METHODS AND APPARATUS FOR MACHI NI NG COVPONENTS BACKGROUND OF THE | NVENTI ON
This invention relates generally to gas turbine engines, and nore
specifically to nmethods and apparatus for machining gas turbine engi ne
conponents. Accurate manufacturing of a component may be a significant
factor in determining a fabricating time of the conponent. Specifically,

when the COMPONRIETHODS AP APPARATUSFIORMACHANENGACOMPRIeENRIUf act uring
of the blade may be one of the nost significant factors affecting an

overall cost of fabrication of the gas turbine engine, as well as
subsequentBm@R@mQ@THEM@TIgHﬂ i nspections of the blade. For

exanpl e, at |least sone known gas turbine engines include a conpressor for
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bet ween each rotor bl'ade and.the rotor disk. The seal wres are split and
as such, nagludes 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 extends radially inward from a shank coupled to 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 blade 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



expand in a radial direction when subjected to centrifugal force. Seal
wres facilitate mnimzing | eakage gas flow fromthe high-pressure region
of the flow path to the |ow pressure region, and thereby naintain the

maxi mum mass flow of the gas flow streamto maintain the operating
efficiency of the engine. At |east sonme known nethods of fabricating a seal
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Accordingly, the nanufacturer may often produce a quantity of blades that

i s in excelSProperhyhaligged far thy seqgaditivery Hyseahwire @gsewyieas them 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 each 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 fixture 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.



BRI EF DESCRI PTI ON OF THE | NVENTION I n one aspect, a nmethod of using a
machi ni ng assenbly to machine a plurality of different turbine conponents
that include a dovetail having a contoured profile is provided. The method
i ncl udes renovably coupling a first set of retainers into the machining
assenbly, the first set of retainers include an upper portion having a

profile thgig %@@wa?mmﬁgﬁg@ﬁ' on of the first dovetail, and a

| ower portion having a profile antially mrrors an opposite side
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DRAW NGS Fiqure 1 is a sch ic illustration Qf a gas turbine engine;

Figure 2 i & 908 noxiSh Baah b I oiie b rimapd s i Ba”Ghenipins TerguReY 1. 3

Figure 3 i souplqiets BRCbodEpYitRY, G ARt Q¥CEPkakMedamchbiiy AE uBp& P&uBhade;
having a profile that substantially mirrors a portion of the first dovetail, and a lower

portion having a profile that substantially mirrors an opposite side of the first dovetail.

In a further aspect, a milling machine is provided. The milling machine includes an
assembly for machining a seal wire groove into a gas turbine rotor blade that includes
a dovetail. The assembly includes a base portion, a body portion coupled to the base
portion, and a first set of retainers removably coupled to the body portion, the first set
of retainers including an upper portion having a profile that substantially mirrors a
portion of the first dovetail, and a lower portion having a profile that substantially -
mirrors an opposite side of the first dovetail, and a grinding wheel configured to

machine at least one seal wire groove into the dovetail.
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic illustration of a gas turbine engine;

Figure 2 is a cross-sectional view of compressor 14 shown in Figure 1.



Figure 4 is a perspective view of an exenplary machining assenbly for
securing a conponent, such as the gas turbine engine blade shown in Figure
3, in position during nmanufacture; Figure 5 is a perspective view of a
first set of retainers that may be used with the nachining assenbly shown
in Figure 4; Figure 6 is a perspective view of a second set of retainers
that may be; - WM jenl ' iQure 4; Figure 7
is a side Sf%év@g%ﬂa%é}gggﬁ%ﬁ g?@m%%??%‘gﬁsss% éﬁ”@g@v@ﬁ{é{é b%%’ be used with
machi ni ng assenbly 200 shown in Figure 4. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON Kiguus dds hiepaipectiveheietverina Exemmplirgahachiting ndsehibdy dfrasdcuringg”  may
i ncl ude an manuf act.ur i rogess. For. exanple,, nuf g@cturi ng pyocesses
my | ncl adbomPrtAgeh s el SRTRC e A G st i TR dnthqs g during

