AN ELECTRI CAL DI SCHARGE ASSEMBLY AND METHOD FOR REPAI RI NG DI FFUSI ON COOLI NG
PASSAGES BACKGROUND [0001] The present invention is directed to cooling
passage repairs, and nore particularly, to a method of repairing diffusion
cool i ng passages and an el ectrical discharge assenbly for carrying out the
met hod. [ 0002] Because of extrene operating conditions, gas turbine engines
are known to enploy conponents having thermal barrier coatings and cooling
passages to protect the conponent by reducing tenperature exposure during
use. Thermal barrier coatings are selected to provide resistance to

spal lation (coating loss) during thermal cycling of the engine as well as

resi stance to oxidizing and corrosive environnents. During normal engine
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[0003) Cooling passages allow film cooling of gas turbine components. Film cooling
effectiveness can be increased by using diffusion passages that have a conical portion and an
enlarged opening at the surface of the component. The shaping of the passages to diffuse air
before it enters the boundary layer of the component broadens the spread of air downstream of
the passage and thus, increases cooling effectiveness. Although high quality diffusion passages
provide superior performance, they are both costly and difficult to form.
[0004] In the case of blade repair, the blade may first be stripped of its original coating
and then a replacement coating is applied to the blade prior to returning it to service. During this
repair process, cooling passages present in the blade may be partially or completely filled with
repair or replacement coating material. Such excess material can accumulate in each cooling
passage. This phenomenon is known as "coatdown" and can restrict the flow capacity of the

affected passages. Coatdown can diminish the cooling effectiveness of the film cooling thereby

reducing the component's useful operating life. Thus, any cooling passages that are subject to



[ 00051 El ectrical discharge machining (EDM is a known process for producing
shaped passages or other openings in netals. It uses electrical current

di scharges to erode netal. For exanple, by pulsing a direct current between
a positively charged work piece (anode) and an el ectrode (cathode), a spark
di scharge may be produced. The di scharge occurs when the potenti al
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produces a similar shaped passage, with allowance for electrode overburn and EDM electrode

erosion. Unfortunately, known EDM methods are time consuming to operate and are a relatively
expensive process compared to other processes such as laser drilling. Furthermore, the copper

electrodes of an EDM are fragile and not reusable.

SUMMARY

[0007] An electrical discharge assembly for processing a workpiece having a cooling
passage with first and second portions includes a first electrode having a first shape for
machining the first portion of the cooling passage and a second electrode having a second shape
for machining the second portion of the cooling passage.

[0008] In a method for repairing cooling passages in a workpiece, a first electrode having
a first shape is positioned in a cooling passage. The first electrode is electrically powered to
machine a first portion of the cooling passage. A second electrode having a second shape is
positioned in the cooling passage. The second electrode is electrically powered to machine a

second portion of the cooling passage.



[ 0009] In another nethod for repairing cooling passages in a workpiece, a
first set of electrodes having a first shape is positioned in a first set
of cooling passages. A second set of electrodes having a second shape is
positioned in a second set of cooling passages. The first set of electrodes
is electrically powered to machine first portions of the first set of
cool i ng passages, and the second set of electrodes is electrically powered
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PasSag€ynd a bond coating are removed from the workpiece, and the workpiece is brazed. A bond
coating is applied to the workpiece. Braze material and bond coating are removed from the
cooling passages by positioning a first electrode having a first shape into the cooling passage,
electrically powering the first electrode to machine a first portion of the cooling passage,
positioning a second electrode having a second shape into the cooling passage and electrically
powering the second electrode to machine a second portion of the cooling passage. A ceramic

coating is applied to the workpiece.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a perspective view of a gas turbine engine vane with cooling passages.
[0013] FIG. 2 is a flow diagram illustrating a method for repairing a gas turbine engine
vane.

[0014] FIG. 3 is a cross-sectional view of an airfoil illustrating a diffusion cooling
passage.



3 [0015] FIG 4 is a cross-sectional view of an airfoil at an internedi ate
stage of the repair process and an EDM el ectrode. [0016] FIG 5 is a
cross-sectional view of an airfoil at an internediate stage of the repair
process and another EDM el ectrode. [0017] FIG 6 is a flow diagram
illustrating a method for renoving repair material from cooling passages.
[0018] FIG 7 is a side view of an el ectrode assenbly suitable for repairing
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DETAILED DESCRIPTION

[0022] The apparatus and method of the present invention is used in the manufacture or
repair of a workpiece having cooling passages. The workpiece can include gas turbine
components, such as blades or vanes, or other articles with cooling passages that are coated, in
particular with a thermal barrier coating system. A thermal barrier coating system can include a
metallic bond coat and a ceramic top coat, The apparatus and method of the present invention
provide an improved process for removing repair material from cooling passages in a workpiece
during manufacture or repair of the workpiece. In order to better understand the present
invention, the repair process for a turbine vane with cooling passages is described below.

[0023] FIG. 1 shows turbine vane (article of manufacture, workpiece) 10, which includes
airfoil section (airfoil} 12 having at least one internal cavity (not shown). Airfoil 12 includes
convex surface 14, concave surface 16, trailing edge 18 and leading edge 20. Convex surface 14
and concave surface 16 are located on opposite sides of airfoil 12 and meet at trailing edge 18
and leading edge 20. Together, convex surface 14, concave surface 16, trailing edge 18 and
leading edge 20 form airfoil exterior surface 22, which is exposed to a hot gas path during

operation. Airfoil 12 is bounded by inner diameter platform 24 and outer diameter platform 26.
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| eadi ng edge 20 formairfoil exterior surface 22, which is exposed to a hot
gas path during operation. Airfoil 12 is bounded by inner dianeter platform
24 and outer dianeter platform26. 4 [0024] Vane 10 lies in the hot gas path
and is air-cooled by flowing cooling air, typically discharged froma
conpressor, into the internal cavity or cavities of vane 10. Cooling air
enters the internal cavity through correspondi ng openings in platfornms 24,
26. Thi ir cool t nal face of airfoil /12 convecti on or
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descri bt kebly phéieZs] 28 & az?lfhrrﬁed :oﬁV\b(dh a?maen iahl usink el lmigfan:ei Had 14D f or
repairing a vane. ne 10 is first clean st sual |y wit

