-1- METHOD OF RESTORI NG DI MENSI ONS OF AN Al RFO L AND PREFORM FOR PERFORM NG
SAME Technical Field 5 The present invention relates generally to a nethod
of restoring an article such as an airfoil, and, nore specifically, to a
met hod of restoring an airfoil using a two-layer preform Background Art 10
A gas turbine engine includes a conpressor section, a conbustion section,
and a turbine section. Disposed within the turbine section are alternating
rows of rotatable blades and static vanebk. As hot conbustion gases pass

t hrough the turbine section, the blades are rotatably driven, turning a
shaft and thereby providing shaft work for driving the conpressor section
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blades are rotatably driven, turning a shaft and thereby providing shaft work for driving

the compressor section and other auxiliary systems. The higher the gas temperature, the

15 more work that can be extracted in the turbine section and the greater the overall
efficiency. In order to increase the turbine section operating temperature capability, cobalt
and nickel based superalloy materials are used to produce the turbine airfoil blades and
vanes. Such materials maintain mechanical strength at high temperatures.

The static vanes, disposed between the rows of rotating blades, stabilize and direct

20 the gas flow from one row of rotating turbine blades to the next row, with a nozzle area
defined by the spacing between the adjacent vanes. Such gas flow stabilization optimizes
the amount of work extracted in the turbine section. Generally, the nozzle flow area is
assigned a series of classification numbers that correlate to the volumetric gas flow. This
allows comparison of flow properties between vanes of complex geometry. The nozzle

25 area is therefore defined for convenience in terms of a class size.

In service, deterioration of the vane surface(s) occurs due to oxidation and metal
erosion caused by abrasives and corrosives in the flowing gas stream impinging on the
vane. In addition, high gas loadings at high temperature promote distortion of the vanes,
thereby enlarging the nozzle flow area, with a consequent loss in turbine efficiency.

30 During a periodic engine overhaul, the vanes are inspected for physical damage and

evaluated to determine the degree of flow area change (typically by determining the effect



eval uated to determ ne the degree of flow area change (typically by

determ ning the effect -2- on nozzle classification). Before such vanes can
be returned to the engine, any eroded material must be replaced and the
vanes returned to the original classification (referred to as being
"reclassified"). In addition, any vanes which suffer a loss of netal or a
change in shape due to coating renoval or repair nust be reclassified. 5
Several nethods exist for reclassifying. -¥ne nethod invol ves hot striking or
ot herwi se bending the trailing edge of the vane, narrow ng the gap between
adj acent vanes. However, such bending introduces stresses that may produce

cracks in t&endmReolassifiéatioe B si@yvanks CanCRUSRINREAB 35 Meyink, shpérodan of the
vane, preventing the proper fit and seal of the internal cooling tubes. The
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U S. Patent Nunber 4,028,787 to Cretella et al. This process requires the
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wel dep to aglghdmghihabalsoAistove i \agaghtfofin ar caRiHe vaHE badtal CEeaNif bb/divane,
and then add a nunber of plasma spray layers. In addition, the vane nay be
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of the plasma Sppay. 8ms F& ec iR S b T anEEinl SIVBYRY A RTHh 3245 alloy to
the deteriorated vane surface by a combined weld/plasma spray process, such as that
described in U.S. Patent Number 4,028,787 to Cretella et al. This process requires the
addition of weld beads to the worn surface for reinforcement, with a number of plasma
sprayed layers of the alloy then added to achieve the proper alloy thickness. This
20 procedure is very labor intensive requiring a welder to add a number of weld beads to a
small surface, clean the vane, and then add a number of plasma spray layers. In addition,
the vane may be damaged due to the thermal stresses involved in the welding operation.
Another issue with the weld/plasma spray process involves the specific area of
deterioration. It is to be expected that deterioration will be more severe at the narrowest
25 nozzle dimension where the velocity of the gas flow is highest. During the plasma spray
process, alloy is added to the surface in very thin layers, forming a broad even pattern.
After completion of the plasma spray, the excess material must be removed from non-
eroded areas of the vane. If the deterioration is severe in specific areas, numerous layers
of the alloy must be added and much of it removed from the non-eroded areas. Such a
30 procedure is time consuming and wasteful of the alloy materials involved.

Still another method for refurbishing gas turbine vanes is shown in U.S. Patent



eroded areas of the vane. If the deterioration is severe in specific areas,
nunmerous | ayers of the alloy nust be added and nuch of it renoved fromthe
non- eroded areas. Such a 30 procedure is tine consum ng and wasteful of the
alloy materials involved. Still another method for refurbishing gas turbine
vanes is shown in U S Patent -3- Nunber 4,726,101 to Draghi et al. In this
nmethod, a build up of alloy in the wear area is acconplished by
controllably applying |layers of a tape of3wuniformthickness to the vane.
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Another method for refurbishing gas turbine vanes is disclosed in U.S. Patent
Number 5,522,134 to Rowe et al. The method of restoration in Rowe et al. includes the
steps of cutting a plate of pre-sintered material that is either cobalt or nickel-based and
machining the plate so the plate includes the appropriate thicknesses throughout.

20 Thereafter, any protective coatings are removed from the material and the airfoil to which
the material will be added is degreased and cleaned. The plate is then positioned over the
area of the airfoil that needs to be repaired or refurbished and the plate is welded to the
airfoil by resistance tack welding.

The current industry practice is to use a single layer preform for restoring

25 dimensions of an airfoil, wherein the single layer includes two intermixed or blended
components, namely a base alloy and a low melt phase alloy. The airfoil and the preform
are subjected to braze melt and diffusion heat cycles. Due to certain alloying elements in
the low melt phase alloy, the single layer preform has a lower oxidation resistance than
preferred, thus possibly leading to premature removal of turbine engines or airfoils.