i nspect i ngmaalhtREe,Casti ng. The above exanples are intended as exenplary
only, and thus are not intended to limt in any way the definition and/or
meani ng of the ternms "manufacture” and "manufacturing”. |n addition, as
used her ei Higuhe StigErperssaibonhes ohayirstriet afiectaingrsdbptemey e uskd anithathe

manuf act ur | 9hﬁh1%ﬁ§§m&§sﬁﬂP hﬁﬁgm%%;thernnre, al t hough the invention is
descr-i bed ererr in associatiron®with a gas turbine engine, and nore
specifically for use with a conpressor blade for a gas turbine engine, it
shoul d be Himies §tivopetshedtive viewp v € 8 aadondisey efietamersrthat herydepised aktkethto any
conmponent and/or an nuf act uri.ng process. Accordingly, practice of the
present in Pﬁﬁﬁﬁém%gY&NWﬁ{ g884ﬁhe manuf act ure of conpressor bl ades
or ot her conponents of gas turbine engines. Figure 1 is a schematic

i1l ustratiepued 78s 4asdd WeR dearO@iniRarkOnilidd Bdtedn 400 ThdtyhBL us@vinll, and
including a core gas turbine engine 12 and a fan section I4 positioned

upst r eam ofmaghiningesspmidy 200 stooyreindfigirad. 12 i ncl udes a general |y tubul ar
outer casing 16 that defines an annular core engine inlet 18. Casing 16

surrounds Eﬁ?‘%ﬂbeﬁﬁggzﬁzpﬁ%%b%@ﬁﬁnﬁ%ﬁﬁbﬁ ng the pressure of the

incomng air to a first pressure Téevel. Tnone 4 enbodinent, engine 10 is a
CFMb6 engi ne avail able from General Electric Aircraft Engines, G ncinnati,
Chi o. As used herein, the terms “manufacture” and “manufacturing” may include any

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 engine, 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 is a schematic illustration 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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A high pressure, nulti-stage, axial-flow conpressor 22 receives pressurized
air from booster 20 and further increases the pressure of the air to a
second, higher pressure |evel. The high pressure air flows to a conbustor
24 and is mxed with fuel. The fuel-air mxture is ignited to raise the
tenperature and energy | evel of the pressurized air. The high energy
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driving boBsgiaes, Zindiliatiyghi@ second drive shaft 32 that is coaxial with
first drive shaft 28. After drivi ng each of turbines 26 and 30, the
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provi de adgd.t ixkal depigpehdi yerkibines s taid S0P HeedRiBustife prdtiubst leffeoddreed by
core engine 12. Figure 2 is a cross-sectional view of a portion of a

conpr essor EIging h?athrm Fheexfiaus noile Bt togpreviga prapylsivedet thst. shown in Fi gure
1). In the exenplary enbodi nent, conpressor 50 i ncl udes ni ne stages 45,

wherei n eagfy Qﬁ 146nL108 ééjg?&aﬁﬂleaﬁ:ﬁﬁly’%@v(f fé\{ ]la%ér (};lfaf)fé &E‘?énngy second
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bl ades 48. Inlet nes. 51 _.and, stator vanes 52 .of sta t hr ough
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St ator vanes 54 st ages four through eight and | et 5 gui de vanés 55

are fixed ¢ircupdsrentighty Sm@aﬁi fanoblafi¢sy42. i ﬁazswgl@%mtendﬁ magfmrdlyrﬁ@ntfhre

rotor 36 over an outer portion of core engine 12 to define a secondary, or bypass
atrflow 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 through 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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respective rotor disks 56 include a series of peripherally-spaced,