aqueous Bt Flgn DifSriae Ravpie gl G b STRRCGE DA o ieed e &flotgafa‘rbs are
t hen reggmgqocg§mqﬁg&ggﬁnate Any ceramc top coat is renoved fromvane 10

usi ng any conventional nmethod known in the art (step 44). For exanple, the
cer am cl[#03p] coat Duning operationevaned#itis ﬁgbjmd tbéllg’ﬂetnmve@tllygﬁ thaftcen lcanse crackaini ng

in pot as?doé){H‘%ro ra%)g(ltdené K Dirgodl ot (?nl%lfsla\lf ma %cp ?trmﬁ%h?%salraﬁéfgre it he

ceramic any

et hods cdnb\rerirfied Besavite.( %eﬂe}{hﬁ) probak 11&X1afép|severilfmp@’,ewmchla?e Hondatedat can
be renoved by |nner5|ng vane 10 in an agitated stripping solution, or any
ot her nBlGdrRssgribedbelbWe art. Fol I owing an inspection (step 48), any
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ﬁrst cleaned (step 42), usually with an aqueous solutlon Detachablc details such as baffles and

similar parts are then removed, as appropriate. Any ceramic top coat is removed from vane 10
using any conventional method known in the art (step 44). For example, the ceramic top coat
and oxidized coating can be removed by autoclave cleaning in potassium hydroxide (KOH), grit
blasting, or other methods. After the ceramic top coat is removed, any metallic bond coat 1s
stripped using methods known in the art (step 46). For example, the metallic bond coat can be
removed by immersing vane 10 in an agitated stripping solution, or any other method known in
the art. Following an inspection (step 48), any identified cracks in vane 10 that fall within
acceptable service limits are routed to remove oxidation material and dirt. Next, vane 10 is
cleaned, for example, by a grit blasting process followed by ultrasonic cleaning, powerflushing
and hydrogen fluoride (HF) cleaning to ensure removal of any residual abrasive material. Then,
the identified cracks are welded (step 50).

[0027] After welding step 50, a braze repair material is selectively applied to surface

imperfections, such as cracks, including in the vicinity of and within selected cooling passages
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cl eaned, for exanple, by a grit blasting process followed by ultrasonic

cl eani ng, powerflushing and hydrogen fluoride (HF) cleaning to ensure
renoval of any residual abrasive nmaterial. Then, the identified cracks are
wel ded (step 50). [0027] After welding step 50, a braze repair material is
selectively applied to surface inperfections, such as cracks, including in
the vicinity of and within sel ected cooling passages 5 28, 30 that do not
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i nspection (step 54), a nmetallic bond coat I's deposited onto the surface of
vane 10teghniaues. rdithis goiuh bvihe irepairpaocess, codingeptiges 28 g0z filledriite theakpai( st ep
56) . For XA le, the metallic bond coat can be deposited by using | ow or
reducednﬁ a8 ur e pl asma spray, air plasma spray, electron beam physi cal
vapor ﬂﬂmsl tion, F(Q¥owi1@g fhferbraiﬁétr%andﬁ'&fﬁbfj’@h&it|i1ilspe&1ﬁﬁl(r31(stepat4), lasmelgifio bohcd
onto the entire surface of vane 10, includin over the repair naterial
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diffusion passages 30. Once the repair material is removed from cooling passages 28, 30, a

ceramic top coat is deposited onto the surface of vane 10 (step 60). Following deposition of the
ceramic top coat, vane 10 is again inspected (step 62) before being returned to service when the
repair is successful.

[0029] FIG. 3 illustrates a cross-sectional view of the wall thickness of airfoil 12, and in
particular diffusion passage 30. To protect vane 10 (see FIG. 1) from high temperatures, airfoil
12 is coated with a protective surface coating, preferably a thermal barrier coating system. The
thermal barrier coating system includes metallic bond coat 72 disposed over airfoil exterior
surface 22 and ceramic top coat 74 on top of metallic bond coat 72. FIG. 2 shows airfoil 12
before the repair process has started. Airfoil 12 includes diffusion passage 30 which can have
various geometries and predetermined air flow characteristics based on its location within airfoil
12. Diffusion passage 30 includes metering portion 76 in fluid communication with diffused
portion 78, each having a predetermined geometry. Metering portion 76 includes inlet 80 with

inlet diameter 84, which provides a predetermined air flow requirement. Inlet 80 regulates
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12 is coated with a protective surface coating, preferably a thermal barrier
coating system The thermal barrier coating systemincludes netallic bond
coat 72 disposed over airfoil exterior surface 22 and ceramc top coat 74
on top of netallic bond coat 72. FIG 2 shows airfoil 12 before the repair
process has started. Airfoil 12 includes diffusion passage 30 which can have
various geonetries and predetermned air flow characteristics based on its
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process shown in hi's stage, netal bond coat™ has applied
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di ffusion passa ge_30. 4 also illustrates EDM el ectrode 88 suitable for

r enovi n§shl hlf@atP%B&M elfo'&tr@tf-q 8% switablenter repaying @razsdmlrc@a&enalzfié a@ﬂﬂmtallfmsu on
assage I ,

ener o1 15 of 7 ERANN G fivedte 36, A3 hAREPEC 3, Acciiof s s FIG 9B and

met eri n@npmﬂymghndirﬁzabélectdmcfef lEleﬂmdpﬁsxagmteﬁﬂb chIremlmm@rrﬁﬁ:nmg portiar Ttedf i nt o