30



25 dinensions of an airfoil, wherein the single |layer includes two

interm xed or blended conponents, nanely a base alloy and a | ow nelt phase
alloy. The airfoil and the preform are subjected to braze nelt and

di ffusion heat cycles. Due to certain alloying elements in the |ow nelt
phase alloy, the single |layer preformhas a | ower oxidation resistance than
preferred, thus possibly leading to premature renoval of turbine engines or
airfoils. 30 -4- Sunmary of the Invention4dn accordance with one aspect of
t he present invention, a nmethod of restoring dinensions to an article

i ncludes the steps of providing an article having a section requiring

di mensi onal restoration, providi gnamMeftdMmbawiond first and second | ayers
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requi ring dinensional restoration and providing a preformhaving first and
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present i nviaaitol with adiabend po¢form2 @ heatt ori ng di mensions to an article
conprises the st of. providing an article made.of a material. The method
further i ncl udesstiRtigBap¥egnofhelamare] T prerbiverian Anhod otuestpdpey of
material si@defSiohPofSA Arfell cbmbAs@NRe SteFssTRevillRYan attfdif RAv@RY a bde@ibn sai d

first layer and _ _ o .
requiring dimensional restoration and providing a preform having first and second layers

15 made from different materials. The method further includes the steps of preparing the
airfoil for attachment of the preform thereto, placing the preform to a convex side of the
airfoil, and subjecting the airfoil and preform to heat so as to cause the preform to soften
and conform to the airfoil.

According to a further alternative aspect of the present invention, a method of

20 restoring dimensions to an article comprises the step of providing an article made of a
material. The method further includes the steps of providing a preform having a first layer
of material similar to said article and a second layer different than said first layer and
joining the preform to the article.

In accordance with another aspect of the present invention, a preform for restoring

25 dimensions to an article comprises a first layer of a material similar to the article and a
second layer of a material different than the first layer, wherein the preform is joined to the
article to restore the dimensions.

Other aspects and advantages of the present invention will become apparent upon
consideration of the following detailed description.

30



joining the preformto the article. In accordance wth another aspect of the
present invention, a preformfor restoring 25 dinensions to an article
conprises a first layer of a material simlar to the article and a second

| ayer of a material different than the first [ayer, wherein the preformis
joined to the article to restore the dinensions. Oher aspects and

advant ages of the present invention will becone apparent upon consideration
of the follow ng detail ed description. 305-5- Brief Description of the
Drawings FIG 1 is a plan view of one enbodi nent of a preformof the present
invention; FIG 2 is a sectional view taken generally along the |ines 2-2

of FIG 1; FIG 3 is a sectionglieVrheW it b etlji‘a\;v.%g of FIG 2 of one
enbodi ment of the 5 preformo?_Fg‘é“‘p—PTTrﬂlhn_ve—m‘ n tacked onto an
airfoil; FIG 4 FK:.4 iseplinoniew of orewermbodinant dfa prbfarmaif thd @Beseht ofventien;
enbodi nent of thg %reformof t.he present ﬂnventlo ta ed Pg[\%tg an airfoil
resting on a baskit 4ipageqtipnalkew takengengyallyalgng the 1”8?1 ' tmlar to
that of FIG 2 oFicPnSs §TRARhAPALy Amiiftio RPbPFIT. Aoflole cRibBARANt bPHEN! | On
nmelted and fused on a convex portion of e airfoil 3 10 resting on a
baskef in apreformasfahe plefent Gnvieation fakcked otitewn i fodl; turb| ne vane with one

enbodi nent of a farmof . the pres I nve Ited and fus on a
convex portion o C?ﬁésélsF?t&nPLVISWél ‘Eto?haltgpgiégcﬁ PR 5mb EW“LISE&?

general ly t ilpp? [ t he
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i nvol ves the use of a two-I| ayer pre-c re-machined prefo 22 to restore
2 desired fPSUTHrQIANEPrepS ayertion meled “’F‘rré‘s‘ifir‘é‘? BFFRVES ppeloaqué?tg;r gy and o1 red
from 1Bre- si RkEh O%grrgrggs%@i I Ery;liag;reln the preform 22 includes a top |ayer 24

and a ')0 bott ayer t'op | ayer 24 should be conposed of a materi al
havi ng nechani caFIG. pﬁnspepﬂari dswif pithrbinetvant vith one etfbedment of & p2Boraucfthe hat

the airfoil 20, when rest erforns
present invention me?ef and 1%86 on a convex portion of the airfoil; and

FIG. 7 is a sectional view taken generally along the lines 7-7 of FIG. 6.

15 Detailed Description of the Preferred Embodiments

As seen in FIGS. 1-3, the method of restoring or refurbishing an article such as an
airfoil 20 (e.g. a gas turbine vane), involves the use of a two-layer pre-cut, pre-machined
preform 22 to restore a desired flow area of the airfoil 20. The preform 22 is preferably
formed from pre-sintered materials, wherein the preform 22 includes a top layer 24 and a

70 bottom layer 26. The top layer 24 should be composed of a material having mechanical
properties similar to that of the airfoil 20 such that the airfoil 20, when restored, performs
as it did before restoration. Even though the top layer 24 should have similar mechanical
properties to the properties of the airfoil 20, the compositions of the alloys need not be
identical. Preferably, however, the top layer 24 is composed of the same material as the

25 airfoil 20.