axi al l y-extending dovetail slots 49 into which rotor bl ades 58 are
inserted and fromwhich rotor blades 58 are renmoved in an axial direction.
Rot or di sks 60 for stages four through nine, on the other hand, each have
a single, circunferentially-extending dovetail slot 62, into which rotor

bl ad 64 I | I
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corrpressedd(zYe ‘p%lgg n%nwﬁﬁ?é?tof)g{?ﬂﬁsaﬁ@ mtecﬁl@\é\aa%flgw Cg’g‘@\tﬂi 1‘ril Sdefi ned
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52, 54. As own, Trespectivero are @
sui tabl e ddrsk600 di sk coupl ing arrangenent (not shown), and the third
stage disk is connected with a drive shaft 74 that is operatively

connected with a tu (gi_n ot or, é 0 é IJ"] stator section 52, 54
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respect i vepasagesry Gahragh vaeeli thegonipressed 2ir glasses.s v enteobaoiduyne thbte flow
of air to the flow pass defi ned by. out er S|n 70a dlaIIy
i nner nmost gﬁ?’fpﬁﬁséqge‘g% tsh‘ge%en\é\@ﬁﬁé%tq%% %Paﬁ}%g ?’é’“@‘s] r¥ %4n end

view of a fetfiw Pasdgevid; BOWFNEE biyOtht M4de ﬂht&‘dﬁn@oef R@ﬁ&ﬁvé"b&lﬁe@% smcl udes

a plate-like disk body 76 that termnates in an enlarged outer rim7

Quter ri nfarEed Ry Flerss0a 0. cindels taxa ghtignangamlarsgalaingia tha&tsamrtadmg 82
t hat eaCh gﬁ%g r#geﬁpﬁe g@f”@;[cﬁl 4)9’ Fl%xi'e%h lvr es%tmp A 10n§§%0 f aé] engage

wi th correspon rd and a cB¥"Y ot or

di sks 60 tmespective dﬁoadﬂksr 86,160 aeigahgel togaﬂhetrbpameﬁhbléﬂtdk&bvt&ﬁtncddpﬁng
respective rotor that they all rotate together. Quter rim

56, 60
78 al so .n@tﬁ’&s@% 8t {10 ol e dF stage disk v Rpmitestedvifh 3 dgive ghafs 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
respective annular sealing ring 72 and that is adapted to be engaged by respective
labyrinth seals carried 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
flow 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
rim 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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that in the exenplary enbodi nent is substantially U shaped. Slot 84 has a
cross- sectional formof a dovetail, and includes a slot base 86. Slot 84
is defined by a forward sidewall 88 and an aft sidewall 90 that are spaced
axially fromeach other and that extend in a generally radial direction.
Each of forward and aft sidewalls 88, 90 has a respective inward convex

' i. . fi . . il t of slot 84.
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each groove 100, 102 has a depth in the radial direction that is at |east
as deep ascaitesnetding ingfardeertyes grojedtiond®2194 thaeds preuitded alrberdsedé4ali wict udes a

base nenbe at, has hape .t hat corresponds . s t ially with that
of circunf@r éﬁ‘?ila ’ sﬁogt §1§§d. sc%als“)agel‘r?%rﬁ)é?Spﬁﬁg'eageagh%%u]itbsa’ ?12) tﬁ@t _hfaﬁr?n of a
dovet ai | asubstangallid€ifcuddt ceatbatgRa. 1A aReimbii RNerdBANiMBAY sda$ WiRCRI4Y €ge | N

| ateral recesses 112, 114 formed in rotor slot 84. Base nenber 108 al so

i ncl udes al#dcwbgtarfiallygion;drsulpt grossestion Seal Aviess d84+ Worase eplifand have a

i nwar dl y- ' o] proiecli of 4roto t A bl ade

pl atform %g‘%}gﬁggﬁi géér?%}h lggdéte %rlg) r %% g‘ﬁ?:it glf? en%(stélj?d(rjl %%éctaaﬁlg?‘%'l y

t r ansver secidiungfetentally within scel tive ighevieo 190,t 102i nah asixl sidih dfzsch gwevder 108.