di ffusi assage 30 from airf xteri urface 22 t hat,
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part of gfifabd u3ed ekt iubBtaditally! M1sSABRHANHABE T8, B‘:led%a& 'S‘Srhlééfex@érﬁQTtl{rQQg@l 88
can extend past inlet 80 and into the Internal cavity of vane

el ect r i pat ¢hdiffused pertioncl&e dnsome lmmve@ow&zl@ctw qanreatea |pa$t 'naet &Or om
Fre E)(r?r Qﬂg’é*?g%’tﬂé? ql&‘z’??lﬁésagﬁypor%e ﬁo%‘f@oug%ﬁf e(%ler?ifdeexttrg el 38.Cr ?%8%1%0%} G 7%
i || ustrapsis maierib8d fridd meteridyg portich 76 usd bﬁz@mmg@té}&l 86 ahd heeliobdnd dontaze
72 from an area of diffused portion 78 through which it extends.
[0031] FIG. 5 illustrates airfoil 12 in which diffusion passage 30 is filled with braze
repair material 86 and covered with metallic bond coat 72. FIG. 5 also illustrates EDM electrode
90 suitable for removing braze repair material 86 and metallic bond coat 72 from diffusion
passage 30. Electrode 90 is a tapered electrode with a first portion 92 having a generally
triangular prism shape. Electrode 90 generally has a larger transverse cross-sectional area than
electrode 88. Electrode 90 is suitable for machining diffused portion 78 of diffusion passage 30.
Electrode 90 is inserted into diffusion passage 30 from airfoil exterior surface 22 so that it
substantially fills diffused portion 78. Electrode 90 is configured to fit within diffused portion 78
without extending completely through metering portion 76. When electrically powered,
electrode 90 removes braze repair material 86 and metallic bond coat 72 from diffused portion
78.



repair material 86 and covered with netallic bond coat 72. FIG 5 also
Illustrates EDM el ectrode 90 suitable for renoving braze repair material 86
~and netallic bond coat 72 fromdiffusion passage 30. Electrode 90 is a
tapered el ectrode with a first portion 92 having a generally triangular

pri sm shape. El ectrode 90 generally has a | arger transverse cross-sectional
area than electrode 88. Electrode 90 is suitable for machining diffused

tion 78 of diffusi 30. trode 90,is i ted into diffusi
a5 agel 82Kt om e remebmart rcrdirs B &0 55 Seqtblo parrSBUKSCANE SEAPFYOF 111 o
di f f usegheRBiOE bBRIoAS6 Jrl Aflised Pofioni 78 STANFUSHN RGsak® 3D] fesptetiily & pdrticed,

[
portion 78 W thout extending conpletely through netering portion 76. \Wen
el ect ri elatrode FiSnisrapafigured é@trm@heeng@zer EpBy anatesiad A6 frerpanetenag pertigh 786anthd
metal | i 0 oat 72 fr | f1 ] . | es of
el ectr oglggr(@g,%glﬁ chfiglg gfggcfleél{cf) V;é ?ﬁ%@&?‘é@%gﬁﬁng QSQ %%dlglr%g%%csg%ﬁ &%g?%trﬁlronkng

por ti ondiffasédysbraod 781SBathdectiodss S83 90 fwotk Edapsiacivelpas siage: ek the predeetniivied y. | n
parti cul ar el ectrode 28_ i.s. confi gurg@ to renove braze repair terial 86
fr om medisdlongregurements o6 diffision Raseagey dUeromet encediipaip iy ednklBler RFFICPARZ e

repair H&E@gega%r r3Rertil 86 T8 thdvied mqwfe%g ZgiofanQndCBr&{eul%?gr RRtdaPPs 4% Both
, 90 work to h

el ect rodes cooperatively sure that the predetermned air

f1 ow r egetallenomd soatf 720ark frermdend fpas diffsed Bartian €8 nasioliopei is elpaite flow throngh et e.
Once regg}urp. braze :{Oe ai L mat ihl al 86 is renoved frommetering portion 76
and br aZB"POBAFF#ht i ¥6°and netallic bond coat 72 are rempved from

di ffusegooagdy ti on Bfze GOsHii Ritedial 365 isabdntovid frdrhviffasion Passagdt fFusking Hoassage
30 to cool vane 10. [00331 Braze repair nmaterial 86 is renoved from

di f f usi elgctpule SR padzectrefn §0.n dhp meghadcaf theipregamt apgntoneetilizss @ to-StepHECSt hod
of the Bf.5d0lct RY NI ctbolrd diSihafel WBm A EfoBECHL DD anlyRetuch! QKIiGRE cbRY

mul tiple etectric discharges from €l ectrodes , 90 an reduces Servici ng
costs by redadingi setppstirhesp FIGres illustr@es GuetHold iy athech cant beodked G0, rembvechracan be

dt b i ' 6 d. metal |i ¢. band t. 72) §
01 s B mer: 06 G o it bl fash 20 i S8R oMot 50 BORE HERTHeSS 0L T ng
el ectrofpuld 100 dicldiesiipRrbasasamndd®a & aFfulfdd) pas@lg8CI0 (i) 152), RRYLIAING

el ectrode 88 to renove braze repair nmaterial 86 fromnetering é)ort_lor) 76 of

di f f usi powerpigstlentrod@ 88 (& rampvedugze reniranetena) 86 feam mstrsingortiondlé ¢fudifferion

p23520° k4 UL SHRERSES Y (RRNES FR9aFL 561580 bty
powering electrode 90 to remove braze repair material 86 from diffused portion 78 of diffusion
passage 30 (step 108). According to method 100, electrode 88 is used before electrode 90 to
remove braze repair material 86 from diffusion passage 30. Alternatively, electrode 90 can be
positioned in diffusion passage 30 and electrically powered to remove braze repair material 86
before the same is done with electrode 88. In steps 102 and 106, electrode 88 and electrode 90
are both inserted into diffusion passage 30 from the same side (airfoil exterior surface 22) of
airfoil 12.
[0034] FIG. 7 illustrates electrical discharge assembly 110 suitable for the two-step
diffusion passage remanufacturing process of method 100. Electrical discharge assembly 110
includes electrodes 88, 90 and at least one electrode carriage 112. As illustrated in FIG. 7,
electrodes 88 and electrodes 90 are mounted on a single electrode carriage 112. In other
embodiments of electrical discharge assembly 110, electrodes 88 and electrodes 90 are mounted

