METHOD FOR REPAIRING GAS TURBINE BLADES AND GAS TURBINE BLADE
CROSS-REFERENCE TO RELATED APPLICATION [0001]This application is based upon and claims
the benefit 5 of priority from the Japanese Patent Application No. 2010- 135429, filed on June 14,
2010; the entire contents of which are incorporated herein by reference. FIELD 10[0002]Embodiments
described hergip-Felatergeneralyrio-adneiRod ek repaliing gasturbineblades and:a gas turbine blade
repaired by the repairing method. BACKGROUND 15 [0003]Gas turbine blades are exposed to
high-temperature gas at 1000C or higher discharged from a combustor. Therefore, they need cooling

in order to haé‘f{o %%{F\;ﬁ‘gﬁs%} gf]_&g;f%lgﬁgg%@%ég order to cool the gas turbine blades, part of
racted fr 3

compressed air ex om a'‘compressor is 20" supplied from lower ends of dovetail of the gas
turbine bladegothe;cooling. ay supplied-into.the gasstubine.blades passes threugh,cooling channels
formed in airfoil parts of the gas turbine blades to be released out of the blades. [0004]For the purpose
of reducifig affambuii ofthéiréed 75 E66MAE Hr a8 mleh &s pbasibien aNi-basésuperalloy or the like
s used to forip. e gasubine. plagles, and the gas lybing blades greysed jnap gayironment whose
temperature is 800C or higher. In particular, a first-stage rotor blade is

are incorporazted herein by reference.
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IELD
10 100021 Embodiments described herein relate generally to a
method for repsiring gas turbine blades and a2 gas turbine blade

repzired by the repairing method.

BRACKGROUND

15 ro0033 Gas turbkine blades are exposed to high-ftemperature
gas at 1000°C or higher discharged from s combustor.
Therafore, they need cooling in order to have an effective
design life cycle. Generally, in order to cool the gas turbine
blades, part of compressed air extracted from a compressor is

20 supplied from lower ends of dovetall of the gas turbine blades.
The cooling air supplied intc the gas turbine blades passes
through cooling channels formed in airfeoil parts of the gas
turbine kblades fto be released out of the blades.
[0004] For the purpose of reducing an amount of the used

25 coeling air as much as possible, a Ni-base superalloy or the
like is used to form the gas turbine blades, and the gas
turbine blades are used in an environment whose Tamperature is
B00°C or higher. 1In particular, a first-stage rotor blade is
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exposed to combustion gas whose temperature is highest, and therefore, an advanced cooling design
method is adopted for this blade. However, at a blade tip of the gas turbine blade, it is structurally
difficult to strengthen the cooling and the 5 temperature of this portion becomes higher than that of
other portions of the gas turbine blade. [0005]Corrosion-resistant coating and thermal-barrier coating

are applied o blade suriaces:of the gas turbing hiades On.the-other hand. on surfaces of blade tips
of the 10 gas turbine blades facing a casing, the above coatings are not applied because the blade tips

sometimes comBinRte edntact withcandAner s ecsthecasinpdutingativepoperation and the
coatings, evep,if thib g on trﬁe surf@ce% of the blade tips, are exfoliated. Accordingly, at the blade tips
of the gas 15 tufbglne %ag'es, a thicknéss Toss %"}ggr?es%@ aﬁett%eoﬁ?j%tiBhrﬁjv?ﬁe 2ofBustion gas and

erosion by the combustion gas:pagsiig thraugh the gasdusbingblades. J0006IThe ocgurence of the
thickness loss increases gaps between the blade tips of the gas turbine blades and the inner 20
surface of the- €35t Teshltrgdeteticiatibn i GaS fRasine' sEfbriatice: It the tickhess loss at the

blade tips of the.gas turbire.hlades progresses, thigkness-reduced portions reach the cooling channels
and the cooling air flows out. This breaks a flow rate balance of the cooling air in the 25 gas turbine

blades to caus@0& Metal tEémpeamstare incredserand@: damage ofthergas ticbine blades.

coating are applied on blade surfaces of the gas turbine
blades. On the other hand, on surfaces of blade tips of the

10 gas turbine blades facing a casing, the above coatings are not
applied because the blade tips.sometimes come into contact with
an inner surface cf the casing during the operation and the
coatings, even if applied on the surfaces of the blade tips,
are exfoliated. Accordingly, at the blade tips of the gas

13 turbine blades, a thickness loss progresses due to oxidation by
the combustion gas and erosion by the combustion gas passing
through the gas turbine blades.
[0008] The og¢currence of the thickness loss increases gaps
between the blade tips of the gas turbine blades and the inner

20 surface of the casing, resulting in deterioration in gas
turbine performance. If the thickness loss at the blade tips
of the gas turbine blades progresses, thickness-reduced
portions reach the cooling channels and the cooling air flows
cut. This breaks a flow rate balance of the cooling air in the

25  gas turbine blades to cause a metal temperature increése and a
damage of the gas turbine blades.
[6007] The gas turbine blades suffer the thickness loss as

described above, and hence are repaired after used for a
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[0007]The gas turbine blades suffer the thickness Joss as described above, and hence are repaired
after used for a predetermined period so that their original shapes are recovered. In the repairing,
surfaces of the thickness-reduced portions are worked into flat surfaces, and build-up weldi.ng is
performed on the flat surfaces, followed by finish machining. [0008]Being made of a heat-resistant

alloy such as;the:Ni-hase-superalloy, she-gas turbine blades are excellentin high-temperature

strength but have a problem of easily suffering a defect at welding portions due to their poor
weldability. Rugtivers veden the bditd-upraetding usingta weeldirfy Wike Suthias 19-THGwrelding is adopted
for repairing the gas turbine blades, heat input at the time of the welding is relatjvely large, which is
likely to caus%oé‘%*e?&szt %ﬁéh"“gs*qé%ﬁdn”fé%a‘%io‘%é?aci‘fﬁét?iﬁssRﬁ?ﬁ Bl'l_‘éégRLrF’TTb bArI:f HE DRAWINGS
[0009]FIG. 1ds arperspective: view showingragas turbine blade suffering a-thickness loss at its blade
tip. [0010]FIG. 2 is a cross-sectional view showing the blade tip of the gas turbine blade taken along
A-A line th FIEPPE30[00 PEIPAGT3498 & Ehart SROWITRF Sté17s bf alhfethdddor #epaitingigas turbine

madesOfaf%%%%ngﬁggggﬂﬂﬁy, the gas turbine blades are excellent in high-

temperature strength but have 3 problem of easily suffering a
defect at welding peortions due to their poor weldablility.
Further, when the build-up welding using a welding wire such as

10 'I6 welding is adopted for repairing the gas turbine blades,
heat input at the time of the welding is relatively iarge,
which i1s likely to cause a defect such as solidification

cracking.

15 BRIEF DESCRIPTION OF THE DRAWINGS
[0009] FIG., 1 i3 a perspective view showing a gas turbine
blade suffering & thickness loss at its blade tip.
(00107} FIG. 2 is a cress-sectional view showing the blade
tip of the gas turbine blade taken aleong A-A lins in FIG. 1.