Ext endi n Ltudinally fr upper rface 1 f bl ade platform 120, and
ina di ?e’:ﬁ’]ghﬁ bgpsﬁg?hdyoteﬁﬁfq]ﬁ eaﬁo‘gglé’é t?rgﬁﬁéﬁ?abgbﬁce]i"g‘? Q’W“‘dﬁlsr@éiﬂadbort i on
122, whi Cherogve 20RA02%at 8 depHtiAGle B BRSSP thalis ReRst LOBOMOR (?Qtﬂlet@? 10.
Platform 120 al so includes a pair of axially-spaced | ower "surtaces 132,

134 each hefihaglysepl arepddt 1% concave recess 138, 140 respectively, that is
axially aligned with correspondi ng di sk groves 100, 102 to receive and to

engage W tR,LESRER! bY GndEals W68 e 13 iR R shape that corresponds

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
portion 116, 118 on each side to receive the inwardly-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

.



recesses 13 8, 140 are configured to facilitate surface-to-surface contact
between blade 7 platform 120 and seal wres 104, 106, rather than |ine
contact therebetween, thereby reducing the |ocalized conpressive stresses
to which forward and aft bl ade platform |ower faces 132, 134 are subjected
during engine operation. Blade platform 120 term nates at a forward axi al

ext ensi on  128fmd1 2 andNsedf \err@sxl@éi 19! iRk Ahn k3 ddhtdor gr%?%etv?é/e {Hef 3. 0.

respective forward and aft radial fl'ange 96, 98 carri rotor
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a rotor bl adﬁaatmpomsnbifad@e&ﬂve(&hbmeig‘iomﬁieglll()e 802 fdrhi@drif rotor Higk 60.
perspectiv ortion, of gachlnln assenbly 200. Machinin

Do eenery o it SeRa e Foits o mt%EYOVédeéwfeﬁdwv@SoW@@)Qﬁscfaﬂpﬂ d to
base porti @mddQRarfdda fith She &3%4 & 5951%& Ay %Q&Iﬁlohgg% Yeaﬁ%éph &g to

base portion 202. Body portion 2 ’so i nc ani sm 207
that i s cogptheihat WObbfdythpmﬂm exis By, vidud of she (gmemlueﬁgecﬂe&weamdﬂme Baeond

openi ng 20 hani sm_208.i.n d 210, .a second end
hor an ansahef D T st egRdial o i s e Rimiedind s15ed Shamend
212. Locki @@1m@@hwma@mo@hﬁl@tWﬂﬁkmeo?tﬁos@@&%@m%ls@rﬁ%m ed to second
end 212. As shown in Figure 5, each set of retainers 206 1 ncludes an upper

portion 22% and a |ower portion 222. Upper portion 220 includes a first
end 224, aFig¥EQhds 2@chiping assrnbly 200 tat myyrhectsed fosmediae wiierssal goabeg24 has

a cross-segfi g IQéePéul b f u of external .surfaces
232. In the exenp gn%%ﬁ?d(r%g%tﬁ (klﬁ%&s?’ye%ér 222'4 Pﬁ%“§%§ 15 & DELPSHTCATY
rect angul apf erpost&rs@tmadnmhgg:emmﬂy 200.pMahdhiiing aedenibby 300 Sickittes al bagesi mi | ar
to a cross-s ﬁr f| | e. of . openi ng, Second. end 226 includes a
ret ai ni ng %%‘P ody portina ?&?eﬁ?}}l’é?dyt%%ﬁﬁdpﬁ’@ﬁﬂ 2QRetend ra Kigstpsst ofon 234
has cross- gghér® Q@B slidably coupled to base portion 202. Body portion 204 also 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 212. Locking

mechanism 207 also includes a handle 216 coupled to 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.



