M CROMVE BRAZI NG OF Al RFO L CRACKS BACKGROUND OF THE | NVENTI ON The present
invention relates generally to a nethod of repairing cracks ina b5
stationary airfoil or vane of a gas turbine engine by mcrowave brazing. A
gas turbine engine includes stationary airfoils or vanes nmade of a base
metal of either cobalt or nickel superalloy. The vanes may crack due to high
tenperature thernal NHEHROWAYEBRAZINGAOH ARFQUr E®RAGKSt hat occurs during
engi ne operation. The crack is usually repaired by brazing. A braze all oy
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15 approxmmtely 6 to 8 hours to melt the braze alloy and repalr the crack.

The percentage of the base material should be relatively high and the
percentage of the braze material should be relatively low to prevent the braze
material from saturating the braze alloy and to ensure that the composition of the
braze alloy is as similar as possible to the composition of the base metal. However,

20 as the percentage of the base material increases, the melting temperature of the braze
alloy also increases. [f the vane is exposed to higher temperatures, the vane can
possibly distort and lose its properties. Therefore, the braze alloy generally includes
a high percentage of the braze material to keep the melting temperature low.

Hence, there is a need in the art for a method of repairing a crack in a vane of

25 a gas turbine engine that is fast and that overcomes the shortcomings and drawbacks

of the prior art.

SUMMARY OF THE INVENTION

A gas turbine engine includes alternating rows of rotary airfoils or blades and
30  static airfoils or vanes. The vanes are made of a base metal, such as cobalt or nickel

superalloy.



| In the present invention, any cracks that formin the vane are repaired by
m crowave brazing. A braze alloy including a base material and a braze
material is applied to the crack. The braze alloy is a powdered slurry. The
braze alloy includes approximately 50 to 100% of the base material and
approximately 0 to 50% of the 5 braze material. The base material and the
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BRIEF DESCRIPTION OF THE DRAWINGS

The various features and advantages of the invention will become apparent to
those skilled in the art from the following detailed description of the currently
preferred embodiment. The drawings that accompany the detailed description can

20 be briefly described as follows:
Figure 1 schematically illustrates a gas turbine engine; and

Figure 2 schematically illustrates a vane of the gas turbine engine.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

25 Figure 1 schematically illustrates a gas turbine engine 10 used for power
generation or propulsion. The gas turbine engine 10 includes an axial centerline 12,
a fan 14, a compressor 16, a combustion section 18 and a turbine 20. Air
compressed in the compressor 16 is mixed with fuel, burned in the combustion
section 18 and expanded in the turbine 20. The air compressed in the compressor 16
30 and the fuel mixture expanded in the turbine 20 are both referred to as a hot gas
stream flow 28. Rotors 22 of the turbine 20 rotate in response to the expansion and

drive the compressor 16 and the fan 14. The turbine 20 also includes alternating




30 and the fuel m xture expanded in the turbine 20 are both referred to as a
hot gas streamflow 28. Rotors 22 of the turbine 20 rotate in response to

t he expansion and drive the conpressor 16 and the fan 14. The turbine 20

al so includes alternating 2 rows of rotary airfoils or blades 24 on the
rotors 22 and static airfoils or vanes 26, The vanes 26 are arranged in
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Preferably, the braze alloy 30 includes approximately 50 to 100% of the base
material and approximately 0 to 50% of the braze material. More preferably, the
base alloy 30 includes approximately 90% of the base material and approximately

20 10% of the braze material. However, it is to be understood that the braze alloy 30
could include any percentage of base material and braze material. For example, the
braze alloy 30 could include 100% base material or 100% braze material.