on two separate electrode carriages 112. Electrodes 88, 90 can be arranged in arrays on electrode

carriage 112. Electrode array 114 includes electrodes 88 and electrode array 116 includes
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passage 30 (step 108). According to nethod 100, electrode 88 is used before
el ectrode 90 to renove braze repair material 86 fromdiffusion passage 30.
Al ternatively, electrode 90 can be positioned in diffusion passage 30 and

el ectrically powered to renove braze repair material 86 before the sane is
done with electrode 88. In steps 102 and 106, electrode 88 and el ectrode 90
are both inserted into diffusion passage 30 fromthe sane side (airfoi

exterior, surfa 2).. of irfaj |l 12 00341 FI 7 illustrates electrical
i sohar gecindeetif) 85 birued bl 7 5P ehedigrey . Wb opEins hvp BeSugls ind

r enmanuf gettide 98, PSP 5R SitraBled Rt HOMtckiding BbRSdurattdl (3, SALHE 88Sa8sRIAY 9B10
i ncl udes el ectrodes 88, 90 and at |easf one el ectrode carri age 112. As

i 11 ust r 88,6, iete- )| Bach7electende §8y 80 ds lasgaliyn spastd Soroae sdiggens electiodm$®s P00y a

single t c ' 12,. 0 4 ' £ el r I schar ge
assenbl §é@§6§'%§ﬁ%rc?{3§h§egqé§ gl?llai!ae?eetcl:w&%égﬂgg%ﬂ)ag@q%%%f%%cg?% {S\%% lFég'pzf ate
e: ectr ogawear adjag@s dﬁﬁ&ioi})mﬁge@c%)soﬁﬁirf(ﬁl)IE.arDé}fleﬂ;d;ihg aongehe dliffgﬂbm @y@ag)eg

el ectrode carriage 112. ct rray 4 includes el ectrodes, 88 an

ol et r oBEmATE AN fistaices egalrfrgﬁgﬁe@ﬁt@w Gi9n Badhs somssior gl sleevoer it o,
each el gCi4RAe DAhRY 138 betwedh a&ﬁwn@uaarédeygs,edo%@tdtgeﬂﬁﬁwéle@'tha?lsﬁgteiség%&e 88,

90 are arranged in an alternating configuration (e.g., electro
el ect r o8& 99®n ele@BodOGmiaged. 1 cache positioned mittim BEffugion passhget ¥ al | y spaced from

an adj a el ectg,ode 88, 90 nter-to- er distance 118. Di stance 118
0 oo afhL © oo pifods arride 112 b6RLREL RS S8 U0Th PREER UEE pab e hRREET o
passagess,3s) envare’ {®ifdr dldetrib¥ RBRMEAIRY Mathinkes, diPbives 5iplPass agasedIRoa@ived €S
and di stances 32 of airfoil 12, distance 118 can be the sane for all

el ect r o#leginem power toglectradesel, 90 Ardicledtria flgidican he delivemdde diffusignaassagerc) 88,
90 is d i ned : h , ' 12
can be [BEPODEESRAL et SAGY, PhECIIRGS bk ndfs O pfyB [RUEARERbARE 0
112 hol dsreatesotithodemtdfringGvitnelpasicdlidischagek. cBlevteiysl ditchatgecdemblB810 84h t 0

vane 10 for, electrical djscharge.machi ning.. . Power sypply 120 is used to

del  ver o geifvectassian A2 BE SinbBark ool | B abelecuic HBRbepE ersrhist can be
deliver g@sgp di f fiusihed PASSAYSR dscribdiSlin FuMRT dRaiB AR Léferelies ehldRicall Ne
dielectric fluid helps to prevent |ocalized tenperature increases wthout

i nt er f efisehgrag asperedlp dd 9 jag ahoven sthKt geiw. wigirle gletreds| cagiage Hd 2 dacludes elrgirgde 10

R A A T

det ai | itlethbd ri@Des ereforrhal. elF&Gt 8Aciala planar view of airfoil 12 of vane 10. As shown,
diffusion passages 30 contain braze repair material 86 and metallic bond coat 72. Prior to
electrode insertion step 102, electrode carriage 112 aligns electrodes 88 of electrode array 114
with a first set of diffusion passages 30a. Simultaneously, electrode carriage 112 aligns
electrodes 90 of electrode array 116 with a second set of diffusion passages 30b. In this case,
diffusion passages 30a and 30b are in a single row on vane 10 and alternate (diffusion passage
30a, 30b, 30a, 30b, etc.). In electrode insertion step 102, electrodes 88 are inserted into diffusion
passages 30a and electrodes 90 are inserted into diffusion passages 30b. During electrical
discharge step 104, electrodes 88 are electrically powered to remove braze repair material 86
from metering portions 76 of first diffusion passages 30a. Simultaneously, electrodes 90 are
electrically powered to remove braze repair material 86 (and metallic bond coat 72) from
diffused portions 78 of second diffusion passages 30b. FIG. 8B is a planar view of airfoil 12 of
vane 10 and generally indicates diffusion passages 30a and 30b after one electrical discharge by

electrodes 88 and 90, respectively. Diffusion passages 30a have cleared metering portions 76,
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di scharge assenbly 110 as shown in FIG 7 in which electrode carriage 112

i ncludes el ectrode arrays 114, 116, in an alternating arrangenent. FIG 8A
illustrates diffusion passages 30 before nethod 100 is perforned. FIG 8A
is a planar view of airfoil 12 of vane 10. As shown, diffusion passages 30
contain braze repair material 86 and netallic bond coat 72. Prior to

el ectrode insertion step 102, electrode carriage 112 aligns el ectrodes 88 of

el ectrode arr 114 with a first set .of diffusjon passa 30a. .

