METHODS FOR REPAI RI NG GAS TURBI NE ENG NE COVPONENTS FI ELD OF USE [0001] The
present application relates to nethods for repairing parts, and nore
particularly, to methods for repairing various damage experienced by gas
turbi ne engi ne conponents. BACKGROUND OF THE | NVENTI ON [ 0002] Frequently
expensi ve gas turbine engine conponents, |ike turbine blades and vanes,
‘experi ence burn-through, diffusion-controlled deformation ("creep"), cyclic
| oadi ng and unloading ("fatigue"), chem cal attack by hot gas flow
("oxidation"), WMETHPPYNTORIGHBAJRIGAt &2F DERRIBEH ENGIAYE COPBONENTE t ur bi ne
shrouds, wear fromthe inpact of particles entrained in the gas flow
("erosion"), foreign object danage ("FOD'), and the |ike, throughout their
ext ended service. AIthough such da#mERje® 05 UBB exterior of the conponent may

be: relativ the d e, experienc he i n geonetry

desi gned t_oFé]ﬁyDrIZC %é BISEERG APPSR Wt S af:ﬁé E @ﬁ%#ﬁ y be nore
severe. In :fe;m;rm@epdamgeaﬂwyndi@ p&&tﬁ:éﬂl@fmgrtd acthbast o damage the

i nt ernal confl uration ,of the conponent. Defects of this nature are often
sufficient ¥ %€§E§ VRE] Bt | e Fﬁ@e€6ﬁﬂfﬁﬁnﬁy goF CErPARR $RREnces, the
defect is o&oﬁﬁgﬂéﬂ@snature that repairs would be satisfactory. However,

| acking a suitable nmeans for reliably repairing such defects, these bl ades
and vanes are often scrapped. [0003] Current wel ding techni ques nmay

i ntroduce additional probl eifrreayoRe bRereXiSHisRgrégmage. For instance, the
weld material may flowinto the exposed internal geonmetry and result in a

rejectable condition. In other areas, such as a
[0002] Frequently expensive gas turbine engine components,

like turbine blades and vanes, experience burn-through,
diffusion-controlled deformation (“creep”), cyclic loading and
unloading (“fatigue”}, chemical attack by hot gas flow
(“oxidation”), wear from rubbing contact between blade tips
.and turbine shrouds, wear from the impact of particles
entrained in the gas flow (“erosion”), foreign object damage
(*FOD”), and the like, throughout their extended service.
Although such damage to the exterior of the component may be
relatively small, the damage experienced by the internal
geometry designed to direct a cooling airflow within the
component may be more severe. In fact, the damage may be
severe enough to affect or damage the internél configuration
of the component. Defects of this nature are often sufficient
to cause rejection of the component. In certain instances, the
defect is of such a nature that repairs would be satisfactory.
However, lacking a suitable means for reliably repairing such

defects, these blades and vanes are often scrapped.

[0003] Current welding technigues may introduce additional
problems beyond the existing damage. For instance, the weld
material may flow into the exposed internal geometry and..
result in a rejectable condition. 1In other areas, such as a
trailing edge, weld repair may result in the closure of the

internal geometry, such as internal cooling features, that may



trailing edge, weld repair may result in the closure of the

i nt er nal

geometry, such as internal cooling features, that may then need to be

re-established by |abor intensive blending or electrodischarge nmachining.

[ 00041 Consequent.ly, there exists a need for a satisfactory

t echni que for restorlng both the external features and internal

repair

‘danmaged parts. EO0051 There al so exists a need for a satisfactory repair
accordance with
t he ori gi nalthgasingadspechd ixsatdstablipbedoly Tiehw dhntenbdre Nelerslingt sra need

technique for restoring the internal geonetry of a part in

for a satisf t for-restoring the internal
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| NVENTI ON [ 00071 I n accordance with the present invention, a nethod for
ring one of
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t he conponent is repaired, wherein a backing material is wutilized to
preserve the internal geonetry of the conponent when the other of the

suction si de[oé’lqé]t NSFce8d8Pe®¥i #es &t nasHe fOBNPofRFtsTachsavngePaphi r ed.
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damage experienced by a part broadly conprises ™ renoving at
portion of EFQ$§#§§§GeaW%%Pf?hﬁnQ§ﬁ§1nél for o ishesidicat pans :
repair material in an

east a first
applying a

{0006] There also further exists a need for a satisfactory

repair technique for restoring the internal geometry of a part

and maintaining the symmetry of the internal core.

SUMMARY OF THE INVENTION

[0007] In accordance with the present invention, a method for

repairing a gas turbine engine component broadly comprises

repairing one of a suction side or a pressure side

of the

component; repairing internal geométry of the component after
one of the suction side or the pressure side of the component
is repaired; and repairing the other of the suction side and
the pressure side of the component after the internal geometry
of the component is repaired, wherein a backing material is.
utilized to preserve the internal geometry of the component
when the other of the suction side and the pressure gide of

the component is being vepaired.