If the braze alloy 30 is being applied to a first stage vane 26, the braze alloy
30 includes the base material of cobalt superalloy and the braze material. The braze

25 alloy 30 preferably includes approximately 50 to 100% of the base material and
approximately O to 50% of the braze material. In one example, the base material of
cobalt superalloy includes carbon, manganese, silicon, sulfur, chromium, nickel,
tungsten, tantalum, titanium, zirconium, iron, boron and cobalt. Table 1 lists an
example composition of the cobalt superalloy. The braze material includes carbon,

30 chromium, nickel, boron, and cobalt. Table 2 lists an example composition of the
braze material. Although specific compositions of the base material and the braze

material are described and listed in Tables 1 and 2, it is to be understood that the



approximately O to 50% of the braze material. In one exanple, the base
material of cobalt superalloy includes carbon, nanganese, silicon, sulfur,
chromium nickel, tungsten, tantalum titanium zirconium iron, boron and
cobalt. Table | lists an exanple conposition of the cobalt superalloy. The
braze material includes carbon, 30 chrom um nickel, boron, and cobalt.

Tabl e 2 | i drazeamloaxdhpaie hevsmybs campnsitism, e onpskiled iatthe il woulithnewgh
specific ¢ f e base material and the braze material are
descri bed gﬂg&?@%k&ﬁ&nﬁ ElEt}ies | and 2, it is to be understood that the 3
braze alloy 30 can have any conp03|t|on and one skllled in the art would
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CHROM UMLE.FFBD0 NI CKELS. 00292900 TUNGSTENS. 008.9%%0 TANTALUMR. 004. 00
TI TANI UMD. mmruvn. 900. 60 TRONU. 002, 50 (RPRONU. 000. U1
COBALTO. 0QBALANCE TABLE 15 ELENVENTM-NI-MIM-PERCENTMAXI-MIM-PERGENT
CARBAND. 00413508 rant UnLs. 2038750 080

SULFUR 0.00 0.80

CHROMIUM 18.0 26.00

NICKEL 8.00 12.00

TUNGSTEN 5.00 8.00

TANTALUM 2.00 4.00

TITANIUM 0.10 0.30

ZIRCONIUM 0.00 0.60

IRON 0.00 2.50

BORON 0.00 0.01

COBALT 0.00 BALANCE

TABLE 1

S

ELEMENT MINIMUM PERCENT MAXIMUM PERCENT

CARBON 0.00 4.50

CHROMIUM 19.50 29.50

NICKEL 34.50 45.50

BORON 2.00 4.00

COBALT 0.00 BALANCE

TABLE 2

If the braze alloy 30 is being applied to a second stage, a third stage, etc.

vane 20, the braze alloy 30 includes the base material of nickel superalloy and the

10  braze material. The braze alloy 30 preferably includes approximately 50 to 100% of
the base material and approximately 0 to 50% of the braze material. In one example,

the base material of nickel superalloy includes carbon, manganese, silicon,
phosphorus, sulfur, chromium, cobalt, tungsten, tantalum, aluminum, titanium,
hafnium, molybdenum, boron, iron, columbium, copper, zirconium, lead, bismuth,

15 selenium, tellurium, thallium and nickel. Table 3 lists an example composition of



NI CKEL34. 5045. 50 BORON2. 004. 00 COBALTO. OOBALANCE TABLE2 If the braze all oy
30 is being applied to a second stage, a third stage, etc. vane 26, the
braze alloy 30 includes the base material of nickel superalloy and the 10
braze material. The braze alloy 30 preferably includes approxinmately 50 to
100% of the base material and approximately O to 50% of the braze material.
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15 material can have any composition, and one skilled in the art would know what

composition to use.