Si il + ANGGREF e SRt el By e P e T2 RS dBgl i FoBiogs TPode
array 1pffuMdnpassag&CIbthasé tletted diffifsed h&HionaTss BataFazbpairt MafeHhIB6G3HEIns in

di ffusi on passages 30a and 30b are in a single row on vane 10 and alternate

(di f f usmetsripaperdigas 7®0a, 30b, 30a, 30b, etc.). In electrode insertion step
102, el des 8 ' reed |t i{hkusi 3 odes
90 are Fﬂégt ed i%{t%r gf#ﬂ §a§| %1%&6%45%}(: slfog’ogf.e&&]dre??\%se e?t0 r iggarl%ﬂgﬁ(?dsg%g{ ge
st ep 10diffusior phsgsaga 308 and B6b,atwpettivebal Elyctimoeenergt ©12 ten\actll pzldfts epthar
material 86  fromneterjng, porti 76 of fir diffusi gn passages ;30a.

S mul 1 aplectey 38 Blectieneugh Seroat Sl ves 10 BOVAFPRIRSS SRl
repair ARt 8fffidlon Hassa SO 0FE LA dtioBe PPN She GRAL indeflled fifit@Mbc ol Idi thSsch ]fPé%_HngE‘@o 78 of
second di ffusion'pasSages 30b. FIG 8B is a planar view of airfoil 12 of
vane 10amhedegendes 40 |aye msatiteshingss fight fdiffiesiampyseagss §es (derirodndnsgivnagierel 0@one

el ectrigal . di schar ge lectr n Q,.res ively. Diffusi.on
passage Eregiel SoA o s, Bof L RAGy BBp BB 80w S BEGH WG maPbE T 600 |

mat er i alifféGion FAssaREABOH and B0d, fopdctively r(elrediost dischdidel steed 0PI BleeaedesSlR

Di ffusi on passages 30b have cleared .diffused 6porti ons..78, but braze reJ)air
mat er i afeMRye PEEFIRAIrimAterial 8@ fORYMBIGHRg BRTEonSsT0 ¢isownp difesion Raseagey $(apn

di schar geelep ob0moth AibdcOf s Hudtl 80 BREAIRADY Serichoms oF Fiw Siifhio
passages % a an 813 respectively. Electrode carriage 112 then Iaterar1 |y
shi fts pmsigeailOa.elAdter thidesscd8 dectriaal idipnkeaiganicidetrodesoifdanti § usi mmayed $mges 30b

and el ectrodes 90 arge aligned with fi | ffusion pass .30a.. El ectrodes
35 ar e DHESOT RseBd by DB et ety ERb #C i oyl VBRSSP P Bremsclil 50
ar e i nsgid @shefally Indiédtdstdiffudibn pasSdLep 38 atcieshe et tricRl BiaéHaPElehy B eldc@BdSEEP
106). Electrodes 88 and 90 are then electrically powered to renove braze

repair at % ingaclsdiffusiompagiage 8i Hollqisg tpesscauiditaharsgometeriog padiony &g gnd
(e o iR B PAPR BRI BBl SRYD, ARl 1 2
el ect r othage Bfairanavreal (Boaae megahicrbomdtoenti 72 aib diffusiondiakfagese B0 par duitabls @8 of
first dLlIbfsgqsuier?tnrepair steps.
[0038] In one embodiment, electrodes 88 and electrodes 90 are mounted on separate
electrode carriages 112. Electrical discharge assembly 110 contains a number of electrodes 88
and electrodes 90 equal to the number of diffusion passages 30 on airfoil 12. In this case, each
diffusion passage 30 on airfoil 12 receives an electrode 88, 90 when the respective electrode
carriage 112 inserts electrodes 88, 90 into diffusion passages 30. As described in FIG. 6,
electrodes 88 are inserted into diffusion passages 30 and then electrically powered to remove
braze repair material 86 from metering portions 76 of diffusion passages 30. Electrodes 88 are
removed and electrodes 90 are inserted into diffusion passages 30 and then electrically powered
to remove braze repair material 86 from diffused portions 78 of diffusion passages 30.

Alternatively, electrodes 90 are inserted and electrically powered first, followed by electrodes
88.
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passages 30a. After this second electrical discharge, el ectrodes 88 and 90
are renoved from diffusion passages 30b and 30a, respectively. FIG 8Cis a
pl anar view of airfoil 12 of vane 10 and generally indicates diffusion
passages 30 after one electrical discharge by each electrode 88 and 90 in
each diffusion passage 30. Follow ng the second di scharge, netering portions
76 and diffused portions 78 of both first and second diffusion passages

30a, 30 e substantially free of  braze.,repair nmateri 86 and netallic
bond COE{"%]Z and i #10 o lf?élé@%{ﬁ’eglc%‘cér Q‘S‘gtg’f eaBngmﬁ?'r qllg 8B eh 5 e pai
steps. E1IRQRAE chiia@ €1 EARAEE Mesthbined 84 nAABEr Flehdde SCiddodastods #r @uapunt ed

on separate electrode carriages 112, Electri cal dischangg_assenbly 110

cont ai nt the numberrof stiffesiearcpassrgss 3@ en aigfnil B). elatthissase, oarhedifigion passtas Iuomer of
di f fusi a o) | If Qigl ' , | f:f usien.: age
30 on agﬂpgiﬁfﬁggﬁgggPJgg%?ﬁggﬁeg%g% kﬂgé&!§8q€%%he%ﬁg Feg%%%#ibgpgﬁ%%frode
carri ageledtiodes 188200 dntel di€fusiongassBes 0 iAfter e ffrstseledripd sdisshage 30irfos]2

