~~ METHOD OF REMOVI NG STUDS FI ELD OF THE | NVENTI ON The
- present invention relates to.a nmethod of renoving
- studs fromgas turbine engine conponents and, nore
particularly, to a nmethod of renoving key ring stud
assenblies fromgas turbine engine conponents.
BACKGROUND OF THEETHENDE@N:ViaraadesTeDgds are used
very extensively in the aerospace field. The stud is
iece by a threaded first end
Fmé’?gﬁiﬁmEMﬁﬂeaded aperture in the workpiece. A
threaded second end protrudes froma surface of the
TOPprepin® e enhien fildies fohemeteanst eeving sHRISGrdn? o8ERHbRe engine
another part to the workpiece. It is often necessary
compangns ped:iaere paitigglariyote 2 methadrof péreedng Koy ring atwdlassemblies
| . of the CF6-80C2 and CF6-80E
ﬁ%rﬂga%gg&ﬂgggglfﬁ%ﬁl}%{n%%éy ring stud assenblies
installed on the aft flange hub. The studs may need to
BACKIGROUND GFEHBRINVENTIONeat nent operation is
perfornmed on the turbine rear franme. Simlarly, these
St need to be rempved if an unseryiceabl e, .
TR el SR iy SRS, i R A°FP3S ek fEShthis seoured
to B @eRlsieceOp® MBirbRIdd st eARMhRLASE UdS 4 HRBARat WRE in the
rear frame 1s set forth in Fig. 1. As shown therein, -
woskpieea: i 4 thredded isecost wdd prgtrusies from ofurfask otitel workpizee wherein
e of the hu A machi ne i.s.then set up to
théd%g ?I?dj%%daig UEEP ST BT R Rt ﬂgé‘eo‘é'?%}ﬁc'&f the key ring
portion. A second drilling operation is then enpl oyed

It issofieh accnBry @6 rémaed il ktulls tiom dhd Morkpie@uUaIFol RRample, the
bottom t he stud or to another depth suitable for

turhingrear drangmoidhe SO 2capddrli6-§0F engiass havemuultipletkey ring stud -
i biLd G t t ud usi dri ||
assElbhcs PRtltp 58 RECAE! Bt 8, g s gt e Byl when o

hedtiésehtment ppstatih is petfoinsedesipihe@bideGear fRafd) SIERALY! BRse studs
ortion and renpve this | ocking mechanism

key ring p 1 ock _
mayieed ¢ gﬁ/rm@ﬂqda’(ftaﬁ rungprvireable goadisian ds fvedeon ¢ sty during an
insﬁ@dﬁ%}{‘fa%oée% remai ni ng i nner stud, as shown in

(]

One method of removing studs from a turbine rear frame is set forth in Fig. 1. As
shown therein, a portion of the stud may be cut off slightly above the surface of the
hub. A machine is then set up to drill to a depth lower than the bottom of the key ring
portion. A second drilling operation is then employed using a smaller sized drill to
drill through the bottom the stud or to another depth suitable for application of a
subsequent screw extractor. Thus, drilling is cénducted through the stud using a drill
sized for the particular screw extractor emplbyed. Next, a prying tool is employed fo
reach under the key ring portion and remove this locking mechanism. The screw

extractor with a tapered diameter then removes the remaining inner stud, as shown in

Fig. 1.

Although the above method is effective, care must be taken so as not to drill into the

parent material of the component. Similarly, there is a risk of damaging the threaded
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Fig. 1. Although the above nethod is effective, care
‘must be taken so as not to drill into the parent

mat erial of the conponent. Simlarly, there is a risk
of damaging the threaded 1 aperture of the conponent
because of the use of nmultiple drilling operations.
This nethod al so involves nmultiple repair operations

apérclre gy itllilﬂ&diﬁﬁxﬁﬁht BaldeOsetienas ﬁf}ﬂultit)féuﬁilﬁﬁé erations. This
demands waqé abor hours to conplete the renpval

msihpdealso npplvey mnkiplyrepain operaignsand equinsesht Sefrumppivechues and
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turbine rear frane, w thout damaging the underlying
Actordoghl tizpe exists esneed fier P ety of afficivit wrem$aiig sthilefom gas
o hi s need. BRI EF DESCRI PTLO\I OF. THE | NVENT| ON .

