FI XTURE FOR COMPRESSOR STATOR CHORD RESTORATI ON REPAI R BACKGROUND

[ 0001] The present invention relates to fixtures and nethods for
hol di ng wor kpi eces, and nore particularly to fixtures and nethods for
hol di ng airfoil workpi eces during coining operations of a repair
process. [00021Airfoils for gas turbine engines, such as conpressor
stators (or vanes), can becone worn or damaged during use,
particularly at |eading and/or trailing edges. Replacenent parts can
be used to replace the damaged or worn airfoils to keep an engine in
service, but replacenent parts are often expensive. Repairing damaged
or worn airfoils can be a nore cost-effective approach. [0003] Known
repai rs of HIXTURE IQKSHOMERESSOR YEATGROVHOGBRDNRESTORA TION REPAIR

| ocation of wear or danage, then joining a filler material that is
then machined to original blueprint dinmensions. Wth repairs that
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parts can be used to replace the damaged or wom airfoils to keep an engine in service, but
replacement parts are often expensive. Repairing damaged or worn airfoils can be a more cost-
effective approach.

[0003] Known repairs of airfoil edges can involve removing material at the location of
wear or damage, then joining a filler material that is then machined to original blueprint
dimensions. With repairs that include coining operations, filler material added to the airfoil
workpiece during repair can cause coining dies to exert relatively uneven force patterns, which
can produce stress and potentially deform the airfoil workpiece in an undesired manner (e.g.,
twisting the airfoil portion out of conformity with an original blueprint configuration or beyond

engine manual serviceable limits).

SUMMARY
[0004] A fixture assembly for retaining a workpiece during a coining process includes a
mounting block. The workpiece includes an airfoil portion, a platform, and feet extending from
the platform opposite the airfoil portion and configured o engage a retention slot in a gas turbine
engine, each foot defining a substantially arcuate engagement surface. The mounting block
includes a first portion having a slot defined therein between opposite first and second lateral
edges and having an exposed front face, first and second retaining structures positioned adjacent
to the first and second lateral edges, respectively. Each of the first and second retaining
structures overhangs the slot and defines an engagement surface facing the slot, such that during

engagement of the workpiece the substantially arcuate engagement surfaces of the feet contact



the platfonn opposite the airfoil portion and configured to engage a
retention slot in a gas turbine engine, each foot defining a
substantially arcuate engagenent surface. The nounting bl ock incl udes
a first portion having a slot defined therein between opposite first
and second | ateral edges and having an exposed front face, first and
second retaining structures positioned adjacent to the first and
second | ateral edges, respectively. Each of the first and second
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t he subshgazeimaltl y ar cuate engagenent surfaces of the feet contact

t he engagenent surfaces of the first and second retaining structures
to provide a pivotable engagenent. BRI EF DESCRI PTI ON OF THE DRAW NGS
[00051FIG 1 is a side BREEHF DESERIENONDATHEDRAWINGS

[0005] FIG. 1 is a side view of an exemplary airfoil.
[00006] FIG. 2 is a front view of the airfoil of FIG. 1.
[0007] FIG. 3 is a perspective view of a first embodiment of a fixture assembly according

to the present invention.

[0008] FIG. 4 is a side view of the airfoil engaged to a mounting block of the first
embodiment of the fixture assembly.

[0009] FIG. 5 is a perspective view of the airfoil engaged with the first embodiment of
the fixture assembly.

[0010] FIG. 6 is a top view of a mounting block of a second embodiment of the fixture
assembly.

[0011] FIG. 7 is a side view of an airfoil engaged with a third embodiment of the fixture

assembly according the present invention.

[0012] FIG. 8 is a front view of the airfoil engaged with the third embodiment of the
fixture assembly.

