METHOD OF REMOVI NG STUDS FI ELD OF THE | NVENTI ON The
present invention relates to a nethod of renoving
studs from gas turbine engine conponents and, nore
particularly, to a nmethod of renoving key ring stud
assenblies fromgas turbine engine conponents.

BACKGROUND OF THE | NVENTI ON Thr eaded studs are used
very extensi veWT&LOPr@Fé@M@HﬂS@SﬂéIP%. The stud is

secured to a workpiece by a threaded first end
FIELN egdesk povengibRr eaded aperture in the workpiece. A

t hreaded second end protrudes froma surface of the
wor kpi ece wherein the second end is used to secure
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the studs fromth i ece., For
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|nst aI | ed on the aft flange hub. The studs may need to

noved wh a heat treatment operation is
BAS&CYI%QH%@ R T%WﬁEHTﬁ@ rear frame. Simlarly, these

studs may need to be renoved if an unserviceabl e
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portion. A second drilling operation is then enployed
using a snmaller sized drill to drill through the
It ip eftew meesssary tto demove dhesudh dromy dhe Wosknieagh| Eox gkample, the
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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 conducted through the stud using a drill
sized for the particular screw extractor employed. Next, a prying tool is employed to
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 eri al 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 _pethod al sqQ involves nmultjple repajr operations
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process. Accord ere exists' a nee
thupbfiesf danpindnimayy tabophdurg testoudett themegrasal frowdss.ne engi ne
corrponents parti cularly key ring stud assenblies of a

d i h der |
AcqiBkede G v p 288 s B RPE By o MER By FRth s
turiié sngire domBhiidnts, PasoRlal| Ky iz E dshidics Y 4 ﬂn@ﬂﬁ@ rear

enbodi nent of the invention, a nethod of renoving
frampe withqyg dgmagingdhe wadsplying Hiseadsd mgeriirrey The peespor mw@mlon
wﬁ@ﬂgﬂﬁ tyd, froma threaded aperture of a gas turbine
engi ne conponent i s disclosed. The nethod conprises
formng a tack weld on the Kkey ring portion of the
BREFYDESGRIBEIOIN a@FsEhb [y VERI@ONet hod al so conpri ses
wel ding an extractor to the tack weld; attaching a
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aperture. The nethod further conprises assenb
engm@mppnertthé discloged. Adhamethpdowsipyises famingd ta@cdeé on the
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an &AELIE to drnacinerld; difacldne b rillee ool aeitopiveldd@ to the tack
invention, a_ net hod of renpvi n a keéﬁ“ ng stud

weldsandasmevingihe ikey itpgapoekgn by rpg ingran s nuler, avkerein the stud
rem%@tg@o tﬁl@@ﬂéd%g%rtﬁ{ aI‘h‘@Qﬁé‘tﬂ{)cFﬂEth\ﬁg fo r?é‘e% %§‘s%&1bl1ﬁ$ ?wo nuts

conprisés tormng a
to thorstudon Adfartieously, the stud may be removed using a wrench or other
suitable tool without damaging the threaded aperture of the gas turbine engine

component.

In another embodiment of the invention, a method of removing a key ring stud
assembly comprising a key ring portion and a stud, from an aperture of a workpiece is
disclosed. The method comprises forming a tack weld on the key ring portion of the
key ring stud assembly. The method also comprises welding an extractor to the tack
weld; attaching a puller to the extractor welded to the tack weld; and removing the
key ring portion by pulling on the puller, wherein the stud remains in the aperture.
The method further comprises 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. The stud may be advantageously removed using a

wrench without damaging the aperture of the workpiece.




key ring stud assenbly. The nethod al so conpri ses
wel ding an extractor to the tack weld; attaching a
puller to the extractor welded to the tack weld; and
renoving the key ring portion by pulling on the
pul l er, wherein the stud remains in the aperture. The
rther conprises _assenbling two nuts to the
BR@EPEJE%%@{RE?HQN QFfﬁEtD%WINQS assenbl ed to the stud
and a second nut is secured on the first nut to becone
Figl 1 %8fscABdatiPIRYeRHon 80 Y BNkt Ofud k88oddl hitkhdaut . The stud
may be advant ageously renoved using a wench w thout
_damagi ng the aperture of the workpiece. 2 BRI EF
FigoFserichanatie idustration pRAkERGSS Fiug assembdy;a schenmatii ¢
illustration of a prior art stud renoval nmethod; Fig.
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wi th an enbodi nent of the invention; Fig. 4 is a