The bottom layer 26 has a different composition than the top layer 24. The bottom
layer 26 is preferably made of a material having mechanical properties similar to that of
the airfoil 20 and another alloy such as a Transient Liquid Phase (TLP) alloy. TLP is a
low melt component that has a high boron content. The boron is a melting point

30 depressant that reduces the overall melting point of the bottom layer 26. The top layer 24,

when compared to the bottom layer 26, has superior oxidation resistance. This resistance



as it did before restoration. Even though the top |ayer 24 should have
simlar nechanical properties to the properties of the airfoil 20, the
conpositions of the alloys need not be identical. Preferably, however, the
top layer 24 is conposed of the same material as the 25 airfoil 20. The
bottom | ayer 26 has a different conposition than the top |ayer 24. The
bottom layer 26 is preferably nade of a material having nmechanica
properties simlar to that of the airfoi- 20 and another alloy such as a
Transi ent Liquid Phase (TLP) alloy. TLP is a low nelt conponent that has a
hi gh boron content. The boron is a nelting point 30 depressant that reduces
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conpared to the bottom | ayer 26, has superior oxidation resistance. This

resi st ance emironmenteoafliaveato exidaton. duri ng engi ne operation, the airfoil 20

resides in a hi te r.at ur envig Qnnent. condugi ve t idation. The

ai r:‘oi I I20 mayI g@“%%ﬁ&@tﬁ?ﬁ& %ﬁ%@mﬁgtﬁy gfﬁéé\égwaﬁ%@zﬁséga (:)X oy

convent i onaldnyemfdily Afed BLARsd f;y?@ssofoa.fni@léé. | SlcBSickelBikeBiafb R mblage buhreoys
include, but are 5 hot limted to, PWA 655, PWA 1484, PWA 1422, PWA 1447,
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ni ckel - based all oy, having & nom nal conposition of 12.5% Cr, %A, 4.2%

10 Mo, 2% NBtellide Bbpatid WDS2, 20088 othet cobali-based allagn Bys m@xmpbnti’le.ahlifoi(%er e %

isinwight .9%. As t ed eviously, the top | ayer h 0 22
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the airfoil 20, including, but not Timted to, mechanical 15 propertiés such

as creep st Ygngt h and corrosi on resistance. |f possible, the nmechanical
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shoul d be ugiggb] o EotS5dsEd Slloy or'd MBKMoP Bobaltaséd AIRY HASHHE Veby sibdifar t OP | ayer
24 shoul d have nmechani cal prdperties as close
mechanical properties to those of the airfoil 20, including, but not limited to, mechanical
15 properties such as creep strength and corrosion resistance. If possible, the mechanical
properties of the alloy used in the top layer 24 of the preform 22 should be exactly the
same as those of the airfoil 20 (in other words, the same alloy should be used, if possible).
Otherwise, the alloy used for the top layer 24 should have mechanical properties as close
to the mechanical properties of the airfoil 20 as possible. In the example described in the
20 paragraph above, the top layer 24 preferably has a nominal composition of 12.5% Cr,
6.1% Al, 4.2% Mo, 2% Nb, 0.8% Ti, 0.12% C, 0.1% Zr, 0.012% B, and balance Ni.
The bottom layer 26 of the preform 22 may also include an alloy having similar
mechanical properties to those of the airfoil 20, along with at least one other alloy. United
States Patent Number 4,073,639 describes one possible material for the bottom layer. If
25 possible, the bottom layer should use the same alloy as the airfoil 20 and the other alloy
should be a TLP alloy. In the example described in the paragraphs above, the bottom layer
26 preferably has a mixture of a first alloy with a nominal composition of 12.5% Cr, 6.1%
Al, 4.2% Mo, 2% Nb, 0.8% Ti, 0.12% C, 0.1% Zr, 0.012% B, and balance Nij, and a
second alloy with a nominal composition of 9.0% Cr, 8.0% Co, 4.0% W, 3.0% B, 2.0%
30 Al, 1.0% Hf and balance Ni (wherein % is in weight %).



to the nmechanical properties of the airfoil 20 as possible. In the exanple
described in the 70 paragraph above, the top |layer 24 preferably has a
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material of the bottom | ayer 26 of the preform22 is forned by blending a

powder f or nigtbsaquentistepyin il mrpwiefagtiee ofit qmﬁfq'r@@hﬁn@ﬁe%th &indstvi ng sinilar
rechanical | 15 1 ek b RSk L be RRu iR A Ripha bR, o™ o
sui t abl e wep@hdergerie 6ntha allop forhiifis theatois BT 6dh alloy having similar mechanical
15 properties as the airfoil 20 (“first alloy”), a powder form of another alloy (“second alloy™),
and a suitable amount of a binder. Any suitable weight percentage of first and second
alloys could be used. For example, the material could have approximately 49-71% of the
first alloy and 29-51% of the second alloy. Preferably, the material has approximately 60%
of the first alloy and approximately 40% of the second alloy. The amount of binder used is
70 preferably between about 3% and about 5% of the total powder weight % for the bottom
layer 26. For example, to prepare a powder of 100 grams for the bottom layer 26 with 4%
binder, 57.6 grams of the first alloy, 38.4 grams of the second alloy, and 4 grams binder
are combined. Once the binder is removed during manufacture thereof, the bottom layer
26 includes approximately 60% of the first alloy and approximately 40% of the second
25 alloy.
Thereafter, the material of the bottom layer 26 in the form of a blended powder is
pressed in a die set using conventional techniques to a suitable thickness, such as about
0.027 inch to about 0.037 inch, and the material of the top layer 24 in the form of a
blended powder is sprinkled onto the pressed powder of the bottom layer 26 and the

