its the fun air (secondary air flow) to be discharged w ith the exhaust

gases (prim ary gru C O N ) through a com m on exhaul nozzle. The m nJor rotating assem blies

are supported by scvcn m ain bcarirys. . - .-. . -

The dry w eight of lhc enginc is 3,156 lbs.


Low -Pressurc C om orcssor IN11


Purpose:

Fan s t4 c s  accclernte secondary (outs) flow

N1 com prcrrcs the sir that passes through ,riihary (inner) air stream  lo  llw

high-prcssurc com prcssor

.


--

stages:


-.


2-stegc fan

Jstagc low -prcsurc com prcssor

Support:

No. 1 and No. 2 bearings

-

R otor Asse m  bly:


6 disks (2 fan - 4 lo w ~ rcau re com preaor)

2 hubs

4 In.crstagc rpaccrs/trlncalJ

28 ticbolts, I6 fan/12 low -prcssuro com pressor

Blade retention schrm c 

1st stage fan-dovetall sloW paltionlngriiq

2n sugc fan -pln-Jolnt allachm enl/rivct

3rd  stage -dov$tall rlol.Vrclalnlng pbta

4th through S lt -dovetall slots/tablocks


D riven by 23d, 3rd altd 41h stage turbiner

I


.i
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3. Engineering Invcs1;gation:

8 . Failed Part Statistics:

R em oved from  Engine. JTBp-7B, Srr. No. P654892

Part Name: H ub. Front com pressor, front.

Part N m befi 749701C  

Part Tim e: 12,554 H rs.’ 9,360 cylces 

Eqgine A pplication: JT8D-: throqh -7 tngine m od&

Part Serial No.: SA5786

Part V eet Cone:. W ENS 2023


The front com ,xesor, lront hub w as forged by W ym an Ccrdon frm

PY A 12i5 (6Al-4V) 1iten;um  bnsc alloy m aterial. The part W R Y  n.ac.iincd


by Pratl &  W hitney, at its N orth H aven,
CT, plant.

. -  

h. Preliniirsry !.l.lntdllurgical Exam ination

.. . .  . - . -

h prelim inary m etallurgicnl exam inrt on w ns coniplrted en the failed

hub by the Prrtt &  h’hitncy M aterials Enginrcring and R eresrch Laborelory,

Enst Ifartford,PT . on February 19, IhrouLb 22, 1982 As a rcsult of


fnilurc of the huh:

1I-A  exam ination :he follow ing drrta w ere dcvclo?ed relitivc tc thc 

-

(1) 

’The huh frncturcd radially thro,,*h the hore and rim  i;l tw o

locations, rclcasing tw o sections com ;risq oproxim atzly

120’trnd 240‘01 thc hub circum fdrence, respcctivcly. S.’c


altdchm cnt No. 56 to 5c.


Ijinocular cxnininalicn o! thc frnct:lrcs re cnlcd fa:iguc


w hich prqrcscd from  orifl3.Z  b .2ircTm fcrm tinl groovc

nt thc rcnr cnd cf ltr- lie rod hole. Fatigue cxir7acd rpproxi:nw lcly

1.25 inchcs inboard tcw ard t!x bore and 0.035 inchcs out% ard

tow ard the rim . Fracturc ?a m inalinrl w J dce to r3pid

tcnsi’c ovcrl?rtd. Scc atI8xim cnl No. 6.


Tbc surfacc c’ the grm ve cxhibitcd a vcry rough, sm enrcd

nppew nncc nnd thc*c w crc - .nm erow  axial cra-ks. Sce


ett.nchm cn1No. ’1.


A dim eiisionnl im pcction of the circum !ctcnliai groove

wns azc9m pllahed w ing n shadow graph. Cxainination of

replicas m sdc of thc groove rcvca!?J lhdl thc grw vo hjd

a nnxim um  w idth 0 ; opproxim atcly 3.125 im h end n m nxt*!m i

dcplh of 0.025 Incn. T b re w rc m ine narrow  uens bel*c..a


the groove und lhc rcnr brcnk edse of Ihe lie rod hob thnt

w crc upparcctly m achincd flw h with tie rod k lc surfucc

on Ilic othcr ride r,f lkc groove.

Thc groovc ww not concciilrlc w ith tnc bore of.iitc tic

rod hclc. 

Scanning clcctron m ic:owc:c LSEW  exam inntior. -r i .e


ftw turc surface rcvnalcd *trlationr Iygicn! 4: bo.- cycle


lUllgUC (LCF). E strlslion count analyr3 revc.:& 7,; ,o


(2)

... 