ELEMENT MINIMUM PERCENT MAXIMUM PERCENT
CARBON 0.00 0.27
MANGANESE 0.00 0.30
SILICON 0.00 0.30
PHOSPHORUS 0.00 0.30
SULFUR 0.00 0.30
CHROMIUM 8.00 12.00
COBALT 8.00 12.00
TUNGSTEN 8.00 12.00
TANTALUM 2.00 6.00
ALUMINUM 2.00 6.00
TITANIUM 0.50 2.00
HAFNIUM 0.50 2.00
MOLYBDENUM 0.50 2.00
BORON 0.00 0.25
[RON 0.00 0.25
COLUMBIUM 0.00 0.25




ELEMENTM NI MUM PERCENTMAXI MUM PERCENT CARBONO. 000. 27 MANGANESEO. 000. 30
SI LI CONO. 000. 30 PHOSPHORUSO. 00030 SULFURO. 000. 30 CHROM UMB. 0012. 00
COBALTS8. 0012. 00 TUNGSTENS. 0012. 00 TANTALUMZ. 006. 00 ALUM NUM2. 006. 00

TI TANI UMD. 502. 00 HAFNI UMD. 502. 00 MOLYBDENUMD. 502. 00 BORONO. 000. 25
| RONO. 00025 _COLUMBLIUMD. 00025 5 COPPERO. 000.25 ZI RCONLUM. 000. 25
LEADO. 000/ £8PHiIRSMUTHO. 000. 26> %ELENI UMD. 000. 25 TEELURI UMD. 000. 25
THALLf UMD | BR@GRBUNI CKELO. 00 NCE TABLE3 ELEMENIM NI MOM PERCENTVAXI
PERCENT CARBENO-—000-35

LEAD 0.00 0.25

BISMUTH 0.00 0.25

SELENIUM 0.00 0.25

TELLURIUM 0.00 0.25

THALLIUM 0.00 0.25

NICKEL 0.00 BALANCE

TABLE 3

ELEMENT MINIMUM PERCENT MAXIMUM PERCENT

CARBON 0.00 0.35

MANGANESE 0.00 0.35

SILICON 0.00 0.35

SULFUR 0.00 0.35

ALUMINUM 0.00 7.00

MOLYBDENUM 0.00 7.00

TANTALUM 0.00 7.00

COLUMBIUM 0.00 7.00

CHROMIUM 11.00 16.00

TITANIUM 0.00 1.50

ZIRCONIUM 0.00 1.50

IRON 0.00 1.50

COBALT 0.00 1.50

COPPER 0.00 0.50

LEAD 0.00 0.50

BISMUTH 0.00 0.50

BORON 0.00 0.50

NICKEL+COBALT 0.00 BALANCE

TABLE 4

MUM



MANGANESEO. 000. 35 SI LI CONO. 000. 35 SULFURO. 000. 35 ALUM NUMD. 007. 00
MCOLYBDENUMD. 007. 00 TANTALUMD. 007. 00 COLUMBI UMD. 007. 00 CHROM UML1. 0016. 00
TI TANI UMD. 001. 50 ZI RCONI UMD. 001. 50 [ RONO. 001. 50 COBALTO. 001. 50

COPPERO. 000. 50 LEADO. 000. 50 BI SMJTHO. 000. 50 BORONO. 000. 50

NI CKEL+COBALTO. OOBALANCE TABLE4 ELEMENTM NI MUM PERCENTMAXI MUM PERCENT
CARBONO. 000. 20 SULEFURQ.-000. 20 PHOSPHORUSO. 000.-20 CCOPPER0O. 000. 20 LEADO. 000. 20

Bl SMUTHO. 066EMENSELENI uvp. opbIRB S PERERDT 000. 2811 HUU! BBRCEH!
CARBON 0.00 0.20
SULFUR 0.00 0.20
PHOSPHORUS 0.00 0.20
COPPER 0.00 0.20
LEAD 0.00 ) 0.20
BISMUTH 0.00 0.20
SELENIUM 0.00 0.20
SILICON 0.00 0.20
IRON 0.00 0.20
ZIRCONIUM 0.00 0.20
MANGANESE 0.00 0.20
ALUMINUM 0.00 2.50
HAFNIUM 0.00 2.50
TUNGSTEN 2.00 5.00
BORON 2.00 5.00
COBALT 7.00 11.00
CHROMIUM 7.00 11.00
NICKEL 0.00 BALANCE
TABLE 5

After the braze alloy 30 is applied to any cracks 34 in the vane 26, the braze

s alloy 30 is then exposed to microwaves to melt the braze alloy 30 and repair the

cracks 34. A microwave source 32 produces the microwaves that heat and melt the

braze alloy 30 in preference to the base metal. When the braze alloy 30 cools, the

braze alloy 30 hardens within the crack 34, producing a braze joint that repairs the

crack 34 and builds up the eroded surface of the vane 26 to extend the life of the

10  vane 26. The braze alloy 30 can also fill in the eroded surfaces on the vane 26 and
dimensionally restore the vane 26.

