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. 2010135429, filed on June 14, 2010;
the entire contents of which are incorporated herein by reference. FIELD 10[0002]Embodiments
described herein relate generally to a method for repairing gas turbine blades and a gas turbine blade

repaired by thergpairing:methad: BAGKGROBND, 15[0003]Gas tﬂ&%”%ﬁéamﬁfﬁ‘%to

high-temperature gas at 1000C or higher discharged from a combustor. Therefore, 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 dovetail of the gas

turbine blade® e Ed6|tg &k stppRdd-itbEhé Bas tumineblades passes through cooling channels

formed in a&ré%ibgjrts of the gas turbjne blades to be released out of the blades. [0004]For the purpose
of reducing'an arrount of the u88H 25°CoulMy dif aShiGch HE Posiitile, A Ki-Base Superalfy dr the like

s used to fggmdhe gasdyrhing plades, andtie.gasubine blades are ysgd i an ggyronment whose
temperature is 800C or higher. In particular, a first-stage rotor blade’is™ '
135429, filed on June 14, 2010; the entire contents of which

are incorporated herein by reference,

FIELD
10 [0002] Embodiments described herein relate generally to a
method for repairing gas turbine blades and a gas turbine blade

repalred by the repairing method.

BACKGROUND

15 (00037 Gas turbine blades are exposed to high-temperature
gas at 1000°C or higher discharged from a combustor.
Therefore, they need cocling in order to have an effective
design life cycle. Generally, in crder to cool the gas turbine
blades, part of compressed air extracted from a compressor is

20 supplied from lower ends of dovetail of the gas turbine blades.
The cooling air supplied into the gas turbine blades passes
through cooling channels formed in airfoil parts of the gas
turbine blades to be released out of the blades.
[0004] For the purpose of reducing an amount of the ussad

25 cooling air as much as possible, a Ni-base superalloy or the
like 1s used to form the gas turbine blades, and the gas
turbine blades are used in an environment whose temperature is

800°C or higher. In 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 on blade surfaces of the gas turbine blades. On the other hand, on surfaces of blade tips

of the 10 gasubine blgdes aniug acasing heahpyesoalings e nat applied hecaysg the blade tips

sometimes come into contact with an inner surface of the casing during the operation and the
coatings, ever if<applied emthe:surfaces etiheibladedipsqareexioliateds Acgerdinglysatthe blade tips
of the gas 15 turbine blades, a thickness loss progresses due to oxidation by the combustion gas and
erosion by tHe €ofmbastion gaspassing throagh theigas turbirfe bladesa 0006} Theocourrange of the
thickness lass increases %a s between the blade tips of the gas turbine blades and the inner 20

surface of the casirg; TeSUthg i deteridration in gas arine pRForhaRcE P tHe thidkitessBss at the
bade tps ofthe g hine blades pogresses, fickpess 1educed portonsfeach the cooing chamels
[ sa a ) [ e

and the cooling air flows out. This brea ow rate balancé e cooling air in gas turbine
blades to cause adnetal temperafure increase apdaidamage of the gas turbine blades. [0007]The gas

turbine blades suffer the thickness loss as described above, and hence are repaired after used for a
{00057 Corrosion-resistant coating and thermal-barrier
coating are applied on blade surfaces of the gas turbine
blades. On the other hand, on surfaces of blade tips of the

16 gas turbine blades facing a casing, the above coatings are not
applied because the blade tips sometimes come into contact with
an inner surface of 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

15 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.

[0006] The occurrence of the thickness loss increases Faps
between the blade tips of the gas turbine blades and the inner

20 surface of the casing, resulting in detericration in gas
turbine performance. Tf 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
out. This brezks a flow rate balance of the cooling air in the

25 gas turbine blades to cause a metal temperature increase and a
damage of the gas turbine blades.

