. .VETHODS AND APPARATUS FOR MACHI NI NG COVPONENTS BACKGROUND OF THE

"I NVENTI ON This invention relates generally to gas turbine engines, and
nore specifically to nethods and apparatus for machi ni ng gas turbine
engi ne conmponents. Accurate manufacturing of a conponent may be a
significant factor in determning a fabricating time of the conponent.
Specifically, when the conponent is a gas turbine engine blade, accurate
manuf act uri ng METHEDS AP ABPABATEHFOR MRS HDENGCOMEONENR'S fact ors
affecting an overall cost of fabrication of the gas turbine engine, as

wel | as lﬁ&?ﬁ M i I pairs, and inspections of the bl ade.
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Prailing Sqfue MbucRitfls O SUHRoALRGE 483 USR8 PSR ePMuBE bl ace
pl at f gr ][n faEacaﬁnﬁahﬁqs of ﬂnlelawgapahm.h Spedifidally, whdﬁﬁa @éﬂlpdnlaﬂt_t ils dag 'ﬂﬁﬁig"eadi ally
I Nnwar roma NnK Ccoupl e o the atrarm e dovet al IS used to

nount theel}gb[ieol?ﬁa T &%ﬂ#ﬂ%ﬁ%ﬁg&f%e égé%mwb%leapf%wt ggaiicart spool .
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design, and a rotor disk groove in which the rotor ades carried.
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t he i nt erccoméatatinilyf epaved rotor blades. FEach rotor blade includes an airfoil that

includes a pressure side, and a suction side connected together at leading and trailing

edges. Each airfoil extends radially outward from a rotor blade platform. Each rotor

blade also includes a dovetail that éxtends radially inward from a shank coupled fo the

platform. The dovetail is used to mount the rotor blade within the rotor assembly to a

rotor disk or spool.

During operation, a pressure differential is created between the compressor blade
pressure side and the compressor bilade suction side which may result in an
undesirable leakage flow between the upstream and downstream portions of the rotor.
One such possible leakage path may form at an interconnection between each rotor
blade and the rotor disk, where a gap may be defined between a blade base member,
usually a dovetail design, and a rotor disk groove in which the rotor blades are
carried. Accordingly, in at least some gas turbine engines small diameter seal wires
are inserted between the blade platform and the outer periphery of the rotor disk to
facilitate sealing the upstream and downstream areas at the interconnection formed

between each rotor blade and the rotor disk. The seal wires are split and as such, may



between each rotor blade and the rotor disk. The seal wires are split and
as such, may 1 expand in a radial direction when subjected to centrifugal
force. Seal wires facilitate mnimzing | eakage gas flow fromthe

hi gh- pressure region of the flow path to the |ow pressure region, and

t hereby maintain the maxi num mass flow of the gas flow streamto maintain
the operating efficiency of the engine. At |east sone known nethods of
fabri cati expand sealradidlrdiregticowhei wohjoced tabertd k@ ra. $8C MRk Beiasenbl y
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t he next set, of bl ades. Additiqnally, an increased quantity of mlling
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conplex, at |east one known mahufacturer machines a p Yeal
grooves \,Hllgqu‘mofé@ﬁéﬁgis g performed on the blade to verify that the machining assembly

is properly aligned for the second time. A seal wire groove is then machined into a
second set of compressor blades installed on a second compressor rotor section. This
process is repeated until all the compressor blades for each compressor rotor section

have been machined.

Removing the machining assembly from the milling machine and re-installing
separate components for each set of compressor blades is a relatively labor intensive
process since cach holding fixture must be installed on the milling machine prior to
cutting the seal wire groove in the next set of blades, Additionally, an increased
quantity of milling cutters are used to perform the test cuts and to machine the seal
wire groove. Since the method for cutting a seal wire groove is relatively complex, at
least one known manufacturer machines a plurality of seal grooves without changing
~ the holding fixfure to faciliate reducing costs of fabrication. Accordingly, the
manufacturer may often produce a quantity of blades that is in excess of the quantity

desired by the customer.



the holding fixture to faciliate reducing costs of fabrication.
Accordingly, the manufacturer may often produce a quantity of bl ades that
is in excess of the quantity desired by the custoner. 2 BRI EF DESCRI PTI ON
OF THE | NVENTI ON One aspect of the present invention provides an assenbly
for machining a seal wire groove into a gas turbine rotor blade that

i ncludes a dovetail, said assenbly conprising: a base portion; a body
portion coupled to said base portion; a first set of retainers renovably
coupl ed to said body portion said first set of retainers conprising an

upper portion havi r of |Ie that substantially mrrors a portion of a
first dSFIELPE Sgﬁiiﬁgj prEHTﬁ%V|ng a profile that substantially
mrrors an opposite side of the first dovetail, wherein said first set of
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porti on. aAnupgier aorére hawpect potlile Héatpﬁlé@@ﬁﬁaﬂyhmprm prBoR désa é‘lrfm l1ing

as tur b Rapbr R o8 BRIE Bttt BnadRE R AP ARR it ol By’ O ©
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a first set of retainers renpvably coupled to said body portion, said
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havi ng a pr antla y mrrors an oppositeé si ’he first
dovet ai | ,aniadosking macldmisrrt Scﬁmpmmg)ﬁ ﬁrstehé,i mmcsn&éﬂcﬁqiﬁoyit@m@ﬁst end,sai d

body porti such that said fi [ et ai ner repl ced by a
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within said body portion.

An alternate aspect of the present invention provides a milling machine comprising:
an assembly for machining a seal wire groove into a gas turbine rotor blade that
includes a dovetail, said assembly comprising: a base portion; a body portion coupled
to said base portion; a first set of retainers remdvabiy coupled to said body portion,
said first set of retainers comprising an upper portion having a profile that
substantially mirrors a portion of a first dovetail, and a Jower portion having a profile
that substantially mirrors an opposite side of the first dovetail, wherein said first set of
retainers slidably couple to said body portion, such that said first set of retainers can
be replaced by a second set of retainers that are configured to retain a second dovetail
that is different from the first dovetail; a locking mechanism comprising a first end, a
second end opposite said first end, a central portion that couples said first end to said
second end, and a handle coupled to said second end, said locking mechanism
configured to secure said lower portion within said body portion; and a grinding

wheel configured to machine at least one seal wire groove into said dovetail.
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second end opposite said first end, a central portion that couples said
first end to said second end, and a handl e coupled to said second end,
sai d | ocki ng mechanism configured to secure said |lower portion within
sai d body portion; and a grinding wheel configured to nachine at |east
one seal wire groove into said dovetail. 3 BRI EF DESCRI PTI ON OF THE