DETAILED DESCRIPTION
[0013] In general, the exemplary embodiments provide fixture assemblies and methods

for securing an airfoil workpiece during a coining (or forging or stamping) operation. The
coining operation can be a part of a repair process pexrformed on a worn or damaged airfoil. The
fixture assembly and method are particularly suited to securing airfoils, such as compressor
stators (or vanes), that include an airfoil portion, a platform adjacent to the airfoil portion, and
feet located adjacent to the platform opposite the airfoil portion, where each of the feet defines
an arcuate engagement surface. The exemplary fixture assembly provides means for retaining
the airfoil workpiece during coining repair. The fixture assembly can include a biasing member,
such as a spring-loaded pin, for biasing the airfoil workpiece to mainiain engagement with the
fixture assembly during coining, with movement or deflection of the biasing member allowing

easy engagement and disengagement. This helps reduce the time and effort required to both
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100061FI G 2 is a front view of the airfoil of FIG 1. 100071FIG 3 is

a perspective view of a first enbodi nent of a fixture assenbly

according to the present invention. 10008]FIG 4 is a side view of
the airfoil engaged to a nmounting block of the first enbodi nent of

the fixture assenbly. 100091FIG 5 is a perspective view of the

airfoil engaged with the first enbodi nent of the fixture assenbly.
100101FIG 6 is a top view of a nounting bl ock of a second enbodi nent

of the fixture
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present aisemBRtdafBecure the airfoil workpiece relative to a number of workpiece datums while still

permitting pivotal movement of the airfoil workpiece during coining. Pivotal movement of the

airfoil workpiece in the coining die can help alleviate undesired stress and deformation during

the coining operation.

[0014] FIG. 1 is a side view of an exemplary airfoil 20, and FIG. 2 is a front view of the

airfoil 20. In one embodiment, the airfoil 20 is a compressor stator for a gas turbine engine. As

illustrated, the airfoil 20 includes an aerodynamically shaped airfoil portion 22, a platform 24

located adjacent to and joined with the airfoil portion 22, and first and second feet 26 and 28,

respectively, extending from the platforim 24 opposite the airfoil portion 22. The airfoil portion

22 defines a leading edge 30 and a trailing edge 32. As shown in FIGS. 1 and 2, parent material

of the airfoil portion 22 of the airfoil 20 has been removed along both the leading and trailing

edges 30 and 32 and replaced with a filler material 34, The filler material 34 can be utilized to

replace worn or damaged regions of the airfoil 20, and can be joined to the remaining parent

material through known welding or brazing techniques. The filler material 34 can have

substantially the same composition as the parent material. The filler material 34 is typically

applied beyond an operational condition edge location of the airfoil 20, that is, the filler material

34 is applied to a thickness greater than that of the parent material removed, thereby providing

excess filler material beyond the original blueprint specifications. The excess of the filler

material 34 can be provided for a subsequent coining operation, which typically reduces the

amount of excess filler material beyond the original blueprint specifications.

[0015] The feet 26 and 28 are configured to engage the airfoil 20 within a gas turbine

engine. In the illustrated embodiment, the feet 26 and 28 are configured to secure the airfoil 20

to a circumferential slot in the engine, with the airfoil portion 22 positioned radially mward of

the feet 26 and 28. As best shown in FIG. 2, the feet 26 and 28 and the platform 24 are arcuate

in shape (only foot 28 is visible in FIG. 2).

[0016] The airfoil 20 in the illustrated embodiment defines at least three datums A, B and

C. Datum A is defined at a radially outer surface of the feet 26 and 28, tangent to a midpoint of

that arcuate surface. Datum B is defined at a lateral surface of the platform 24 and the feet 26

and 28, Datum C is located at a forward edge of the platform 24 and an adjacent, radially-