[0007] The gas turbine blades suffer the thickness loss as

described above, and hence are repaired after used for a
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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 welding is performed on the flat
surfaces, followed by finish machining. 5[0008]Being made of a heat-resistant alloy such as the Ni-
base superalloy, the gas turbine blades are excellent in high-temperature strength but have a problem
of easily suffering a defect at welding portions due to their poor weldability. Further, when the build-up

welding using.a;welding wire such as 10.TIG weldipg s adapted for repaiding the gas turbine blades,

heat input at the time of the welding is relatively large, which is likely to cause a defect such as
solidificationscrackingd15 BRIER:PESCRIPTIQN OR FHE-BRAWINGS [00091FIG: 4 isaipetspective
view showing a gas turbine blade suffering a thickness loss at its blade tip. [0010]FIG. 2 is a
cross-sectiBAAViewSsHowing tiebiadertip of e gas tirvires blagectaken afong Awa linérig RIS, 1.
20[0011]FIG. 3.is a chart showing steps of a method for repairing gas turbine blades of a first
embodimeRt: TOOTBfHC % i crosd settibharfigw thRen Ay AvA Tt ifFige 4 ikisiating the step

of the methashiog fepairing gas tyrbjne blades, gt the first embodiment, , o1 as the ni-
base superalloy, the gas turbine blades are excellent in high-
temperature strength but have a problem of easily suffering a
defect at welding portions due to their poor weldability.
Further, when the build-up welding using a welding wire such as

10 TIG welding is adepted for repairing the gas turbine blades,

heat input at the time of the welding is relatively large,
which is likely to cause a defect such as solidification

cracking.

15 BRIEY DESCRIPTION OF THE DRAWINGS
[0C02] FlIG. 1 is a perspective view showing a gas turbine
blade suffering a thickness loss at its blade tip.
[0010] FIG. 2 i1s a cross-sectional view showing the blade
tip of the gas turbine blade taken along A-A line in FIG. 1.

20 100111 FIG. 3 is a chart showing steps of a method for
repairing gas turbine blades of a first embodiment.
(006121 FIG. 4 1 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] Fl1G. 5 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.

[0014] FIG. © is a view illustrating a laser welding method.
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25[0013]FIG. 5 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. [0014]FIG. 6 is a view illustrating a
laser welding method. [0015]FIG. 7 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. [0016]FIG. 8 is a
cross-sectional view taken along A-A line Din FIG. 1, illustrating the step of the method for repairing
gas turbinefages of the first emhodiment JOOLZJFIG, 9.is-a chart showing steps ofa method for
repairing gas turbine blades of a second embodiment. [0018]FIG. 10 is a cross-séctional view taken
along A-A 16lirefin.FIG. L, lillusitatingithe step of the methed fortepairingrgas tupine-blages of the

second embodiment. [0019]FIG. 11 is a cross-sectional view taken along A-A
gas turbine blades of the first embodiment.

[0016] FIG. 8 i1s a cross-sectional view taken along A-A line

L]

in FIG. 1, illustrating the step of the method for repairing
gas turbine blades of the first embodiment.

[0017] FIG. 9 1s a chart showing steps of a method for

4

repairing gas turbine blades of a second embodiment.
[0018] FIG. 10 is a cross-secticnal view taken along A-A
10 lire in FIG. 1, illustrating the step of the method for
repalring gas turbine blades of the second embodiment.
[G019] FiG. 11 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.
i5 [0020] FIG. 12 is a cross-sectional view taken along A-A
lire in FIG. 1, illustrating the step of the method for
repalring gas turbine blades of the second embodiment.
[0021] FIG. 13 1s a cross-sectional view taken along A-A
line in FIG. 1, illustrating the step of the method for

20 repalring gas turbine blades of the second embodiment.

DETATLED DESCRIPTION

{00221 In cone embodiment, a method for repairing gas turbine

blades which repairs a thickness~reduced portion of a biade tip
25 of 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 portion of the blade

tip; a bulld-up welding step of forming a built-up portion 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 20 repairing
gas turbine blades of the second embodiment. DETAILED DESCRIPTION [0022]In one embodiment,

a method for tepairing gas turbine blades whig rﬁeéh{ﬁ@gthis:&w&%%-fs%uge%ewi%gf a blade tip 25

of a gas turbine blade includes: a thickness-reduced portion removing step of working a surface of the
blade tip inte:adlat surfacetyremoving the thiekness-redusegpartior of the blade;tip; a-build-up
welding step of forming a built-up portion with a predetermined thickness by melting powder of a
build-up mé&etial Higherh dhetifty Har a basermaterial Fomning the bas turbinbdlads byd laser beam
and buildinéol%ﬂpdthe melted powder in multiple layers on the blade tip whose surface is 5 worked into