[0008] In accordance with the present invention, a method for
repairing damage experienced by a part broadly comprises
removing at least a first portion of a damaged area from one
or more sides of a part; applying a repair material in an
amount sufficient to f£ill at least the first portion of only

one of the sides of the part; welding the repair material in

2
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amount sufficient to fill at least the first portion of only one of the
sides of the part; welding the repair material in 2 the first portion of the
one side of the part; blending the repair material with a contour and a
wal I thickness both internally and externally of the first portion of the
one side of the part to forma restored portion; applying the repair
material in an anmpunt sufficient to restore at |east a portion of one or
nore internal features of the restored portion of the part; welding the
repair material in the portion of the one or nore internal features;

bl endi ng saF8er&pet nrattderaPt Whe HPne Gdheoaf bke trartondlendisgethat er nal
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to at least a second portion of the restored area of the part; applying
the repair materpally mnghexffrounalbufdf dhenfiretfpétticn dfesbe the sibond

portion of e rt. | di t he LI Lal_i . 0 rtion of
the part; ngn'él?%gé%%t\é\%or Iefgglmrgrrra%%%afa d ipﬁ@%%éﬁéeaéé};r}c};%%r t%?%ng%ngﬂe part to
restore theatentalrimfant heoset osdf Piaritentn tof rébeopardt lmadtr enputnipn t he

backing material fromthe.part. 00091 In accordance with the,presgnt
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at least a second portion of the restored area of the part;
applying the repair material in an amount sufficient to f£ill
at least the second portion of the part; welding the repair
material in the second portion of the part; blending the
repalr material in the second portion of the part to restore
the contour of the second portion of the part; and removing

the backing material from the part.

[0009] In accordance with the present invention, a repaired
gas turbine engine component broadly comprises a suction side;
a pressure side; and an internal cavity disposed between the
guction side and the pressure side, wherein one of the suction
gide or the pressure side is first repaired to predetermined
dimensions and geometry, then the internal cavity is repaired
to predetermined dimensions and geometry, then the other of
the suction side or the pressure side is repaired to
predetermined dimensions and geometry by utilizing a backing

material to preserve the internal cavity.

[0010] The details of one or more embodiments of the invention
are set forth in the accompanying drawings and the description
below. Other features, objects, and advantages of the
invention will be apparent from the description and drawings,

and from the claims.



material to preserve the internal cavity. [0010] The details of one or nore
enbodi nents of the invention are set forth in the acconpanying draw ngs and
the description below OQher features, objects, and advantages of the
invention will be apparent fromthe description and drawi ngs, and fromthe
clainms. 3 BRI EF DESCRI PTION OF THE DRAWNGS [0011]] FIG 1 is a schematic
‘diagramillustrating a gas turbine engine vane that experienced foreign

obj ect damage to the trailing edge and internal ribs; [0012] FIG 2 is a
schematic diagramillustrating a side view of the danmaged gas turbine

engi ne vane of FIG 1; an 1 IS a ' iagramillustrating
a side view of the gas tg?%g%eééﬁé##%;#§§hgFoFﬁgﬁﬁgﬁ%h§¥$er bei ng repaired
usi ng the nmethod(s) described herein. [0014] Like reference nunbers and

desi gnati ons i h arjous _draw ngs indicate like el enents. DETAI LED
pescry P11 o 1PB1E) BEE A Lol (R PERCt RLs§h Bt i UPRYBRLRSra et hod of
repairing dagepenex@efimneadebyhat pakperierdesCEbbedyhansidbt dhhagaetdod
restores both the external features and internal geonetry of the danaged
part in acc6hBahtalith 9998 8RAgiREE e diPFispeci fications while al so
mai ntai ning the symmetry of the part's internal core and features. The
damage experienced by the part may be, but is not limted to, burn-through,
di f f usi on- cdRPL] | EdCdeR ot Prert i BBt icepiagray dililustsating anidumissdi ng
("fatigue") orChRal §hadidd 32K P¥rPPhe A8%ydOWank” QXi Sigd 1 G hngwear from
rubbi ng contact between bl"ade ti ps

[0013] FIG. 3 is a schematic diagram illustrating a side view

of the gés turbine engine vane of FIG. 1 after being repaired

using the method(s) described herein.

[0014] Like reference numbers and designations in the various

drawings indicate like elements.
DETAILED DESCRIPTION

[0015] In accordancelwith the present invention, a method of
repairing damage experienced by a part is described herein:
The method restores both the external features and internal
geonmetry of the damaged part in accordance with the original
degign specifications while also maintaining the symmetry of
the part’s internal core and features. The damage experienced
by the part may be, but is not limited to, burn-through,
diffusion-controlled deformation (“créep”), cyclic loading and
unloading {(“*fatigue”), chemical attack by hot gas flow
(Y“oxidation”), wear from rubbing contact between blade tips
and turbine shrouds, wear from the impact of particles
entrained in the gas flow (“erosion”), foreign object damage
{“FOD") , combinations of the foregoing types of damage, and
the like.