DRAW NGS Figure 1 is a schematic illustration of a gas turbine engine;
Figure 2 is a cross-sectional view of conpressor 14 shown in Figure 1. 3a
Fi gur e 3BRIEH QN&HSHEdIONON i TelE BRAANINGEnpl ary gas turbi ne engi ne bl ade;
Figure 4 is a perspective view of an exenplary machining assenbly for
securl ”gy?gmg?ﬁgoé’%%gﬁlaféﬂﬁﬂnééo& %%ur‘oﬂ{ebeb §eengi ne bl ade shown in
Figure 3, 9 n position durlng manufacture; gute 5 is a perspective view
of a first set of retainers that may be used with the machining assenbly
shown i nFigweir 2 4; aFicgessac@iong! aviper specimpressot el ofhoamns eaofitbuset 1.0f
retainers that may be used with the nachining assenbly shown in Figure 4;
Figure 7 is a side view of an exenplary mlling system 400 that nay be
used with machining assenbly 200 shown in Figure 4. DETAI LED DESCRI PTI ON
OF THE | NVENTI ON As used herein, the ternms "manufacture" and

"manuf acturing” may include any nmanufacturing process. For exanple,
manuf act uri ng processes nmay include grinding, finishing, polishing,
cutting, machining, inspecting, and/or casting. The above exanples are

i ntended as exenplary only, and thus are not intended to limt in any way
the definition and/or neaning of the terns "nmanufacture" and
"manufacturing”. 1In addition, as used herein the term "conponent” nay

i nclude any object to which a nmanufacturing process is applied.
Furthernore, although the invention is described herein in association
with a gas turbine engine, and nore specifically for use with a
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.conpressor blade for a gas turbine engine, it should be understood that
the present invention nay be applicable to any conponent and/or any
manuf act uri ng process. Accordingly, practice of the present invention is
not limted to the manufacture of conpressor bl ades or other conponents
of gas turbine engines. Figure 1 is a schematic illustration of a gas
turbi ne engine 10 having a longitudinal axis 11, and including a core gas
t ur bi ne efegune3 i parspeativanicyedianenciplapogas tidmedengipshingam of core engi ne
12. Core engine 12 includes a generally tubular outer casing 16 that

defines ap.annul.ar core engine inlet 18. Casi 16 surrounds a .
Iom#pressgggwegéggﬂ%?q§6ﬁ¥oprh?Q?%ﬁx?ﬁ@aﬁ?%@@ﬁ?@ng$FW@YiHE%%?ﬁ@géir to a

first pressupenchg\teth ad e @ACurin€ BRAA PRAE sh RNV TR 3 $n ine
avai | abl e from CGener al Elgctric Aﬁ?%raft Engines,g%%néinﬁggﬁyﬁgkl . A

hi gh pres&@PBlactHif;ti - st age, axial -fl ow conpressor 22 receives pressurized
air from booster 20 and further increases the pressure of the air to a

second, hi ] e i I re.air fl.ows to. ombust or
S0 and’ i QTR SAE BARA o YEY of LA oRERRUECHE! gl Reret SriufiSe i he
t enper at umackinthgenengy kieowed inofigtdaet: pressuri zed air. The hi gh energy

conbustion products flowto a first turbine 26 for driving conpressor 22

t hrough a firs%.drive shaft .28, .and t hen tg a second turbine 30 for
driving bbERI%e? b PERPEYF Vievs BE & Teroapisgeok eirpers shat maay hesused awittathewi t h

first drixgcshblasseaibly Mdw@l indfibiieng each of turbines 26 and 30, the
conbustion products | eave core “engine 12 through an exhaust nozzle 34 to

;provide propul sive jet thrust. Fan section 14 includes a rotatable,
“axi al - f | ofieren’ ive srde36ewhadtan exedrmlarg mibhng systend 400 uhiti may BO usdhwahnul ar

fan casin Sur, n rotor-.36 gnd is supported from core engine 12
by a pIurg?§§§&gﬁ&%ﬁg§f%ﬁ?§éwpym#gﬁFS?Iy-extending, circunferentially-
spaced support struts 44. Fan rotor 36 carries a plurality of

radi al | y- BETAMHEDJ)ESCRIRIONOEMHRINYESaced fan bl ades 42. Fan casing 38
extends rearwardly fromfan rotor 36 over an outer portion of core engine

that i o ONISES SFitbr DanF 80 AUBR B | Ff adpamiacturing™ may indde azy
manufacturing process. For example, manufacturing processes may include grinding,
finishing, polishing, cutting, machining, inspecting, and/or casting. The above
examples are intended as exemplary only, and thus are not intended to limit in any
way the definition and/or meaning of the terms “manufacture” and “manufacturing”.
In addition, as used herein the term “component” may include any object to which a
manufacturing process is applied. Furthermore, although the invention is described
herein in association with a gas turbine engine, and more specifically for use with a
compressor blade for a gas turbine eng:ine, it should be understood that the present
invention may be applicable to any component and/or any manufacturing process.
Accordingly, practice of the present invention is not limited to the manufacture of

compressor blades or other components of gas turbine engines.

Figure 1 1s a schematic illusiration of a gas turbine engine 10 having a longitudinal
axis 11, and including a core gas turbine engine 12 and a fan section 14 positioned
upstream of core engine 12. Core engine 12 includes a generally tubular outer casing
16 that defines an annular core engine inlet 18. Casing 16 surrounds a low-pressure

booster 20 for raising the pressure of the incoming air to a first pressure level. In one
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. casing 38 supports a plurality of fan streamoutlet guide vanes 40. The
air that passes through fan section 14 is propelled in a dowstream
direction by fan blades 42 to provide additional propulsive thrust to
suppl ement the thrust provided by core engine 12. Figure 2 is a
cross-sectional view of a portion of a conpressor 50 that may be used

with core gas turbine 12 (shown in Figure 1). In the exenplary enbodi nent,
conpr es fs oasmﬁrghmla:?ﬂ efgsc rl'g ne aSCEYEs eﬁféinevd?@iﬁﬁ:lffl fieac Geﬁég@l%leﬂ@ici Aglhgdes an q
array o radi al | y-extending, circunferentially-spaced stator vanes 47 an
a plural i £381895 CHEimsHe B0 y- carri ed, radial | y-ext endi ng,
circunferentially-spaced rotor blades 48. Inlet guide vanes 51 and stator

vanes 52 9fyi Sur® h 1 Qupr L: . variable in
that they ar%j£ g%?/otrégﬁ%ﬁl;%%}?gg%hggﬁs&t at ex%%?neggwrggalreﬁ v e‘f?g}rg%l%e to
the conpressorlamidsudgher ntatbsnthe ratwe ofahesir 3¢ aofecsidad@mef @rdssirbr ough