the flat surfaca” 5 Forming steprof workitgthe Builtp FORIOR iftoths &aife SHAPESR & Shape that the
e S T 8 D S o
embodimentsiafithegpresentiibyentionc the same shape as & shape that the blade
tip originally has before suffering a thickness loss; and a
heat-treatment step of removing a residual strain caused by
lager welding in the build-up welding step.
10 (00231 Hereinafter, embodiments of the present invention
will be described with reference to the drawings.
{First Embodiment)
[0024] FIG. 1 1s a perspective view showing a gas turbine
blade 10 suffering a thickness loss at its blade tip 10a. Fig.
15 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, FIG. 7, and FIG.
8 are cross-sectional views taken along A-A line in FIG. 1,
20 1llustrating the steps of the method for repairing gas turbine
blades of the first embodiment. FIG. 6 is a view illustrating
a laser welding method. Note that, in FIG. 1, FIG. 2, FIG. 4,
and FIG. 5, a thickness-reduced portion is shown by the broken

line.

[N
Lh

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

an example, but the method for repairing gas turbine blades of

-
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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 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, FIG. 7, and FIG. 8 are cross-sectional views taken along A-A line in FIG. 1, 20

Mustrating thesteps of themelhnd or epating oag lurbing blades of the Irgl epbadimanf, £1G. 61s a
view illustrating a laser wedding method. Note that, in FIG. 1, FIG. 2, FIG. 4, an FIG. , a
thickness-reduted portiarhis:showm by the: broken 25[0025]In the description of the method for
repairing gas turbine blades of the first embodiment, the gas turbine blade 10 whose blade tip 10a
includes a $§&&diér partX1s ightakan a8 antéxarmphsdul Ie nisthod fokrepadring.gas darbirie blades of
the first empodiment is alsq applicable tQ a gas turbine blade with any other structure. [0026]As shown

in FIG. 1 and'BIG75, the'Blads titfoof the"gas furbire biade TePsifiters Htrickhese68s aAd comes
to5 ha5ve. ayugged %@gggs@%g%% t%%@ggtig}[]]é)y@%orgbg tc_i&r}tjg-as}gr eé%%jBQ be/.tgg corgbustion
gas passing through thé gas turbine blade 10. When the fade tip 0a of the gas urbine Biide 10 thus
suffers the dhicknessilosspif is Bubjectes to-procegses of the respestive steps-shur in FIG. 3 for
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
10 repairing.
(00271 A concrete repairing method will be described.
[oo28] If a ceoating layer 20 is formed on a blade surface of
the gas turbine blade 1C suffering the thickness loss at the
biade tip 10a as shown in FIG. 2, the coating layer 20 is
15 removed (coating layer removing step S100).
[0029] Examples of the coating laver 20 are a corrosion-
resistant coating layer, a thermal-barrier layer, and the like.
Such a coating layer 20 ig removed by, for example, blasting,
chemical treatment using a chemical such as a hot acidic
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 step S100 is not necessary.
16030} Subsequently, as shown in FIG. 4, a thickness-reduced
portion 12 of the blade tip 10a is removed by a polisher such
25 as a grinder, whereby a surface of the blade tip 10a is werked
into a flat surface 13 (thickness-reduced portion removing step
S101).

foosl) Here, the surface of the blade tip 10a is preferably
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10 repairing. [0027]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 10a as
shown in FIG. 2, the coating layer 20 is 15 removed (coating layer removing step S100).
[0029]Examples of the coating layer 20 are a corrosion- resistant coating layer, a thermal-barrier _Iayer,
and the like. Such a coating layer 20 is removed by, for example, blasting, chemical treatment using a

chemical syefi.g5.2 ho adidie 20 solvian. & the k. ncidenial. when fa goatng layer 20 is ot

formed on the blade surface of the gas turbine blade 10, the coating layer removing step S100 is r_lot
necessary. {0@30]Subsequently; asishiawn b FIG 24 ca thickaess,reguced-portion J2-oftheblade tip
10a is removed by a polisher such 25 as a grinder, whereby a surface of the blade tip 10a is worked

into a flat sGf&cé 13qHiekiTesserstuced portion rémoViry step S101). [0031]Here, the surface of the
blade tip 10 ;Eaci ferab worked so that the flat surface 13 becomes parallel to an end surface that

the blade ti riginally’ ﬁﬁ?%‘é?&%lé’uﬁé?%dt% thitkrEes foss a8 'Sk HFIG. 4.
[0032]§Ub%&i’&@ﬂh&%‘ﬁ‘ﬂ%@l{ rgo&?a%)éc%lzg@gﬁam:m forming the gas turbine blade

10 is melted by a laser beam and the melted powder is built up
in multiple layers on the blade tip 10a whose surface is worked
into the flat surface 13, whereby a built-up portion 14 with a
predetermined thickness is formed (build-up welding step S102).