RUBB NG LB Starticialy keY TingesTht assembliph & fugbine rear
frhii8! RithSutRiag4sfRding FREMRH e Ahread driifesd KRy 13,’391& invention

stud assenbly conprising a key ring portion ahd"a
sagjglies, thismgpd.a  t hreaded aperture of a gas turbine

engi ne conponent conprising: formng a tack weld on

[ i ring stud assenbly;

B§§ﬁ3§§§C§#Q§§??§%¥@§E?@‘&ﬁgnkﬁﬁk wel d; attaching a

pul ler to the extractor wel ded to the tack wel d;

renovi the key ri ortion b ling on th
AT W R R B JBOebl dsBte thive " iPuie o method of
rerAPEnE WNRY rinpSSedrhisemBlyt ¥ompriise b kel RBReSidiflon aRdla stud, from a
: renDV|g%m}he stud using a tool wthout damaging the
thregtled apedurg oé erass dubinetsngingaponinenpitrromeniginge farovipe A dank, weld
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onS6EREEH 08 o890, A5PSEL sk EGE LRaRE BY 65 o e o
welh ptaciSngg palldc ey thel axgrapor ickied 3 thedackt weld; feh@Vimthe key ring

&gert ure_of a wor kﬁi ece QogEri sing: formng a tack
PO PIoRUHIAG oreYe muHEr FrtereiB ihe ptudemery inj the threaded aperture;

ass@ﬁﬁ)ﬁﬂ% ko nufﬁ’%ﬁ‘}e' \Gu@ing )férﬁ@ﬁhg thd Qud Hﬁfl%@égol\’@ihﬁdut damaging
attaching a puller to the extractor welded to the
thetthekdaded petrturcarfule gag tordbénckangine cognppaett on by pul | ing on
the puller, wherein the stud

According to a second aspect, there is provided a method of removing a key ring stud
assembly comprising a key ring portion and a stud, from an aperture of a workpiece
| comprising: forming a tack weld on the key ring portion of the key ring stud assembly;
welding an extractor to the tack weld; attaching a puller to the extractor welded to the
tack weld; removing the key ring portion by 'pulling'on the puller, wherein the stud
remains in the aperture; assembling two nuts to the stud, wherein a first nut is
assembled to the stud and a second nut is secured on the first nut to become fixed and

prevent movement of the first nut; and removing the stud using a wrench without

damaging the aperture of the workpiece.



remains in the aperture; assenbling two nuts to the
stud, wherein a first nut is assenbled to the stud
and a second nut is secured on the first nut to becone
fixed and prevent novenent of the first nut; and
removing the stud using a wench wi thout danaging the

B KRR B oo I LRSI eR 1T ust rat i on of & pri or
art stud renoval nethod; Fig. 2 is a schematic

Fig |1 igatscldmanie iistatis@wf & prer &t sdd aesemPngindgt 9 3 is a
schematic illustration of a tack weld built up on a
accordance with an enbodi nent of

.key. ri ortjon, in
Fl%-%‘s iaﬁ&gﬁiﬁfqﬂaﬁi}umaam af a kewring plagwssembly;| ust rati on of
an extractor tool welded to the tack weld of Fig. 3,
Fig.'8 ac§ QeKlange 'Y}hé&hﬁ%ﬁﬁn%ﬂ [ i1t L% th NG oo
gi:i . 5is a sclhe[rati c 1l S‘%%( [ﬁ%llﬁoﬂr?]ﬁlé?.\ﬁaor{{ gﬁ?&%&owmm’ n
acgagdince MpthoypeatntiodirFérg of the ifventiof; i s a schematic
illustration of a puller attached to the extractor