ei ght and oytl.et .5 quide van 55 are fixed in position. Additionally, in
st ages oﬂ%"#mﬁ}f’gﬂgﬁl&)&%‘lﬁ%ﬁr %I%E@pt@(?t FrabYSEY g Hidsiamized iwith figk dheeri es
of peri phRepdil ¥riSRACE Genifdl @lrhike B @R I 49.d ich
rot or blade5158 are in%grtedran% f”%%?&ﬁ?g%g@%g%?g%F%ggéﬁhggﬁg$%&F§ﬂnved
in an axial dibeeligh omergRocembutitiokhsprédudtoiflost tgesiifbturbinhrudh divigg on

t he ot her_hand, e have a.single, ,cirgunferentially-extendi ng dovetail

o oo ool egh P MnRREE o R R Ry B RO R I b acgeFrg g o1

t angent i alrivilhg Bsiiste® aorﬂa.loa?ﬁ Y&edddd Rivelshafl B3 B G coeRIAPHAE SR (ﬁﬁreispﬁt udes an

inlet 66 that defines a flow passagéewa%/ém having a relatively large flow
an

“area, andanAdigt davinggeachaf @efingse Pathevasinybustier parduats deavicl @me
passage N, -\Whi essed_air_ passe out er boundary
of the m%%%%%pl%g@%g waﬁ;?@%dg& Ee?‘%r%gegﬂﬁ% pa]{?\V1§%?ré’Pu§Wﬁd?§Pm§Qsi ng 70 and an

i nner boundary of the flow passageway is defined by the bl ade pl atforns

of respedianwectiraiiéindiBiesGdrotaaile] adalbfow GirofdoSt tHaDis @nebnayschyd a
is carried at an inner periphery of

Zfﬁ]' 81? a[ %’pegg(%gréﬁsqe}g} r Iatnﬂ’glcg%zl%éagggﬁgoﬁlﬂs fgm rotpg 3¢ [HBdws supnesisédionve ot or
di sks 56,cofedfifie 92MLH HRIRKNS sibbtaArisy taRLIG-SiSimlL 'ﬂcﬁ&fe‘%@ﬁi&hbﬂ 9

spaced support struts 44. Fan rotor 36 carries a plurality of radially-extending,

circumferentially spaced fan blades 42. Fan casing 38 extends rearwardly from fan

rotor 36 over an outer portion of core engine 12 to define a secondary, or bypass

airflow conduit. A casing element 39 that is downstream of and connected with fan

casing 38 supports a plurality of fan stream outlet guide vanes 40. The air that passes

through fan section 14 is propelled in a downstream direction by fan blades 42 to

provide additional propulsive thrust to supplement the thrust provided by core engine

12.

Figure 2 is a cross-sectional view of a portion of a compressor 50 that may be used
with core gas turbine 12 (shown in Figure 1). In the exemplary embodiment,
compressor 50 includes nine stages 45, wherein each stage 46 includes an array of
radially-extending, circumferentially-spaced stator vanes 47 and a plurality of
peripherally-carried, radially-extending; circumferentially-spaced rotor blades 48.
Inlet guide vanes 51 and stator vanes 52 of stages one throﬁgh three of compressor 50
are variable in that they are pivotable about an axis that extends radially relative to the

compressor axis of rotation. Stator vanes 54 of stages four through eight and outlet
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.arrangenment (not shown), and the third stage disk is connected with a
drive shaft 74 that is operatively connected with a turbine rotor (not
shown). Each stator section 52, 54 includes an annul ar abradabl e seal that
is carried by a respective annular sealing ring 72 and that is adapted to
be engaged by respective labyrinth seals carried by 56, 60 in order to
.mnimze air | eakage around the respective stators 52, 54. Sealing rings

72 al so sepide wapec bhiientxadhin postverof Aaliditionally,He statglesawwma%@wye%fi ned
by outer casi&gf 70 a[lﬂcli tgse r.agliﬁially i,nnegnost surfaces of the respective
stator vaheRe%ye Rl ieks3rq LckKieeh Jesseqf BeriRheralvoivaptdadeidly-extandired t o
rotor di skofail Bt AR rolonbha - bt S B sy 7 Bk hat

t er m nat esoi nalan eSnI ar ged outrgr0 (rEi %%gg%d%g%&edr%eﬁ? ?\ﬁig?lﬁ%%’tgr gla'fl%grward
axi al ring880 wnwvehimdnt axixl ditectipmg Reortdisits c@afoh staxdsefodr thiowsh Meaemal |y

axial direction ,of .engjine 10 to.engage W th correspondi ng forward and aft
axial ring¥ %tg?r }?fdo?a%hgiaﬁ%éﬂngl%tcgﬁpgﬁﬁf?ﬁ’%n%]@'efxéﬁﬁi%/ﬁ%@g L #py @btintodr i vi ng

i nt er connegidhoidtRHMRE B4 lReinkSIREGL A ¥oner Al sk S 428+ al .they all
rotate taogether. Quter ri rﬁn§8 al so |gncl uc?}[e)f;aIl @?%?%Oggggrag%& }\:/Oiténrg

circunfer é5ki68l slot 84 6 that in the exenplary enbodinent is
substantially U shaped. Slot 84 has a cross- sectional formof a dovetail,

and inclu otn b, 6.. Shat i, S fined by a for d. si.dewal | 88
and an af gggp%ga%l %0 Slgﬁﬁg’gtanalr%&s%ig%% %?%%3? Pyl Y G ESER Dt He PO AREH 2 ¢ hat
extend i nradathehelasid §ow athahndlin eeitd @8. thEaine] a fQENAN ¢ sRRderafit, ghdeval | s

88, 90 has a respective inward convex projection 92, 94 that defines a
_gener al | yPHSETEY|© t@%@ls)ﬁaﬁbmcwﬁf@%@d.ﬂmeﬁ drmbiigr bearchrs bbthe
sidewal | 88w 12QsiBEhHdes ially- [ ange 96, 98. Posi tioned
bet ween each I%asbﬂgg\% S?ﬁangee%g,g @85%5%%9%3%@%2@68 cf'inrfah?rn ﬂaIé[ vex
proj ect i othedBw Pdssapdveryeisi defiped \Hydidd Hadeeplagomts sealspydtivg big@oge 6400, 102
sized to receige% r%pg(?ti e .seal wire 104, 106 that has a substantially
circul ar CFOEEPLENPPAR: OF fnd Alse Bvet fatipney i Ss§elfing St if qerictod, 106
has a subgi aifer PekiphBPNbICldchUbR L FQBSHRRCHIHEN- c?fo i res 104, 106 are
split and have ? grggeterm ned Ieng?h (not sﬂg\?\/n §‘%uc ﬁhat%@st %Of%xtend
subst ant | &Fpsptive rotor disks 56, 60 are ganged together by a suitable disk-to-disk coupling
arrangement (not shown), and the third stage disk is connected with a drive shaft 74

that is operatively connected with a turbine rotor (not shown).

Each stator section 52, 54 includes an annular abradable seal that is carried by a
respecttve annular sealing ring 72 and that is adapted to be engaged by respective
labyrinth seals camried by 56, 60 in order to minimize air leakage around the
respective stators 52, 54. Sealing rings 72 also serve to confine the flow of air to the
tflow passageway defined by outer casing 70 and the radially innermost surfaces of the

respective stator vanes 47.