20 [oenL1ll FIG. 3 1s a chart showing steps of a method for
repairing gas turbine blades of a first embediment.
[ogr2] FIG. 4 is a cross-sectional view taken along A-B line
in FIG. 1, illustrating the step of the method for repailring

gas turbine blades of the first embodiment.
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[0013] FIG. 5 is a cross-secticnal view taken along A-A line
in FIG. 1, illustrating the step of the method for repairing
gas turbine blades of the first smbodiment.

[0014] FIG. © is & view illustrating a laser welding method.
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[0012]FIG. 4 is a cross-sectional view taken along A-A line in FIG. 1, illustrating the step of the method
for repairing gas turbine blades of the first embodiment. 25[0013]FIG. 5 is a cross-sectional view taken
along A-A line FIG. I, illustrating the step of the method for repairing gas turbine blades of the first
embodiment. [0014]FIG. 6 is a view illustrating a laser welding method. [0015]FIG. 7 is a

cross-sectiongyyiew takep; @long A;A line in @%&’L@HQHG‘QQQ M}h@ﬁtﬁg@ %5 the n;&_e_@o if% repairing gas

turbine blades of the first embodiment. [0016]|FIG. 8 is a cross-sectional view Taken a ong A-A line in
FIG. 1, illustratingtfie stepidfithecmethod faraepaiting fasturbne-blades: of the firshembodiment.
[00171FIG.9is a chart‘showjn% steps, of a method for repairing gas turbine blades of a second

embodiment. 0D 16IFIG " 107s% Sﬁoscs%sté%éﬁoﬁ%\’f%Feﬁ%ﬁgﬁrﬁa%g 10 line in FIG. 1, illustrating the step
of the method fer egpairingraas gurbing blades.ofthe second ambodiment 1 [0Q19]FIG; 11.is a

cross-sectional view taken along A-A
5 in FIG. 1, illustrating the step of the method for repairing
gas turbine blades of the first embodiment.
[ooz7l FIG. 9 is a chart showing steps of a method for
repairing gas turbine blades of a second smbodiment.
{0018} FIG. 10 is a cross-sectional view taken along BA-A
10 line in FIG. 1, illustrating the step of the method for
repalring gas turbine blades of the second embodiment.
[0019] FIG. 11 is a cross-sectional view taken along A-Z
line in FIG. 1, illustrating the step of the method for
repairing gas turkine blades of the second embodiment.
13 [G020] FIG. 12 is a cross-sectional view taken along A-A
line in FIG. 1, illustrating the step of the method for
repalring gas turbine blades of the second embodiment.
[G0217 FIG. 13 is a cross-sectional view taken along A-A
line in FIG. 1, illustrating the step of the method for

20 repairing gas turbine blades of the second embodiment.

DETAILED DESCRIPTION
{00227 In one embodiment, a method for repairing gas turbine

blades which repairs a thickness~reduced portion of a blade tip

2
n

c¢f a gas turbine blade includes: a thickness-reduced portion

removing step of working a surface of the blade tip into a flat
surface by removing the thickness-reduced porticn of the blade
tip; a build-up welding step of forming a built-up porticn with
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line in FIG. 1, illustrating the step of the method for repairing gas turbine blades of the second
embodiment. 15[0020]FIG. 12 is a cross-sectional view taken along A-A line in FIG. 1, illustrating the
step of the method for repairing gas turbine blades of the second embodiment. [0021]FIG. 13 is a
cross-sectional view taken along A-A line in FIG. 1, illustrating the step of the method for go repairing

ges turbine blades. o fae secondmbndimen, DETAILED, DESCRIPTION 10022l one embodiment,

a method for repairing gas turbine blades which repairs a thickness-reduced portion of a blade tip 75
of a gas turbinetslatelintlydes: athicknessirgduded portier semaving:step-atworking=a surface of the
blade tip into a flat surface @ﬁtremovi_ng the thickness-reduced portion of the blade tip; a build-up
welding step 8f forming: 2 bUilt s pottion Vith 4 “&Fréditefiinéd iHickRes3%yméfifig powder of a
build-up materialdigher in.ductility thana-base reateralforming thegas turbine blade by a laser beam
and building up the melted powder in multiple layers on the blade tip whose surface is 5 worked into
the flat strfact & ¥t stele of Workiriy fie built-uippoition interthefsamekshapeias a shape that the
blade

pullt-up portion into the same shape as a shape that the blade
tip originally has before suffering a thickness loss; and a
heat~treatment step of removing a residual strain caused by
laser welding in the build-up welding step.
IG [0623] Hereinafter, embodiments of the present invention
will be described with reference to the drawings.
{First Embodiment)
(G024 FIG. 1 is a perspective view showing a gas turbine
blade 10 suffering a thickness loss at its blade tip 10a. Fig.
I5 2 is a cross-sectional view showing the blade tip 10a of the
gas turbine blade 10 taken along A-A line in Fig., 1. FIG., 3 is
a chart showing steps of a method for repairing gas turbine
blades of a first embodiment. FIG, 4, FIG. 5, PIG. 7, and FIG.

8 are cross-sectional views taken along A-A line in FIG. 1,

blades of the first embodiment. FIG. 6 is a view illustrating

7

a laser welding method. Note that, in FIG. 1, FIG. 2, FIG.

G

and FIG. 5, a thickness-reduced portion is shown by the broken

line.

2
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[0025] In the description of the method for repairing gas
turbine blades of the first embodiment, the gas turbkine blade
10 whose blade tip 10a includes a sguealer part 11 is taksn as

an example, but the method for repairing ga

n

turbine blades of

-
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tip originally has before suffering a thickness loss; and a heat-treatment step of removing a residual
strain caused by laser welding in the build-up welding step. 10 [0023]Hereinafter, embodiments of the
present invention will be described with reference to the drawings. (First Embodiment) [0024]FIG. 1 is
a perspective view showing a gas turbine blade 10 suffering a thickness loss at its blade tip 10a. Fig,

15 2 s a cross:seetional vigw shwing be.ade ip:A0a 0f ihg gas Lbing blade 10 lgken along A-A
line in Fig. I. FIG. 3 is a chart showing steps of a method for repairing gas furbine b ades of a first
embodiment*BIG. 4nFIG: B FIS:. F;and £1G. 8 are cross-sectional views taken along A-A line in FIG.

1, 20 iIIustratg%Eﬁstep%of t%e method for repairing gas turbine blages of the first embodiment. FIG.
6 is a view illustrating a 1a8erWaiding metod NGt that inFIGRE FIE® Efs. 4CandiFIG. 5, a
thickness-reduced;pertionis shown by the broken ling. 25:[0025]In the descriptign.af the method for

repairing gas turbine blades of the rst embodiment, the gas turbine blade 10 whose blade tip 10a
includes & sqtééier pareEtds 1akEAs ahsrampte tbubthelaidthodforrepaiing gastubine blades of

the first embedimient i3,2150, applicable, 1o & gas furbine blade with any ofher structure.
turbine blade 10. When the blade tip 10a of the gas turbine
blade 10 thus suffers the thickness loss, it is subjectad to
processes ¢f the respective steps shown in FIG. 2 for

I¢  repairing.