Fi 354 i oy DS B STRRSATE e s Sy g 5,

nventi on;

in gocbrdanteowith a0 bmbbdiftiedt oSthgidwRAling a renoved key ring
portion, in accordance wi th an enbodi nent of the

.ipvention; Fig. 8 is a schematic illustration of two
Figy St‘%a schemstie élg‘SFéﬁth‘éf apy q¥yacter toalismployed ickigrdance

wi th an enbodi ment of the invention; Fig. 9 is a
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emploged m0an embwdsutrgmdthecinivérdtiont r ati on of a key ring stud
assenbly renoved froma threaded aperture w thout

. damadai . [ d W Th,
 Figg PO S RmpE yRRGHISH Sk SrGRTCreSa i Cesee rene ol key
ring prtibhMEREEdebhnce with an embodiment of the invention;

Fig. 8 is a schematic illustration of two nuts assembled to the stud threads, in

accordance with an embodiment of the invention;

Fig. 9 is a schematic illustration of a wrench removing or screwing out the inner stud

portion of Fig, 8; and

Fig. 10 is a schematic illustration of a key ring stud assembly removed from a
threaded aperture without damaging the aperture, in accordance with an embodiment

of the invention.
DETAILED DESCRIPTION OF THE INVENTION

- The present invention will be described with reference to the removal of a key ring

stud assembly from a turbine rear frame of a gas turbine engine, as shown in the
- Figures. However, it is understood that the methods and apparatuses described herein
may be applicable to the removal of any type of suitable studs from any desired

~workpiece. For example, thg methods described herein are particularly suited for
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The present invention will be described wth reference

to the renoval of a key ring stud assenbly froma

turbine rear frame of a gas turbine engine, as shown

in the Figures. However, it is understood that the

nmet hods and appar at uses descri bed herein may be

| i,cabl.e t.0. the renoval o ny type of suitable. )

oRR Y5 AR B BE PRI il iR Ay, iee cngine
comionents ofleger whRGhidees ein are particularly suited for

3 effectively and efficiently renoving studs from many

di fferent. gas turbine engine conponents or other

A opxgitignglskeyving sud s Skiapludihg key uthgasstiablly & locking

i d ' ' 14.0or .| ocking . nechani
e e YR U sh i FFil 2 € 8P o poip 14 by the
geporat shmpe bfla hiag withetwodeyebaprotigpas pd. a ring with two

keys or protrusions 16. Referring to Fig. 3, in

i.t h ' f the i i on, k
RGEFGE 193 i acDEIaPES (st TEod@gmr ofihe povepRn bl weld
18Ra8Y BE Bhilup b el RSN HidS 145 PlofbiBly. ;ﬁ@o@&f k@?{ 1 %’/"gé Hiwo

| ocated on the key'ring at the locatl

* pogH tankoveld docates! arsthe kagyinguit tlzbloeatives dif g Jeys o psotrmions 16,

I in the weldin erati.on, such as gas
AREIRE I ink Brdcats 105 G BuRBER S R el dine ompraponsusing 225
tungiste® 413 ®ERLQY efnd Hegt r epasiil| f
u?%ck meldvqﬁq¥he ggigtl6 oﬁq%ﬁﬁﬂﬁgygﬁ?ﬁg‘gg???oﬁﬁﬁﬂﬁﬁ'ﬁ”
copiplledglenpgitien obthpdack weld|asrthenkeysy 1Gof theikel ringepostiaped. For
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 lengtthend abokitt b tiubamdishef andndhi EIBILES) iNENak& L '%d}%e&her

ring portion

_ .%& cggg%e the wel d beads on the key
suiggible kepglhs gnd diageters.inaseborameloyed fhereatarthe weldebdadh onghe key