Figure 3 is an end view of a rotor blade 64 coupled to rotor disk 60. Rotor disk 60
includes a plate-like disk body 76 that terminates in an enlarged outer rim 78. Outer
tim 78 includes a forward axial ring 80 and an aft axial ring 82 that each extend in a
generally axial direction of engine 10 to engage with corresponding forward and aft
axial rings 80, 82 of adjacent rotor disks 60 to provide a direct, driving
interconnection between the respective rotor disks 56, 60 so that they all rotate

together. Outer rim 78 also includes a rotor-blade-receiving circumferential slot 84
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.circunferentially within seal wire grooves 100, 102. An axial w dth of
each groove 100, 102 is selected to enable wires 104, 106 to be slidably
received therein, and each groove 100, 102 has a depth in the radial
direction that is at |east as deep as dianeter of each seal wire 104,
106. Rotor bl ade 64 includes a base nenber 108 that has a shape that
corresponds substantially with that of circunferential slot 84. Base

mermber ‘108aasn shvowrenipdarynemiveliméetr i sobstantitdvet ahbpRNdSicAGuUgRS, 2Ry senl ar ged
base portion 1;10 that, i rec_giga\lllgd_ in lateral recesses 112, 114 formed in

rotor sl ofecé‘ﬁifl HY58 tehBRyeta I@%luﬁ%ﬁtﬁéfésba&e BéceBskd4 ipdeiinahbiz6, 118
on each sif@atOsid&El ¥€aldE 4D v@éﬂ@%ﬁ{a? ndid ch‘figﬁ}éa%@bigoégle?e@t &' }3%}5@6192’ 94

of rotor slot 84. A blade platform 120 1s carrie 8 and
extends | hahexfembimah gynarallnenien siirediore CEadnofi ohadridv@dta §ihewvAinng, toadi nal
axi s of bﬁlse rren‘qer .108. ., Ext endi ng | ongi tudi nal |y from upper surface 119
of bl ade pfat FEPRITSGIVAICTTYER ProfFetiant ¥ Hro% fgb definest o cenpmlliofiovsigk nember

108, is afpaishi® bf pef khom dhi i ehei t - t. th ases
t hat passﬁ?hrsqup;h engi ne 10. P?%%Pr?brggrgﬂlgl(%t gﬁaggg]?%gl’ ggggag&%paair?(ﬁ%@"

axi al | y- spdewting dlasge 90r P&ceBosiBoned] Bdvear eattavidigl Aan@spechy viadcorcave
recess 13 40 respectivel that.is,axially.aligned with corresponding
di sk gr ngdsrr ejsli i jglyafdoc ‘%jéip%}oée%ﬁ?ﬁsgtzo)é@ﬁbﬁléés Wq%Fﬁeegésrﬁéﬁﬁf?q/@a%W Wi res
104, 106.gGoncave, 10eCassEso 138ivd 40 radRcerntiguyed 1@ f an @&aﬂq% g
surface-to-surface contact between blade 7 platform 120 and seal” wires

104, 106, Subgleniéslly drenlar icrsssemioac tin phaltetretivie enbodilvent Isyal wied A, ng6t he

tocalize i r i.ch f.orward d t blade platform
over f o BERATLYS rBh FERGEh & SN, IR B Rdre SR e pi at f or m
120 ter nroddtemintd aldngrinwaabtaxitpiwigXt @idBi OMatl 2&hedNdedbn@n Sggstmﬁ%hgl
extension.130 that each . overljie a respective forward and aft radi al
flange oercgEiuantiglyihin sselovireicsroven 10612, wir axial gadth tdgadoateare t he

respecti vigoph @ I cont.act. a portjon of
respective g eal {Sﬁe{ggkg\r‘e@c@)ﬁ%@&%(@%%%bf b? g&r) r?ggﬂﬁl%l}?g Cglrve%%l%eﬁm%{)a.r% ‘;’Fﬁ%s, by
virtue ofgretie Hiball0pbant demh i tntradinl pireviod aiht by askeadt awide@sasl@4medP6, W th

the of each seal wire 104, 106.

Rotor blade 64 includes a base member 108 that has a shape that corrésponds
substantially with that of circumferential slot 84. Base member 108 as shown is in the .
form of a dovetail and includes an enlarged base portion 110 that is received in lateral
recesses 112, 114 formed in rotor slot 84. Base member 108 also includes a recessed
poﬁion 116, 118 on each side to receive the mwardly-extending convex projections
92, 94 of rotor slot 84. A blade platform 120 is carried on base member 108 and
extends in a generally transverse direction relative to the longitudinal axis of base

member 108,

Extending longitudinally from upper surface 119 of blade platform 120, and in a
direction opposite to that of base member 108, is an airfoil portion 122, which is
adapted to contact the gases that pass through engine 10. Platform 120 also includes a
pair of axially-spaced lower surfaces 132, 134 each having a respective concave
recess 138, 140 respectively, that is axially aligned with corresponding disk groves
100, 102 to receive and to engage with respective seal wires 104, 106. Concave
recesses 138, 140 are configured to facilitate surface-to-surface contact between blade
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.blade platformand with the rotor disk, a substantially continuous gas

| eakage flow path that woul d otherw se exist by virtue of the gap defined
bet ween bl ade base nenber 108 and rotor circunferential slot 84 is
effectively bl ocked and cl osed when seal wires 104, 106 are in contact

w th each of those respective surfaces. Figure 4 is a machining assenbly
200 that may be used to machine wire seal grooves in a rotor blade such
as bl ade Phifosnowd dnd waigeires B)4, 15 gtarlecr GharSlife PETISRABIEYRWYHLE Wer&y 2

portion OfﬁﬁaChhﬁiT Sss nbly 200. Machi ning assenbly 200 includes "a base
portion 20Z2"4E %Iyégcrf)1 19 OHIREH COtisPEd P ovibels dorpyard reshaf Gladegiatfoant i r st

set of rehalrnaE® 206 Sl ;ﬂ%béuﬁ%e%féﬁpdlﬁﬂlgfzgu]é?ﬁgpé’r%ﬁ&o%1%@%p{agi%% d;;’z rtion

204 al so includes a | ocki ng chani sm i'S Coup portion
204, a fi rspingpesrit ado208qd asnbicdensiecttareipanhng 209 .cxleasikh Ngo ARERAH sSm 208

i ncl udes j.rst _end. 2 a.secopd 212, and a central portion 214
t hat coup é%h ?F%?egﬁﬁ%gﬁﬁnﬂﬁngé@S%ﬁggkﬁgQ?éz9%%%%?%5¥“ﬁ@ﬁhém@%n1207 al so
i ncl udes a handl e 216 coupled to second end 212. As shown in Figure 5,

each set Béalneitai Ner S 08QBniae tHedRSHeafvd BREfH RN P N a r
portion 222. Upper portion 220 in%iudesea first gn%“%%i?ﬁaﬂgéggg *end 226,

and a | oty AR HAROf Aespedivemiek wire rmooms 8s 162 domss- ineotdratiad 6@r of i | e