[0C27] A concrete repairing method will be described.
[0028} If a coating layer 20 is formed on a blade surface of
the gas turbine blade 10 suffering the thickness loss at the

blade tip 102 as shown in FIG. 2, the ccating layer 20 is

,,__.
(¥

removed (coating layer removing step S100).
[a0z9] Examples of the coating laver 20 are a corrosion-
resistant coating layer, a thermal-barrier layer, and the like.
Buch a coating layer 20 is removed by, for example, blasting,
chemical treatment using a chemical such zs a hnot acidic
20 solution, or ths like. Incidentally, when the coating layer 20
is not formed on the blade surface of the gas turbine blade 10,
the coating layer removing step S160 is not NeCcessary.
[00Z20] Subseguently, as shown in FIG. 4, a thickness-reduced
portion iz of the blade tip 10e is removed by a polisher such
25  as a grinder, whereby a surface of the blade tip 10a is worked
into a flat surface 13 (thickness-reduced portion removing step
5101 .
{00311 Here, the surface of the blade tip 10a is preferably

&



[0026]As shown in FIG. 1 and FIG. 2, the blade tip 10a of the gas turbine blade 10 suffers a thickness
loss and comes to 5 have a rugged surface shape due to oxidation by combustion gas or erosion by
the combustion gas passing through the gas turbine blade 10. When the blade tip 10a of the gas
turbine blade 10 thus suffers the thickness loss, it is subjected to processes of the respective steps

shown in FIG, 3,for 1Q tepairing.,J00271A canerele repalring method will be described, [0028]1f a
coating layer 20 is formed on a blade surface of the gas turbine blade 10°su ering thethickness loss

at the blade tip:t@acas shawrtha EIGJ2, thevcoatingdayen20lis 15 semaved: (Geating ayer removing
step 5100). [Q%ZQLbeamgles of the coating layer 20 are a corrosion- resistant coating layer, a
thermal-barrier fayer; ahdtHe (KRS sudh & 28%ting1al&? 20'is removed by, for example, blasting,

chemical treatment usingssbemical such-as.adhiotacidic 20 solution. or the like. Incidentally, when the
coating layer 20 is not formed on the blade surface of the gas turbine blade 10, the coating layer

removing’ stepf BIFF is- bt netdssary 2[00 38| Subisel ety as shewstin EiGhidna thickikess-reduced
Diade tip 108 1 orked 1 2ol SubEss T3 G EKRe s e pBIGH fembuy S oi0D).
in multiple layers on the blade tip 10a whose surface is worked
inte the flat surface 13, whersby a built-up portion 14 with a
predetermined thickness 1s formed (build-up welding step 8102).
10 [0033] In this build-up welding, for example, while a laser
torch of a laser welding device is scanned in a camber line
direction (direction perpendicular to the paper in FIG. 5) of
the gas turbine blade 10 along the flat surface 132 of the blade
tip 10z, weld beads are built up in multiple layers to form the
15 built-up porticn 14. Incidentally, in forming the bullt-up
portion 14 by building up the weld beads in multiple layers,
the laser torch may ke scanned irn a direction perpendicular to
the camber line of the gas furbine blade 10 {left and right
direction in FICG. 5},
20 00347 As shown in FIG. 5,'the built~up portion 14 is Formed
so as Lo protrude in & heilght direction and a circumferential
direction (toward a pressure side and a suction side) of the
gas turbine blade 10 from the shape that the blade tip 10a

originally has before suffering the thickness loss {portion

T2
L

shown by the broken line in FIG. 5). Note that these
projections are removed in a later forming step.
[o03s1 The gas turbine blade 10 is made of a Ni-base

superalloy such as, for example, IN738 (registered trademark)
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[0031]Here, the surface of the blade tip 10a is preferably hat the flat surface 13 becomes
parallel to an end surface that the blade tip 10a originally has before suffering the thickness loss, as
shown in FIG. 4. [0032]Subsequently, powder for more excellent in 5 weldability than a base material
forming the gas turbine blade 10 is melted by a laser beam and the melted powder is built up in
multiple Iayergroré%(i Iﬁac?g dip %Qgrvevgo;se sairnt%%e is wqtgkgd mé% éhe flat surface 13, whereby a

built-up portion 14 with a predstermined thickness is formed {Buid-0p Wiy &tep 5102). 10[0033]In

this build-up Weldingg fanexample-while-adaser tarch-otadaseswsldingdeyice.is scanned in a camber
line direction (direction perpendicular to the paper in FIG. 5) of the gas turbine blade 10 along the flat

(.

surface 13 of tHBWIAUE tip 1ToH Sheld beads dre Built dp it riultivté tagers estorid the 15 built-up portion

14. Incidentally,.ip-fosming the.built-up,nortion 44 by building up the weld beads in multiple layers, the
laser torch may be scannedin a direction perpendicular to the camber line of the gas turbine blade 10

(left and Aghtdirecticn &y FIG:IS)r 20[{00841AS shpwrnim FiGe 5y the-builtuppostion 14 is formed so as
to protrude inf%thgtht gilrection nd.a circgmfg[:ent'alh, direction (toward a pressure side and a suction
side) of the gas turbine biade 10 Trom the Shaps that the Hiaba'tis 168 oRgraliis 4 before suffering
the thicknessuess{portiar shown by the broken line in FIG. 5). Note that these projections are
removed in a later forming step. [0035]The gas turbine blade 10 is made of a Ni-base superalloy such
as, for exampIBO##738 (régistéred'iraeriagyreralloy having high ductility,

usable is 2 Ni-base superalloy whose Al content is less than

10 that of the Ni-base superalloy forming the gas turbine blade
10.  INY38 and GTD1ll each used as the Ni-base superalloy
forming the gas turbine blade 10 contain 3.4 mass$% AL and 2
magst Al respectively, and the Ni-base superalloy forming the
gas turbine blade 10 generally contains 2.5 mass% to 5.9 mass$

i5  Al. Therefore, an Al content ratic in the Ni-base superalloy
forming the build-up material is preferably about 0 mass? to
about 2 mass% which is lower than the AL content ratio of the
Ni-base superalloy forming the gas turbine blade 10. When the
Al content ratio is over 2 mass%, ductility lowers.