profile that is substantially equivalent to a cross-sectional profile of a
bl ade upper surface 236. 8 Lower portion 222 includes a first end 240 and
a second end 242. First end 240 and second end 242 each having a
cross-sectional profile 244 defined by a plurality of external surfaces
246. In the exenplary enbodi ment, first end 240 and second end 242 each

have a S.Ub?b%f E@ljtll()?{ ZEZSIH&Q&Q afi3bsnd | Ongilnaagecg}f:«? hd 5 4141 %heaé jélgémdl_ ower
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Ret ai ners 300 include an upper portion 320 and a |l'ower portion Upper
portion 2g@uivalentields..anitiors g cease-sectipnalgprefiloarfa bdats 18R 6 suafade 252.0cki ng
mechani sm 228. First end 224 has a cross- sectl onal profile 230 defl ned by

a pluralit r a first
eng 224 haglgg&esﬁ)égﬁ aﬁ?#pﬁ%ﬁ‘pé ?gegf%%fh%grﬂn 8# 8§a§ SS?‘%PIY;%@H{? W& Brofile.
Second endFi@ﬁe #ndrldtisg a sfeecbr&i sétng eRiderOBOB 3 Retaihdts 300 £X SUBtA1MIly

enbodi nment , tal ni ng pg(r)%l on 334 has cross-sectional profile that | S
subst ant i a?lf’%} ap L felanen L0 dshp v i gure oy jaBd spmpersnty of refingrylGfddatimper

surface 33flent@86 cgﬁlgbhaﬁs %?éethllﬁgll Lﬁg)seacﬁéﬂﬁfedeiﬁdﬁégrg &0dnd € % d end

242. First end 240 an secon ave a c s-sectiona proflle
244 def i netefésygnce mpimeralk ussd iofFigwater nal surfaces 246. In the exenplary
enbodi nent, first end 240 and second end 242 each have a substantially

T-shaped c rofile 244, we ortion i ncl.udes a
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profile that is substantially equival ent to a cross-sectional profile of a
bl ade | owesk2a4 hasea 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. Second end 226 includes a retaining portion 334.
In the exempiary embodiment, retaining portion 334 has cross-sectional profile that is

substantially 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 cach have a substantially T-shaped cross-sectional profile 244. Lower portion
222 also includes a lower 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,



352. 9 Figure 7 is a side view of an exenplary mlling system 400 that may
be used with machining assembly 200 (shown in Figure 4). MIling system
400 includes a mlling machine 402, and a grinding wheel 404 for use with
mlling system400. In the exenplary enbodinment, grinding wheel 404 is
fabricated froma cubic boron nitride (CBN) material. A coolant passage

406 extendFidw®migial dildgichR gupg aﬁ,ulg -k hr ough
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on rotor disc 56, an operator may select retainers 206. To nmachi ne a seal

wire on a {eBMhmataiahgd coglaehpe&gagm@é@X@Admﬁgmnedhmmma@nm 468 sch @G aan

real | that each set of
gfggjggogount elgrﬂbﬁgstsn{gh I'n laﬁf)gass%%a ‘?&’Oﬁ \Pgﬂgd §%35Pﬁ (d?laélgt PYHINEE ai ner s
sized to hwlmmmec}nmsgemembeyMcadenngmﬁumgbpéﬁﬂbm ally fixed position while

machi ning the seal wire groove in the blades. Accordingly, an operator

| es machi ni n asse 200 m || ing machi ne 402 An_operator then
cel bots tnih GBTGr ToABINS SFoPbafifkisNRbado G isbitiSotomil B ha s hine be

machi ned. kg ORescLBPAGANBEYs sdillfelPs @%P%rsﬁg ggﬁén?i rL%e(%r?ﬂfé %Qa%f dﬁ%

portion 222 is then inserted I nto ope After
| ower port @phingd Fer examply; tetachitoa bmiiywumgrbongﬂdie S(Dmﬁung:drﬁﬁqul sm 208