230 defin | i ext ernal sur es 232, In the exempl ary
enbodinen?gm$¥¥gFﬁgﬁgﬂgég&ﬁ5§L%§0§ﬁﬁ§¥%ﬂ¥?@%ﬁ@”?@@fﬁﬁﬁhﬂ%%19@d§%h cti onal
geonet ri chipdoplatformhatl with skbosdianditiald YulsskdhthBY coh@nidu§ Qs %éaﬁg%et hopal
profile of peningw§08 Second end 226 includes a retaining portion 234.
I'n the ex¥hiibgtyvengodhrmate exigt By At pbitks @ap 2Bfintd beiovess blakcbissnal

profile thghniSRUARE AR @Jch%f&gﬁﬁa\égfo?@h i gggctﬁrr @f@é@geﬁwpciéspg rgfile of a

bl ade upper surface 236. 8 Lower portion 1240 and

a second ®abwdD! 045l 6 tiredndoRd0l witideachatUnsheebghedth aGReshavi ng a

cross-sectional profile 244 defined by a plurality of external surfaces
.rst end 240 and second end 242 each

246. In H% npl.ary..enbodi t i
have a su gk"%)r%ﬁsé’] TSR AR habpRy drdisediompriEno warespriterpaves
subst ant i iald iptor Sl 4del sath bObRIE 6AFH0SRACH! MBAe BI i ki€ 59k a%?sghagfezvqgw Lower
portion 222 also includes a
of a portion of machining assembly 200. Machining assembly 200 includes a base
portion 202, a body portion 204 coupled to base portion 202, and a first set of
retainers 206 slidably coupled to base portion 202. Body portion 204 aiso includes a
locking mechanism 207 that is coupled to body portion 204, a first opening 208, and a
second opening 209. Locking mechanism 208 includes a first end 210, a second end
212, and a central portion 214 that couples first end 210 to second end 2172, Locking

mechanism 207 also includes a handle 216 coupled io second end 212.

As shown in Figure 5, each set of retainers 206 includes an upper portion 220 and a
lower portion 222. Upper portion 220 includes a first end 224, a second end 226, and
a locking mechanism 228. First end 224 has a cross-sectional profile 230 defined by a
plurality of external surfaces 232. In the exemplary embodiment, first end 224 has a
substantially rectangular cross-sectional geometric profile that is substantially similar
to a cross-sectional profile of opening 208. Second end 226 includes a retaining
portion 234. In the exemplary embodiment, retaining portion 234 has cross-sectional
profile that is substantially equivalent to a cross-sectional profile of a blade upper

surface 236.



222 al so 1 #E

.l ower second portion 248 extending fromsecond end 242. Lower second

portion 248 includes a retaining portion 250 that has a cross-sectional
profile that is substantially ‘equivalent to, i.e., mrrors, a
cross-sectional profile of a blade |ower surface 252. Figure 6 is a
perspective view of a portion of machining assenbly 200 (shown in Figure
4) including a second set of retainers 300. Retainers 300 are

subst ant i &lovgr peitivinl 222 indudet afineesd 206 and 2 Royndi ehdP4gU 8D kn@DEh and
conponents_of .retajners 206.that are jdentical to conponents of retainers
300 are iﬁ%ﬁ?ﬁlflfeinggi neafgpé}fr"gl%a GEshigetivalsppdic P4 defirrdebnerprality uged in

Figure 5. ciiehl Baitaed 96! M6 iHOex ApIHRPEHOARELAC Bt aRgaN &4 QAEL; porti on

322. Upper gorti on 220 includes a tirst en , a Ssec and a
| ocki ng mééhashdrave 2subsntiptly Tesitip2@ drohmseaionslqssfikeutitenal subk@hiidig, 230
defined by Lural it f external.surfa 232. In the _exenplary

enbodi men 1}1% Fil?li% ¢ Oﬁér)é%”gﬁmﬁ Oépes t???‘élﬁﬁiaﬁﬁi VOPVEE PRGN I23R alserindudasect i onal
geonet ri clqwefstdond W@@E&Qe@ﬂ 1Bl 46881 hgrBhair] L QRig3ke 1N

t he exenpl ary enbodi nent, retai nli%ng portion 3342haﬂsy",{;lﬁzrgosgés%)-lﬁsil %ﬁo&azﬁg
profile tHlides a refgmengpentian 2p0 deptibealiemesstsoctioml pedis tat isondktaptify | € of

a bl ade u rface 336. _Lower portion 222 includes a first end 240 and
a second g‘ﬂg%é%.%’éier’sl{lmgﬁ% RPZNRE 10“@&-@8?;132)6 %ﬁ"ﬂ)"qi‘i@i"@’%ﬁﬂfﬁﬁﬁéﬁ-
cross-sectional profile 244 defined by a plurality of external surfaces
246. | n tRguexérplaapersgrtodivilmnts af poreén @ﬂ%&ﬂﬂn@%@sg@ﬁ%ﬁﬂ%@g&o 4 each
have a supstant| al iﬁ/,T-shaped cross-sectional profile 244. Lower portion

wckpding @rsee@ibifl Poretainsns 308 diatainelis igof aromubstewindiyend
242. Lowegmilse ] ' MpYe retaining portion that has a
cross-sect | ona%%&géiyﬁ EDQRR%% g“?%ﬁ% t%ir?? g {‘ny mé‘aﬁ??/@le Oy 8&6?181& are
cr oss- secidential tprofmpbeemns od rishinde 30Were duitffadein Bare 8 WSIn@UHhE shleS @

ith

side vie f _an exenplary mlling system 400 that may be used wt
machi ni ngege§?§ﬁﬁuﬁl%ﬁuf‘}éﬁﬂ\ﬁ‘ﬁ11fﬁ Figure 4). MIling system 400 includes a
mlling nmachine 402, and a grinding wheel 404 for use with mlling system
400. In tReainexesmol achde aRheghEERIriod 520 4had WheLhoA04 3hs. TR falsd from a
cubi c borgn nitride '

220 includes a first end 224, a second end 226, and a locking mechanism 228. First

end 224 has a cross-sectional profile 230 defined by a plurality of external surfaces

232. In the exemplary embodiment, first end 224 has a substantially rectangufar

cross-sectional geometric profile. Second end 226 includes a retaining portion 334,

In the exemplary embodiment, retaining portion 334 has cross-sectional profile that is

sﬁbstantialiy equivalent to a cross-sectional profile of a blade upper surface 336.