. schematic illustration of an extractor. tool | ded. 1.0
Figchi 4 BRI &lustratwﬂp@?a%,eéﬁ?%or&eelo‘w ﬂffL%’ e f%iéﬁéi‘f??‘f SFFig. 3,
in a8EHR@&CERAh B eniBiRith& @PiHcQventibG; 5 IS a schematic

illustration of an extractor tool enployed in Fig. 4;

. Fig. 6 is a schematic illustration of a puller
Figat tsacisbematis illhsirasion ohan extractas|tod femplayed 4n Figedpl oyed i n

an enbodi nent of the invention; Fig. 7 is a schematic
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empgojxddh am Rinbofinidneof thy @viehtdsi; Fig. 8 is a schematic

illustration of two nuts assenbled to the stud

. threads, in .accordange with an di pent of the
Fig higéntc %m?ﬁ%llastraéwpg?ﬁwse&ﬂéﬁaf foefpf 191_@5 EHPRiBR 2 gpmaved key
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portion of Fig. 8 and Fig. 10 is a schematic

_illustration of a key ring stud assenbly renoved from_
Figa8 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, the methods described herein are particularly suited for
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t hreaded aperture w thout damagi ng the aperture, in
accordance with an enbodi nent of the invention.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present
invention will be described with reference to the
removal of a key ring stud assenbly froma turbine
rear. frame _of a gas turbine engine, as_shown in_the

effmt@ewe%n P’l’é’\wﬂy reppving siidsciranonany Hiferent czasdunbiigs engine
eﬁ&%"i‘rﬁ-fe er_, q&%grl bed herein may be applicable to

t e renova ny type of suitable studs from any
- desired workpiece. For exanple, the nethods
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i ncludes a key ring portion 14 or |ocking nmechanism

and an inner stud 10, as shown in Fig. 2. The key ring
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t he underly|n wor kpi ece is enpl oyed. For exanple
alloygpatetigly pilie, f%@amaﬁeﬂdn@gu g relsorheeretsrred felouspag the filler weld

material. However, any suitable filler material may be employed as long as it is

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




alloy material. Thus, this material would al so be
preferred for use as the filler weld material.
However, any suitable filler material may be enpl oyed
as long as it is conpatible with the material of the
under | yi ng wor kpi ece. During the wel ding process, care
shoul d be taken so that the tenperature of the
usefifld FryaxayPisa d emghigik igmpemiire ligaters spld byt Tesmpil, Inc. may be
é rature during engine service. Preferably, the
g%ﬁrature shoul d be nonitored such that it does not
even approach that of the underlying part's operating
As smmeimﬁigr 4 moextiactor el A7 lalsogiefeaded po apan extractdramge shen be

welfed S HEE Wi uSTHe Ak suiable Wit 8 ge «ad Sl Tafoth. =
des@MHd 46866 CPrefWabIh tHeStildd Qhdteda i§ t1Rf salRrs (RHRFGhEthck weld.

operating tenperature during engine service.
Durhegribés eielding cpexation) thel topipseature shoud ba snaniteredpescalgs described
bolRY be enployed to ensure that the appropriate
aono
t€énperature is not exceeded. Simlarly, other known
tenperature nonitoring or marking devices, which
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17 al'so referred to as an extractor
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furth@€oh@ekes¥il dongatddrthRaaddiciNed AhNitRRhab4IPMm. t he
tenperature should be nonitored, as al so descri bed

above. An enbodi ment of the extractor tool 17 is shown
A pulerr 2, sereetires wigrradrio @y g.slide hammer pyllerampy thendw! attaghed to
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ons of e extractor

porﬁ@ﬁ% WEhelelonddiel ihe@aeczgo@bﬁ 24 ofiené-it@bmt kool 9 & Gatyefit within
a bolt 22 by any suitable securing nmechanism For

the godapestian 26 H’é th Pelley 254y affechment thereto. Conventional 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




wel ded to the legs 20 or even forned as an integra

part thereof. The extractor tool 17 further conprises

an elongated threaded portion 24 fit within the bolt

22. A puller 25, sonmetines referred to as a slide

hamrer puller, may then be attached to the extractor
in Fig. 6. The puller 25 general
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Kmpggghgﬂlgﬁﬁgﬁ,the extractor tool 17 may fit within
he rod portion 26 of the puller 25 for attachnment
thereto. Conventional lubricating oil my al so be
As ab@wn o Rip thehe ke ring stwl assembly 8 s effeiendyoemioved witheut

ausiitng 4f EpBRbEEfretes BiaREs 305 To' 1 cvove the ey ri ng

portion 14, the puller 25 may be manual ly or
Anaadvan@gé ofldmbodithéresl of Rhé pedésedt FRtntiont pWBfedudedshiaORelding
di sl odge the key ring portion. Twsting or rotation of
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The, remajnin 0 on of the key ring stud as
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extélfsﬁz@ ﬁt@ﬁsﬂaﬁ%ﬁﬁiﬂﬁx@n@i@%ﬁf ngﬁré%lz I'n particular, two nuts
are preférably assembled to the stud 10, as shown
|n Fig. 8. The first nut is assenbled to the stud,
Whila varipeh embedionents gt deseribedchareid, ﬁnwgihéefappmmamdt from the
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a wench 30 or other suitable tool, as shown in Fig.