d 22 is substantially
ecur ed ui LI fObBaSPREIE Tt St TAeAGEA06: of SRt e aa B StPace. and

an upper sbhfilgcrRck labﬁilaﬂi&t(itlafn'oﬁnt%& Bnl @fortdsd 6@ an’ @ﬁe@ﬁ@f; k4 2 éef@é@fﬁtﬁﬁér&' on
retaining surface 250 and upper portion retaining surf

posi ti oned 3QY; Hcbanld bogeplizsgrthatorsch set, of ipdas mpemtedon Teacrhsmdsfmiilaﬂﬂﬁon, s then

o coupl ed s ® SRRkt dcRlnehPHho bR hofang st biad L SpPTAARY Dot neen
| ower por t fined RAFicanehilenppeiinipg tlid seal Widd grovve i e blaei ne 402 is then
energi zed, thus causing grinding wheel 404 to rotate and

Accordingly, an operator couples machining assembly 200 to milling 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 lower portion 222 is substantially secured within body portion 204. A rotor
blade having 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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cooling liquid to flow frommlling machi ne 402 to grindi ng wheel 404. The
operator repositions the grinding wheel such that at |east one seal wre

groove is machined into 10 a base of the rotor blade. To machi ne a second

bl ade fromthe sane rotor disc as the first blade, the operator depresses
| ocki ng mechani sm 228 and slides the |ocking nechanismin a second

direction | S 1.0 orti 220 is
renoved f rgﬁ]%%%e W@%ﬁ@?%g& o%%?llé ﬁﬁlte Sle%ﬁ(%[])dgtg#@g gﬁ@%ﬁggén%g%nd@ PoE5"°pl ade
adj acent tﬂﬁestlbﬂum tﬁ@bpenatbrld”e@mskes luplpﬁg rpeshbnion 225 ahdtstidep e pEkiA@8 unti |

| ocking nechani.sm.228 is coupled o body 204. To machine a rotor blade on
a second r&egﬁaraygén aéFCFOPQrdg‘ﬁ"Pt“f%%\f; PHEOSF'ierfg?t digscpn di @ gntilayppep paitignor

sel ects a 98¢ bnARRA SR Bb& Y081 78 o ﬁeé‘zfato?fth‘f]eﬁéélﬁb‘?{ssch?@éc%ﬂ Proh %F deot or

bl ades to be machined. In one enbodi operator se ec ai ners
300. Lower ade@fmtt itnlo3zp 223 and amseits spparqubriiont 220 gn npgnﬁg)go&ﬁmbblﬂaykmgr tion

204. After rted I nto body portion 204, | ocking
mechani sm Et?g qrgsrﬂggga; qoﬁpég%? G’?‘E’t Frection 410 until |ower portion 322 is
substantially secured within body portion 204. A rotor blade having a

| over sur f Joansvhtheanrotditidessts 4 860nd vhioF aigt,| BFtbénSinth HRY first Atddsd @aPect i ve
| ower portion retalnlng surface 350 and upper portion retaining Surface

334 is posPPyBREEciads aserend apprpripiohsiesd ssRof reigppes bqsgd pncbhf: foterdtladend 224
S e USSR AO, BPGAL Vbl PRI AL SRSE SR i oK) 10

nmechani sm I'S coupl ed mac Inin

bl ade bet weemion| 32Refs t;hem Un@ﬁeazﬂtoamknmyoew @ﬁrHodgarpoﬁtM 2MI | ARG IRl ne 402
is then enerrgwlsg thus c g, grindi ng wheel 404 to rotate and cooling
liquid to PP oS HsPTtschigtarRedy pretian 2 H:doging gesbenitne 208 Apmovehén aper at or

reposi ti ongyg Hﬁe&fo‘n@b%tﬂ"ﬁ%@r SHiR 3t253§ Lﬂ)%iahﬁa scRdSHtin Wb (%}S%atﬁ ve is