and turbine shrouds, wear fromthe inpact of particles entrained in the gas
flow ("erosion"), foreign object danage ("FOD'), conbinations of the
foregoi ng types of danage, and the like. 4 [00161 Referring generally now
to FIGS. 1-3, a trailing edge 10 of a gas turbine engine conponent 12 to be
repaired is illustrated. Trailing edge 10 conprises a suction side 14, a
pressure side 16 and a damaged area 18 to be repaired. Trailing edge 10 has
an exposed internal cavity 20 in damaged area 18. In such a circunstance,

it is necessEtdiélhdtefarringxgeseral if ervaltocHiEEy 183 be pretédnadededm t he

| ntroductiono ofe LNEaECPALL: JBRiAk: dfpbil: el Be PELOMS descr | bed
herein incorporate repairing either suctTon sidé 14 or pressure side 16,
and t hen repdilristgasrposebirdhtimhaldgeal Pt gomp0ites maenthion tdigiesydnedry of

t he internal I ng. r S rd hed.in_United. States Patent
No. 6,742,6&?%3s%ﬁ%c%légaiﬁéﬁi%g?E@@%ggé ?é%%ﬁ%%gg grgl%aif%qts entirety, a
backi ng mat éfnadll imgy elge ehpl e it expregéninidoslr eaofityt 2@iin nrmedgd 10

when meldinglthe %thﬁr of .sucti.on sige 14 or_ pressure Sidﬁ%%g' Rest or ed
areas 22 maytied e FnEPERt2FIESTERENFR qtial 1% JECSRERDY TR s are

sati sfact oridxposeid ih00#dd1 Rehari ng bpeptrdteasdddy farow the FAlirdducaticheast a
portion of dﬁg& ed area 18 is renoved #L.e., rouyt ed ogt% qghgﬁf any suitable
met hod knowPh FH6n&SBRIEr R R skitPl Ehhs t A artRe TEERCHRTS nt of
material sufidrdientinterperive ddpaidangoeianst idurtivhr guading cfea i s renoved
as shown in FIG 2. &80181 Once the damage, has been renoved, a repair
materi al mayPTSERESPPLER 1o AN then LSRRITIRG (ROFEE pBFETHH FRVEEher

20 to maintain the symmetry of the internal core and features.
Then, as described in United States Patent No. 6,742,698,
which is incorporated by reference herein in its entirety, a
backing material may be employed to prevent closure of
trailing edge 10 when welding the other of suction side 14 or
pressure side 16. Restored areas 22 may then be inspected to

ensure quality control measures are satisfactorily met.

[0017] Referring specifically now to FIG. 1, at least a
portion of damaged area 18 is removed (i.e., routed out} using
any suitable method known to one of ordinary skill in thé art
such that an amount of material sufficient to remove the

damage and its surrounding area is removed as shown in FIG. 2.

[0018] Once the damage has been removed, a repair material may
be applied to f£ill at least the removed portion of either
suction side 14 or pressure side 16 of trailing edge 10 of
part 12. Preferably, only one side is filled in order to
permit one skilled in the art to then, in a future step,
restore the internal geometry of exposed intermal cavity 20 to
its original OEM condition. The amount of repair material
applied should be sufficient to £ill the removed portion of
the one side (i.e., either suction side 14 or pressure side

16} . The repairrmaterial may be applied using any suitable



suction side 14 or pressure side 16 of trailing edge 10 of part 12.
Preferably, only one side is filled in order to permt one skilled in the
art to then, in a future step, restore the internal geonetry of exposed
internal cavity 20 to its original OEM condition. The anmount of repair
material applied should be sufficient to fill the renoved portion of- the
one side (i.e., either suction side 14 or pressure side 16). The repair
material nmay be applied using any suitable 5 conventional method known to
one of ordinary skill in the arts including but_not limted to _beading
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wel di ng net hod™ Known one of’ ordi Nar SRS 0019] The wel ded
portion and anmmanmddﬂmg avabl alde tthem MH Aéﬂaﬂphﬂé tethhe Oesired Comtour and

wal It hickn ai l 2dge .10, of he contour. of part 12
general ly ?%ﬂ% FF& 88 %ﬂe i dpé”gﬁ&afe§?£ %ﬁq Sﬁﬁéppyn%ﬁﬁégﬂﬂg%%ﬁrthe
related superalloys containing nlckel, and combinations

comprising at least one of the foregoing nickel-based alloys,
etc. Once applied to the removed portion of the one side
(i.e., either suction side 14 or pressure side 16), the repair
material may then be welded into place using any suitable

welding method known to one of ordinary skill in the art.

[0019] The welded portion and surrocunding area may then be
blended to the desired contour and wall thickness of trailing
edge 10 of part 12. The contour of part 12 generally
constitutes the shape and features originally present in the
part. Blending the welded portion may be accomplished using
any suitable method known to one of ordinary skill in the art
including but not limited to milling, grinding, sanding,
super-abrasive machining, and combinations comprising at least
one of the foregoing methods, etc. In embodiments, the welded
- area may be blended by manually grinding or super-abrasive
machining'the area until the welded portion and surrounding
area conform to the original contour of trailing edge 10. 1In
the alternative, a preform may be utilized in order to '
accurately restore the welded portion and surrounding area to
the original contour of trailing edge 10. The preform may be
applied to the surface of part 12 including the welded portion

prior to blending the welded portion and surrounding area.