extending portion of the foot 28. The illustrated datums are provided by way of example and not
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100121FIG 8 is a front view of the airfoil engaged with the third
enbodi nent of the fixture assenbly. DETAI LED
DESCRI PTI ON 100131l n general, the exenplary enbodi nents provide
fixture assenblies and nmethods for securing an airfoil workpiece
during a coining (or forging or stanping) operation. The coining
operation can be a part of a repair process perfornmed on a worn or
damaged airfoil. The fixture assenbly and nethod are particularly
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i ncl ude and bnllea"cﬁocps dlscusses below are not limited to use with airfoils having the particular
configuration of the airfoil 20 as illustrated.
[0018] The exemplary fixture assemblies shown in FIGS. 3-8 can be used to retain the
airfoil 20 during a coining repair process. FIG. 3 is a perspective view of a first embodiment of a
fixture assembly 40 that includes a base 42, a mounting block 44 attached to the base 42, and a
portion of a coining (or forging) die 46 attached to the base 42 adjacent to the mounting block
44,
[0019] FIG. 4 is a side view of the airfoil 20 engaged to the mounting block 44 of the
fixture assembly 40. In FIG. 4 the mounting block 44 is shown in isolation, separate from the
rest of the fixture assembly 40. The mounting block 44 includes a base portion 48 having
. openings 50 therein for accepting fasteners (e.g., bolts) for securing the mounting block 44 to the
base 42 (see FIG. 1). First and second lateral portions 52 and 54 extend outward from the base
portion 48, with a slot S defined in the mounting block 44 between the first and second lateral
portions 52 and 54. The base portion 48 and the first and second lateral portions 52 and 54 of the
mounting block 44 define edges of the slot S. In the illustrated embodiment, the slot S is
substantially open at three faces. First and second retaining structures 56 and 58 extend from the
first and second lateral portions 52 and 54, respectively. The first and second retaining structures
56 and 58 each overhang the slot S and define an engagement surface facing the slot 8. In the
illustrated embodiment of FIG. 4, the engagements surfaces of the first and second retaining
structures 56 and 58 are each substantially planar. The engagement surfaces of the first and
second retaining structures 56 and 58 can be arranged substantially parallel to each other,
[0020] A retaining pin 60 is provided that extends from the base portion 48 of the
mounting block 44 into the slot S, opposite the engagement surfaces of the first and second
retaining structures 56 and 58. The retaining pin 60 is substantially cylindrical in shape in the
illustrated embodiment, but can have other shapes in alternative embodiments, for instance,
having a rounded or pointed distal end for contacting workpieces. The retaining pin 60 can be

spring-loaded, or biased with other suitable means, to provide a biasing force in a direction
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such as a spring-loaded pin, for biasing the airfoil workpiece to
mai nt ai n engagenment with the fixture assenbly during coining, with
novenent or deflection of the biasing nenber all ow ng easy engagenent
and di sengagenent. This hel ps reduce the tine and effort required to
both engage and di sengage the airfoil workpiece fromthe fixture
assenbly. In addition, the fixture assenbly can secure the airfoi

wor kpi ece rel ative to a nunber of workpiece datuns while stil

permttin i,vot al. novene f t.he-airfoil rkpi.ece _duri cai ni ng.
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airfoil portion 22 of the airfoil 20 has been renovéed al ong both the
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mat er i ahoRhe HNSrhil khes 1XBh@E dserdfly@dN DaGrediod 6fztﬁggetta%iﬁ?8ﬁ1%esa\‘/\g e
or danmaged regions of the airfoil 28, and can be joined to the
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conposition as the parent material. The filler material 34 Is
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t he airfigirky 20, t f ek - rmter il i: .
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22 posi {BAREG T adiidr Py° FRARPEIIRS VENST Rt o 2 sessel wah st B g
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tangent to a mdpoint of that arcuate surface. DatumB | s defined at
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radi al | y-extendi ng portion of the foot 28. The illustrated datuns are

pr ovi deéb‘l?}' V\(M the aigf?iér;ﬁpén RiY4t dying a coining operation, where another die portion {(not
shown) comes together with the die 46 to apply force to the airfoil portion 22 located

therebetween, In the illustrated embodiment, the pivot axis 62 is defined between points located
generally at opposite corners of the substantially arcuate engagement surfaces of the first and

second feet 26 and 28, where those first and second feet 26 and 28 contact the engagement



limtation, and in alternative enbodi ments the datums A, B and C can
be defined in other locations on the airfoil 20. [0017]1t should be
understood that the airfoil 20 is nerely an exenpl ary enbodi nent, and
a variety of other airfoil configurations are possible. Also, the
exenplary fixture assenblies and nethods di scussed bel ow are not
limted to use with airfoils having the particular configuration of

t he airfoil 20 as iIIustrated [ 0018] The exenplary fixture assenblies

shown in ed to he girfoil 20 duri a .
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pin 60 itsassdiediang hial doyhefpsl thglefoit 20 rénais h@a@edl with the fixhireladse@bledo during