Lower portion 222 includes a first end 240 and a second end 242. First end 240 and
second end 242 each have a cross-sectional profile 244 defined by a plurality of
external surfaces 246. In the exemplary embodiment, first end 240 and second end
242 each have a substantially T-shaped cross-sectional profile 244. Lower portion
222 also includes a Jower second portion 248 extending from second end 242. Lower
second portion 248 includes a retaining portion 350 that has a cross-sectional profile

that is substantially equivalent to a cross-sectional profile of a blade lower surface
352.



.(CBN) material. A coolant passage 406 extends frommlling rmachi ne 402
such that a coolant, passing through cool ant passage 406 is applied to a
rotor bl ade, positioned wthin machining assenbly 200, during mlling
operation. In operation, nmachining assenbly 200 is coupled to a table 408
of mlling machine 402. A set of retainers is selected by an operator
depending on the rotor blade to be machined. For exanple, to nmachine a
seal wire FggwoVeisiansith ater 60an memplady anillingts9ftemt4ECtHabmagbeORRE aHA May
sel ect retaiﬁers 206. Tgpggchine_aneal wire on a second bl ade, such as
bl ade 64 FGUHIE HREPhyY sewipin Fighreghe Mdilire mesjers dD@ énclydss aimidling 300.

I't shoul d psRRhread2Zedd thakn g - : each i ndi.vi dual
rotor, have a specifi (? %Ig% gg%%sgﬁgirfg} g?cggv&ﬂ?%ﬂhgg&%}ﬁlg débSpfgrblﬂi‘e\/e

bl ade i n &xenplerasnbedilynt, indidgpasict 404 ishiblieatsm Nk RGOSRk I €
groove in bl ades. ,Accordi ngly, an operator couples machining assenbly
200 to mi |(¢|g§% ‘E‘W?-n‘é °&6‘%P9P%ga%ep‘é’%a@f%ﬁ%dﬁ %f@ﬁl wHleg mgchine 463 prcbphitat e

si zed r et apslants phaiRdhRugh MR olat hsshbads id ch ' &

enbodi ment t_hepopg}%gt or ggel gct sgrsestéai ner s %ﬁgﬁdfgﬁe&%yﬁ%%o%%eq s then
i nserted Pt Bpdining a2embhy 2¢bdpripp ntillon Perationf t er | ower portion 222 is
inserted into body portion 204, |ocking nechanism 208 is noved in a first

direction ant i r rtio 22 1s.subst i secured within
body port F%ﬁg' %8%’ Rll arco?‘\(g@g a%s?%%b zg(gfsnﬁouglel oWet %ﬁﬁ ?@céf ngnafhEer
surface sd@ist Andet af teyaisérsiid soledted bhan opesReepMRlid wvﬁhep;%riiﬂguertgg)@i ni ng
surface 250 and per portion retaining surface 234 is positione

~adj acent %Pe‘bgﬁ% Fapkepto yghkipe gsealivire Sopse inetad230) nmmtddem ionger t ed

“into openj 0 ' i | cking mechani sm 228 i
coupl ed tgﬁggé’c%il %?erfg@ gxsﬁ?sagpnﬁ%?g%%&téﬁu%sgdsegh??a%mt%haes 0 B A3E°BEt ween
| over por biade 222 aaithde Ugpmioupied tinomt@2disc ) dd BeerAE MaesehQR ritgintRen

ener gi zed hys. c in ri.ndi ng wheel 404 to rotate and cooling liquid
Co t Low 3% ﬁiSPPﬁ%ﬁ}erfg@Eﬁeﬂégﬁto%Cﬁgﬁg?ﬁ Wﬁé"r‘f’g‘nﬂ)ﬁg@d omach pdevidise refonr
repositi oRget NEne@rfdNsk RY r¥hgRks SU 3 e groove is
machi ned | nteo gi?10 a base rof_ t he riE)({]g% Hgﬂﬁa%%.rgﬁ)géﬁnvnegﬂlg%%ﬁggssﬁk%%%gp’ade
from t he Bagfepasisiogrwlilesnachéning ghe seal wire groove in the blades.

Accordingly, an operator couples machining assembly 200 to mﬂﬁng-machine 402.
An operator then selects the appropriate sized retainers based on the rotor blades to be
machined. In one embodiment, the operator selects retainers 206. Lower portion 222
is then inserted into opening 209 of body portion 204. After lower portion 222 is
inserted into body portion 204, locking mechanism 208 is moved in a first direction
410 until Jower portion 222 is substantially secured within body portion 204. A rotor
blade baving a lower surface and an upper surface substantially similar to the
respective lower portion retaining surface 250 and upper portion retaining surface 234
is positioned adjacent lower portion 222. Upper portion first end 224 is then inserted
into opening 208 of body portion 204 until locking mechanism 228 is coupled to
machining assembly 200 thus securing the rotor blade between lower portion 222 and

upper portion 224.

Milling machine 402 is then energized, thus causing grinding wheel 404 to rotate and
cooling liquid to flow from milling machine 402 to grinding wheel 404. The operator

repositions the grinding wheel such that at least one seal wire groove is machined into
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first blade, the operator depresses |ocking nmechani sm 228 and slides the

| ocking nechanismin a second direction 412, opposite first direction 410
until upper portion 220 is renoved from body 204. The operator then
positions the second rotor blade adjacent the |ower 222 and inserts upper
portion 220 into opening 208 until | ocking mechanism 228 is coupled to
body 204. To nmachine a rotor blade on a second rotor disc, different than

the first abesoof tHe satpr blade.ope gichine $6deecidEbiads ﬁ-@fﬂﬂﬂe @z&ﬁé Pﬁ& aseby gri zed
bl ades to be machine [n one

set of re alqﬁ@f sed on the rotor

enbodi ment®t ﬁ% QPHALoE dleprasses leekipganecsogm 22%vend s;hdcs tienlc@Ridg s t hen
inserted LRLRaPRE te portion 322 is
inserted into bod§/H %gicﬁﬁgﬁﬁf%@&d‘l&lﬁ?%’#&% 1%% T Lna 6%6 gt HPPW% first

di rect i on220.6 xentovkd frowebodyo2d4. 0Mh3 2Berasor Shlispeuidral thy s&@aHNEG: Widdai n body
portion (?4 A r t or Béﬁde having a | ower surface and an upper surface
subst ant i XRS5 ipRer a‘?‘l"]é“?%%ﬁ%ﬁftflﬁ%ﬂ%w g ppéong 28 antil glkisgr f ace

350 and uRREKanRAt 22PR cb 1@&&]% sprface 334 is positioned, adjacent |ower
portion 322. Upper portl on fi rsty end 224 is then inserted into opening