part. Blending the welded portion may be acconplished using any suitable
nmet hod known to one of ordinary skill in the art including but not limted
to mlling, grinding, sanding, super-abrasive nmachining, and conbi nations
conprising at |east one of the foregoing nmethods, etc. In enbodinents, the
wel ded area may be bl ended by manual ly grinding or super-abrasive
“machining the area until the welded portion and surrounding area conformto
the original contour of trailing edge 10. In the alternative, a preform may
be utilized in order to accurately restore the welded portion and

surroundi ng {8586y t@nc&hen@réﬂimll gont Qi‘t‘ihé’f‘ ducdiibhng 860y 10 Hagspref orm

may be applied to the surface of part 2 i1 ncluding the wel ded portion

prior to bl 8hdentfk hat W@Iadédnﬁoqﬁ@g%rilchri@ yelfedndir) wepedr Bafeol@l Once one
side (i.e t d u tLag! ing edge 10
S melded tﬁg ?%%%?%Q g%§g|€oﬁé§ th %% %%% t#?ﬁhggggre he I nt er nal

geonetry anfeatenesiras eo:tpoe)e[dosetjemﬂhmwmyasarmyo 2=dicedesbndilt Cargli t i ons.
The present th r ne skilled in,t rt res the interna
ThE Pe Oé)nq: ett%oﬁ §% ths éﬁlet gkl??eg n t% &Ma C:é&ﬁﬁt?:f on.

geonetry of ex Interna |g|nal One
skilled in the Bmternaﬂ gepaet ri het aquseﬂahnceynay @nd tiyt 20f eat sik€s, such as

cool i ng channpel s n on Y. sent_symmetrical tures
of the’ i nt BPtarsabam SoaliHBln O SRitarn’ iRl ST AroBE, BESho
sufficient tateesiDreatihg baat itestedtharasepaithnad afdcﬂllngﬁﬁhahﬂeb@plhyed
usi ng any suitabl e conventional t hod known to one of ordinary skill in

the arts i nEPU¥IRY HRAD FOE ViR-PEE RISSIRa FYRYe - ReCHe SBEU5E] 85 Her, the
repair nateihtbrily caBARRL.I SEhaymemite ldfah-eBailp hd td 65 A tabpum@dbmm l oy

used to be sufficient to restore the features. The repair material
‘may be applied using any suitable conventional methed known to
one of ordinary skill in the arts including but not limited to
beading. As described earlier, the repair material may
comprise any material compatible with the base alloy used to
construct the part 12. Suitable repair materials compatible
with base alloys of turbine engine components may comprise any
nickel-based alloy such as IN-939° commercially available from
INCO (originally the International Nickel Corporation), of
Wexford, Pemnsylvania; c263° commercially available from MM
Aerospace Metals Inc., of Fort Lauderdale, Florida; similar
alloys containing nickel, other related superalloys containing
nickel, and combinations comprising at least one of the
foregoing nickel-based alloys, etc. Once applied to the
internal features of part 12, the repair material may then be
welded into place uzing any suitable welding method known to

one of ordinary skill in the art.

[0021] The welded portion and surrounding area of the internal
features may then be blended to the desired contour of
trailing edge 10 of part 12. The contour of part 12 generally
constitutes the shape and features originally present in the

part. Blending the welded portion may be accomplished using



construct the part 12. Suitable repair materials conpatible wth base

all oys of turbine engine conponents may conprise any nickel -based al |l oy
such as IN-9396 conmercially available from INCO (originally the

I nternational N ckel Corporation), of Wxford, Pennsylvania; C2630
commercially available from MM Aerospace Metals Inc., of Fort Lauderdal e,

~"Florida; simlar alloys containing nickel, other related superalloys

contai ning nickel, and conbinations conprising at |east one of the
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P including the welded portion prior to blending the welded

portion and surrounding area.

[0022] Once one side of trailing edge 10 (i.e., either suction
side 14 or pressure side 16) and the internal features of part
12 are restored, the second side of trailing edge 10 (i.e.,
the other of suction side 14 or pressure side 16) of part 12
may be welded to fully restore part 12. In embodiments, a
backing material may be utilized to prevent inadvertent damage
to internal caVity 20 when the second side (i.e., the other of
suction side 14 or pressure side 16) of trailing edge 10 is
being repaired. & piece of backing material comprising a
refractory metal material may be positioned over the area to
be repaired of trailing edge 10 to prevent the entry of the
repair material into internal cavity 20. Suitable refractory
metal material may possess a melting point in excess of 1455°C
(2651°F), and most preferably a melting point in excess of
1650°C (3000°F). Suitable refractory wmetal materials may
include, but are not limited to, niobium, tantalum, molybdenum
and tungsten; metals having a melting point higher than the
melting point of nickel, such as platinum, iridium, and the

like, and their alloys, etc.



I ncluding the wel ded portion prior to blending the welded portion and
surroundi ng area. [00221 Once one side of trailing edge 10 (i.e., either
suction side 14 or pressure side 16) and the internal features of part 12
are restored, the second side of trailing edge 10 (i.e., the other of
suction side 14 or pressure side 16) of part 12 nmay be welded to fully
restore part 12. In enbodinents, a backing material may be utilized to
prevent inadvertent damage to internal cavity 20 when the second side
(i.e., the dPA%3! offheshreking dagerial opap s dnceasedect 6yoafied r aillfi ng edge
10 is beingenepaihad.ofA PlCe8p i r DACKIRG , ML 1 F Ahs CHMYLSHBY 8o Ef&j?CFory
netal material nay be positioned over the area to be repaired of trailing
edge 10 to pravemtapmdeashtoytbe refragtepai mapereal al damdddaheernal cavity
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may be uncoated or ¢ teg. | f hfat I.nput of #he epai r is high, a diffusion
barrier coa Fnﬁre%%ﬁéﬁi? SoPieke cP%ﬁﬁgjngFaE 8r§i?éhQﬁi9£ muégﬁﬁ?d%?es
i ncl ude, butiarennedtding thd tepaixifidleer aptal. surde asatdhgnbpater nmul lite,
etc. If an oxide ceram.c coating i sed, , .an intern%%% te. cqQating |ayer
such as a SPFVC?%QPrﬁﬂfﬁﬁgeu§e81g¥%f YPad e hay st §E$l eﬁkigﬁted with
ceramc, It rBpyir to improve the oxidation resistance of the coating.