enbodi nent, but can have ot her shapes i r i.ve, enbodi ne for
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ot her suitable neans, to provide a P|a3|n ce iin . a |r%
fixture assembly 40. The configuration of the mou tmg Eock 144, wit ase pOl'tIOl‘l 148,
openings 150 and first and second lateral portions 152 and 154, is generally similar to those
described above with respect to the mounting block 44, with similar subcomponents designated
in FIG. 6 by similar reference numbers with numerical values increased by one hundred.
However, the mounting block 144 further includes a protrusion 164 extending from the base
portion 148 in which the biased retaining pin 160 extends. The first and second retaining
structures 156 and 158 are also positioned relatively close to the base portion 148, In the
illustrated embodiment, engagement surfaces of the first and second retaining structures 156 and

158 can be planar or arcuate. For example, the second retaining structure 158 can have a

cylindrical shape, which a pivot axis arranged coaxially with the cylindrical second retaining
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toward the engagenents surfaces of the first and second retaining
structures 56 and 58. The retaining pin 60 can contact the platform
24 to bias the airfoil 20 against the engagenents surfaces of the
first and second retaining structures 56 and 58, for instance, in
order to mamintain engagenent with the fixture assenbly during
coining. It is possible to depress the retaining pin 60 at |east
partially into the base portion 48 of the nounting bl ock 44 agai nst
the bias i ' ' f relative [ et

2l 1 oni gt Tai bRl ARl CAbAERCRL o8k 34 biferters e SiBrsainine
mount i ngtristiwoe k58 duchThes secohdiatdinipg pruatuGOl 5811 pesgionbdwidhin fiwislot 30 t o be
engaged di se ged fr the fl.xture enbl Q. _rel ative

Ut okty BRL" S oraPT s posl i of et AT ERER bt ab R 161 45 ape 29
assenbl eggmgtdhatth iantbird dabsdimesddc: hastieg dick @A4,cind HGNE ist fivot viewe $f fler
hol di ng t irfoil 2 o_the, fixture assenbl.y 40. ressi.on . of

ot ai ny AGEA Bl AR b memtin ket o TRo P aenE o TR FRE PRk a2

or oper ahv¥ing anBRY foytpms 248 wiibafipt ngd Stdondtlaend portivhs tA5At anklh254f eaténdirgg

assenbly 20 facilitates reducjng the overall . tine d, expense

R0 athetP L I GPPRLY et [ NG EpaPRLbo P FoRRecE R PR e lock 144,
the ai r @il sidlarl SbengREeds dkdighated €n OGBL 7 REd B WCKmildr tefer&ice Mumbs@yvith
that substantially arcuate engageqfat rfaces of the first %Pd .
second PWEFroRk VANES pgreayy; bh ofi dungr Siééft&rf%r oo Bipgk feomits the
engagenmpibin® i CRg ¢ fidlQnlli sesdnd 3BEinERCAIGFRS 6 NinA P58t &) GHUT BEmdAOas
and 58, respectively, to provide a pjvotabl e engagenent. Thgs

pi vot ableElindsgade an Rdilfs - ackalepd ok iy segprd HEEUHLITTONE 0P gaus {pe daum
al i gned f gt @t bi¥RiltRQ. t ReHRLURTFIA, &NfHe Sechid fRBniRd ki Rhdre 288 coitReZlinlddle
5 is a perspective view of the airfoil 20 engaged with the fixture
assenbl pouigh of the serend footidt eiifvetitflehdddi ment, the airfoil portion 22 is
arr ange(ﬁoq]z@z a su b&ﬁm%h Helc¥e POty ZBBbBhneRtl heRl Rk 8RR, § &R Skilldn b
agai nst ‘the portion of the coining die 46. The feet 26 and 28 are
engaged attovill esogmizmthrtrogatres sley 24 madhincirm gndodeidit wighmatidepertigg from the spirit

non- hori i th ! ; bt i:QR]