o A B SR TR RSV e

wonlgtieneiis kmpliyed., Fohéxanipié, soine!tutbine rdarotrGhedfe MiRETTRD 718

alléya{ne%gk aﬁ“}lqu zlpfs :}éf{tgg{ql Ya\a’eolugehwggté)g gﬁéﬁlegy@kgovl\{edég |ra;§ ﬁg ié;l;lelf weld
mate¥ial.C Q{éﬂggév'eﬂl dy i bl NGl P Elelid! m%gr g Smﬂt?)?r&ﬁ LY 10% as it is

wor kpi
compatible with the material of the underlying workpiece.
During the welding process, care should be taken so that the temperature of the
underlying part does not exceed its operation temperature during engine service.
Preferably, the temperature should be monitored such that it does not even approach

that of the underlying part’s operating temperature so that metallurgical property

- changes are avoided. For example, in the case of some turbine rear frames, the

- temperature should not exceed about 500°F (260°C), which is about half of the

expected operating temperature during engine service. Temperature control devices,
such as thermocouples, may be employed to ensure that the appropriate temperature is
not exceeded. Similarly, other known temperature monitoring or marking devices,

which change color or melt upon reaching a particular temperature, are particularly
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During the wel ding process, care should be taken so
that the tenperature of the underlying part does not
exceed its operation tenperature during engine
service. Preferably, the tenperature should be

noni tored such that it does not even approach that of

ﬁg‘? derilu%l ng.part's operating tenperature so that
‘al OﬂFﬁ e, hrpplittikytemppratiye Mdigators seld hdTenmeit, Inc. may be

enPiégdal €, in the case of some turbine rear franes, the
tenperature shoul d not exceed about 500F (260C), which
is about half of the expected operating tenperature

AQZIWWHGE’HQI hansatrettoetool éfplsp atferred cmas awkxtdkaNirg 8y then be

o U g SRS o STRASY B SRS L,

. deSuiribell abbye. Pefi@hbly BTt AResH W ﬁlergaﬁiet é%rtPthofotﬁe tack weld.

nmar K| ng devi ces, which change col or t upon
D S feplding QPeIRGeN, dhe tcoporeature shaild he chmtntadcad alsd gescdbed
aboef ul . For exanple, Tenplistik tenperature indicators
sold by Tenmpil, Inc. may be enployed. As shown in
Fig. 4, an extractor tool 17 also referred to as an

Aresmbatitent, ofthe ettetobeoolwEl heshoind fnhurthas detetl il SFigs5.NOrhe
device and filler material, as

._ any suit d n
exGalorr bl B el oS s siongated Kees DBy Whishrs Hie poations of

theldX@raét8MR o $7 WeRled 9f ¢ lﬁlﬁckt @ElHs. YPhdtegs %}‘%%\l gl%g%ﬂtﬁ)nally secured

wel di ng operation, e tenperature”s
to aropalt 34 by anpsuitdtio setmsiog inetanishoFor cAmpled ddi b2 fiay be
weldbf BRSO3 e 3 e g sl 17
ﬁr&ieﬂftﬁﬂﬁ@sés laﬁ@ﬁm%&ed whksddd Bﬁm‘htﬁ fﬂq{rﬁmﬁ@% &Yt 23 he

. extractor tool 17 wel ded o the tack wel e |l egs

@5" are conventionally secured to a bolt 22 by any
ab| semedigmes irefgrrad éhamé slide IRormengulist.emay ﬁBnﬂer attaé]ﬂed to

I e 2 for
the PReadle 19010 % Mkl FERD. oBof Rl eiemily Siuiiiyss s rod
portlonrﬁﬁJ gbs eamgeﬂee nigehdd ngamﬁmaef R exti@ftoR tbol 117 oyt fitl Within
the bolt 22. pul | er sonetinmes referred to as a

the 2pq gartion Aot %IH“EFY 25rdgr atteshmprt thenetos h€dnventional lubricating
oil may also be applied to the stud 10 to assist in the removal of the key ring portion

14 prior to exerting the upward pulling force on the puller 25. To remove the key ring
portion 14, the puller 25 may be manually or automatically pulled in a straight,

upward fashion to dislodge the key ring portion. Twisting or rotation of the device

-should be avoid so as not to damage the threaded aperture 32 in which the key ring

stud assembly 8 is located.