e et e b, SSRGS S e T L LS, e

met er i NEoROKAHOTS ardPlaffalfli hiftSdehobiss a0ES 130 mF8&16 AR RinB Aifhised pérabRy ed
and el ectrodes 90 are inserted into diffusion passages 30 and then

el ect ri ¢hpf gepoesrdiffusieropaseape\déc (rea ZEG r Epatlectrasle @i fdee FEG apratadvid Sroth

portiong 78 of. diffusion ssages_30 Al ternat.ive | ect rodes 9 re
P nser ¢ ol SRafeh BhUISFLT MARRRRE TR 1 2 4 SN o ollple fiBRec 8174
[ 0039] pasitesnorae Eleioaeh §8200 arcah@Cinkdreedlintd idsfilstongsas gy b 2ifkdi0 12 oithahals a
single electrode carriage 112 having a conbi ned total nunber of el ectrodes

88 and #deded Ghidisdbposifinnine aqdoelfqﬁ'écaﬂgi_rps@fﬁreéfto APTPNFSPaYF 17RYIS MptesiabB6 bigm
airf ol gibfisioh alddhe 035 Sob, WA S0E sh bt RrBR $5AE: 96 oA difhlskh Phbiohe 78 GRET VeS

an electro an el ectrode 90 when el eCtrode carriage I nserts

el ect r oslbstag@sllyfieeiofibmzd rdphiranateriab 86 snabdiffBfion pissegesBle first el ectrical

di scharge,  airfoil 12 . reseniles the airfoil .12 0 in FIG. 8B. Electrode
car 1 agl5 [ cmdpal ApRBE ihed st <SG oRe tamidie, RO hshe Resiing Bt GPFBR i1 s
one poskfidrQRe indtidl ReechRhl distihr@S ST elb@rodB GBh Reretidved FREh RO okbRBSpositfbnQin .
ri ghtmost diffusion passage 30c (see FIG 8B), electrode 90a (see FIG 7) is

r enovedelpetende camringelil Jiand reprstionedan glecispdecearcats Lldr atinggision 1126418 another

B RSB S5O, FOLEARIE 802 Qons P RO AR SLGH A0S B
second electrical discharge. Outer diffusion passages 30 (e.g., diffusion passage 30c) are then
electrically discharged by single electrodes 88, 90 to remove braze repair material 86. In yet
another alternate embodiment, after the first electrical discharge, electrode carriage 112 is rotated
180° so that the positions of electrode 90a and electrode 88a are reversed. In this embodiment,
rotation takes the place of lateral shifting.
[0041] Electrodes 88, 90 are constructed from a material suitable for electrical discharge
machining, and more preferably, a material suitable for multiple electrical discharges before
electrode reshaping is required. One such suitable material is copper tungsten. While copper
electrodes used in other EDM techniques allow for only a single use, copper tungsten electrodes
according to the present invention provide for multiple electrical discharges before the electrode
shape deteriorates and is no longer suitable for repairing diffusion passages 30. In one
embodiment, copper tungsten electrodes 88, 90 are suitable for about three electrical discharges.

Since electrodes 88, 90 can be used multiple times, electrodes 88, 90 need to be replaced less

often, and less time is needed for electrode assembly setup. Due to their relatively simple
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adjusted (shifted) positioning and electrically powered to renove braze
repair material 86 from diffusion passages 30a, 30b, and 30c so that
nmetered portions 76 and diffused portions 78 are substantially free of
braze repair material 86 in all diffusion passages 30. [0040] In an

al ternate enbodi ment, electrode carriage 112 shifts one position to the
right after the initial electrical discharge and el ectrode 88a is renoved

fromits ori itio el ectr rriage 112 and r.epositi oned on
Ll ont 1 oevias Bleehaies 85 92k bf shsrobil snd Hahtf B, oG an RO e AP oo
90a or glfRetthrdeccB&acdlS disenipyad theresy eé@@m@o&%tscagsroba&e W& pRidutifg nesecond

el ectrical discharge. Quter diffusion passages 30 (e.g., diffusion passage
30c) ar elegtrpsigs. electrically dlscharged by single el ectrodes 88, 90 to renove

braze r mat n E]ﬁgggd he
first ef@?ﬂi cal efd‘%' :ﬁﬁge?lééﬁ‘%n Pm%glgs?g{??%égt@d ‘?fz Isr {f@gtmai%ﬁ g{?n% hat

t he posdiffusios coblirgd pastsagnden&aa edmd'ml émthwgbeaﬁﬁablar}mvngvmnpaﬂnvd eledtindss
enmbodi nent rotation takes t I | at.eral shif 4 El e trodes
58 0" BRable PP R STSIan P ST ATPUBE BossBRes ol E Elepaies doracshd

machi ni ﬂ%mr%@eﬂwmnp&%ﬁaﬁt%&mgé};amg@sr dcBbrdfid tb %QW% sft@rprewsg hid Qre%{lﬁtﬁ)tlé i cal

dischar? s before electrode reshaping is required. One such suitab
mat eri a rmﬂmdp pbcmwrcg@hmes ViFd desigo b éhe elestracal dl@d@%eweeqmly\ ang ﬂecrtrOF_lExvl

accor ot o8 Pt et ol Rk X GERBER R hREG S RRER serp

di schar gmgs aef k. t he el ectrode shape deterlorates and is no | onger

sui table for repalrlng di f f usi on, passages  30. nmbqdi ment , copper

t ungst e8Bkct r og@haygh the paqsentsw?rawpglaﬁ cheela%w fﬂé@ refezence | tg preferred

di schar ggg, ddlmghtgc\?o&lsﬁ%tkm%g‘?ﬁ tRBart %ﬁn CdehiSe Hﬁl?ghdﬂél:st hﬁy%etmm%% f@xln?ﬁﬁd odes
88, 90 need to be replaced less often, and less tinme 15 needed

el ect r odeaih sstbodsldgpating fromDhespiot aridespmpercsfltlaztmveitrpnm nple 11 georret ries,

el ectrodes 88, 90 can be reground and shaped for subsequent additional use
after about three electrical discharges, thereby reducing costs associ ated
wi th produci ng new electrodes. [0042] The present invention provides for a
met hod of renoving repair material from diffusion cooling passages and an
el ectrical discharge assenbly having cooperative el ectrodes capable of
removing repair material fromdiffusion cooling passages. The el ectrodes
renove the repair material fromdiffusion cooling passages according to a
t wo-step process and are suitable
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for nultiple electrical discharges. The design of the electrical discharge
assenbly and el ectrodes offers a nethod of renoving repair material from
di ffusion cooling passages with reduced setup tines and costs. [0043]