30 combination is thereafter pressed in the die set. The top and bottom layers 24, 26 are

thereafter debinded and sintered. Debinding removes the binders from the layers 24, 26



all oys could be used. For exanple, the material could have approximtely
49-71%of the first alloy and 29-51 % of the second alloy. Preferably, the
mat eri al has approximately 60% of the first alloy and approxi mately 40% of
the second alloy. The anmount of binder used is 'O preferably between about
3% and about 5% of the total powder weight % for the bottom |ayer 26. For
exanple, to prepare a powder of 100 grans for the bottomlayer 26 with 4%

bi nder, 57.6 grams of the first alloy, 3834 grams of the second alloy, and 4
grans binder are conbined. Once the binder is renoved during manufacture
thereof, the bottomlayer 26 includes approximtely 60% of the first alloy

and appr oxi Ephedtig4Rdta9érs LRE26RCMBE 930 RigteeY CeliRr@aémaininghe timt eri al of
the bottom | ayer 56 in"the formof a blended powder is pressed in a die set

usi ng convetampenatiretfecahout;Udwur in an argpn atglasphdip.c kinésring consipts € hegsimgithe 0. 027

i nch to about 0.037.1nch he £ f topl ayer .24 in the form
of a bl endgﬁeﬁg\%ﬂg? {(1 Ogbwegﬁeegﬁe “fsﬁjgr %1%@238%25&5’&?!&8@% P&°HSt t om
layer 26 angdrddiBes3perpRiNaiavRg susfidiéif herhtRto BaRES edntdthepeefdig 2368 . The
top and bottom |l ayers 24, 26 are thereafter debinded and Sintered.

Debi ndi ng r emiteres anhbarsiling of thefmagarialishould yraintainghe plganlgesyyf the prefersn 2he

| ayers 24, 26 to about 930 rees, Cel.sius and remai ni ng at that
terrp_erature%ff‘%rhaﬁil(?gl?eHreﬁoﬁdzezlqﬁﬁgﬁloé{ﬁ%n atnosphere. Sintering consists of
heating the | ayeifer difiteridf, the padtorst 24 ﬂe@erﬁiﬂ%h@@&uﬁ}%ﬁi thsckin@sés tARAghout. TiRur .

The sintering process produces a perform 22 having sufficient hardness to
handl e. Oncéopt lagergigireferabBrhase wiformthicktss andodenpigs befyeen appreximataly 28d

houl d mai nt,g; | ean| | f th f 22 . le t f
52w th ol odador g IR A Hrgforem, BEARRTS ShiFaSmpy 2Py, 1B Ralol el 26 o
t hi ckiess t BrsepedPerdbly hhb & unifoin taNelesPshdicBiiEPE Yerh@fing appioxahielyi7cd0less

and occupi es between approximately 20- 33% of the thickness of the preform
pref erabl y apmhedkickeasepijthspsefommherefsrabbnappesremarly 100ahs an praofple.dbé y has a

U or N e PO R GRS SR BREF RSl e
e L 22 OBASRACAR BB MBS PSRRI AR eS|
coul d have #hickriegofrem about 0.005 inch to about 0.015 inch, and more preferably about 0.010 inch
15 and the bottom layer 26 could have a uniform thickness from about 0.020 inch to about
0.030 inch, and more preferably about 0.025 inch.
Generally, an airfoil 20 may become worn due to erosion, sulfidation, oxidation, or
become damaged due to other events. In order to continue using the airfoil 20, the airfoil
20 must be restored. Further, to restore the airfoil 20, the preform 22 must first be formed
20 having a top layer 24 and a bottom layer 26 as described above and having a size that is
appropriate to cover an entire convex 30 portion of the airfoil 20 that needs to be restored
or refurbished. Thereafter, any protective coating on the turbine vane 32 should be
chemically stripped from the turbine vane 32, such as by using conventional methods and
formulations. The formulation used to strip the turbine vane 32 of protective coatings
25 depends on the type of coating on the turbine vane 32. After stripping of any of the
protective coatings, the turbine vane 32 may need to undergo cleaning, such as fluoride
ion cleaning, which removes and converts any oxide thereon to gaseous fluoride. Once
the turbine vane 32 is stripped and cleaned, the airfoil 20 is ready to be restored.
Once the turbine vane 32 is stripped and cleaned, the preform 22 is thereafter
30 placed and tack welded adjacent the convex portion 30 of the airfoil 20 such that the top
layer 24 is facing away from the airfoil 20 and the bottom layer 26 is facing towards the



t hi ckness from about 0.005 inch to about 0.015 inch, and nore preferably
about 0.010 inch 15 and the bottom | ayer 26 could have a uniformthickness
from about 0.020 inch to about 0.030 inch, and nore preferably about 0.025
inch. Cenerally, an airfoil 20 nmay becone worn due to erosion, sulfidation,
oxi dation, or becone damaged due to other events. In order to continue
using the airfoil 20, the airfoil 20 nust be restored. Further, to restore
the airfoil 20, the preform 22 nust first-9be forned ?0 having a top |ayer 24
and a bottom | ayer 26 as described above and having a size that is
appropriate to cover an entire convex 30 portion of the airfoil 20 that
needs to be_rgst fHyr: bj Y, 4 i ng on
t he turbineaégﬂéﬂégﬂgﬁgé@gﬁgglpkﬁ%ﬁ?%%??g&ggg%g%ggﬁgﬁgﬁ$§gﬁ&%ﬁ¥EY%gﬁ%ane 32,
such as by uafoil0cianvdsite ool theedntiodlsreatiat ndeds ubatepaimsd. The fornmul ati on
used to strip the turbine vane 32 of protective coatingg 25 depends on the