10 [0033] In this build-up welding, for example, while a laser
torch of a laser weiding 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 13 of the blade
tip 10z, weld beads are built up in multiple layers to form the

15 built-up portion 14. Incidentally, in forming the built-up
portion 14 by building up the weld beads in multiple lavers,
the laser torch may be scanned in a direction perpendicular to
the camber line of the gas turbine blade 10 (left and right
direction in FIG. 5).

20 [0034] Asg shown in FIG. 5, the buillt-up portion 14 is formed
s0 as to protrude in a height directicn 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

25  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 example, INT7238 (registered trademark)
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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 layers on the blade tip 10a whose surface is worked into the flat
surface 13, whereby a built-up portion 14 with a predetermined thickness is formed (build-up welding
step S102). 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 algngthe flag surface 13.0f the blade fip 10a, weld beads fégl%y”jﬁ:\z%%éiéq‘ multiple layers to
. . : A

form the 15 built-up portion I4. Incidentally, in forming the built-up porti y building up the weld

beads in matiple layers.shedaser-tesch mayibe scanned i-a direction perpengigular to the camber
line of the gas turbine blade 10 (left and right direction in FIG. 5). 20[0034]As shown in FIG. 5, the
built-up portieaci4isformedBras to: pebtaidelinta helgint direetion anesa ciscyrmfergitial direction
(toward a pressure side and a suction side) of thegas turbine blade 10 from the shape that the blade

tip 10a orighdily Ak beford SuffeHhg the thickrEss1oss (Portionss5 Showhdby the®rdken line in FIG.
5). Note th jecti e remgved in a later forming step. [0035]The gas turbine blade 10 is
oge @h g?ﬁfﬁB@ Hg%ig£ f% uggl&ltﬁaﬁ&?§8gge'ﬁl—%gﬁ%d%HPgEfFi

made of a Ni-base superalloy such as, tor examp registere ark) or' GTD111
(registered trademark) nEhe build-up-matenial foeming thebuilt-ypRortion 144s preferably a Ni-base

superalloy higher in ductility than the Ni-base superalloy forming the gas turbine blade 10. The use of
the Ni-baseveldability.

{6038} As the Ni-base superalloy having high ductility,

usable 1s a Ni-base superalloy whose Al content is less than

10 that of the Ni-base superalloy forming the gas turbine blade
10,  IN738 and GTD11l each used as the Ni-base superalloy
forming the gas turbine blade 10 contain 3.4 mass% A1 and 3
mass® Al respectively, and the Ni-base superalloy forming the
gas turbine blade 10 generally contains 2.5 mass% to 5.9 mass$

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

20 Concretely, as the build-up material forming the built-up
portion 14, usakle is, for example, ING625 (registered
trademark) whose Al content ratic is 0.13 mass%, ING0O
(registered trademark) whose Al content ratio is 0.24 mass%, or
the like.

25 [0037] This builld-up material is supplied to the laser torch
of the laser welding device in a powder state. A particle size
of the powder is preferably 25 pm to 150 um. When the particie

size of the powder is less than 25 um, it is difficult to

g



5 superalloy higher in ductility than the Ni-base superalloy forming the gas turbine blade 10 contributes
to improvement in weldability. [0036]As the Nl-base superalloy having high ductility, usable is a
Ni-base superalloy whose Al content is less than 10 that of the Ni-base superalloy forming the gas
turbine blade 10. IN738 and GTD111 each used as the Ni-base superalloy forming the gas turbine
blade 10 contain 3.4 mass% Al and 3 mass% Al respectively, and the Ni-base superalloy forming the

gas turine bgde 40, gensyally sgpians 2 SPEs2 1069 massi 15 Al Thetelyre, an Al content ratl

in the Ni-base superalloy forming the build-up materi y about SY%'t6 about 2 mass%
which is lowerthanithe Al cantertratiogf the dNi-base superalloy farming the gas tyrbing-blade 10.
When the Al content ratio is over 2 mass%, ductility lowers. 20 Concretely, as the build-up material
forming thebdilt:UpEpottion 14 wusableis; forexamples iINGZ5 (registered trademark)oaboseAl content
ratio is 0.13 mass%, IN600 (registered trademark) whose Al content ratio is 0.24 mass%, or the like.