Al t hough the present invention has been described with reference to
preferred enbodinments, workers skilled in the art will recognize that
changes may be made in formand detail w thout departing fromthe spirit
and scope of the invention. 12 CLAIMS: 1. An electrical discharge assenbly
tfor prot&8dMig a workpiece having a first surface, a second surface, and a
cool i ngypassage CRAMAEKA | AthPRtasEmbiDefol i gredesang a5 @eRlifleceSHIVIRLC @Sfirst he
passage having a first portion open at the first surface and_a second

port i onswiren amsecondeusaeonnil & gpolingepassdge camumisialing befern ithegfirshand pespnd

Coo i ngourpaek fcheagt bR U ERE oo BEAaT bR el Bntice B0 LI SRy g

t he secq&@aﬂmﬁkuﬂmmpﬂwhhenmgnﬁmqngu@essage 2. The eIectrlcaI di schar ge

assenbly of claiml, where t he sec ctrodes re copfigured
to be inserted |n%5“¥ﬁ@d€§kqmﬁﬁg&é§§h%@p%‘”Pﬁ@ Ppgipn P

el ectrical discharge 3§§ Mgof claim2, wherein the second electrode i's
shaped to extend thro he coollng passage and beyond the second surface

when the second elmond ddetrads havingmtseebnd shapetthemegduhing thepgserulgportion of the

el ectrical discharge ass of claim1, wherein the first and second

el ectrodes are arrangéﬁ’ﬁﬂgP%ﬁs?rectrode di scharge assembly in an

alternating arrangenent. 5. The electrical discharge assenbly of claiml,

wherein the first _electrode has a greater craoss-sectional %rea t han t he
WY

second &l ectrode. The elpgiical é@FhﬁfE%IaSWBhé’fg‘ém@séeh‘ﬁ‘legﬁlrbfth“c witrdd ssgRRd ein a
center- gf%ct?f?dlﬁ%rc Fh %&Q&%b ﬁEéﬂ‘@S%tEﬁ%cfobﬁﬁépa%éa?%f adsirapdidae second

electrode 1S genera y equa center-to-cen di stance bet ween
adj acent cooling passages in the workpiece. 7. The electrical discharge
I f clai r I
assenb % or cla rTll"he e{egtntca edmcﬁﬁ?ﬁ% asserrrh%y of claim 2, wherein the second electrode is
shaped to extend through the cooling passage and beyond the second surface when the second

electrode is inserted into the cooling passage.

4, The electrical discharge assembly of claim 1, wherein the first and second

electrodes are arranged on the electrode discharge assembly in an alternating arrangement.

5. The electrical discharge assembly of claim 1, wherein the first electrode has a

greater cross-sectional area than the second electrode.

6. The electrical discharge assembly of claim 4, wherein a center-to-center distance
between the first electrode and the second electrode is generally equal to a center-to-center

distance between adjacent cooling passages in the workpiece.
7. The electrical discharge assembly of claim 6, further comprising:

an electrode support, wherein the first and second electrodes are positioned so that

the first electrode can machine the first portion of the cooling passage and
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an el ectrode support, wherein the first and second el ectrodes are positioned
so that the first electrode can machine the first portion of the cooling
passage and 13 the second el ectrode can machi ne a second portion of an

adj acent cooling passage sinmultaneously. 8. The electrical discharge
assenbly of claim1, wherein the first electrode has a portion with a
general ly triangul ar prismshape and the second electrode is generally

cylindrical. 9. The el|ectri cha nbl f
[7rst and second el echf stebd AetBBRr bR srersrioRd B WhacFRcaplne

di scharge assenbly of gisaigBsitmiltdhddagly. conpri sing: a power supply for
electrically powering the first and second el ectrodes. 11. The el ectri cal

di scharge assenbly of claim1 further conprising: a delivery systemfor

suppl Vi 2 di el b LgciLh! e 8ocHA9) P UuRRR Pireid e ArsRIdBOTd s o

repairing cooling passages in

posi t i oporign &vithiargeherall e afahguler préswm s}gpaaﬁd uhe Becohdiplectrddeas gmfalhygyhmhfcage in
the workpiece; electrically powering the first electrode to machine a first
portion of the cooling passage; positioning a second el ectrode having a

second ghape in thg GREIHAO JRERSAI AsscABH of |l 1 CAUhkdkid e irdl Jarldh geca&p Ond
el ectrode to machine a second portion of the cooling passage. 13. The

met hod electeddas ane roppeningsien. t he first el ectrode has a portion with a
generally triangular prismshape and the second el ectrode is generally
cylindrical. 14. The nmethod of claim 12, wherein the first and second

el ectrodes are copiedlecttictl @itieange as&mmpefateixrho&rdfercd;mpmﬂg? further
conprising: 14 supplying a dielectric fluid tqQ the cool ssage. 16. A
met hod for repair# P¥Es8PLl ﬁ&rﬁﬁwﬁgpwe@%? IQéb‘ité%de%eC 3%‘ ng passage

11, The electrical discharge assembly of claim 1 further comprising:

a delivery system for supplying a dielectric fluid to the cooling passage.