- 

(3) 

(4) 

(5) 

(6) 

I
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10-79 

- 

Engine P-655019 w as rem oved for FO D , 51 1st and 2nd stage


rotors replaced. H ub Ser. 5A 5786 had the follow ing w ork accom plished.

o G raphite A nti-gallant varnish stripped per SPO P-18.


o Zyglo inspection.

o D im ensionnlly inspected (critical dim ensions).

o Blade riots w ere shotpeened and graphite varnished.

H ub Ser. 5A 5786 w as then installed in JT8D -7B engine 

Ser. No. 2-654892, TF‘T
- 1,725 hours and 6,578 cycler

-

2-17-02

- 

H ub Ser. SA 5786 fractured in Engine Serial P-654892, TPT -

:2,537
 hours and TPC  - 9,361 cycles.


. _ .

- - ..

The design ofthe fr& t com pressor, frm t hub for the JTBD -1 through

7 engine m odels has been cssentia1:y unchanged in the area of the hole configuratim

since it w as first introduced in the JTED  engine in 1964. A total of 3,750 JTBD -1 through

-7 engines delivered since 1964 Lave accum ulated in excess of 140 m illion cycles and

there have been no reported problem s associated w ith the bolt hole conditicn or configuration.

.An estim ated 12,700 front com pressor, front hubs have been retired from  service durirrg

the sam e period.

A total of 8,759 pert No. 749701 front com pressor, front hubs have


been delivered as spare parts since :he hub % as introduced in 1974. In addition 1,863


front eom presrsr, front hubs, of an im proved & ?sign for JT8D -1 through -7 engines have

also been delivered sincc being introduced in 1077. This transiaies to over 5,000 front

com pressor, front huts being retired frcm  service since 1974 w ith no reported problem .

d. >lanufactw ingReview 


A com preh.ensiv_e_reviewof t1.e m anufacturing and inspection operations

‘was conducted to determ ine the adequacy of these operations in the production of the

front com pressor, front hub, as applicable-to the bolt and lightenipg hole area. In addition,

the Q uality Review  tecords w ere surveyed for any activity relating to bolt hole operetions

andior inspection discrepancies.

The tie rod and lightening holcs are produced by drilling, boring, honirg,

and a barrel finishing process. D ehrring and break edge operations are perform ed af:er


each m ajot step in the hole production. An etch anodizing process, fluorescent penetrant

inspection,and visual and dim ensional checks are com pleted atprescribed points in the

fabrication process.

hubs, m anufactured since 1974 disclosed a total of 59 nonconform ances subm itted for


n variation to.enginceringrsquirem enrs in the area of hole inspection and production.

Of the 59 nonconform ances review ed, 29 w crc subm itted by the m anufacturingdepartm ent

and 30 by the inspection departm ent. These 59 noitconform ances w ere ?leared and/or

disposed of IU  follow r: 34 h u h  w ere salvaged by the im tallation of a rkeve repair;


4 hubs w ere scrappcd;and the balance of 21 hubs w ere either rew orked or accepted

“as is.“


The survey of the Q uality Review  file of 3,261 front com pressor, front

The failed hub w ai not one of the 59 nonconform ances detailed above.



(9) 

4-75

6-26-75

?-76

1-78

9-78 

-4-

A  m etallographic exam ination of a section through the

fatigue origm  (nonconform ing circum ferential groove) revealed

a w ork hardened area at the surface of the tie rod hole


w hich extended toa depth of hbout 0.25 inch below  the

hole surface. The hnrdnes of the w ork affected area w as

as high asH RC-55. 2/ The hardnm  of the part aaterial

in are- aw ay from  fie groove end, therefore, not affected

by any m achining operation, w as fourid to be H RC-34 to

H RC-36, and w ithin part specifications. An increase of


the m aterial hardness is not uncom m on during abusive m achining

operations.

.Fluorescent Penetration inspection (ZL-22) (FPI) or the


fractured hole axhibited indicatiolu in the groove indicative

of sm eared m ttal and axial cracking. The othcr 15 tie

__rod holes exhibited no evidence of cracking.

The hub m aterial conform ed to the com position, hardness

and m icrostructure requirem ent' of the :W A 1215 specification.

A  dim ensional inspection of the tie rod holes adjacent to

the fractured hole indicateti that they conform ed to draw ing

diam eter requirem ents.

c. Failed Part H istory

- Shipped by P& W  to TW A as spare part.