The extractor tool 17, gripping the removed key ring portion 14, is shown in Fig. 7.
The remaining portion of the key ring stud assembly 8, the inner stud 10, may then be
efficiently removed from the threaded aperture 32. In particular, two nuts 28 are
preferably assembled to the stud 10, as shown in Fig. 8. The first nut is assembled to
the stud, and then a second nut is secured on the first nut so that it becomes fixed,

thereby preventing the movement of ‘the first nut. Lubricating oil may then be
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the extractor tool 17, as shown in Fig. 6. The puller
25 generally conprises a rod portion 26. The

el ongated threaded portion 24 of the extractor tool 17
may fit wthin the rod portion 26 of the puller 25
for attachnment thereto. Conventional |ubricating oi

plLied t.0 e stud, 10.to assist in the
ap?g%(rdm%&al? q‘é‘? e Sb’é‘jp?rf%ﬁgafﬂ?%?# with g,mrench; 3 @sather gigjtable
toslhas dhpwarial Figllol i ng force on the puller 25. To renove
the key ring portion 14, the puller 25 may be

nual |y _or autommtically pulled in a straight,
Ay i Bigh 10 tieokey §%@é@ aspemilyyS iy afficiratlyi temoved without
damdb b IO ﬁﬂ%ﬂhf Hﬁg evice should be avoid so
a?gngt to ggna et%%%ﬁ%%@a ed aperture 32 in which the

key ring stud assenbly 8 is located. The extractor
An géyantape ofr emppdigentseof rppederiteyveitig BOtHel @k dfa Welding
.1n FEi.g...7. . The remainjng portion of the ke .
°p§’?ﬁé_éw &t RFBERIGHifh 85 exfracionigal tat gimmvtes g neqseniiss using
drillfrfy @petationy. rERBY&HbSHERENE RE thd hﬁéﬂﬁﬁr ARAEL ﬁ{ri 's"l@oitf Efbsing
particular, two nuts 28 are preferably asse ?ed 0
dappge to thg upderlyisg pagwreduee thegeosBof Hiverefriovslt opendtians as well as

u and then second nut S

rediSe BIEDigRd ot 12 1Y P derary o BRI SendsbMoreover,
extelhniavaep;ecisic&w@mﬂm@ttm@)tﬁra%ﬁ@a_nt of the first nut.

Lubricating oil may then be 5 applied, and the inner

s&ud ortiqg 10 removed with a wench 30 or other
Whils; Yagiop emtgdiments ash deseribed betpin,oit will b epproriatedi fiom the
speifica Yydd ' 4 cient |
prenﬁ%ggtﬁﬁtﬂ%ﬁ?@ anaglnggt exﬁﬁggﬁr3%%81@ﬁrg%§ggnvanmus
theggie mayr ke 8de Ay thosankiligé infthe mhodhdent svitfin the scope of the
inVI&&§ent invention is the use of a welding operation

P %ombi nation with an extractor tool that elininates

the necessity of using drilling operations. Thus,

enbodi nents of the invention reduce the risk of

causing damage to the underlying part, reduce the

cost of the renoval operation, as well as reduce the

total amount of |abor hours necessary to renove the

studs. Mbreover,



I extensive, precision equipnment is not required.