Tount | ndrpge e iefelch FhERRGR. hOpi G QRSF friol B RSByl con
engaged vaiyrtd e¢com@@date phiticulgudigoibwoikpietag dasired tolr waighged dicotig t he die
46. A pivot axis 62 is defined about which the airfoil 20 can pivot
during a coining operation, where another die portion (not shown)
conmes together with the die 46 to apply force to the airfoil portion
22 | ocated therebetween. In the illustrated enbodi nent, the pivot
axis 62 is defined between points |ocated generally at opposite
corners of the substantially arcuate engagenent surfaces of the first
and second feet 26 and 28, where those first and second feet 26 and
28 contact the engagenent surfaces of the first and second retaining
structures 56 and 58. In this enbodinent, the pivot axis 62 is
arranged substantially horizontally. [00231Wth repair processes,
worn or damaged areas of the airfoil portion 22 can be renobved and
the filler material 34 joined to the airfoil portion 22 to replace
the parent material renoved. Coining operations can then be perforned
after the filler material 34 has been added. As discussed previously
in the background, coining dies can exert relatively uneven force
patterns on the airfoil 20 due to the presence of the filler materi al
34, as well as due to bends and tw sts that may have undesirably
devel oped in the airfoil 20 during use in an engi ne. Because coining
di es can exert many tons of force on airfoils that often include
relatively thin regions, coining operations can produce stress and
potentially defonn the airfoil 20 in an undesired manner (e.g.,
twsting the airfoil portion 22 out of conformty with an original
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structure 158. Furthernore, the second | ateral portion 154 can extend
past the second retaining structure 158, such that second retaining
structure 158 is positioned within the slot S. [0025]FIG 7 is a side
view of the airfoil 20 (having first and second feet 26 and 28)
engaged with a third enbodi nent of a nounting bl ock 244, and FIG 8
is a front viewof the airfoil 20 engaged with the nounting bl ock
244. The configuration of the nounting bl ock 244, having a base

porti onré%} jth first and second | ateral portions 252 and 254

ext endi 4 efrom is generally simlar to those described above
with respect to the nmounting block 144, with simlar subconponents
desi gnated | | GS. 7 d 8 by.simlar reference nunpbers with

numeri cat  vafuBesPERlE doniFtaias RuReRkeigee Iilﬂf\’/@v%t"om’cnﬁeprﬁﬁﬁﬁt‘f’wm the

bl ock 24sbrigiidck Sndidies &€ kidfoll ipbBioR) Ipladidith, bitEfebd d‘x%di@@@ro&%@ﬁﬁtﬂﬁﬂ 8hoking
structures 256 and 258 are both formed as cylinpders own in FIG

7, a di Shepiriihperten, thifedconngrsdlo sPensh ¢ r%tFIFEPBtSl?F H 985 WHIRE $nER% YEkeim
C of thead choids &0. fehlS deMRWN; | AbdrdrallB, arduB® RGNS hithddl NFe assembly

structure 258 contacts a mddle portion of the second foot 28 of the
ai rfoi | SoBPI{ED26] Al t hough the exenpl ary embodi nents have been

described, Worg&HSing kl!»ibdke@oﬂ ReldaBf 1R chotidg HeC GREYMhEGeih AL &Bﬁﬂﬁgsblg&y
be made in formand detail wthout” departing fromthe spirit an

scope of the i nvel9mpPHAEs: For instance, the particul ar configuration of

the fixture asserg;ﬂ-lrgt Feon/dEifin gg @%&«QHEP%ts@coﬂﬂ“iaft&El@dQés airfoil

wor kpi eces desired to be engag ereto CLAI Vb5: A fixture
assenbly for retaﬁﬁbw@eﬁaewmpﬁ@@@ommweandmﬁmmdmewééstmaw@pem

the workpi ece incl udeg, ?ﬁﬂg@ﬁé%%&édffb%ﬁahé’%&r OI%@&JSQ{O%QQFIL

extending fromthe plat posite t orti e feet
configured to endageard seeerdntelagnngs btotctures mslgasedtadndsﬁmeo dhgyfirse and second

wherein each one of t qﬁmaﬁ@%%&p@&ﬁre %Pa%tf%&tﬂoﬁgr%/ v@lél%ga%agk of 6}I1,e first

engagenent surface, the a ‘moun

rel easably engagi ng t hedfsetnd thenmgnstniumrmumhmgs hhe)cslkotc&rmiprdb&m'ara

first portion defining onRosl!Githle Ating WL SGCON A RIAL §I988ent of the
workpiece the substantially arcuate engagement surfaces of the feet
contact the engagement surfaces of the first and second retaining

structures to provide a pivotable engagement.