Alternatively, the refractory metal backing material may just

be nickel plated using electrolytic nickel on at least one

gide, 1if heat input is low. As previously mentioned, the

presence of the coating enhances the wettability of the

backing material during the subsequent welding process.

[0024] The backing material may be cut to conform to the shape
of trailing edge 10 and internal cavity 20. The backing
material, preferably in a foil form, may be placed over the
area to be repaired of trailing edge 10. Any suitable cutting
technique known in the art such as laser cutting, photo
etching, stamping, or water jet cutting, etc. may be utilized
to cut the backing material. After the backing material has
been positioned in trailing edge 10, the repair material
described above may be deposited over the backing material and
gubjected to a welding operation. The repair material should
be deposited in an amount sufficient to f£ill the area to be
repaired of trailing edge 10. As described earlier, the
repair material may also comprise any material compatible with
the base alloy used to construct the part. Once applied to
trailing edge 10 of part 12, the repair material may then be

welded into place using any suitable welding method known to



be preferable to nickel plate over the alumina or mullite to aid in wetting
the repair filler nmetal. The coating system may al so include a nicke

alum nide | ayer left behind after repair to inprove the oxidation

resi stance of the coating. Alternatively, the refractory netal backing
material may just be nickel plated using electrolytic nickel on at |east
‘one side, if heat input is low. As previously nmentioned, the presence of
the coating enhances the wettability of the backing mat er i al during the
subsequent @WaedPAgEPTEEYs skidd243 ﬁh@fﬁﬁbklﬁgrhnmeﬁh%ﬂwaﬁﬁ}nﬁestﬁm to

conformto the § é‘é’em gtg‘ybénﬂe&? %]q_iewﬂ@r&fi ycﬁl ty 20. The

backing materia In a for d over the area
to be repaired of tralllng edge 10. Any sui tabl e cuttlng t echni que known in

the art suc asel ' 0 h|n t n r r_jet
cutt i ng, "ot 4"038) “BER PRI LT oIt anfl SLRn TR R, of e B 1
backi ng natedgallhamaytnham pesbnen@@@ ua1uheacbnngu3d@ﬁapuit tthe repair

mat eri al desc |bed sited Q ba klng terial and
subj ected t&° 5 3%Fdﬁ % t?Sﬂerﬁii? %ﬁﬂftﬁ¥ﬁé? &% be deposi t ed

in an aﬁDuntEe&UﬁfE§I<ﬂ‘hIg1&ﬁlﬁy| brésentr eslleddifg tl@@&hd:ﬁiéd)boﬁ:t&bhidmredge
10. As desckﬁbed ear the re alr eri al gg%%also,co ri se any

mat eri al cofpafFBreEr % o tfié"8a’ 59 BBt AT U S He part. once

applied to degairibs@ @44 nlQrof 1ﬂatEIﬁe ]az.l.tetrlﬁﬁtﬁﬁéﬁlé Pl jrmanaffee t hen be
wel ded into place usi ng, any sui .t abl e, wel di ng net hod known to 9 one of

ordinary skiftilized e Hdascrpgpring@¥heWel ding step, the heat input may be
kept low to prevent alloying. [00251 The wel ded portion and surroundi ng area

of trailing ) )
[0026] Once the repair material has solidified, the backing

material may be removed by any suitable method. 1In
embodiments, the backing material may be removed by an acid
chemical treatment using a nitric acid-sulfuric acid solution.
This solution may have 2 parts nitric acid and 1 part sulfuric
acid added to 2 parts water. The mixture is preferably heated

to a temperature up to 150°F to increase the dissolution rate.

{0027] In cother embodiments, the backing material may be
removed using an oxidizing heat treatment in which air is
flowed through the interior of the gas turbine engine
component 12. The flowing air may be at a temperature of about
1400°F to 1650°F and may be flowed through interior cavity 20
for a period of about 1 hour to 4 hours. The oxidizing heat
treatment may be performed either in a furnace or by direct

resistant heating.

[0028] The removal of the backing material may be omitted if
the alloying of the refractory metal with filler material is

controlled.

[0029] The present invention'is advantageous in that it allows

a refractory metal material to act as a weld backing material
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edge 10 may then be blended to the contour of part 12. The contour of part
12 generally constitutes the shape and features originally present.