Wi | e various enbodi nents are described herein, it

will be appreciated fromthe specification that

vari ous conbi nati ons of elenents, variations or

i nprovenents therein may be nade by those skilled in
Clidi®isart, and are within the scope of the invention. 6

CLAIMS 1. A nmethod of renoving a key ring stud

assenbly conprising a key ring portion and a stud,

fro [ - engj . .
L conponchD BEREAREL K o il sAB L Rk M ing pgion
and & stgd piverhiachreaded dpertieyofiai gag tiabing eagine abinponane bethpisiag:

extractor to the tack weld; attaching a puller to the

extract or melded to the tack wel d; renoving the key
forminga fask o Olbgheé@vms@oawntqféh?;m BRg styghassemhlys he

stud remains in the threaded aperture; assenbling two

d; nd renmoving the stud using a too

wef&frﬁ% %t%lgﬁ)ﬁg ngt?‘% ?lﬂ’r eaded aperture of the gas

turbi ne engi ne conponent. 2. The nethod of claim1,
atta\&ﬁﬁ{g%ﬁhllehﬁ) tﬁ@%x&wt&hﬂad&f&'tﬁ@ta%wem is a turbine

rear frame. 3. The nmethod of claim1, wherein filler

material used in formng the tack weld is the sane
rempeingy ihalkeasirtgmrﬁomb@ melling ¢h thEhmllertwicdeiafthe btad rerthains in
th \A‘ET (gel e extractor conprises a bolt, an el ongated

ey gé@e Wetion fit within the bolt and two | egs,

wherein ends of the legs are welded to the tack weld.

assénbﬁ%emrgemgg, tggn(glh?%%gf 1, wherein the puller conprises

porti on,

removing the stud using a tool without damaging the threaded aperture of the gas

turbine engine component.

2. The method of claim 1, wherein the gas turbine engine component is a turbine
rear frame.
3. The method of claim 1, wherein filler material used in forming the tack weld

is the same material as the component.

4, The method of claim 1, wherein the extractor comprises a bolt, an elongated
threaded portion fit within the bolt and two legs, wherein ends of the legs are welded
‘to the tack weld.

5. The method of claim 1, wherein the puller comprises a rod portion, and the

elongated threaded portion of the extractor fits within the rod portion of the puller.

6. The method of claim 1, wherein the tack weld is a two point tack weld on

keys of the key ring portion.



el ongated threaded portion of the extractor fits
within the rod portion of the puller. 6. The nethod of
claim1, wherein the tack weld is a two point tack
weld on keys of the key ring portion. 7 7. The nethod
of claim1, conprising attaching a wench to a nut

7. secUhedndtiod bieclaist Udohfprishipaitatiihg bREresdid-a St sdifed to the
net hod of claim 1, wherein welding is conducted using

stug tousprgwguf he stpd. The met hod of claim 1, further
conprising nonitoring tenperature during the welding.
10. A nethod of renoving a key ring stud assenbly
8..confihe sietigpdeoflobymrl, Rdreredd tvieliing B REnduckddudingf 4 ®Bldarire.
aperture of a workpiece conprising: formng a tack
weld on the key ring portion of the key ring stud
ass e I t t he: C Ao
O Bt ARlnod ) (iR, Ak SR Blng o Dk AGRpAES dyring the
welgdhgl; renoving the key ring portion by pulling on the
pul l er, wherein the stud remains in the aperture;
assenbling two nuts to the stud, wherein a first nut
- 100 s aseeflinl 8 rdnfovid}ea RéHen@tHd BsseRBRPEInHkind SkSLGHY ﬁéjrtion
on the first nut to becone fixed and prevent noveneht
andyg stufefromiap gpertire of angrimens\donyrising: st ud using a
wrench wi thout damagi ng the aperture of the

fonvr\ﬁ)r{gkf lack %el&g on the key ring portion of the key ring stud assembly;
-welding an extractor to the tack weld;

attaching a puller to the extractor welded to the tack weld;

removing the key ring portion by pulling on the puller, wherein the stud remains in

the aperture;

assembling two nuts to the stud, wherein a first nut is assembled to the stud and a
second nut is secured on the first nut to become fixed and prevent movement of the

first nut;

and removing the stud using a wrench without damaging the aperture of the

workpiece.