2. The assembly of claim I and further comprising:

a first portion of a coining die fixed adjacent to the mounting block to engage the airfoil
portion of the workpiece during the coining process, wherein the engagement of
the mounting block to the workpiece permits pivotal movement of the workpiece
relative to the first portion of the coining die between pre-coining and post-

coining positions.

3. The assembly of claim 2, wherein the first portion of the coining die is positioned

substantially horizontally, and wherein the mounting block has a non-horizontal orientation.



a slot defined in the first portion between the first and second
| at eral edges and havi ng an exposed front face to provide access to
the slot; and first and second retaining structures positioned
adj acent to the first and second | ateral edges, respectively, of the
first portion, wherein each of the first and second retaining
structures overhangs the slot and defines an engagenent surface
facing the slot, such that during engagenent of the workpiece the
subst ant,i al | y_arcuat.e agenent surfaces of the feet ntact the
engagentnt. s 1 EeaTS STHRN I hedit b S ek SriePprc B BT pe copp
pr ovi derasaijing sthahires 2o gabenwninitiallyblandhe assenbly of claim 1 and
further conmprising: a first portion of a coining die fixed adjacent
to the nmounting block to engage the airfoil portion of the worlcpiece
S:Jri Eg BhehC'Dihd’Hsitg;my@Klﬂﬁﬁl,l_,vﬂeeﬁc@lhﬁnglfl@:k&’ﬂ@]@dyeﬁﬁﬂ?siﬁgﬁ t he rkm_unti ng

ock to the rkpiece permts pivotal novenent of the workpiece,
Celative to HHEY §f€uc&§f’% 195 Fereqve bl e Hifgnetndng blogietme prse- st Hy
and post - coi ni Ng gaedindn®RGucturds cdNPriRS Leldhdry sefur&l ad Mhe? ﬁrét\’f}ﬁb['tﬁjnnoft e
first portion of the cojning die is positioned substantially
hori zontal |y, andn%%’r‘%!’lﬁdf'he mounting bl ock has a non-hori zont al
orientation. 4. The assenbly of claim1l, wherein the engagenent
surfaces of the first and secaond retainjing structures are each
subst anfi al | YheAssgply of dpinpnd Judhenganprisieel ai m 1, the nounting bl ock
further conpy bRidaGetamideAnh ERBAISS F46 Y B3t ffiod SMRY 3RLNRestsk AQuih &
mounting block to a base, wherein the attachment structures conprise
fast eners secur edcasha perEoR phrtae slgifer biavingthe taekpiase rrlativg thihe Skst andgsecopde
assembly of clai mdingfpdrfittidebier conprising: a biased retaining pin
extending fromthe tirst portion of the nmounting bl ock through at
| east a portion of the slot for biasing the workpiece relative to the

first apd Sef‘}%ngss&ﬁﬁl?icﬁi Q8nt b YEEMECSe biased retaining pin is oriented substantially

perpendicular to the planar surface of the first retaining structure, and is configured to contact the

workpiece at a face of the platform opposite the airfoil portion.

8. The assembly of claim 1, wherein the feet of the workpiece are configured to engage a

circamferentially-extending radial retention slot in the gas turbine engine.

9. A method for securing a workpiece for a coining operation, wherein the workpiece
includes an airfoil portion, a platform, and feet extending from the platform opposite the airfoil
configured to engage a retention slot in a gas turbine engine, wherein each one of the feet defines
a substantially arcuate engagement surface, the method comprising:
positioning the substantially arcuate engagement surfaces of the feet of the workpiece
against one or more substantially planar surfaces of a fixture in a pivotable
engagement;
biasing the workpiece against the one or more substantially planar surfaces of the fixture;
and

positioning the airfoil portion adjacent to a first portion of a coining die.