machined into a base of the rotor peratton 1sr ed until
al | desi r ed04.oAogptds|blatiehammge lob@enmtﬁ&mhmded uppepsuofaicel eutatankialis sintilke seal
wre groove. The ab ve descri

h t-effect d
highly rela ereSIﬁ% Ve JREF R?lﬁl@nar? | n| n Sg‘ggné ‘[@%ﬁfcggﬁt‘ﬁgl W%hﬁ%g "

coupl ed t oswafaxe 3Bt r@p@@t@&ﬁeﬂ%d;acéﬁt@oﬁ%ﬁﬁrﬂbﬂ@Z@sm Yordibs Frstpiugas;s a
plurality of sets of retainers, wherein each set retainers is

confi gur edthed inrtad ita operins 208 iof mashingte ammblybi%@ml I@pieg friechdism each
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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rotor includes a set of blades having a specific base profile and each set
of retainers are configured to include retaining surfaces approxi mately
mat chi ng the bl ade base. Accordingly, to nachine a second set of blades on
a second rotor, an operator nmust | | replace only the set of retainers,

i.e. the upper and | ower portions in order to machine another set of

rotor bl adgs, % %Q,m}ﬂthg RO grr {sofé)rthe %_Jb P and ﬂ) ;6;1{? ok ng oaffersggiaélgges from

facilitates i cI'ent Py vec "Nl Ng urdlltyo

di fferent anmherr&; dﬁhnioe bdmley fromg @i dxfﬂeg:namot@perlmh@rthb()nﬁ@ﬁ\iﬁﬁ% aafshblepl ace
two indivi %a[ of the ][_THChI ni_ng, assenbly.  Moreover e _above
descri bed M ent peds upform; megunige R faiphljalaﬁ ofclalpdasbirem didlesrndg

fixture whigh. Ml?@nl 8a @QHS ers

wi thin 30 secgn s1 to g % ta% af)ﬁ/ilatgpt 31%%1%2&3@?% Picewg“?d‘%deﬁﬁaﬁﬁtégg seal
wire groothesnachimng atsemblyl ade. Specifically, quick change nodules, i.e.

hol ding fixture sets, are rennved and reinstalled using only the operators

fingers and built Xtr t| n vi ces .and de i ces ody of
t he nachi n%’éeov?&ethﬁ @OY% cribed ﬁm fngcmaghne 51‘ % ov W@S%PK ﬂg?l ng
re-ali gnrrenélan@nﬂxtheswheutrﬁay EQQ@JEQﬂlﬁ’gurélﬁ kN FecRpPhd} 8fl Bk 1k Rdhhgs wheel
whi ch includes the required seal wire groove geonetry facilitates

produci ng Wi 0 s tle goewptiaslly mduehe womprignedor phastiving seal wire

noxpensi vE Sk SAPERERAR" sprthltlanPe Hik MRl 20 BB Fincni ne

seal wire greqemesed A rédi@alteﬁtukﬁng bligdes opéra®tLAfgdt abé badt & eglRtibvel y
| ar ge and xpen5| ggq ng machi ne. Therefore, smaller m|lling nachines
may be pl atBACEIB c},ﬂr’t %CﬁerT%‘epdqrqfdlb%@aﬂamngﬁesemb&emmmmp 20918k

el i m nati ngn GRENhAY dirfidblifth RPLAMIRR he QRLED. BEAHARS usiflld Radb@EmPVENt i ON

has been descri terns arious specific e ose skilled
in the artgwndihg vdeelmihzch fnichides fiee requiad iseal wihy dreoyer gettmzﬂ:f;d fanilithtes