Bl endi ng the wel ded portion may be acconplished using any bl endi ng nmet hods
previously described herein or, in the alternative, a preformmy be
utilized as described earlier. [0026] Once the repair material has
‘'solidified, the backing material may be renoved by any suitable nmethod. In
enbodi ments, the backing naterial nay be renoved by an acid chemnica

treat ment ugionglaowi velaingicresubpemi cawidiigssorutpone-estalslisdl uti on may

have 2 part L] el I Ld,.aede ts water.
The nixture%Fge%%%?egggﬁvﬁﬂgg%ggg£%oﬁgE%é%%@fa?&%erup té&#égiéfegg i ncrease

t he di ssol utiagerial ecan [I3021 benrentreed enfb aisientisyitheutbade mgedaferi al may
be renoved u;ing.an oxidLgl%g hegi t%eq%yent.hn mhichlgjr.is féomed

t hrough the SPHEBPEYY 15t HE s &9t urot eper?gelsﬁé gc%ﬁ‘p%?ﬁ%njtmfﬁ SHfe #f owi ng
air may be @pMambehpeimf Urrhielf mabhodl hd«GREE ittald650CE. and irmnynee fl owed
through interior cayity 20 for a period of about 1 hour to 4 hours. The
oxi di zi ng h&&Pa{rg t+%#ﬁsqﬂ§?tbgaﬁg??%ﬁned either in a furnace or by direct

resi stant heating. [0028] The renoval of the backing material nay be omtted

if the allo ing of the refractory netal with filler material is
controlled.I%@ 9] TEndSpFeshfitURdRrEateren that Jha ifysasdsn s tht it al l ows

a refractory jpetal pBteid al11b@ 26t 188s eid Hhackhads iR he Medleinl Owhocil | ow
wel di ng over open cavities or to re-establish internal cooling %eonetry in
a part. Theag@fﬁg@p@@ytthqﬂmerely illustrative of the best modes o

carrying out the invention, and which are susceptible to
modification of form, size, arrangement of parts, and details
of operation. The invention rather is intended to encompass
all such modifications which are within its spirit and scope

as defined by the claims.
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material can later be renmoved if desired wthout the need for extensive
post wel di ng bl end processing or machi ning such as EDM machining. This

nmet hod has particular utility in the repair of investnent castings. [00301
It is to be understood that the invention is not limted to the
illustrations described and shown herein, which are deened to be nerely
‘illustrative of the best nodes of carrying out the invention, and which are
susceptible to nodification of form size, arrangenent of parts, and
details of CBpétati on. The invention rather is intended to enconpass al
such nodi fications which are within its. spirit and scope as defined by the
claims. CLAIMS WHAT IS CLAIMED IS: 1. A nethod for repairing a gas turbine
engi ne conp@Ha®Rt IS CHPIMEDI Af: repairing one of a suction side or a pressure
side of said conponent; repairing internal geonetry of said conponent after
one of the suction side or the pressure side of said conponent is

repai red; and rebanstingl fbe pebpairinig saigdsstutrbime e rendospodentpr essur e
side of said _conponent after said internal geonetry of said conponent is
repaired, WiEFBF h®d'Yacking material is utilized to preserve the internal

geonetry of sai dregjxanenbnehes & heuddikey saflesarda mddoe side ahd said
pressure side,Qf said conponent is being repaired. 2. The nethod of claim

1, wherein FEpgi FYTRPTE iof said

repairing internal geometry of said component after one
of the suction side or the pressure side of said component is
repaired; and

repairing the other of said suction side and said
pressure side of said component after said intermnal geometry
of said component is repaired, |
wherein a backing material is utilized to breserve the
internal geometry of said component when the other of said
suction side and said pressure side of said component is being

repaired.

2. The method of claim 1, wherein repairing one of said
suction side or said pressure side comprises the steps of:

applying a repair material in an amount sufficient to
repair at least one of a first portion of said suction side or
a first portion of said pressure side;

welding said repair material in at least one of said
first portion of said suction side or =aid first portion of
sald pressure side; and

blending said repair material in said first portion with
a contour and a wall thickness both internally and externally
of one of said first portion of said suction side or said

first portion of said pressure side.

3. The method of claim 2, wherein applying comprises applying

said repair material to at least one of a first portion of a

12



suction side or said pressure side conprises the steps of: applying a
repair material in an anmount sufficient to repair at |east one of a first
portion of said suction side or a first portion of said pressure side;

wel ding said repair material in at |east one of said first portion of said
suction side or said first portion of said pressure side; and bl ending said
repair material in said first portion with a contour and a wall thickness
both internally and externally of one of said first portion of said suction
si de or saiE first rtign of ,sai d .,pressyre side., 3. Thetnetho of claim 2,
wher ei n apply#h Ib%r%l%esg PP yTHG TO8aPdPePhiF et Er PRFCEE T I%ast one of
a first portranlidg a&dgk? ofr aaid ngreadgreotidai d suction side or a first
portion of a trailing edge of said pressure side. 4. The nethod of claim 2,
wherei n appl ying conprises applying said repair material in an anount
sufficient 40 resd aledndanak! c1dth cknegsreinabpp Basly @ofpelssai sbdiyisly
portion of said suction side or said first portion of said pressure side.

5. The net hBAlSfreR&imaterhdt eith ahiadopepafrt Ftentalto €8RpPIEcs “adlal | oy

conpati bl e phifk@ednse akl 04a0f S br GATRORERL: Dorchike BBt BRHyof claim 5,
wherein said repair material conprises a nickel-based alloy. 7. The nethod

of clai m 2, sWhkkret rpisleendi Agie okrdts ®orbliendphgsaishinresepaprsidderi al by
using a nmethod selected fromthe group consisting of mlling, grinding,

sandi ng and super-abrasi ve machining.
5. The method of claim 2, wherein said repair material

.comprises an alloy compatible with a base alloy of said

component .