type of coating Ohe ek withadigennt presormngd sithereafies placgd ato ardymage qrficat
protective ¢ogldng réfgﬁbwv\i’?}gﬁc\ﬂﬁ&%e%%e@gleriﬁﬁgﬂrré%tiHéGﬁ%QﬁslﬁJt@?Hé B ipuch

as fluoride "1on c?ganl ng renoves and converts any oxide thereon to
gaseods fl udtG.de. Whikdn thidfarmade br heat ¢hammbed 3 1] the preforp ed isnubjectedanatheatt he
airfoil 20 is ready to be restored. Once the turbine vane 32 is stripped and
cl eaned, t héreﬁfr@ﬂb%ﬁﬁ spftenssthe pastann 28 suchathatthe queforn d2tcaniorpg (kg capyHcent

the convex B?Irtltoh%ﬂ o%%eoiirffgﬁﬁoglgé féo(r)] %Jayiﬁyg ’El'éli‘tc{lrt%ﬁ 3h shll ?sﬁeg'&l‘?% 2# DeShubRrelS

facing away‘Tromthe "airfoi om [Tayer aci ng towards
the -9- air figitho 2theltthele pnétevomiBdo asliffistdrecyely. yTizanélecrde (paty bampeseand
wi dt hwi se) over the  airfoil 20 in _order to cover the entire area that needs
to be repai Pedlingtheaigfor28jand poefgrme B2 feip teawsratyedf Hetwesp apautrdlds degreesr pl aced

into furn . t [ b i h i de of the
airf oli%l r es? ?%S%ﬁ@aﬁgg]ﬁ@%g?e% %ssg%ﬁ&lﬁlrﬁﬁ’ Wﬁkﬁy %Oﬁﬁ?g?ﬁ%%%egf ur nace or
heat chanbeFai¢nhdit)€orpbehtorsnmmhitdsor $sb] dherdfttn tiee diffagion cpdé irRhidet thtsteps

softens the preform 22 such that the preform 22 confornms to the convex
portion 30 6fheatag theaidpil 20 and geeforan &4 ta4 tegnperatire of Petyicen 2bpwd A4 2 dedressm 22

are subj ect I I t |t e i j ycl e. The
melt cycle ? %HF%:P& lf%ldcagﬁ%tril@gsdeg%g% ‘i‘*ﬁé}ﬂ}eﬁé@rﬁk %ﬁb%%m;&lrtlziﬁg%g?e%ﬂ 22 to a
t enper at ur e Falirehiedinviea aipdiun?d2dx aedi Bsls hdilrs kadtherdagiet heanielg deodane2d 25

degr el%s Fahr[e%?pr:agutlr’e oafrl])gt\yeregfag(r)&blb 0 ?iggorléctes Pzajﬁfé)nhgi? %{13 ggout 1950 degrees
Fahrenheit, and preferably about 1925 degrees Fahrenheit, for about two hours. When the
airfoil 20 and preform 22 are removed from the furnace or heat chamber, the preform 22 is
already melted and conformed to the airfoil 20. FIG. 5 is an illustration of the preform 22
melted and fused on the convex portion 30 of the airfoil 20 after the melt and diffusion
70 cycles and just prior to its removal from the furnace or heat chamber 31.

FIGS. 5-7 illustrate a gas turbine vane 32 with preform 22 melted and conformed
to the convex of the airfoil, as one specific example of the present invention. As may be
seen in FIGS. 5-7, the bottom layer 26 of the preform 22 conforms to the convex portion
30 of the turbine vane 32 and the top layer 24 conforms to the bottom layer 26 and convex

25 portion 30 of the preform 22. Once an airfoil 20 or turbine vane 32 with preform 22
tacked thereto is removed from the furnace or heat chamber 31, the airfoil 20 must be
polished and a protective coating must be applied to the turbine vane 32.

While the method of the present invention has been described in the context of

repairing airfoils, and more specifically gas turbine vanes, it should be recognized that the
30 method of the present invention may be utilized to repair, restore, or refurbish a surface of

any airfoil or hydrofoil.



Fahrenheit, for about 15 mnutes or less. Thereafter, the diffusion cycle

i ncludes the steps of heating the airfoil 20 and preform?22 to a
tenperature of between about 2125 degrees Fahrenheit and about 2155 degrees
Fahrenheit, and preferably about 2140 degrees Fahrenheit, for a maxi mum of
six and a half hours and thereafter heating the sanme to a 15 tenperature of
bet ween about 1900 degrees Fahrenheit and about 1950 degrees Fahrenheit,
and preferably about 1925 degrees Fahrenhéft, for about two hours. Wen the
airfoil 20 and preform 22 are renoved fromthe furnace or heat chanber, the
preform22 is already nelted and conforned to the airfoil 20. FIG 5 is an
I1lustration of MNgndoed modifidationsrb tietbragert fnveitbnonill Bicappareveo thodelskilled30 of
the airfoil 20 after the nmelt and diffusion 'O cycles and just prior to its
renoval fr o ihartinpierer Bie feapingidssasptiont Acrardinghy his fesciphomisdo e gas
Lurbine vangoRgniuliRLGLAIINAD oIS fekoRe (SN BLIRL: of Gablif AW Sy N
airfoil, as one speci |c exa Yhe present 'l Venti on. may be  Seen