20 Concrstely, as the build-up material forming the built-up
portion 14, usable is, Zfor example, ING2S {registered
trademark) whose Al content ratioc is 0.13 mass%, IN60C
{registered trademark} whose Al content ratic is 0.274 mass$, or
the like,

25 [0037] This build-up material is supplied fo the laser torch
of the laser welding device in a powder state. A particie size
of the powder is preferably 25 um to 150 pm. When the particie
size of the powder is less than 25 wum, it is difficult to
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or GTD111 (registered trademark). The build-up material forming the built-up portion 14 is preferably a
Ni-base superalloy higher in ductility than the Ni-base superalloy forming the gas turbine blade 10. The
use of the Ni-base 5 superalloy nigher in ductility than the Ni-base superalloy forming the gas turbine
blade 10 contributes to improvement in weldability. [0036]As the Ni-base superalloy having high
ductility, usahle is a Ni-base SU%@%@PM wh@as:e_ Al cofr;igqnt is less than 10 that of the Ni-base superalloy
forming the gas turbine blade 10, 111238 ard GTDITT e2thi<adas tHe Ritbase superalloy forming
the gas turbineblade 16 eoptain:4snassYo Ad-aneg-31massys Aldespestively; and the Ni-base
superalloy forming the gas turbine blade 10 generally contains 2.5 mass% to 5.9 mass% 15 Al.
Therefore, arFAF cohtent oo R thes Ni-ase siperalioy ity tHébuildwge materialispreferably

about 0 mass? ut 2 s% which.is Jlower thap the Al cantent ratio of the Ni-base suberalloy
forming the g%a/ﬁg%%ﬁ%wgla%geﬁ%. Vgﬁ%n%é\ééﬂrfc%nfe%%era%gnlgl&%ard;hrﬁggs%s, ci%%iﬁi y Towers. 70
Concretely, apttrerBdild-up nrdterial formingthe built-tizportion.f14, usable iszfangxample, IN625
(registered traden arj% Whpsce Al contgnt ratio is 0.13 mass%, IN600 (registered trademark) whose Al
content ratio i€ 0.24 mas<¥. or theiike S5{003 TR Buildtih Matetidtis Stpplietto the laseOrC of

the laser weldingrdevicerin anowder state, A.pagicle size of the powder js preferahly 25 pm to 150
pm. When the patrticle size of the powder is less than 25 pm, it difficult to transport the powder in

devices for sBppRfTG the Fowder aneiudingaapowder sapply-déviceska8itic: beadeseribed later), and
when the parficle sizg is Quer. 150.pm. the powder does.not
i0 [aD38] Here, the laser welding for forming the built-up
portion 14 will be described with reference to ¥FIQ. 6.
£00328] FiG. & shows an example where the built-up portion 14
is formed by building up the beads in multiple layers while the
laser torch 110 of the laser welding device is scanned in the

15 cember line direction (left and right direction in FIG. 6) of
the gas turbine blade 10 along the flat surface 13 of the blade
tip 10a. Further, FIG. 6 shows a state when the blade tip 10a
on which the built-up portion 14 is to be formed is sesen from
the dorsal side of the gas turbine blads 10.

20 [00403 As shown in FIG. &, while a2 laser beam 111 emitted
from the laser torch 110 is scanned in the camber line
direction of the gas turbine blade 10 along the flat surface 13
of the blade tip 10a, the powder 112 of the build-up material
iz supplied from the powder supply device 113 to an area in

25 front of the laser peam 111. The supplied powder 112 cf the
build-up material is melted by heat of the laser beam 111 and
is deposited on the flat surface 13 aof the blade tip 10a. The

weld beads 114 are stacked for build-up by the repetition of
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completely melt. The particle size mentioned here is decided 5 according to classification with the use
of a sieve having apertures with a predetermined size, and it is possible to confirm and measure that
the particle size falls within the aforesaid particle size range, by using, tor example, a scan-type
electronic microscope or the like. L0NO381Here, the laser welding for forming the built-up portion 14
will be descri%d .%Nilfh Srglzfer\gng:g,t]rg F'%hg-, 003t I;IS; Glsh_ows an example where the built-up portion
14 is formed by building Up the beads'ih multiple Tayars whils the TAs&F toreh P of Hie laser welding
device is scanned in the X% eagaher line direction (left and right direction in FIG. 6) of the gas turbine
blade 10 along the flat surface 13 of the blade tip 10a. Further, FIG. 6 shows a state when the blade
tip 10a on whi&? i builtéth poricii 1446 befofied BSseen frothithe dofsal sidecof.the gas turbine

blade 10, 20[0940]As shown in FIG, §, while,a laser beam, 111 emitted from the aser torch 110 is

scanned in the camber line direction of the gas turbine blade 10 along the flat Surface 13 of the blade
tip lea, the powdent12ftihe buidap Material is supplied-frpnrthe: powider=gupply deviee 113 to an
area in 25 fronxté)‘f the Igsgy beam 111. The supplied powder 112 of the build-up material is melted by
heat of the laS8r Beant 111 and 18 depddited or tHe fiaf SufthcE 3 H11RE BISEE tip- 102 The weld

beads 114 arergta r 4l r iti is laggr ' built- rtion
beads 114 ¢ Felnét é:éisse?gfr@m ‘g}é@ cbupdy- the repetitianof this laser welding, ahereby, the built-up portio
powder 112 can be supplied for welding. Here, in order to
prevent solidification cracking at the time of the welding, it
10 is important to lowsr the output of the laser as much as
possible to reduce heat input at the time of the welding. For
this purpcse, it is preferable to repeat the build-up welding
to stack the weld beads 114 for build-up while the laser beam
L1l having a lowest possible energy with which the powder 1172
13 of the build-up material can melt is emitted.
[00427 By thus adjusting the output of the laser to emit the
laser beam 111 having the smallest possible energy with which
the powder 112 of the build-up material can melt, it is
possible te reduce the occurrence of a crack on a welding
20 interface due to the accumulation of thermal strains at the
time of the welding.
[Q043] Subseqguently, as shown in FIG. 7, the bhuilt-up
portion 14 built up in the build-up welding step $102 is worked
into the same shape as the shape that the blade tip 10a
25 originally has before suffering the thickness loss {forming
step S103).
[0044] In the forming step 5103, portions, of the built-up

portion 14, pretruding in the height direction and the
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[0041]As a laser used for the laser welding, a 002 laser, a YAG laser, or the like is usable, for
instance. A supply 5 amount of the powder 112 of the build-up material depends on an output of the
laser, that is, energy of the laser beam 111, and the larger the output of the laser is, the larger amount
of the powder 112 can be supplied for welding. Here, in order to prevent solidification cracking at the
time of the weld;:régmig_lo is+irinaqoré§gt to lower the ou%put of the laser as much as ppssible to reduce

heat input at the fime of the welding. For this PUrBose, it's pretérabié B épeéatthe Suild-up welding to

stack the weldheads: 1344y build-up whilethedaserbeam L1l having aJowestpassible energy with
which the powder 112 15 of the build-up material can melt is emitted_ [0042]By thus adjusting the

output of the ldserto®initithe RsE? 18an 1112Rabint tive sHEiREPosSiblecanaigwith which the
powder 112 of the byild-up. material can melt, it.is,possible to, redyce the occurrence of a crack on a
welding 20 interface due to(“the accuml?lation of thermal strainis gt%t?}i tal‘r?ne“g?tt’%}éD W@r&i’n%.
[0043]Subseduentty;casshown i FIG. i7; theHsuiltsupipartion 14 builk upiia the-huild-up welding step
3102 is Worked,intolthe same shape as the shape that the blade tip 10a 25 originally has before
suffering the fhickHess loss(forming step 31031. [0044]In the forming step 5103, portions, of the

built-up portiognad4s protruging in the height.diregtionand the ., o4 by heat treatment
for removing a residual strain caused by the laser welding in
the bulld-up welding step S102 (heat-treatment step 8104).