6. The method of claim 5, wherein said repair material

comprises a nickel-based alloy.

7. The method of claim 2, wherein blending comprises blending
said repalr material by using a method selected from the group
consisting of milling, grinding, sanding and super-abrasive

machining.

8. The method of claim 1, wherein repairing internal geometry
comprises the steps of:

applving a repair material in an amount sufficient to
repair at least a portion of said internal geometry of said
repaired first portion of said component;

welding said repair material in =aid internal geometry of
gald compecnent; and

blending said repair material with a contour of said

internal geometry of sald component.
9. The method of claim 8, wherein sailid repair material

comprises an alloy compatible with a base alloy of said

component .

13



8. The method of claim1l, wherein repairing internal geonetry conprises the
steps of: applying a repair material in an anount sufficient to repair at

| east a portion of said internal geonetry of said repaired first portion of
sai d component; welding said repair material in said internal geonetry of
sai d conponent; and blending said repair material with a contour of said
internal geonetry of said conponent. 9. The nethod of claim8, wherein said
repair material conprises an alloy conpatible with a base all oy of said
conmponent . 1810 ThehBerped Rl sladmaPm gheymiat daids appaisparreridgleri al

conpri ses a.ggﬁﬂgységagegiéﬁéfnbasgh.aImgynethod of claim8, wherein blending
conprises blending said repair material by using a nethod selected from

the group consisting of mlling, grinding, sanding and super- abrasive

machining. 12 TheMRL0AGs Ofr Gaalil 3, WHELED b[]l%%%iiﬁgngo&&t@i&é&ef. of ~ said
suction side or said pressure side conprises the steps of: applying said
backi ng mat érieading abiflevspaia perteroal dby usieptheetbbdsselechect ifaomsi de or

T P e s BRRLATER SRR ATE! LA B e et o
second portiabraafiveamdcpixhsyre side; welding said repair material in said
second portion of said conponent;
12, The method of claim 1, wherein répairing the other of
gald suction side or said pressute side comprises the steps
of:
applying said backing material to at least a portion of
the other of said suction side or said pressure gide;
applyving a repailr material in an amount sufficient to
repair at least the other of a second portion of said suction
gide or a second portion of said pressure side;
welding saild repair material in said second portion of
said component; |
blending said repair material in said second portion of
gaid component to restore a contour of said second portion of
said component; and

removing said backing material from said part.

13. The method of claim 12, wherein applying said repair
material comprises applying said repair material to at least
the other of a second portion of a trailing edge of said
guction side or a second portion of a trailing edge of said

pressure side,.

14. The method of claim 12, wherein applying said repair
material comprises applying said repair materxial in an amount
sufficient to restore a wall thickness of at least the other
of said second portion of said suction side or said second

portion of said pressure side.
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bl ending said repair material in said second portion of said conponent to
restore a contour of said second portion of said conponent; and renoving
said backing material fromsaid part. 13. The nethod of claim 12, wherein
applying said repair - material conprises applying said repair material to at
| east the other of a second portion of a trailing edge of said suction
"side or a second portion of a trailing edge of said pressure side. 14. The
met hod of claim 12, wherein applying said repair material conprises
applying said repair material in an anmount sufficient to restore a wall

thickness ofsat 41kasderhba Qfh@IamPflzsahﬂe?@?@%:ﬁ?&%b@.'ﬂrolfnaﬁéfﬁaﬁUCt' on side
or said second portion of said pressure side. 14 The met hod of claim

12, wher ei nCERWL S ANy akhOEr FIPAtddder WBB ArPagd Wl@@mﬁt #8l@ with a base
aIon of salgy,Gpumonent. 16. The nmethod of claim 15, wherein said repair
mat eri al conprlses a ni ckel -based alloy. 17. The nethod of claim 12,
wherei n applying said backing material conprises applying said backing

raceri 2l 4. 2ty Gasholge oLty o 2.5ge00d 0L L0B,GL Goliallyno edse of

said suction side or a secon sard pressure
side. 18. Thempmmdﬁsjaohickalﬂbdsbd\ﬂﬂme.n bl endi ng conpri ses bl ending said
repair material by using a nethod selected from the group consisting of
mlling, grinding, sanding and super- abrasive machi ni ng.

17. The method of claim 12, wherein applying said backing

material comprises applying said backing material into at
least the other of a second portion of a trailing edge of said
suction side or a second portion of a tralling edge of s=aid

pressure side.

18. The method of ¢laim 12, wherein blending comprises
blending said repair material by using a method selected from
the gfoup congisting of milling, grinding, sanding and super-

abrasive machining.

19. The method of claim 12, wherein removing comprises at
least one of:
leaching said backing material out of said part; and

heating to remove said backing material from said part.

20. The method of claim 12, further comprising inspecting

said component once said backing material is removed.