nsserbly. 1 OPCHEBRIMERY arebila BRPRETD B0l FTB o5 4ot biin SEPHIGRIB] ade

that incluggsced doxet ahirdlysal digheaBsi| ! OaRkivesy NBexpensive 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; and 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 the first dovetail, and a | ower portion having a
profile that substantially mrrors an opposite side of the first dovetail.
2. An asseflllAIM$ accordance with Caim1l further conprising a |ocking
mechani sm configured to secure said |lower portion within said body portion.
3. An assenbly i,n accordance wth Caim1l wherein said upper portion
conprises &'l ocﬁ‘h@s?fﬁélﬁa{éf E1ChiBHE 3 sab avitcoteevauinio 8 £i2s turbise roten bladen

wi thin sai shat BRMRAbIAR, stid ARSI EBRbYsihE accor dance with daim |
wherein said body portion’ conprises: a first opening sized to receive said
upper portion therein; and a second opening sized to receive said |ower
portion theémbeseporon;An assenbly in accordance with Caim4 wherein said
upper portion and said first opening each have a substantially rectangul ar

Cross-secti ile. An. assenbl y i n accordance with Caim4 wherein
sai d |omer5§@§%P§ﬁ8§ﬁ8W%S$H)&“%@ﬁﬁagaﬁénwﬁb each have a substantially
T-shaped cross-sectional profile. 7. An assenbly in accordance with Caim!]

further conpiiissisetgofrasiaancdenivalily coupledi taessd Haay fostish, fdhar el dbayr said
first set of retainers, said second set of retainers conprising an upper
portion halftHECs FFPISING hEPPe st brdng 2 profiteothat substantiaBy nofross 23

second dov ' ' rhiine: ¢co hat .i s. di fferent
than the. Triep GibEFRuTtoy L b A90EF pbtbH GHETBRATE vk Ssifiolly i | o
t hat subst amtrptslanpppositeside ofdire fippdsietsl. si de of said second dovetail. 8. A

m | ling nmachine conprising: an assenbly for machining a seal wire groove

into a gas,turbi,ne rot bl ade t.hat i.ncludes_a_.dovetail,. said assenbl
conpri signg:z' 2 bhde [yoﬁn accordance Wlt?l C&Jalm 1 furt?ler comprising a locking y

mechanism configured to secure said lower portion within said body portion.

3. 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.

4. 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.

5. An assembly in accordance with Claim 4 wherein said upper portion and said

first opening each have a substantially rectangular cross-sectional profile.

6. An assembly in accordance with Claim 4 wherein said lower portion and said

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

7. An assembly in accordance with Claim 1 further comprising a second set of
retainers that 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 a
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a body portion coupled to said base portion; and 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 the first dovetail, and a | ower portion having a profile that
substantially mrrors an opposite side of the first dovetail; and a

gri ndi ng whewehd dowdtaif extedklihg fivee hisendtrutb@rsdono@estethit iwidifeergitQRMELHent 0
said dovetail..9. Amlling chine in accordance with Claim8 wherein
sai d assen%"ra} ﬁffhwter‘fempoewid Weépqmp%ﬁa‘r%ﬁpf@lﬁ%amsmle%hw@wed to

secure saignbﬁ$@hegggbfgﬂd@hﬁﬂﬂgo§&hﬂ body portion; and a second | ocking
mechani sm coupl ed to said upper portion and configured to secure said

upper portion within said body portion. 10. A mlling machine in accordance
with d ai n88 whérmillingmiachibodympaising:on conprises: a first opening sized to
receive said upper portion therein; and a second opening sized to receive

sai d |over mP%E&eh‘ﬁ’)ﬁ]y tfgreﬁl%ic}ﬁhin%éla 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; and

a first set of retainers removably coupled to said body portion, said first set of
retainers comprising an upper portion having a profile that substantially mirrors a
portion of the first dovetail, and a lower portion having a profile that substantially

mirrors an opposite side of the first dovetail; and

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

dovetail.

0. A milling machine in accordance with Claim 8 wherein said assembly further

comprises:

a first locking mechanism configured to secure said lower portion within said body

portion; and

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

said upper portion within said body portion.

10. A milling machine in accordance with Claim 8 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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