10 [0046] In the heat-trestment step 5104, by solution
treatment in which the gas turbine blade 10 is heated up to =
goluticn treatment temperature in a vacuum, the residual strain
is removed.

[0047] Subseguently, by gensrally-known coating treatment of
15 the gas turbine blade 10, the coating layer 20 is formed on the
olade surface of the gas turbine blade 10 (coating step 5105}

{sas

1

IG. 8).
Foo48] Examples of the coating layer 20 are a corrosion-
resistant coating layer, a thermal barrier coating laver, and

20  the like. For example, the coating layer 20 is formed by
electron beam physical vapor deposition (EB-PVD), low-pressure
plasma spraying (LPPS}, or the like. FIG. 8§ shows an example
where the coating layer 20 is formed on the pressure side and
the suction side of the gas turbine blade 10 and on a surface

25  of an indented poftionllla of the sguealer part 11, but the
coating layer 20 may be formed so as te cover an end surface 15
of the bullt-up porticn 14. Incidentally, when the coating

layer 20 is not formed on the blade surface of the gas turbine

N



circumferential direction (toward the pressure side and the suction side) of the gas turbine blade 10
from the shape that the blade tip originally has before suffering the thickness loss (portion shown by
the broken line in FIG. 5) are polished. 5 For the polishing, a polisher such as a grinder is used, for
example. [0045]The forming step 3103 is followed by heat treatment for removing a residual strain
caused by thgﬂilager elding in the build-up welding step 3102 (heat-treatment step 3104). 10[0046]In
the heat-treatment s%ﬁ 3%%4,%’)?%6? iosrLlEJ %‘éa%%égnt*isn v%ﬂrcﬁifhéeegii%rbine blade 10 is heated up to a

solution treatpreatemperatiredna vacuum,therresiduabstrain.is remayed. [0047]Suhsequently, by
generally-known coating treatment of 15 the gas turbine blade 10, the coating layer 20 is formed on

the blade surtate Hthe'gds tHtineMEe s (edatfg Step JE0H)Eee FrGeB) S[0048iEXamples of the

coating layer 20 are 8 corrgsion. tesistant coating layer, a thermal barrier coating layer, and 20 the
like. For example the coating layer 20 is formed by electron beam physical vapor deposition.

(EB-PVD), loi:prédsure plasmarspraying (LPPS) orithedike:F1G-18 shows ef=example where the
coating layer 20 is formed (%q the p{ﬁssure side and the suction side of the gas turbine blade 10 and on

a surface 25 B an indented poftion I 14 of e Sytesler part £1, Bat IHE comtiry Ever 2 may be formed
S0 as to cover-an &gk suface Iotained.
FO0S1L] As described above, according to the method for
repairing gas turbine blades of the first embodiment, in the
10 build-up welding step 5102, the built-up portion is formed by
the local heat input by adopting the laser welding, so that the
heat input to the blade tip 10a is reduced, which can reduce an
influance by the thermsl strain., Further, the Ni-base
superalloy which is powdery and thus is easy to melt and which
15 is higher in ductilizy than the Ni-base superalloy forming the
gas turbine blade 10 is used as the build-up material, which
can lmprove weldability and prevent the occurrence of a defect
at the time of the wslding.
[ogsz: Further, before the build-up welding step S102, the
20 surface of the blade tip 10a is worked intc the flat surface 13
in the thickness-reduced portion removing step 5101, which
makes it possible to stably and uniformly supply the powder of
the build-up material to the entire welding porticn. This

makes it possible to ensure a stable welding state in the

I~
Lh

build-up welding step 5102,
{Second Embodiment)
[60BR3] A method for repairing gas turbine blades of a second

embodiment is different £rom the method for repairing gas

1z



of the built-up portion 14. Incidentally, when the coating layer 20 is not formed on the blade surface of
the gas turbine blade 10, the coating step 5105 is not necessary. [0040]The coating treatment is
followed by aging treatment. Incidentally, the above-described heat-treatment step 5104 may come
after the coating treatment. 5 [0050]Through the above-described repairing processes, the gas turbine
blade 10 thtie gyckn SS L?Sé? at it_h%1rk3{|£ad}_eit?|ﬂp A0a Is rgpalred IS obg_aln%d. 4%95 As described above,

according to 16 metho if%r?epamng gas‘tuftﬁﬁe %Ifages%??ﬁe first mbodimen i fie 10 build-up

welding step&d02,1the bult-up peortier is farmead by the localheatwyput-by adepting:the kaser welding,
so that the heat input to the blade tip 1Da is reduced, which can reduce an influence by the thermal
strain. FurtheiShe"Ni-Base-Superalisy Witieh Ribwderycandtfusisiedsy t6#Rélt &id Whith 15 is higher

in ductility than the Ni:base.superalloy forming the gas. turbine blade 1&%@%@ a5.i0e byild-up

material, which can improve weldability and prevent the occurrence of a defect at the time of the
welding. 0052 Eartier;: before: thehuitd-eprweddingsstep 3102, the 20 surface of the blade tip 10a is
worked into tg%f&t surfacF% G;L3 ;jn Ehe thickness-reduced portion removing step 5101, which makes it

possible to stably &hd unfformly stipply tha powdar of the Bhildtah Tnateridito the htire velding
portion. This ragkes it gogsible teiensureia stableswelding-state inthe build-up welding step 5102,

that the same steps as those of the method for repairing gas
turbine blades of the first embodiment will be dencted by the
10 same reference symbols, and redundant description thersof will
pe omitted or simplified. Further, as in the method for
repairing gas turbine blades of the first embodiment, the
coating layer removing step 5100 and ths coating step 5105 are
not necessary when the gas turbine blade 10 not having the
15 coating layer 20 on the blade surface is to be repaired.
[0055] FIG. 10 to FIG. 12 are cross-sectional views taken
along A-A line in FIG. 1, illustrating the steps of the method
for repairing gas turbine blades of the szecond embodiment.
Note that in FIG. 10 and FIG. 11, the thickness-reduced portion
20 is shown by the broken line.
[0056] On the blade tip 10a having undergone the coating
layer removing step 35100 and the thickness-reduced portion
removing step 2101 and thus has the flat surface 13 with the

thickness-reduced perticn 12 being removed as shown in FIG. 4,

[
(31

powder of a first bulld-up material more excellent in
waldability than the base materisl forming the gas turbine
plade 10 is melted by a laser beam and is bullt up in multiple

layers, whereby a first bullt-up porticn l4a with a

13



(Second Embodiment) [0053]A method for repairing gas turbine blades of a second embodiment is
different from the method for repairing gas turbine blades of the first embodiment in that he build-up
welding step includes a first build-up welding step and a second build-up welding step, and the other
steps of the repairing method are the same. Therefore, the build-up welding 5 step will be mainly
described here. [9054 FI‘G.§ is,a chart showing the steps of the method for repairing gas turbine
blades of the Recond eMmBoAiMent NGt that the 'Shine Stepitas #hoSe Bt tHe ethod 18P repairing as
turbine blades of the first embadiment will be denoted by the 10 same reference symbols, and
redundant description thereof will be omitted or simplified. Further, as in the method for repairing gas
turbine bladed YFtheé first ribddiment aheccoating tay &t rernoving step 51907and thesgoating step
5105 are not sary when the gas turbine blade 10 not having the 15 coating layer 20 on the blade
surface is to l?g fggaTr%d%%O%% I%é%lg%fg lffl%;iad%%rréecf%gg-s%éjct%d}}r\ealbvi’l%\g[v%l*t%ﬁe%eél%lnn@ A-A line in
FIG. 1, illustrating thesteps ofthefmethodfosdepairing gas-turbine blades efthe secong.embodiment.