21, The method of c¢laim 20, wherein inspecting comprises at
least one of:

performing a fluorescent penetration inspection of at
least said restored contour of said second portion of said
component; and

performing an x-ray inspection of at least said restored

contour of gaid second portion of said component.
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19. The nethod of claim 12, wherein renoving conprises at |east one of:

| eachi ng said backing material out of said part; and heating to renove said
backing material fromsaid part. 20. The nethod of claim 12, further
conprising inspecting said conponent once said backing material is renoved.
21. The method of claim 20, wherein inspecting conprises at |east one of:

‘performing a fluorescent penetration inspection of at |east said restored

contour of said second portion of said conponent; and perform ng an x-ray
i nspection of at |least said restored contour of said second portion of said

conponent. 3% 22yndhgetlINQE efa¢hai Myherdher @!a@dssa@!cﬂ?gcma%rqa&e“ al

conprises a net al conpri si ng refractory characteristics.” 23. The nethod of
claim 1, whécaprises  matdlngomnresiny refomptrsrEschariemnistiesnet al
selected fromthe group consisting of niobium tantalum nolybdenum and
tungsten. 24. The netal of claim1, wherein said backing material is
platinum i 22di uFhermetisid ol kdgén 25 .vwikreimpehod b¢0kﬂn§rmarerihérein said

backi ng mat eri ﬁ%égégﬁﬁpﬁka%%ngﬁ'S%%t%%as%QQ&ean%r |n%%la er. 26. The

met hod of cl°al erein sald one coafll ng is selected
fromthe greopstetnsngteigiobiori desniodlunce malybdenaoxiaes tmﬁzgsitlehcon and

oxi des of nickel-alum num 27. The nethod of claim25, wherein said at |east
one coating layer is nickel plating. 28. A gas turbine engi ne conponent
repaired byzuhe mréhostadf of claim 1, wherein said backing material is

platinum, iridium or their alloys.

25. The method of claim 1, wherein said backing wmaterial

further comprises at least one coating layer.

26. The method of claim 25, wherein said at least one coating
layer is selected from the group consisting of oxides of

ceramics, oxides of silicon and oxides of nickel-aluminum.

27. The method of claim 25, wherein said at least one coating

layer is nickel plating.

28. A gas turbine engine component repaired by the method of

claim 1.

29. A method for repairing damage experienced by a part,
comprising:

removing at least a first'portion of a damaged area from
one or more sides of a part;

applying a repair material in an amount sufficient to
fill at least said first portion of only one of said sides of
saild part;

welding said repair material in said first portion of the

one gide of said part;
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claim1. 29. A nethod for repairing danage experienced by a part,
conprising: renoving at least a first portion of a danaged area from one or
nore sides of a part; applying a repair material in an amount sufficient to

fill at least said first portion of only one of said sides of said part;
welding said repair material in said first portion of the one side of said
part; 16 blending said repair material wth a contour and a wall thickness

both internally and externally of ,said first portion of the one side of
said part to forRLERAERY Gadd FePRisnmabebiadd i tiardcPRpary gt & walli n an

amount  suf f ixGiefhebs béEStiANRrAh119a8hd % PUt-ANyObF0BE1 @F £ IEYE ot gbAal
features of said restored portion of said part; welding said répair

material inFaitdeperei BHoOf HrddoRBTE ok I itnEEFRAred RN bl endi ng
sai d repair mat eab@h¥m§ et £QREAYE AhesA O a0 e St A A f egLur es

of said restored portion of sai part; applying a backing material to a
| east a secowdtpyet abnleaft saipgrtdonorddong ax obreaidtpumal fHHFuyiesgotai d

repair mat eré"_ﬁl LDs 0 sSuf fo' cisgga_ Qo fill at least said second
portion of salé1 par?; é\/\%ﬁggl%tg salg repalé mat erial in said second portion of
sai d part; bl endiwvaydsedg dsaighaiepanet satatialn isnisdidepondigordfi gaidobne
or more intermal features;
blending said repair material with a contour of said one
or more internal features of said restored portion of gaid
part;
applying a backing material to at least a second portion
of sald restored area of said part;
applying said repair material in an amount sufficient to
fill at least said second portion of said part;
welding said repair material in said second portion of
said part;
blending said repair material in said second portion of
said part to restore said contour of saild second portion of
said part; and

removing said backing material from said part.

30. A gas turbine engine component repaired by the method of

claim 29.

31. A repaired gas turbine engine component comprising:

a suction side; |

a pressure side; and

an internal cavity disposed between the suction side and
the pressure side,

wherein one of the suction side or the pressure side is
first repaired to predetermined dimensions and geometry, then
the internal cavity ig repaired to predetermined dimensions

and geometry, then the other of the suction side or the
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said part to restore said contour of said second portion of said part; and
renmovi ng said backing material fromsaid part. 30. A gas turbine engine
conponent repaired by the nmethod of claim?29. 31. A repaired gas turbine
engi ne conmponent conprising: a suction side; a pressure side; and an
internal cavity disposed between the suction side and the pressure side,
‘wherein one of the suction side or the pressure side is first repaired to
predet er mi ned di nensions and geonetry, then the internal cavity is repaired
t o predet er prassuck redds dss repatrgddireprpdet henindd dimeasionst&wdsucti on
side or the hde.] It t ] i i ons and
geonetry bygégpg§§f§§;§tgégg%%€ %@%@%ﬁ%& #%tg%gggH%%q%%%%r?ﬁ?ggﬁal cavity.
internal cavity.
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