25[0037]THIS Puid-iphalstial is suppliethic-tHe IBsEr i cHBF e dr Welding delicetitra powder
state. A partficle size of the p%%eéﬁ f&%ﬁe{%@y W2l5 mttﬁe15\§ pm. %Ngen the gaﬁicle size of the
. i t L QO e.

. S, Slaeve g L.y
powder is less than 25 pm, it is difficult to transport the powder in Vicas Tor supﬁiylna the powder,
including agyavvdersupply davigedd@e be.describedater), and; wheg the particle size is over 150
'km, the powder does not completely melt. The particle size mentioned here is decided 5 according to
classificatiowwith:itheuse ofsmsieve havirig apertoresiwith @ predeteraiined size; and-Hhis possible to
confirm and measure that the particle size falls within the aforesaid particle size range, by using, for

example, &SCArERpEeIBRFOiT HicfdScopeithe IIké. 10[0038]fiefe, ahaladér weldirg:for forming

thebu”bquﬁe electronic microscope or the like.

10 [0038] Here, the laser welding for forming the built-up
portion 14 will be described with reference to FIG. 6.

10039} FIG. © shows an example where the built-up portion 14
is formed by building up the beads in multiple lavers while the
laser torch 110 of the laser welding device is scanned in the

15 camber 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 seen from
the dorsal side of the gas turbine blade 10.

20 {00407 As shown in FIG. ¢, while a laser beam 111 emitted
Trom 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
is supplied from the powder supply device 113 to an area in

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

weld beads 114 are stacked for build-up by the repetition of
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portion 14 will be described with reference to FIG. 6. [0039]FIG. 6 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 camber 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 seen from the dorsal side of the

gas turbineblade 110 20[004Q1A5 shown in FIG.+6, while: 3 laser beam 111 emitted  from the laser

torch 110 is scanned in the cambeér line direcfion of the gas turbine blaéle 10 along the flat surface 13
of the blade'tip 10&, tke powter 112 of the build-up material is supplied from the powder supply device
113 to an area in 25 front of the laser beam 111. The supplied powder 112 of the build-up material is
melted by HéEdt% khe ladet beaha 121 arcki$ deposited e thedflatssutface, 13 of the biadertip40a. The
weld beads 114 are stacked for build-up by the repetition of this laser welding, whereby the built-up

portion 14 shwn i B1G. 81s fotted: 604 F|ASSA Rider used for fic aser weldiRGPR D02 laser, a YAG
laser, gr the like.is ug@bl@hgorﬂgﬁgggeli\fuwlxgea qunt Qof the npé)yvdve,r 12 of the é)uild-up material
hat | i LE J 11 Gnd the Targer the dttput of

depends on an output of the laser, that is, energy of e Taser beam 1

the laser ispthglargerramesnt ekthe, pawder 112 candiesuppliegfor welding, Elgre jin-ordey, tp prevent
solidification cracking at the time of the welding, it 10 is important to lower the output of the laser as
much as pdssibleavreduté hearinput at the timelefthe welding:4ar thigqurposeyit iscreferable to
repeat the build-up welding to stack the weld beads 114 for build-up while the laser beam 111 having a
lowest posERTE Ehergy with WHich T&°Boweer 123 15°6fthebuildiap tatbfiaPesl® mditis emitted.

prevent scolidification cracking at the time of the welding, it
10 is important to lower the cutput of the laser as much as
possible to reduce heat input at the time of the welding. For
this purpose, it is preferable to repeat the build-up welding
to stack the weld beads 114 for build-up while the laser beam
111 having a lowest possible energy with which the powder 112
15 of the build-up material can melt is emitted.
[oo04z] 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 to reduce the occurrence of a crack on a welding
20 interface due to the accumulation of thermal strains at the
time of the welding.
[0043] Subsequently, as shown in FIG. 7, the built-up
portion 14 built up in the bulld-up welding step S102 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 3103, portions, of the built-up

portion 14, protruding in the height direction and the
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[0042]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 to reduce the
occurrence of a crack on a welding 20 interface due to the accumulation of thermal strains at the time
of the welding. [0043]Subsequently, as shown in FIG. 7, the built-up portion 14 built up in the build-up
welding step 3102 is worked into the same shape as the shape that the blade tip 10a 25 originally has