in FIGS. 5-%he :hhﬁ) mekd 10 dsaylear inZéntivh dnld@o pIach Qfe%e&&n@&ﬁﬁﬁﬂaﬁ?dﬂg(bu& b@n&onvex
portion 30 of the turbine vane 32 and the top |ayer 24 conforns to the

bot t o | ayerlhegxelisive sighisto 28 mpsifiaiangwhich come within gherscope ofthe appaaded r f oj |
20 or turbi h preform 22 tacked thereto is renoved fromthe
furnace or Qﬁn%@%ﬁg%%a (% the airfoil 20 nust be polished and a
protective coating mnust be applied to the turbine vane 32. Wile the nmethod
of the present invention has been described in the context of repairing
airfoils, and nore specifically gas turbine vanes, it should be recognized
that the 30 nethod of the present invention may be utilized to repair,
restore, or refurbish a surface of any airfoil or hydrofoil. -10- Nunerous
nodi fications to the present invention will be apparent to those skilled in
the art in view of the foregoing description. Accordingly, this description
is to be construed as illustrative only and is presented for the purpose of
enabling those skilled in the art to make and use the invention and to
teach the best node of carrying out same. 5 The exclusive rights to al
nodi fi cati ons which conme within the scope of the appended clains are
reserved. 11



CLAIMS | Cdaim |I. A method of restoring dinmensions to an article, the

nmet hod conprising the steps of. providing an article having a section

requi ring dinmensional restoration; providing a rigid sintered preform having
first and second | ayers made fromdifferent materials, the first and second
| ayers havi ng nechani cal properties simlar to that of the article, the
second | ayer conprising a |low nelting podilnt conponent such that the second

| ayer has a |ower nelting point than the first layer, the first |ayer
havi ng better oxidation resistance than the second |ayer, wherein the rigid
sintered preformis forned as a two-| &M rjgid sintered preform prior to
bei ng provided here, and wherein the first layer is disposed closest to the
article betyween the article and the second | ayer; and joining the preform
to the arti M2, The method of claim1, wherein the first layer of the
preformincludes a nickel-based alloy. 3. The nethod of claim2, wherein

t he second | ayer of the_preformincludes a nickel-based 0 a second
al | oy. the néﬁﬁ@@g fggP@? §ﬂmﬁm%?éPﬁmgéﬁﬁe@ﬁwﬁﬁﬁnﬁf?@y& é ‘ransi ent

l'i quid phaseroaﬂdln@ym artible havhigy armmbadecmfrmghaiemldml Mh@ﬁﬁinﬂ t he first layer of
the preformis between about inch_in i ckness.
6 The: ot hod of PET ST EQAEEE P HE. GBI ) Steo8t RS "HrerBR e et ween
about O. 020nmkﬁﬂhtaﬂmmaﬁduamai&Sashmm@rmmhmhmc&ﬁes&msuﬁhr{hmmﬁﬁmhodmmi cl ai m
. wherein Ehe arti cle is [ . et q]g tﬁe dr ere n the
airfoil is a‘thrbi ﬁgmluwgnyf%a gwrW%é@H?P%8ﬂn ns L, TWAEPE 7 h 10|n|ng
step incl udésves mbl;negpmmghztnhee ﬁxrstt la@lr ghafingt layer E%fvmfgmettﬂ olxe!amqn mimnee thait the

Elr ST (r)nr 1m nﬁ}é?cgrﬁdﬂac?gf/h?rr mtl;we I‘l%d smteregﬁreform is f%mae%rag Ia wo: ln'}/erecfr?rrrlj;rld srr?tergFBrle%\rllP di ng a
predetern1nedmambum;moﬁdawkmr&w\hkemdmdfpomﬁemcmmhedkkmstmbhﬁmmedMWmmder
conpri si ng gwan&%ang%@gggmjmw§eggnd powder and a bi nder m xed together:

joining the preform to the article.

2. The method of claim 1, wherein the first layer of the preform includes a nickel-based
alloy.

3. The method of claim 2, wherein the second layer of the preform includes a nickel-based
alloy and a second alloy.
4, The method of claim 3, wherein said second alloy is a transient liquid phase alloy.
5. The method of claim 1, wherein the first layer of the preform is between about 0.005 inch
and about 0.015 inch in thickness.
6. The method of claim 5, wherein the second layer of the preform is between about 0.020
inch and about 0.030 inch in thickness.
7. The method of claim I, wherein the article is an airfoil.

8. The method of «claim 7, wherein the airfoil is a turbine vane.



pressing the bl ended powder in a die to formthe second | ayer; adding a
predeter m ned anount of a second bl ended powder onto the pressed second

| ayer, the second bl ended powder conprising the first powder and the binder
m xed together; pressing the second bl ended powder and the second |ayer in
the die together to formthe preform and sintering the preform 11. A

met hod of refurbishing an article to restlére a desired flow area, the nethod
conprising the steps of. providing an article having a section requiring

di mensi onal restoration; igid sintere reforn1h ving first and
second | ayer$ nad@wa%W¥H$¥$@We F%wﬁﬁ 8%J3W§%S$Wé“?P¥§€“%ﬁH“% §dﬁ%ﬂ?§ ers
havi ng nmechagiefoad tpr Baer hesn Sthen gréornt andiRato odnférhe t@rthdé chape of hie aeiciend