material is the same as the bulld-up material of the first
embodiment.
[o0s8] As shown in FIG. 10, the first built-up portion i4a
is formed sc as to protrude in the circumferential direction
1) {teward the pressure side and the suction side) of the gas
turbine blade 10 from the shape that the blade tip 10a
originally has before suffering the thickness loss {portion
shown by the broken line in FIG. 10). These projections are
removed by the later forming step.
15 [CO0581 Subsequently, on an end surface of the first built-up
porticn 14z, powder of a second build-up material more

excelleant in oxidation resistance than the firs

rt

builid-up
material is melted by a laser beam to be built up in multiple
layers, whereby a second built-up portion 14b with =z

20 predetermined thickness is formed (second build-up welding step
S102B) (ses FIG, 113,
fO060] A welding method in the second bulld-up welding step
S102B i1s the same as the welding method in the build-up welding

step 3102 of the first embodiment. As shown in FIG. 11, the

A
LA

second built-up portion 1l4b is fcrmed so as to protrude in the
helght direction and the circumferential direction (toward the
pressure side and the suction side) of the gas turbine blade 10

from the shape that the blade

In3

{...f
kel

i,.._l

O0a criginally has before



Note that in FIG. 10 and FIG. 11, the thickness-reduced portion 20 is shown by the broken line.
[0056]0n the blade tip 10a having undergone the coating layer removing step 5100 and the
thickness-reduced portion removing step 5101 and thus has the flat surface 13 with the
thickness-reduced portion 12 being removed as shown in FIG. 4, 25 powder of a first build-up material

more excelIegtjgf\gvr(aji“dabi*lilt_l)éthC n the ba};s material forming the'gaps turbine blade 10 is melted by a
laser beam and is Builtup i muttipie TayersS Whereby & tstBaiitupih o 18X ith Hredetermined

thickness is farmecfirst buildsup. welding stan S102A). (ses.FiG. 10). [0057]A welding method in the
first build-up welding step 5102A is the same as the welding method in the build-up welding 5 step

S102 of the fitsEBAibdiRTéNt. Further, the first build-up material is the same as the build-up material of
th frst embagjgat. [005E)A shown in £1G, 0, the s huilup portion 143 is formed 5o a0

()

protrude in the circumferential directién 10{toward the pressufe side and the sIcton side) of the gas
5 excellent in oxidation resistance than the first build-up

material as described above and has the same degree of

oxidation resistance as that of the base material forming the

gas turbine blade 10. As the second build-up material, usable

is, for example, one material sslected from the same material
10 as the base material forming the gas turbine blade 10, MCraly

(CoNiCrAlY, NiCoCrAlY, or the like in which M is made up of Co

and Ni), and an Al alloy (nickel-aluminum alloy!.

the powder of the second build-up

4y

- {00e2] A particle size o
material is preferably 25 um to 150 um. When the particle size

15 of the powder is less than 25 pm, it is difficult to transport
the powder in devices for supplying the powder, incliuding the
poewder supply device 113 and when the particle size is over 150
um, the powder does not completely melt. The particle size
mentioned here is decided according to classification with the

20 use of a sieve having apertures with a predetermined size, and
it is possibie to confirm and mezsure thal the particle size
falls within the aforesaid particle size range, oy uasing, for
example, a scan-type electronic microscope or the like.
[0063] Here, in general, in the Ni-base superallioy, the

25  following relation holds Zrue. That ig, the smaller Che 21
content, the higher weldability ie and the lower oxidation
resistance is. On the other hand, the larger the Al content

i$, the lower weldability is and the higher oxidation

15



turbine blade 10 from the shape that the blade tip lea originally has before suffering the thickness loss
(portion shown by the broken line in FIG. 10). These projections are removed by the later forming step.
15[0059]Subsequently, on an end surface of the first built-up portion 14a, powder of a second build-up
material more excellent in oxidation resistance than the first build-up material is melted by a laser

beam to be bgg}gygtin multiple Ia,yger%, hereby a second built-up portion 14b with a 20 predetermined

thickness is formed (second build-Up weldirg stef STI261(S5& £&° 1197 f9GE61A welding method in
the second build-up.welding step S26.is the same asithe weldingmethgd jp the-build-yp welding
step 3102 of the first embodiment. As shown in FIG. 11, the 75 second built-up portion 14b is formed
s0 as to protritie’ i the hiefgitcdirEeticn G tie virelinfeientiat diretiiof (towakt thé pressure side and
the suction sj fthe,gas turbing blade_1Q from the shape that the blade tip 10a originally has before
suffering the hic%%%sﬁé%s?%tﬁlt%ogﬁ s%%ven%ﬁ/%?esgrosé A ine inFIG: IT). Thése b?%j%ecjtlsons are
removedsby theslaterfarming:step. {BO61 ]Prefetablyy the seeontbbild-up matesial is more excellent in
oxidation resl(:stgfg(l;g tha[i;the first build-up material as described above and has the same degree of

oxidation resistane8 ad it of the bads Material forifingtHe s tarbinB Blade™6.%Rs the second
build-up matesigh sisable is fasexample,ane materialselected from tQ@Cp%aﬁfQE@@t%@%%O as the base
rAlY

material forming the gas turbine blade 10, MCrA131 (CoNiCrAlY, NiCo , or the like in which M is
made up of Ca arftlNi): land’ anARaloy taickeratluminthe aloyy {00623A partielessize lof the powder of
the second hHHQ?%By oxidation resistance is improved.

10 [0064] At the time of a shift from the first build-up
welding step S102A to the second build-up Q@lding step S102B,
changing the powder of the supplied build-up material and
changing laser welding conditions (laser power cutput,
irradiaticn distance, welding speed, and the like) according to

15 the build-up material enables the continucus build-up welding.
That is, it is possible to efficiently execute the welding
preocess without changing an installation position of the gas
turbine klade 1 or the like.