7. The assenbly of claim®6, wherein the biased retaining pinis
oriented substantially peipendicular to the planar surface of the
first retaining structure, and is configured to contact the workpiece
at a face of the platform opposite the airfoil portion. 8. The
assenbly of claim1, wherein the feet of the workpiece are configured
to engage a circunferentially-extending radial retention slot in the
gas turbine engine. 9. A nethod for securing a workpiece for a

coi ni ng ,qperation rein t rkpi ece includes an airfoil portion,
a platf&gnl h%m?%g¥9§§?gﬂﬁ?ﬁ§m$%%W§WH€“EIatforn1opposite the airfoi
confi gured t briggugngsposing Glotidnk @ thd edining dée @asthéri et RAG HRrted by the
wherei n each one 0t.th§ feet defines absubﬁtantiﬁll ar cuat e
engagenent sur f ac®™EHE RYCKS %WEB‘P?%% A ey eqtehle frigage iaRs

substantially arcuate engagenent surfaces of the feet of the

wor kpi ecg, agaj nst .one_qr. nore substantjally planar surfaces of a
fixture th a% ?W%*Q%Pgﬂﬂﬁﬁﬁﬁ@ CrCHPMESIN®g t he wor kpi ece agai nst the

one or nore sikstoapisitidhing Bt aTektanGblly dC8e ChgdsBifedt] ideg oraRd feet of the
positioning the airfoil portion adjacent to a first partion of a

coining die.  10VOTKRECHRERRSH OB OF Frsrsepsiantply plense suine of & Hgure in a

bringi ng opposi ng,ip&silé &hent,HBpreQ iam@asédl%tahﬁﬁifs'ﬂer, wherein force
exerted by the cg%ning %ﬁ%gpivotspthg@morkpiece a Sut t he pivotable
engagenent. 11. The method of claim9 and further conprising: prior

L0 posi yboni fge HBGS HRSHANY idltheheRESMRLM ENgagement surfaces of the
feet of the workpiece against one or nore substantially planar

surfaces of &xingshedire porioa opthgseiabiealicnitiveirebese; aebr essi ng a bi ased
retaining pi Bttaching in a removable manner the fixture to the base.

13.  The method of claim 9, wherein the step of biasing the workpiece against the one or more

substantially planar surfaces of the fixture does not require torquing a threaded member.

14, A fixture assembly for retaining a workpiece, wherein the workpiece includes an airfoil
portion, a platform, and feet extending from the platform opposite the airfoil configured to
engage a retention slof in a gas turbine engine, wherein each one of the feet defines a
substantially arcuate engagement surface, the assembly comprising:

a first mounting surface confipured to enpgage a first foot of the workpiece at the
respective substantially arcuate engagement surface;

a second mounting surface configured to engage a second foot of the workpiece at the
respective substantially arcuate engagement surface;

a third substantially planar mounting surface positioned adjacent to both the first and
second mounting surfaces and configured to contact both first and second feet of
the workpiece, wherein the first and third mounting surfaces can maintain
engagement with respect to two datum surfaces at the feet of the workpiece while

allowing pivoting movement of the workpiece.
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12. The method of claim9 and further conprising: fixing the first
portion of the coining die relative to a base; and attaching in a
removabl e manner the fixture to the base. 13. The nethod of claim?9,
wherein the step of biasing the workpiece agai nst the one or nore
substantially planar surfaces of the fixture does not require
torquing a threaded nenber. 14. A fixture assenbly for retaining a
wor kpi ece, wherein the morkpiece includes an airfoil portion, a

Pt ouls o nd 8Ly AR ARG PhAL LAY BORP ARy DBl dOLhon
configuréd to en a re |on S In a gas turbine ghglne,
mherelncﬁaﬁhc@ne of the feet defines a substantially arcuate
engagenent surface, the assenbly conprising: a first nounting surface
configured to engage a first foot of the workpiece at the respective
substantially arcuate engagenent surface; a second nounting surface
configured to engage a second foot of the workpiece at the respective
substantially arcuate engagenent surface; a third substantially

pl anar nounting surface positioned adjacent to both the first and
second nmounting surfaces and configured to contact both first and
second feet of the workpiece, wherein the first and third nounting
surfaces can nai ntain engagenent with respect to tw datum surfaces
at the feet of the workpiece while allow ng pivoting novenent of the
wor kpi ece.  15. The assenbly of claim 14, wherein the first and second
mounting surfaces are each cylindrical.
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