| ayer conprising a |low nelting point conmponent such that the second | ayer
has a lower nelting point than the first layer, the first |ayer having
better oxidauion'ﬂes&ﬂmalﬁemmhanh&hepmﬁﬂ&@m@dgmmmewwmﬂmmcmmMEarigid
sintered preformis forned as a two y i,d SI t er.ed. r pior to
bei ng provi ded heor’%“g;‘%ﬁ PR rt‘?dtaﬁ‘é)u‘% sft rft Hed oV f:rsﬁh(?s“ercf b(?efngsC[en‘%Otwloteo t he
article betm&ﬁmnmh@ehﬁfmmmheaaﬁdumhedeembmmn&ﬁym@dumhaalng the preform

adj acent the section o L hpe srtigl rgquxl @ gﬁq5|onal restoration; and
subj ecting the ar¥FerePERE EH @8It H A4 ™ Ao H ™Skt hod of claim 11,
wherein the arti (}idemgracbr@:reeﬁm'hm aﬁ@msuﬁ)gx mbmﬂblt@ehea@d@fontoemmessed abbout 2125
degr ees Fahrenh %t an HF gg 55 de re% thqppg th (R}%Dghput S. or | ess.
13. The met hod of¢ EraT Bt ?gmmﬁng‘ P& ant e SPOT 5P €4 Rer eaf ter
subjected to heaUnmmhgbemmeembmmﬁdboﬁ&ﬁﬁudhg&ee@lﬁahnehhé&tmﬁmdwamnmnhQ155
degr ees Fahr pelt gor 6'/z hours or less. 13 14. The nethod of claim 13,
wherein the Arti ¢l and preformare thereafter subjected to heat of between
about 1900 degr eesni¢Fagtiemphnegdorin. and about 1950 degrees Fahrenheit for about 2
hours. 15. The nethod of claim 11, wherein the first |ayer of the preform

i ncl udes a ni ckel -based all oy.
11. A method of refurbishing an article to restore a desired flow area, the method comprising

the steps of’

providing an article having a section requiring dimensional restoration;

providing a rigid sintered preform having first and second layers made from different
materials, the first and second layers having mechanical properties similar to that of the article,
the second layer comprising a low melting point component such that the second layer has a
lower melting point than the first layer, the first layer having better oxidation resistance than the
second layer, wherein the rigid sintered preform is formed as a two-layered rigid sintered preform
prior to being provided here, and wherein the first layer is disposed closest to the article between
the article and the second layer;

placing the preform adjacent the section of the article requiring dimensional restoration;
and

subjecting the article and preform to heat.

12. The method of claim 11, wherein the article and preform are subjected to heat of between

about 2125 degrees Fahrenheit and about 2155 degrees Fahrenheit for 15 minutes or less.

13. The method of claim 12, wherein the article and preform are thereafter subjected to heat
of between about 2125 degrees Fahrenheit and about 2155 degrees Fahrenheit for 6% hours or

less.



16. The method of claim 15, wherein the second |ayer of the preformincludes
a nickel-based alloy and a second alloy. 17. The nethod of claim 16,
wherein said second alloy is a transient liquid phase alloy. 18. The nethod
of claim1ll, wherein providing the rigid sintered preform conprises:
providing a predeterm ned anount of a first bl ended powder, the first

bl ended powder conprising a first powderl3 a second powder and a bi nder

m xed together; pressing the blended powder in a die to formthe second

| ayer; adding a predeterm ned anount of a second bl ended powder onto the

pr essed secoﬂﬂ | Bypepethadipd cleie bhavhsledribedt dotrderefeohie thsTeater shkedsdie peahonder
and the bi ndgrpeMieseboO0®b REdrces FRIFGSSH G bB& 198 QREDF SRABS: f3PXWdET 2 Rueh. t he
second layer in the die together to formthe preform and sintering the
preform 19. A nmethod of restoring dinmensions of an airfoil, the nethod
conprising the steRsm@hod ofRYMM 0] Wigkrad th3i Tt Odykr srand pgfoan SRAIEON nkRAVIEd NY

di mensi onal restoration; providing a rigid sintered preformhaving first and
second Iayer%b%ade fromdifferent materials, the first and second | ayers
havi ng nechani cal properties simlar to that of the airfoil, the second

| ayer conprisin | ow nel ting point conponent such that the second | ayer
s a1 ower okt TGRSR S pHa e TRap et o et Pt N SR K
better oxidati®en resi stancaend han the second |ayer, whedei n the rigilby.
sintered preformis forned as a two-layered rigid sintered preform prior to
bei ng provided here, and wherein the first layer is disposed closest to the
article between Ttihemahdd 6f aianth, twheremeandcdnayiby iPi e@paidnngqlihehat afiel | for
attachnment of the preformthereto; placing the preform adjacent a convex
side of the airfoil; and subjecting the airfoil and preformto heat so as to
cause the pref or nThcongioltog tlaiand, whaeih romding thehgiduintéred prefodid condBisesThe nmet hod
of claim19. wherein,the first layer of th rf.o i ncl udes ni ckel - based
Sl loy- 21, The metRbd bR PEURRHSE Tl i ohaoset Bt e FRofethE ek or m

i ncl udes a ntekebnpasedpowder, a second powder and a binder mixed together;

pressing the blended powder in a die to form the second layer;

adding a predetermined amount of a second blended powder onto the pressed second
layer, the second blended powder comprising the first powder and the binder mixed together;

pressing the second blended powder and the second layer in the die together to form the
preform; and

sintering the preform.