[0065] Subseguently, as shown in FIG. 12, the first built-up

20 porticon l4a and the sscond built-up portion 14b which are built
up are worked into the shape that the blade tip 10a originally
hae before suffering the thickness loss (forming step S103}.
[0066] Here, at the time of forming the second built-up
porticn l4b, a welding amount of the second build-up material

25 needs to be reduced as much as possible because the second
build-up material is poorer in weldability than the first
build-up material. Further, the second built-up portion 14b

needs to be formed so as to be capable of fully showing the

16



material is preferably 25 nm to 150 Am. When the patrticle size 15 of the powder is less than 25 pm, it
is difficult to transport the powder in devices for supplying the powder, including the powder supply
device 113 and when the particle size is over 150 Am, the powder does not completely melt. The
particle size mentioned here is decided according to classification with the 20 use of a sieve having

apertures wittgD 2 gg%q%ter[%ined%snize, and fitls_ pos%ble to confirm and measure that the particle size
falls within thé Sforesaid panicie Size range g, for example: & sEan-typesfettoné niitfoscope or the

like. [0063]Hese: 4 generat-inthe-Ni-base superalloy:thei2h fallowing, kelation holds true That is, the
smaller the Al content, the higher weldability is and the lower oxidation resistance is. On the other

hand, the largertie Apeopiefither fower weldabitity ds an@l theshighe=oxidatiolo resistance is.
Therefore, in grder to realize favorable welding with the base material forming the gas turbine blade 10
without causing the occurrence of a defect, the first built-up portion 14a is made of a Ni-base
superalloy wHags Al contenbis:tessathian that-efsthe: Mi-base: supesaliey.formingmthe,gas turbine blade
10. Further, tge second built-up portion 14b exposed to combustion gas is made of a Ni-base

superalloy whSSe Al cEHERT Is fardRr thah that Of thE firSE bifld-ds Raterfal i herebgbxigation

resistance is jmpreved. 10[QRe41ALthe time of a:shiftfram.the first huijd-up welding,step S102A to the
second build-up welding step S102B, chancing the powder of the supplied build-up material and

changing laséPwelding-éenditiois (lasekpewveroatput; irrhdiativmdistancéjwelding speed, and the

like) according10.: .y i2 obtained.

10 [0068] Incidentally, FIG. 13 shows an example where the
coating layer 20 is formed on the pressure side and the suction
side of the gas turbine blade 10 and on the surface of the
indented portion ila of the squealer part 11, but the coating
layer 20 may be formed so as to cover an end surface 16 of the

15 second built-up porticn 1ib.

00687 | As describe above, according the method for repairing
gas turbine blades of the second embodiment, the built-up
portions are formed by local heat input by adopting the laser
welding in the first builld-up welding step S1022 and the second

20 build-up welding step S10253, which reduces the heat input to
the blade tip 10a to gedﬁce an influence due to the thermal
strain.
f0070] Further, before the first bulld-up welding step
310ZA, the surface of the blade tip 1Ca is worked into the flat

25 surface 13 in the thickness-reduced portion removing step S101,
which makes it possible to stably and unifeormiy supply the
powder of the build-up material to the entire welding portion.

This makes it possible to ensure a stable welding state in the
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15 the build-up material enables the continuous build-up welding. That is, it is possible to efficiently
execute the welding process without changing an installation position of the gas turbine blade 10 or
the like. [0065]Subsequently, as shown in FIG. 12, the first built-up 20 portion 14a and the second
built-up portion 14b which are built up are worked into the shape that the blade tip 10a originally has
before suﬁ‘eriri]g the @ic ness I(_)S%O,formin%I step 5103). [0066]Here, at the time of forming the second
built-up portion 12b, 2 Weldifg &m0t the s&cdrd build-up material 25 needs to be reduced as
much as possibley because.the:secondbwid-up matgral is;poerer in-wgldability than the first build-up
material. Further, the second built-up portion 14b needs to be formed so as to be capable of fully
showing the BxidaticH résitaneéé effect! Thereksrat the thitknessefigietséoond built-up portion 14b
(the thickness, i ight directi f the gas turbine blade 10) is preferably. 50 pm to 300 pm.
5[0067]Subszic%'r&é%f?ffie égrgs%ﬁ‘aléﬁga%@igor%%ngﬁ Tnlfﬁeﬁ%fatﬁ?éa n%ién?:’é?gg %ﬁrbtérl) ‘and the coating
layer 20 is formed:n: the ceating:seep S1P5-s6 1hat the gassturbine: bladed9: shown in FIG. 13,
whose thickness loss at the blade tip 10a is repaired is obtained. 10[0068]Incidentally, FIG. 13 shows
an example WHEFE the coRting layet 20 fstmédoh & préds ifetsite-aAdThe sirction Side of the gas
turbine blade -and-onibe surfaceof thejndented partigndla of the, squealer-part, 11, but the coating
layer 20 may be formed so as to cover an end surface 16 of the 15 second built-up portion 14b.
built-up portion ld4a on the flat surface 13 of the blade tip

10a, which enables favorable welding with the base material of'
10 the gas turbine blade 10. Further, the second build-up

material more excellent in oxidation resistance than the firs

ot

build-up material is used to form the second built-up portion
14b exposed to the combustion gas, which can improve oxidation
resistance,

15 [OG723 An amount of the second built-up pertion 1db is
reducad to a minimum possible amount with which the effect of
oxldation resistance can be showed, and further, the constraint
by thermal expansion at the time of the welding is small at the
blade tip 10a, which can prevent the occurrence of a defect at

20 the time of the welding.

(006731 According to the above-described embodiments, at the
time of repairing the thickness-reduced portion of the hlade
tip of the gas turbine blade, it is possible to prevent ithe
cccurrence of a defect such as a crack in the build-up welding

25  and enables the highly reliable repairing.

[0074] While certain embodiments have been described, these
embodiments have been presented by way of example only, and are

not intended to limit the scope of the inventions. Indeed, the
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[0069]As describe above, according the method for repairing gas turbine blades of the second
embodiment, the built-up portions are formed by local heat input by adopting the laser welding in the
first build-up welding step 5102A and the second 20 build-up welding step 51025, which reduces the
heat input to the blade tip 10a to reduce an influence due to the thermal strain. [0070]Further, before
the first build-up welding step 5102A, the surface of the blade tip 10a is worked into the flat 25 surface
13 in the thicRA&SS-r88UREH b FEmbving step BT0 L avhieh MEKSE fpossiBle’tr &bly and
uniformly supply she nowder, of the build-yp-materal i, the gntitg welding portian, This, makes it
possible to ensure a stable welding state in the first build-up welding step S102A. [0071]Further, the
built-up portici:éaf"B&radéup bt heostack ofthedirsebiileupsportior: 1dacexeeltent inayeidability and
the second built- ortion 14b excellent in oxidation resistance. Specifically, the Ni-base superalloy
whose Al con%én#%%mwajllhé?otﬁgn%%?%ﬁﬁg figrésgjs?upsgrjajﬂ%’y ?c”')“rrgﬁ% the' %%% UtBine blade 10 is
used to férm the fisstbuitzupipertian:14a emthe flat suface 1 3-0fthe-blade-tip10a, which enables
favorable welding with the base material of 10 the gas turbine blade 10. Further, the second build-up

material moré BXcelBRtn SXIdEtGT rBSistanca thantnesirdt bl diap mateddrisised to form the

second built-yp partion;14b .exposed 1o the combustign gas, which can improve oxidation resistance.
15[0072]An amount of the second built-up portion 14b is