208 of machi ning assenbly 200 until | ocking nechanism 228 is coupled to
machi ni ngTaswchive ¢ 200 bﬂ&d@@ﬂ@emam\g&wmém oliffercivl thake tHeefineRior disMah
portion er I on 32 chine 402 is then energlzed

t hus caus%ﬁegﬁg%e#) e EL %F"%ﬂ“ Eg%frr’;afaﬁbé%ﬁ’qsﬁ% on i gogprttdades ow f rom

mlling n@aché Iii&lcﬁi(ﬂadt CInQéﬂd“@inB@dM&%@'thé%erJ&esé%l% AL ersl ERPSHLLONS the
grindi ng wheel such that at | east one seal wire groove I's nachi necfrl nto- a

_base of tRELPRHESE ip|there insTried inp ernsningn2(% of épézatpedmmnﬁm aA frerdesier ed

“rotor i.d ast one_seal wre groove.
The above e%ﬁ;?-lt’ s ?é?{éﬁll ni ngcgagg)s?en%?&&}/go%% % Gg é%EPOHF GH §
reliable. ﬁffhérect[m Hil(muntg laseepitiyn 302 kslﬁtbgtaﬁtle@@’\éegﬁﬂe@%ﬁ% %lﬁ% rﬁ&tﬂpl ed to
a

Zets of Pulaihene: tigheParing QQS%QE@%%%SE??&éaipéérs;?ﬁige”é’;%é«aﬁgmmmy o
el udes ‘2 Soregr TS B R e el SR 0 LEF kb SR aBBiEe of
ret ai ner §urfa¢ee33c%mfpogmoacﬂ adyacamd: Eom poetied BN QUSPES ehsen BRRLAX IRl Y
mat chi ng tﬁé}lemlger? % 11"19) opening 208 of machining assembly 200 until locking mechanism

228 is coupled to machining assembly 200 thus securing the rotor blade between

lower portion 322 and upper portion 324.

Milling machine 402 is then energized, thus causing grinding wheel 404 to rotate and
cooling liquid to flow from milling machine 402 to grinding wheel 404. The operator
repositions the grinding wheel such that at least one seal wire groove is machined into
a base of the rotor blade. This operation is repeated until all desired rotor blades have

been machined to provide at least one seal wire groove.

The above-described machining assembly is cost-effective and highly reliable. The
machining assembly includes a CBN grinding wheel coupled to a milling machine.
The machining assembly also includes a plurality of sets of retainers, wherein each set
of retainers is configured to maintain a specific set of rotor blades. Specifically, each
rotor includes a set of blades having a specific base profile and each set of retainers
are configured to include retaining surfaces approximately matching the blade base.

Accordingly, to machine a second set of blades on a second rotor, an operator must
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. Accordingly, to machine a second set of blades on a second rotor, an
operator nust 11 replace only the set of retainers, i.e. the upper and
| ower portions, in order to nmachine another set of rotor blades froma
different rotor. Thus, the nachining assenbly facilitates efficient and
uni form machining of a plurality of blades fromdifferent rotors, while
only requiring an operator to renove and replace two individual parts of
t he machi ripirge asbethiblsyt. of vermomet.c. thdrepmbané [oespories, i driéme fiRGHe
facilitates providi.ng a apt abl e ,$o|din fixture which may be

re- conf i gOPAYFT 5 Q& CBISF %&%3 dromg Wedlg'eﬁ%éP%f-nUMr she wiaehinme3@semsllonds to
subst anti al:hj t i O i i roaves in a
ot or bl aje MAEE SRR Rty g e e BEbiafl] Frond R o

sets, ar wtorensliddonlydequiing tabpeadouti rgmovalad thgaepeoahonaivhl paerss and

built in ﬁétra ti devhpes and | ocki ng devices. The body of the
machi ni ng

.on
SIS #58BPHs in place at all times, thus elininating
re-alignments and test cuts. Secondly, using a plated CBN grindi ng wheel

wni Ch I nCMifk@set, Nfte 1AW HattiBed imMrCrnt AV TaRORR! b JAG bh Lol
produci ng highly accurate geonetry on the conpressor blade at a

si gni fi cablfifpe fduigcwhich gaty bynp-confgured ko ghtope aghtof dind sixepat inuebyrs

i nexpensi an ly. €O t_mlling nmachi ne.may be used to, nachine
seal wr ewgﬂrn%og%gé%({lnt%ge[ the' b?%ltjn%a?ﬁ[ Beﬁlgﬁeeg, &it‘ﬁlgt mg fof ‘ﬁ@ ng sed) Wittvel y

| ar ge andgexparis ia\tatomalaldb.ngpmmW,equiameﬁa@ﬂ‘g@&&dme%m.|h%[diﬁ%’ fikiuR@sdBChi nes
may be pl aced cl osely together and grouped for one piece l'ow, thus

_el i ni nat i #§ TPROWG ijlr%@ﬁ?@&duﬁ%@ﬁ% he epgatoch fipgoes esd bullhin extrdvgion
‘inventio i i L OUS s i fic.enbodi nents,
those ski1ad ey Ko e i TR SEh R ol B R R i o

pract i cecelivimbs, tmodilinioatinigre-alighinents the tepints! Sanshdss MR plhke (BRI M. 12

gas t ur bi RO sPoe HhishHARIS fl abked Sotvea oo ar R Be R
conpri st Ngoducing highly accurate geometry on the compressor blade at a significantly

reduced cost. Thirdly, a lightweight and relatively inexpensive and extremely

compact milling machine may be used to machine seal wire grooves into the rotor

blades, instead of using a relatively large and expensive milling machine. Therefore,

smaller milling machines may be placed closely together and grouped for one piece

flow, thus eliminating inventory build up common to batch process.

While the invention has been described in terms of various specific embodiments,
those skilled in the art will recognize that the invention may be practiced with

modification within the spirit and scope of the claims.
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a base portion; a body portion coupled to said base portion; a first set
of retainers renovably coupled to said body portion, said first set of
retainers conprising an upper portion having a profile that substantially

mrrors a portion of a first dovetail, and a | ower portion having a
profile that substantially mrrors an opposite side of the first
dovetail, wherein said first set of retainers slidably couple to said

body portion, such that said first set of retainers can be replaced by a
second s&vHAT IS CeAMBDEISS that are configured to retain a second dovetai l
that is different fromthe first dovetail; and a | ocki ng mechani sm
conprising a first end, a second end opposite-said first end, a central
portion that couples said first end to said second end, and a handl e

a0 vourd portsSeiif or PRt facd i AbdIR G 2 G806 Sork By cance

wi t h cl aingluteshcloedtal, saiddseppialy cpoptisien conpri ses a | ocki ng nmechani sm
configured to,ggcdEe45ai d upper portion within said body portion. 3. An
assenbly in accordance 'with claim 1l wherein said body portion conprises:
a first openi AGody partion epupleddp vaidbapeipeipper portion therein; and a second

openi Ng si zedatist'RE6F Keaifds JemBYWRy ARplddB statbeﬁgdgr%or;tﬁm,égigafﬁﬁegloy In

accordance with claim 3 wherein sai'd upper portio \d sal I'rst- opening
each hav&RANSFESMRASNG AT YPRYE FOHINGIEMING @rrsefde Hak silbstamtialyrmaiorsea p@tiomn

assenbl y of B MECAGBRNCAndd bwek HoPlod MVRHEES hroid Ghdt QUBELRIIY IrRifoRNgh sai d
second openi n ed%c% have a substantially T-shaped cross-sectional profile.
Senistly S ot

. ped c .