19. A method of restoring dimensions of an airfoil, the method comprising the steps of:
providing an airfoil having a section requiring dimensional restoration;

providing a rigid sintered preform having first and second layers made from different
materials, the first and second layers having mechanical properties similar to that of the airfoil,
the second layer comprising a Jow melting point component such that the second layer has a
lower melting point than the first layer, the first layer having better oxidation resistance than the
second layer, wherein the rigid sintered preform is formed as a two-layered rigid sintered preform
prior to being provided here, and wherein the first layer is disposed closest to the article between
the article and the second layer;

preparing the airfoil for attachment of the preform thereto;

placing the preform adjacent a convex side of the airfoil; and

subjecting the airfoil and preform to heat so as to cause the preform to soften and

conform to the airfoil.



all oy and a second alloy. 22. The nmethod of claim 21, wherein said second
alloy is a transient liquid phase alloy. 23. The nethod of claim 19,
wherein the preparing step includes the step of renoving any protective
coatings on the turbine vane. 24. The nethod of claim 23, wherein the
preparing step further includes the step of cleaning the turbine vane. 25.
The met hod of claim 19, wherein the step l@#f subjecting the airfoil and
preformto heat includes the step of heating the airfoil and preformin a
furnace or heat chanber. 26. The nethod of claim25, wherein the airfoil is
pl aced in the furnace or heat chanber with a convex side of the airfoi
facing upwards. 2ife mdih&s srRdIdad oohh&dirii® Q. 1a)ohefr @é Perpir@Mhdlidega hitee bh@i d
sintered preforn1conpr|ses prOV|d|ng a predeternined anmount of a first

bl ended powd&f® the first bl ended powder conprising a first powder, a
second powder and a binder m xed together: pressing the blended powder in

die to formthe cond | ayer. di.n red erm

bl ended powd P on ﬁgsTﬁ@xb¥éé§%g §@8%Wdh egvgﬁwﬂvﬁ ‘§§§§ﬁ5m8F§ﬁ8£8E§§ g
conprising theyfirst powderanénd t he bi nder m xed together; pressinglléghe
second bl ended powder and the second layer in the die together to formthe
preform and sintering the preform 28. A nethod of restoring dinensions to
an article, the nehhadhchnptlisi ag wHeistapscafd allpy 0v ik diangenamqad tphask ellojade  of
a material; 15 providing arigid sintered preformhaving a first |layer of a
material simlar to said article and a second |ayer different than said
first layer, 28he fhe stthahd d@coldwhayierls meparimgstereiotiades ¢lal stepprfoperrigesy
simlar to thqﬁapf t he artlctLgS t he segond Iayeﬁ conprising & | ow nelting
poi nt conpoﬁent Such t hat“thé’ second ayer has S 1 over e tlng poi nt than
the first layer, the first layer having better oxidation resistance than
the second | %Xer ’ TM\@S&F%P ftcnl mr2!3 %hQreﬁ{ ljﬂé glre anEEtQ%RJrrlmfr ét\({}g){hg@tgp cls\aijI .
two-layered m'd sintered preformprior rovid ere erein
the first |dyer is disposed closest tGUWH@ article between the artiveh® and
the second | ayer; and

25. The method of claim 19, wherein the step of subjecting the airfoil and pretorm to heat

includes the step of heating the airfoil and preform in a furnace or heat chamber.

26. The method of claim 25, wherein the airfoil is placed in the furnace or heat chamber with
a convex side of the airfoil facing upwards.
27. The method of claim 19, wherein providing the rigid sintered preform comprises:

providing a predetermined amount of a first blended powder, the first biended powder
comprising a first powder, a second powder and a binder mixed together;

pressing the blended powder in a die to form the second layer;

adding a predetermined amount of a second blended powder onto the pressed second
layer, the second blended powder comprising the first powder and the binder mixed together;

pressing the second blended powder and the second layer in the die together to form the
preform; and

sintering the preform.

28. A method of restoring dimensions to an article, the method comprising the steps of:

providing an article made of a material;



joining the preformto the article, 29. The nethod of claim25, wherein said
first layer material is the sane as said article. 30. The nethod of claim
26, wherein said first laver is a nickel-based alloy. 31. The nethod of
claim 27, wherein the second | ayer of the performis a nickel-based all oy
and a second alloy. 32. The nethod of claim 28, wherein said second all oy
is atransient liquid phase alloy. 33. The nethod of claim28, wherein
providing the rigid sintered preform conptises: providing a predeterni ned
amount of a first bl ended pomder the first bl ended powder conprising a

L: ;zgego\é\g\?\;ﬂ,er ai rsl%goc\)/ldidné aTiel cfsmtere reefosmelg]g)\ﬁrgg '(F}érstglrgyetr 89?&2&%{.31 spwglﬁagfgc)tsglrg r%che
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to formthe cpwngcfr@ntrwchahaj tis snctoed fayer Mahelopeehdtimg point than the first layer, the first layer

having better oxidation resistance than the second layer, wherein the rigid sintered preform is
formed as a two-layered mid sintered preform prior to being provided here, and wherein the first
layer is disposed closest to the article between the article and the second layer; and

joining the preform to the article.

29. The method of claim 25, wherein said first layer material is the same as said article.
30. The method of claim 26, wherein said first layer is a nickel-based alloy.
31 The method of claim 27, wherein the second layer of the perform is a nickel-based alloy
and a second alloy.
32. The method of claim 28, wherein said second alloy is a transient liquid phase alloy.
33. The method of claim 28, wherein providing the rigid sintered preform comprises:

providing a predetermined amount of a first blended powder, the first blended powder comprising
a first powder, a second powder and a binder mixed together;

pressing the blended powder in a die to form the second layer;

adding a predetermined amount of a second blended powder onto the pressed second
layer, the second blended powder comprising the first powder and the binder mixed together;

pressing the second blended powder and the second layer in the die together to form the
preform; and

sintering the preform,