reduced to a minimum possible amount with which the effect of oxidation resistance can be showed,
and further, the constraint by thermal expansion at the time of the welding is small at the blade tip 10a,
which can prevent the occurrence of a defect at 20 the time of the welding. [0073]According to the
above-described embodiments, at the time of repairing the thickness-reduced portion of the blade tip
of the gas tughipeMalade, it is possible to prevent the occurrence of a defect such as a crack in the
build-up welding 25 and enables the highly reliable repair [00743While certain embodiments have
been described, these embodiments have been presented by way of example only, and are not
intended to limit the scope of the inventions. Indeed, the novel embodiments described herein may be
embodied in a varigty of gther forms; furthermore, various omissions, substitutians and changes in the
form of the embodﬁrﬁentsg‘dénsectr%ogj EBFeme%%%/%E%gé% V\%‘)li’PT—o%litnc?es|f?afratlf%Egsfr‘c\)rt%ﬁL ﬁ%e spirit of the
inventiords. Theradconmparyirekims afdaheéireqivatens arelihtatddad o cdver sueh forms or

modification%%b\q‘/ggI%f_@ih\gi,thi{hgwqﬂggggg %ﬁ?ﬂi‘ﬁg‘be inventions. CLAIMS: 1. A method for

repairing gas turbine blades which 5 repairs a thickness-reduced portion of a blade tip of a gas turbine
Made,therneﬂuxjéoﬁﬁﬁﬁﬁﬁ&ﬁs‘IEduCEd portion removing step of working a

surface of the blade tip into a flat surface by removing the
thickness-reduced portion of the blade tip;

10 a first build-up welding step of forming a first built-up
portion with a predetermined thickness by melting powder of a
first build-up material higher in ductility than a base
material forming the gas turbine blade by a laser beam and
building up the melted powder in multiple layers on the blade

15 tip whose surface i1s worked intoc the flat surface, the first

20
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a thickness-reduced portion removing step of working a surface of the blade tip into a flat surface by
removing the thickness-reduced portion of the blade tip; 10a first build-up welding step of foLming a
first built-up portion with a predeteLmined thickness by melting powder of a first build-up material
higher in ductility than a base material foLming the gas turbine blade by a laser beam and building up

the melted pgwdes.ingmwitinie jayerssendhaddaded s tipivhase suace:isworked: intg the flat surface,
the first 20 25 30 build-up material beingamade of a Ni-base superalloy havin%less_ Al content than a

base materidl¥8fnfity fEHEETuMRR Biatd®a J8¢6Hd buill T welding sEiPoF FiHinGg a second built-
5 up portion withia predetermined thickness by melting powder of a second build-up material more
excellent in oxidation resist%n%e tq n the fir %build-qp matgrigl by a laser beamda%(]:i bfgging up the
melted powder in Muliple 1ayers on the first DUTtup portion in & Stacked Manner, the second build-up
10 matefial bginganaterofva Ni-Base sdpetaiioyhaviriy lrges Al lcpmentcthan thevfiest uild-up

material; .2 forming %R?Pl%f_wgrQQQ&PEJH%J?}J&'t‘é&&@%@&%g tgﬁisc‘?acé)fo built-up portion into the
same shape as a shape that the blade tip originally has before suffering a thickness loss; 15 and
resistance than the first build-up material by a laser beam and
building up the melted powder in multiple layers on the first
built-up portion in a stacked mammer, the second build-up
10 material being made of a Ni-base superalloy having larger Al
content than the first build-up material;
a forming step of working the first built-up portion and
the second built-up pertion into the same shape ag a shape that
the blade tip originally has before suffering a thickness loss;
15 and
a hezat~treatment step of removing a residual gtrain caused
by laser welding in the first build-up welding step and the

second build-up welding step.

20
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a heat-treatment step of removing a residual strain caused by laser welding in the first build-up welding
step and the second build-up welding step. 20 25 30 2. The method for repairing gas turbine
blades according to claim 1, wherein a coating layer is formed on a blade surface of the gas turbine
blade, the method further comprising: 5a coating layer removing step of removing the coating layer

prior to the thickness-reduged-partien removing-stepsangba coatingrstepieldol ming-a-goating layer on
the blade surface of the gas turbine blade, after the heat treatment step. 10 3. The method for

repairing gas-turbirie BlddeBRESIdING (BWEITRYL, WaErein Th& SERBh PBufid RiPfifaterial is made of one

surface of the gag turbine bklade, the method further
comprising:
5 a coating layer removing step of removing the coating
layer prior to the thickness-reduced portion removing step; and
a coating step of forming a coating laver on the blade
surface of the gas turbine blade, after the heat treatment
step.
10
3. The method for repairing gas turbine blades according
to claim 1,
wherein the second build-up material is made of one
material selected from a group consisting of the same material
15  as the bage material forming the gas turbine blade and MCrilY

{(M: Co and Ni).

20

25

30
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material selected from a group consisting of the same material 15 as the base material forming the gas
turbine blade and MCrAlY (M: Co and Ni). 20 25 30 4. The method for repairing gas turbine
blades according to claim 1, wherein a thickness of the second built-up portion after the folming
step is 50 wit to 300 ).1m. 5. A gas turbine blade comprising a blade tip being repaired by the
method for repairing gas tubing diades aecordingorglaimsl - METHOR HARRERAIRING GAS
TURBINE BLADES AND GAS TURBINE BLADE ABSTRACT 5A method for repairing gas turbine
blades includés: & Hilkniess-reduced portion removing step 5101 of working a surface of a blade tip
10a into a flat surfage=12hy eembvirichadbickhessaeskicedipariton:12pfibe hladedifr 20a; a build-up

welding stept%lep% of formin gpbl:{”st_%% pgrgti%g 134O\S/itﬂma}

Orming
5
5. A gas turbine blade comprising a blade tip being
repaired by the wmethod for repairing gas turbine blades
according te claim 1.
10
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10 predetermined thickness by melting powder of a build-up material higher in ductility than a base
material forming the gas turbine blade 10 by a laser beam and building up the melted powder in
multiple layers on the blade tip 10a whose surface is worked into the flat surface 13; a forming step
S103 of working 15 the built-up portion 14 into the same shape as a shape that the blade tip 10a
originally has before suffering a thickness loss; and a heat-treatment step 5104 of removing a residual

strain caused By Tasst weldinghit the'buifdtip Weiditfy StdpBA0R R(5AS TURBINE BLADE

ARSTRACT

5 A method for repairing gas turbine blades includes: a
thickness-reduced portion removing step 5101 of working a
surface of a blade tip 10a into a fiat surface 13 by removing a
thickness~reduced portion 12 of the blade tip 10a; a build-up
welding step 35102 of forming a built-up portion 14 with a

10 predetermined thickness by melting powder of a build-up
material higher in ductility than a base material forming the
gag turbine blade 10 by a laser bsam and building up the melted
powder in multiple layers on the blade tip 10a whose surface is
worked into the flat surface 13; a forming step S103 of working

15 the built-up portion 14 inte the same shape as a shape that the
blade tip 10a originally has before suffering a thickness loss;
and & heat-treatment step 5104 of removing a residual strain

caused by laser welding in the bulld-up welding step 5102.
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Figure 3