Preferably, the braze alloy 30 is exposed to the microwaves for
approximately Sminutes to 60 minutes, and the braze alloy 30 reaches the melting
temperature in approximately 15 minutes. Preferably, the braze alloy 30 is heated to

15 approximately 2050 to 2250°F to heat the braze alloy 30. However, the braze alloy

30 can be exposed to microwaves for any amount of time and can be heated to any



ZI RCONI UMD. 000. 20 MANGANESEO. 000. 20 ALUM NUMD. 002. 50 HAFNI UMD. 002. 50
TUNGSTEN2. 005. 00 BORON2. 005. 00 COBALT7. 0011. 00 CHROM Uwr. 0011. 00

NI CKELO. OOBALANCE TABLE 5 After the braze alloy 30 is applied to any cracks
34 in the vane 26, the braze 5 alloy 30 is then exposed to mcrowaves to
melt the braze alloy 30 and repair the cracks 34. A m crowave source 32
produces t Fenperanigwandone blallehemtheagitl weowld kndve hopr lane t<a|e|xgcg,segbe ibrazgr ef er ence
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10 vane 26. The braze alloy 30 can also fill in the eroded surfaces on the
vane 26 an@owdergehsazsraaloy S espisfasencedo vhpbasgemept of dreandng, 2@ hdhisrisze al | oy
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nperature in approximtely 15

m nutes. Pmaéerab)| she ﬁlitﬁO\bﬁ\&EedoahbDﬂffé’& the lhieatn&dalt of inapprdaxingathel y 2050
to 2250F to heat the braze alloy 30. However, the braze alloy 30 can be
exposed to“ﬁ?r@WéV\%b@émgcﬁ’FOC&ﬁ%/ amount of tinme and can be heated to any 7

tenperature, ang,0pg,sk %’ oﬂhlg ?seﬁtr i vé!iRHJnCinéﬁﬂ&% g@ﬁ‘{‘hér«%gd Ex%o&%tﬁﬁse the

braze alloy 30 to M cr owaves era the m crowaves are 1n the range
of 2.45 Gl—lEaseBﬁ@taxusleme1I|rlaeatt1hetzanah1’|ed)tyng,?.(émp@raauqs(za\swcllleetr bra’rzhallcmy of dwmr&s heat and

melt the powdered ze alloy 30 in preference to the hase tal of the
vane 269 Tﬁﬁéh?@“dﬁgfﬁg&%ﬁd%aée e cFSD\,ﬁVé’%Plﬁég? btate abpy 8 °£|tH§9r63@ﬁf ast er

than the basRni&! Heits at a first melting temperature when employing microwaves. If a
braze alloy having the same composition is applied to the vane 26 and heated
without using microwaves, the braze alloy would melt at a second melting
temperature that is greater than the first melting temperature. In the prior braze

15 alloy, when heating the vane 26 to the second higher melting temperature, the vane
26 can possibly distort. The braze alloy 30 of the present invention that is exposed
to microwaves and melts at a given temperature includes a greater amount of base
material than the braze alloy of the prior art that melts at the same melting
temperature. Therefore, by employing microwaves that preferentially heat the braze

20 alloy 30 over the base metal of the vane 26, the braze alloy 30 of the present
invention can include a higher percentage of base material when exposed to the
same melting temperature. This allows the composition of the braze alloy 30 to be
more similar to the composition of the base metal material of the vane 26.