- . Installed new , ZE ?O  tim e, by TW A in N ational A irlines engine


E npne P-655019 w as rem iG ed for being EG T 31 lim ited. i o 

low  pressure -om pressor w ork pcrform ed.

Enpne P-655019 w as rem oved for com preuor stall; discovered

12th and 8/13 stage dam age; hub received visual inspection.

No rew ork required. Reinstallcd in P-655019, TPT 4; - 4,100 houn

and T PC I 51- - 

4,056 cycler. 

P-655019.


- -_

- 

- 

- 

- 

- 

Engine P-655019 w(u rem oved for b+ing EG T~lim ited. high turbine

vibration and slow  acceleration. Hub rem oved. The blade slots

w ere cleaned and the journal diam eter m easured. A visual irupection 

cleared the hub for reirucallntion in P-655019, T3'r- 5,719 hovrs 

and TPC - 5,317 cycles.

.-

--Hardness,
 Rockw ell "C " scale w ith a relative hsrdneu reading of 55.

8 Exhaust C as Tem perature.

i/ Total Part Time. 

5/
 Total Part Cycles.

- 

Q UALITY  CO NTRO L CHECK 

'I.

..
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A sequential, step-by-step, listing of the m achining and inspection

operations pertinent to the production of the 32 tie’rodand lightening holes in the front.

com pressor, front hub, is provided as attachm ent No. 8. D uring the production of the

front com pressor, front hub, tie rod and lightening holes there are h total of 13 separate

inspection operations involving six different individuals, several of w hich pertain to

the exact area of the tie rod hole at w hich the nonconform ance groove w as found.


I


e. A uthorized Part Life .


The latest authorized part life for Part No. 749701, front com prew r,

front hub, is 16,000 hours and 13.500 cycles.

-..Paul Baker-. - .


Pow erplant Specia!iit

.. .


. . 

.. . 


Q UALITY C O h d  CHECK
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front cnpressor, front Rub bails-up


and rluscellar,eous part s.


. . 

- 

..

i 

/ Tic L w le 

0 

PUALITY CONTROL CEECK

.. ..




..

H ub-Front C oqresror. F ront

PIN 7497G 1, SIN SA5786


..


- . .  

p.elov is a 

to  the area of d istress exrerienced on the subject hut.

sequential ~ is ttn g  of tile bcttinincdInspection ev en ts g L rzn e

. .. 

Seauence % eration I


1* 260

2* 29c


3 370


4 380


5* 390


6* 400


7 490

8 580


9 610


10 610


- .

- 

-- 

I 


- 

-- 

- 

-- 

25


32

36


51-52

106


10 i


16 1 


162

153

Drill 32 holes, (IS) .384-.3R ?. (16) .000-.405.

ream  one random  hole to  .406-.4O i.

Rem ove burrs and brrak edges 

.oC3-.315l a t bcth

Rough bore and fin ish  bore 32 hole;, (16) 116:-

.
 . 

. .


.


.4175. . .  (16) .435-.436 .


A t 64 edges of-32 holf.s, dr. srr. atrrsiv e . c m t

polish and b u tterfly

.. 

H one 16 holes. .438-.430 : .001 T.P. .  ..
 .. .


. .. .~ 


Hone 16 holes, .4195-.W 25 - -003 T.?.

E tch Anodize Inspecrim

F luorescent P enetrant Inspection

G eneral V isual Ins?ectioc

B arrel fin ish  - inspect front e% ! of 2770Te3


p er V IS-72


.437-.440, (16) holes 61rensional ins:+ctic

w ith air gage

.4135-.4215. (163 holes dicrnsional Inspection

v ith  air gage


B arrel fin ish  - Inspect rear end of 33- h Jles pcr

V IS-72


Inspection W A 99 fin ish  ID  of 32 hcle-.

Inspection PVA A  fin ish  rear end of >2 holes

164-165 A 90 b -472 W fm um  a fm ter rear end

113-114 A 90 b A 72 maximum d fk e tc r fro n t end


228,

207, holes to  V IS-91 and DCS-104. IUS stace-? -

2b9

W srul inspection of hub, both rides. in ch d in g

"H ount disk on rotary easel, if applicable.

startin g  point. rotate xo0 bots aitcs. m arit


w oppinp point lf in terru p ted . 

behind b lc: and slots."

H old w hite paPc1

I


U U A LITY  CONTRtL CHFCK

*In pr-cess m M ufacturing'inspection perfo-d
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