inventiods shown in Fig. 10, the key ring stud assenmbly 8
is efficiently renoved wi thout damaging the
underlying threaded aperture 32. An advant age of
enbodi nents of the present invention is the use of a
wel di ng operation in conbination with an extractor
tool that elimnates the necessity of using




drilling operations. Thus, enbodinments of the

i nvention reduce the risk of causing damage to the

underlying part, reduce the cost of the renoval

operation, as well as reduce the total anount of

| abor hours necessary to renove the studs. Mbreover,

extensi ve, precision equipnent is not required. Wile
CLABYSous enbodi nents are described herein, it will be

appreciated fromthe specification that various
WwheoRRiMnaty gns of el ements, variations or inprovenents

therein nmay be made by those skilled in the art, and

are within the scope of the invention. 6 CLAIMS What
1. i s #imdthesbofi remoting A keg ring dtudfasseanbdy corgpasikey key rigg portidn

asseml v ¢ rising a k ring.portion and stud,.
and G Brotf SRR aftnfe pER ot iSRSt chbliing:
conmponent conprising: formng a tack weld on the key
forthingQ tReX weldronahe kdierikgEyortibmer Gie key ﬁﬁ%ewblaysembml di ng
an extractor to the tack weld; attaching a puller to
the extractor welded o the tack weld; renoving the
weldg aniexfracior it gy Weldh 1 i ng on the puller, wherein the
stud remains in the threaded aperture; assenbling two
attaBths a PRIEMNS 18 dfhacBPHcIdRARY iR %adkhPelgt ud using a tool
W t hout damagi ng the threaded aperture of the gas
turbi ne engi ne conponent. 2. The nethod of claim]l,
- remgiiagdhakeynengpstienbhpuiing oy theepudisnpdisein thesstus neaains e
rofr _.3. The nethod of claim1, wherein filler
the%%%@?égﬁ Us&d in formng the tack weld 1is the sane
mat eri al as the conponent.
assembling two nuts to the stud; and

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.




4. The method of claim1, wherein the extractor
conprises a bolt, an elongated threaded portion fit
within the bolt and two | egs, wherein ends of the | egs
are welded to the tack weld. 5. The nethod of claim
1, wherein the puller conprises a rod portion, and the
eIo ate%@éhreaded portjon of the extractor fits
7. wi Pheaimy | 1 Gompprisme aiaching p french to #iut jrseied do Bre
Suﬂjdgcgw;mﬂwgggﬁan the tack weld is a two point tack
wel d on keys of the key ring portion. 7 7. The nethod
of claiml1, conprising attaching a wench to a nut
8. s ecx&mftﬂhft@ftrbmovmg adey oing stughvessambly bemptisinlg a Bey Ang portion
neth renovin stud assenbly conpri sing
and a'yf Fh%n ?Poem (ﬁta‘g?fgig]a?c%f%ﬂpmw%m an aperture of a
morkplece conprising: formng a tack weld on the key
forraing tack Weldonahe kdyeringeyortibm of the Udy ﬂﬁ% etilllaysemb¥e| di ng
an extractor to the tack wel d; attaching a puller to
t he extractor wel o the tack wel d; renoving the
weldpg at"leﬁﬁaﬁ%rrtf’lt]%ﬁ]ta o ;1ing on the puller, wherein the
stud remains in the aperture; assenbling two nuts to
attaEI'ﬁﬁg §tpuﬂer tHRRY Shrdcdr Weldll 1k thck wigdenbl ed to the stud
second nut is secured on the first nut to
becone fixed and prevent novenent of the first nut;
remgwidtleaksyi ring Rardosbipullisg Ay the pallen sthewdin ﬂmtudcramagxsmrg
the%%: epfperture of the workpiece. 9. A gas turbine engine
nporient having a key ring stud assenbly renoved by
the method of claim1l. 10. A workpiece having a key
assamibingtvo chus s ereityd, ivbierere d fibyt nlihie asehbdd tofthecdtad dad 8.

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.

9. A gas turbine engine component having a key ring stud assembly removed by

the method of claim 1.

10. A workpiece having a key ring stud assembly removed by the method of claim
8.