By employing microwaves from a microwave source 32 rather than heat

25  from a heating furnace to melt the braze alloy 30, the percent content of the base
material of the braze alloy 30 can be increased over the percent content of the base
material of the braze alloy of the prior art that melts at the same melting
temperature. The braze alloy 30 of the present invention does not need to be heated
to a melting temperature as high as the melting temperature needed to melt an

30 equivalent braze alloy 30 of the prior art, reducing the distortion and loss of

properties of the vane 26.



Therefore, the m crowaves do not affect the base netal of vane 26 during the
m crowave brazing process. The braze alloy 30 of the present invention

i ncluding an i ncreased anmobunt of base material nelts at the same nelting
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material. For exanple, the braze alloy 30 of the present invention nelts at
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t enper at ur@ie tdbate itSaclln@gat €Thé haeretrb® ehibodimdemd toif ngist BIVeRiA UWaes bkéh t he prior
braze 15 all oy, when heating the vane 26 to the second higher nelting

t enper at ur@sclessd, Yawever2® duh opedidiliiagy gabrin thake weedercaognsze Bot of t he
present. i nvention.that is exposed .10 41 Cr s an lts at a given
tenperétu#@”ﬁHBPﬂH§89§“a36%?@?“@%%&%?tﬁ§&%§§§¥§W%ﬁéng%-than the braze all oy
of the prior art that nelts at the sanme nelting tenperature. Therefore, by
enpl oyi ng m crowaves that preferentially heat the braze 20 alloy 30 over the
base nmetal of the vane 26, the braze alloy 30 of the present invention can
i nclude a hi gher percentage of base material when exposed to the sane
nelting tenperature. This allows the conposition of the braze alloy 30 to be
nore simlar to the conposition of the base netal material of the vane 26.
By enpl oying m crowaves froma m crowave source 32 rather than heat 25 from
a heating furnace to nelt the braze alloy 30, the percent content of the
base material of the braze alloy 30 can be increased over the percent
content of the base nmaterial of the braze alloy of the prior art that nelts
at the same nelting tenperature. The braze alloy 30 of the present

i nvention does not need to be heated to a nelting tenperature as high as
the nelting tenperature needed to nelt an 30 equi val ent braze alloy 30 of
the prior art, reducing the distortion and | oss of properties of the vane
26. 8 The foregoing description is exenplary of the principles of the
invention. Many nodifications and variations of the present invention are
possible in light of



t he above teachings. The preferred enbodi nents of this invention have been
di scl osed, however, so that one of ordinary skill in the art would recogni ze
that certain nodifications Wwuld conme within the scope of this invention. 9
CLAIM5S 1. A nmethod of repairing a crack in a conmponent and di mensional ly
restoring the conponent conprising the steps of: applying a braze alloy to
a crack in a conponent; and exposi ngLdMSonponent to microwaves to nelt the
braze alloy. 2. The nethod as recited in claim| wherein the conponent is an
airfoil utilized in a gas turbine engine. 10 3. The nmethod as recited in
claim I wherei NAt@h6@BPedting £ chKen @fcompdast andRlimkndiGialllyi restongg of cobal t
superal | oy and ni ckel superalloy. 4. The nethod as recited in claim1l
wher ei n t hi@espmpencalt Poppiineg hgstepaocbase 15 material and a braze naterial .

5. The thod as_reci ,i | ai er el he. ze all oy includes

appr oxislr:gt ely 5%)pt]>§ﬁé_té§%fggn§¥1e %%rg%ly\@a cé)rnlﬂ)aol]e’gthgﬂagppr oximately 0 to 50% of
the braze mat efipaking 2@ mpbaentehtiodwases ©chdleie brazelalbyn 4 wherein the
braze alloy includes approxinmately 90% of the base material and
approximately 10% of the braze material. 25 7. The nethod as recited in
claim4 rei [ : f [ he. e net al
and the ﬁgge ma %?ﬁgﬁBgEgﬂﬁg%%hﬁygﬂgf“gﬁgé?g%ﬁ%ggﬁg%ﬁfﬁgﬁﬁg$wggﬂgg§recited

i n clai m4insheseirbinchagmenponent i s made of a base netal, and the base
nmetal and the base material are both cobalt superalloy. 30 9. The nethod as
recitetf in claim| wherein the step of exposing the

3. The method as recited in claim 1 wherein the component is made of a base

metal that is one of cobalt superalloy and nickel superalloy.