6. An asSBf e Merh owetal (iheeeia i sAidIrsheet of Fetaiapg didelin qou tof
retai Per Saitl Dodyl Bortlbr, fsREethibt $4i@ Arsb St G Fdtdiférs 264 E@f‘e_ﬁl&%é'b?%rsf%p?r%ﬁéeﬁ opecond
set of retalners conprisin n er ortion having a profile that
subst ant f%?'f‘?rsntﬁ?tr%? §°af?%‘6‘?% ?‘l’o??lfl%'? at??égg‘i’eEBY?ﬂa"d%‘@btsa‘ii'ﬁ?’e e the Bigkr
portion Hewstaigaad profile that substantially mrrors an opposite side of
said second g ?o\é%tng Imle'chanissm comprising a first end, a second end opposite said first end,

a central portion that couples said first end to said second end, and a handle coupled to

said second end, said locking mechanism configured to secure said lower portion within

said body portion.

2. An assembly in accordance with claim 1 wherein said upper portion comprises a

locking mechanism configured to secure said upper portion within said body portion.

3. An assembly in accordance with claim 1 wherein said body portion comprises:
a first opening sized to receive said upper portion therein; and

a second opening sized to receive said lower portion therein.

4, An assembly in accordance with claim 3 wherein said upper portion and said first

opening each have a substantially rectangular cross-sectional profile.

5. An assembly in accordance with claim 3 wherein said lower portion and said

second opening each have a substantially T-shaped cross-sectional profile.

8. An assembly in accordance with claim 1 wherein said second set of retainers is
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7. Amlling machi ne conprising: an assenbly for machining a seal wre
groove into a gas turbine rotor blade that includes a dovetail, said
assenbly conprising: a base portion; a body portion coupled to said base
portion; a first set of retainers renovably coupled to said body portion,
said first set of retainers conprising an upper portion having a profile
that substantially mrrors a portion of a first dovetail, and a | ower
portion having a profile that substantially mirrors an opposite side of
E he fi (r]I sguﬁd@weﬂqaita |sa|d\ﬂﬁ§ﬁs@!hcﬁ rﬁt@ltn@rsf 's%lQ]Ese&ﬁ{d Lt ?f r@%ﬁr@rf@dnsprfslﬁg%mdbeﬁoum e
0 sai ortion u at s irst set of retainers can
Fop! acedPByoa e A g et SRl uoRa PETEn CURF PaUrE VSl i a
second diwet pottiot Ihaving @ pibfié eraeBlibstartianyt merdré BS bpptsite tskiel of saidl eekhdg
mechani s npr|S|ng a first end, a second end opposite said first end, a
central g%ﬁ% Fon that coupl es said first end to said second end, and a
handl e coupled to said second end, said |ocking nechanlsn1conf|gured to

secure aid i in said body portion; and a grindi ng wheel
conflguer tohgﬁﬁﬁ ﬁ%gébgpeas[ngne seal wire groove into said dovetail

8. A mlling amessendly for eachinidarcealwird grlose mtd a\ghe tebine satordbladsthiabl vy
further @@géﬁg@aalpa‘;?%g@ng}ﬁg&h&% echani sm coupl ed to said upper

portion and con I gureée secure sal d upper portion within said body
portion. 9. A mllakﬁﬁannﬂmnhe in accordance with claim7 wherein said body

portion conprises, bé’dgfﬂcfnﬁn &gaga l&gséa B&& fdridnecei ve said upper portion

therein; and a second opening sized to receive said | ower portion
therein. 14 10. A fiist peingf reRERIhenayably corelesh &esaif PR partinn. osajshsei n sai d

upper porti onsan r&@indrs comprising an upper portion having a profile that substantially
mirrors a portion of a first dovetail, and a lower portion haVing a profile that
substantially mirrors an opposite side of the first dovetail, wherein said first set of
retainers slidably couple to said body portion, such that said first set of retainers
can be replaced by a second set of retainers that are configured to retain a |
second dovetail that is different from the first dovetall;

a locking mechanism comprising a first end, a second end opposite said

first end, a central portion that couples said first end to said Second end, and a
handle coupled to said second end, said locking mechanism configured to secure
said lower portion within said body portion; and

a grinding wheel configured to machine at least one seal wire groove info

said dovetail.
8. A milling machine in accordance with claim 7 wherein said assembly further
comprises:

a second locking mechanism coupled to said upper portion and configured to

secure said upper portion within said body portion.

9. A milling machine in accordance with claim 7 wherein said body portion
comprises:
a first opening sized to receive said upper portion therein; and

a second opening sized to receive said lower portion therein.
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first opening each have a substantially rectangul ar cross-secti onal
profile. 11. A mlling machine in accordance with claim9 wherein said

| ower portion and said second opening each have a substantially T-shaped
cross-sectional profile. 12. A mlling machine in accordance with claim?7
wherein said second set of retainers is different than said first set of
retainers, said second set of retainers conprising an upper portion
having a profile that substantially mrrors a portion of the second
dovetail, and a | ower portion having a profile that substantially nlnors

an opposjte |de of said second dovetail. 13. A mlling machine in
accor dani‘g wi © M RMAPINGIRACEPTHaRcG Vﬂﬁg?‘?”ﬁ‘cﬂ WEraRSald Ynpt PREON 8FSid ses a

cubi ¢ bofiehopainingiedeh (SRN sigistantiaiRgevaegliarcankisguticd! prefigrchi ne two seal
Wi re grooves into said dovetail. 14. A mlling machine in accordance with

claim 13 wherein said CBN grinding wheel conprises a cutting geonetry:
t hat subst.ant Aaillig miachios & scsrdahcewitreclgimoh®hargin sk lower portion and said

second opening each have a substantially T-shaped cross-sectional profile.

12. A miling machine in accordance with claim 7 wherein said second set of
retainers is different than said first set of retainers, said second set of retainers
comprising an upper portion having a profile that substantially mirrors a portion of the
second dovetail, and a lower portion having a profile that substantizlly minors an

opposite side of said second dovetail.
13. A milling machine in accordance with claim 7 wherein said grinding wheel further
comprises a cubic boron nitride (CBN) grinding wheel configured to machine two seal

wire grooves into said dovetail.

14. A milling machine in accordance with claim 13 wherein said CBN grinding wheel

comprises a cutting geomeiry that substantially mirrors a seal wire geometry.
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