12. A method for repairing cooling passages in a workpiece, the method comprising:
positioning a first electrode having a first shape in a cooling passage in the
workpiece;
electrically powering the first electrode to machine a first portion of the cooling
passage;
positioning a second electrode having a second shape in the cooling passage; and
electrically powering the second electrode to machine a second portion of the

cooling passage.

13. The method of claim 12, wherein the first electrode has a portion with a generally

triangular prism shape and the second electrode is generally cylindrical.

14. The method of claim 12, wherein the first and second electrodes are copper
tungsten.
15, The method of claim 12 further comprising:
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having a first portion and a second portion, the nethod conpri sing:
positioning a first set of electrodes having a first shape in a first set of
cooling passages in the workpiece; positioning a second set of electrodes
havi ng a second shape in a second set of cooling passages in the workpiece;
electrically powering the first set of electrodes to machine the first
portions of the first set of cooling passages; electrically powering the
second set of electrodes to machi ne t? second portions of the second set
of cooling passag®®Pyyist HiplsHirA it the $o{ing BAsSege- o) ectrodes in the second
set of cooling passages; positioning the second set of electrodes in the
first set of cooling passages; electrically powering the first set of

el ectrodés to nachi mahodhéorf rep@nng@polumgasm‘ges kre a seaskpigess encloeodding | passgee

passageg and eke rica %f ¥er&1 goqg S8 of electrodes to machine
the sec ﬁdn%ﬁﬁFﬁB 101 gpc ¢ peo Qoo Rg PBissages. 17. The nethod of

claim12, wherei npdshﬁmaige@ﬁr@fsep@&¢1éatmﬂem@avﬁﬁgeafﬂrﬁtsdhalseein ofiretlsecéfr @disg i n
t he flrst set of cooling passtg a@ positioning the second set of
el ectrodes in the secoprisages n 1g¢ WeEPISCRg passages are perforned

si mul t aneousl vy, Bﬂﬁ geé @eqtogg 8 (ﬁpélec‘ﬁfodt;esl ?]ﬂ(;é saddoa B rlhrhgsec&ﬂfaseft Ipf st

set of el ectrodes an ectrlca powering t second seét of electrodes are
performed simnul taneousiojang]p&sag@anethemtqumaie di scharge assenbly for

P10 e S SE Ryl PSP BOP IR BEBBRAobT St 2

conprising: a first el ggt §e@apcdmyigp§gsgge§ortl on with a generally tri angul ar
prismshape for machining a dlffused(gortlon of the caooling passage, in the

wor kpi ece; and  1¢egiriedbomyegiasdhesecyn wpﬁ@w@tﬁ&rzs&@é@haw@efs@wnﬁ&eﬁmﬁng
the metering portion °§ﬂ59§w0&?§559&xﬁﬁgiaﬁ§ 19. The electrical discharge

assenbly of claim19, secon trode is
positioning the first set of electrodes in the second set of cooling passages;

positioning the second set of electrodes in the first set of cooling passages;

electrically powering the first set of electrodes to machine the first portions of the
second set of cooling passages; and

electrically powering the second set of electrodes to machine the second portions

of the first set of cooling passages.

17. The method of claim 12, wherein the steps of positioning the first set of electrodes
in the first set of cooling passages and positioning the second set of electrodes in the second set
of cooling passages are performed simultancously, and wherein the steps of electrically powering
the first set of electrodes and electrically powering the second set of electrodes are performed

simultaneously.

18. An electrical discharge assembly for repairing cooling passages of a workpiece,
the cooling passages including a metering portion and a diffused portion, the electrical assembly
comprising:

a first electrode having a portion with a generally triangular prism shape for

machining a diffused portion of the cooling passage in the workpiece; and
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| aterally spaced fromthe first electrode on the el ectrode di scharge
assenbly a center-to-center distance generally equal to a center-to-center
di stance between adj acent cooling passages. 20. The el ectrical discharge
assenbly of claim 19, wherein the first and second electrodes are copper
tungsten. 21. A nmethod for repairing a workpi ece having a cool i ng passage,
the method conprising: renoving a ceram c coating fromthe workpi ece;
renoving a bond coating fromth rkpi ece; . brazing the workpi ece; applying
a bond coating t&%%@qawﬁll@&@ﬁnm&ﬁ@dsf%ﬂacﬁmg thamelsTneRoRiP < Idhs ng
fromthe cooling passagglinypskglen the step of renpving braze material and
bond coating conprises: positioning a first electrode having a first shape
in the cooling passage; electrically powering the first electrode to

machi ne first rtion.of, t.h coaql i ssage; sitignin econd.

el ectr oél%‘ havi ngpghes léééﬁaa‘scﬁ%"g‘%’gf" ﬁsi%%g%ggfﬁﬁ‘g%pg“&%a’e, easr‘?gm@I %g‘%’,‘ﬁ’ggéﬁi ly

power i niatdrilyy spcahftol BE firaddectrodéras Mimﬁe@roﬂe(dwaﬁ'arg@ aiseMBlyOd cerdt@iQotemtkt N
P

passage;,. and applying ceram c coating to the workpiece., 16
distance generally equal to a center-to-center distance between adjacent cooling passages.

20. The electrical discharge assembly of claim 19, wherein the first and second

electrodes are copper tungsten.

21. A method for repairing a workpiece having a cooling passage, the method
comprising:
removing a ceramic coating from the workpiece;
removing a bond coating from the workpiece;
brazing the workpiece;
applying a bond coating to the workpiece;
removing braze material and bond coating from the cooling passage, wherein the
step of removing braze material and bond coating comprises:
positioning a first electrode having a first shape in the cooling passage;
electrically powering the first electrode to machine a first portion of the
cooling passage;
positioning a second electrode having a second shape in the cooling
passage; and
electrically powering the second electrode to machine a second portion of
the cooling passage; and

applying a ceramic coating to the workpiece.
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