4. The method as recited in claim 1 wherein the braze alloy includes a base

15 material and a braze material.

5. The method as recited in claim 4 wherein the braze alloy includes
approximately 50 to 100% of the base material and approximately 0 to 50% of the

braze material.

20
6. The method as recited in claim 4 wherein the braze alloy includes
approximately 90% of the base material and approximately 10% of the braze
material.

25 7. The method as recited in claim 4 wherein the component is made of a base
metal, and the base metal and the base material are both nickel superalloy.
8. The method as recited in claim 4 wherein the component is made of a base
metal, and the base metal and the base material are both cobalt superalloy.

30

9. The method as recited in claim 1 wherein the step of exposing the

component to microwaves occurs for approximately 5 to 40 minutes.

10




conponent to m crowaves occurs for approximately 5 to 40 mnutes. 10 10. The
nmethod as recited in claiml further including the step of heating the
conponent to approximately 2050 to 2250F. 11. An apparatus for repairing a
crack in a conponent and dinensionally 5 restoring the conponent

conprising: the conponent including a crack; a braze alloy applied to the
crack; andl@ ni thowgthodsasurceed hatlagedefughesingiudimgnwde esstent of hedtingtthe br aze

alloy. to 12. The apparatus a i okn claimll wherein the conponent is
an airfoiICm?ﬁ%¥?§@é@?%mgnﬁggﬁpéﬁgf% ehgi ne. 13. The apparatus as recited

inclaimll wherein the conmponent is made of a base netal that is one of
cobalt superalloy and nickel superalloy. 15 14. The apparatus as recited in
clai m 11 whler ei Ant #papiesz rardpeifingne| vads i Hasmpongit edridadinagngionally aze

materi al . . r S recited in claim 14 wherein the conmponent is
made O?Ja %%Bngggg n@ﬁgﬁ%ﬂ§8§ﬁ¥ﬁg&base metal and the base material are both
ni ckel superal | ¥ cohponehinencpidgy atrdsk;as recited in claim14 wherein the
conponent is made of a base netal, and the base netal and the base materi al
are both cobal t2 8iggerley @plicdt the crapkeandpparat us as recited in claim 14

wherein the br : ' (et % t he base
mat eri al and a%ﬁ%@#%%e%@ﬁ%qﬁ %%B%%% 9[ﬂ]e g%%lttg%qer%%tt 8?) ?éa%ﬁaﬂ&%. The
apparatus as recited in claim 14 wherein the braze alloy includes 30
approxi mately 90% of the base material and approxi mtely 10% of .t he braze
mat eri H1 . 14~  The apparatus as recited in claim 11 wherein the component is an airfoil

utilized in a gas turbine engine.

13.  The apparatus as recited in claim 11 wherein the component is made of a

base metal that is one of cobalt superalloy and nickel superalloy.

14, The apparatus as recited in claim 11 wherein the braze alloy includes a base

material and a braze material.

15. The apparatus as recited in claim 14 wherein the component is made of a

20 base metal, and the base metal and the base material are both nickel superalloy.

16. The apparatus as recited in claim 14 wherein the component is made of a

base metal, and the base metal and the base material are both cobalt superalloy.

25 17. The apparatus as recited in claim 14 wherein the braze alloy includes
approximately 50 to 100% of the base material and approximately 0 to 50% of the

braze material.
18.  The apparatus as recited in claim 14 wherein the braze alloy includes

30  approximately 90% of the base material and approximately 10% of the braze

material.

11