before SUﬁ%ri%Hi%@%@éﬂoéﬁ gggyiﬂgﬂstgg O%gaq:@. 4%0@44 Ig]etggufgémgnigd%tegq%l(;% €Portions, of

the built-up portion 14, protruding in the height direction and the “circumferential direction (toward the

pressure sideantbthessuptioncside)ef the-gas.teishine bladedO1fromthe shapedhatthe-blade tip
originally has before suffering the thickness loss (portion shown by the broken line in FIG. 5) are
polished. 5'Fst the gydtishirg, agpalisher suctnas dogrinder iswSedr forexamplen [00453Eke forming step
S103 is followed by heat treatment for removin% a residual strain caused by the laser welding in the

build-up weldiig stBF 5102 (heattfeatient Step Ste4). Line in FIG. 5] are polished,

5 For the polishing, a polisher such as a grinder is used, for
example.

[0045] The forming step S102 is followed by heat treatment
for removing a residual strain caused by the laser welding in
the build-up welding step $S102 (heat-treatment step S104).

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

[0047] Subsequently, by generally-known coating treatment of

15 the gas turbine blade 10, the coating layer 20 is formed on the
blade surface of the gas turbine blade 10 (coating step S105)
(see FIG. 8).

[0048) Examples of the coating lavyer 20 are a corrosion-
resistant 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), low-pressure
plasma spraying (LFPS), or the like. FIG. 8 shows an example
where the coating laver 20 is formed on the pressure side and
the suctlion side of the gas turbine blade 10 and on a surface

25 of an indented portion 1la of the squealer part 11, but the
cecating layer 20 may be formed so as to cover an end surface 15
of the built-up portion 14. Incidentally, when the coating

layer 20 is not formed on the blade surface of the gas turbine
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10[0046]In the heat-treatment step 5104, by solution treatment in which the gas turbine blade 10 is
heated up to a solution treatment temperature in a vacuum, the residual strain is removed.
[0047]Subsequently, by generally-known coating treatment of 15 the gas turbine blade 10, the coating
layer 20 is formed on the blade surface of the gas turbine blade 10 (coating step S105) (see FIG. 8).
[0048]Examples of the coating layer 20 are a corrosion- resistant coating layer, a thermal barrier

coating layer, and 20 the like. Forexample. thescoating layer 20 i%é%fé“a%gyby electron beam physical
| &

vapor deposition (EB-PVD), low-pressure plasma spraying (LPPS), or the'like. FIG. 8 shows an
example wHemihp coatingdayea2@isfarmed-epthe pressure sideand the syetion side.pfthe gas
turbine blade 10 and on a surface 25 of an indented portion lla of the squealer part 11, but the coating
layer 20 maybé 96iiéd sp-as-toccovererTeld surfaed 156ftthe builtuprportior14S Ifcidentally, when
the coating Ia%gr 20 is not formed on the blade surface of the gas turbine 11 blade 10, the coating

step S105 (St rfecesSary J0045] TheToating téatiment is followed by aging treatment. Incidentally,
e obgve-qRRe redklieament slen 3104 mey PR aMeL (1R SoRing YRR, NOQROIThrough
the above-described repairing processes, the
gas turbine blade 10 whose thickness loss at the blade tip 10a
is repaired is obtained.
{0081 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 raduce an
influence by the thermal strain. Turther, the Ni-base
superalloy which is powdery and thus is easy to melt and which
15 is higher in ductility than the Ni-base superalloy forming the
gas turkine blade 10 is used as the build~up material, which
can improve weldability and prevent the occurrence of a defect
at the time of the welding.
[0052] Further, before the build-up welding step $102, the
20 surface of the blade tip 10a is worked into the flat surface 13
in the thickness-reduced portion removing step S101, which
makes it possible to stably and uniformly supply the powder of
the build-up material to the entire welding portion. This

makes 1t possible to ensure a stable welding state in the

[Re]
LA

build-up welding step 5102.
(Second Embodiment)
[0053] A method for repairing gas turbine blades of a second

embodiment 1s different from the method for repairing gas

12



gas turbine blade 10 whose thickness loss at the blade tip 10a is repaired is obtained. [0051]As
described above, according to the method for repairing gas turbine blades of the first embodiment, in
the 10 build-up welding step S102, 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 influence by
the thermal strain. Further, the Ni-base suberalloy which is powdery and thus is easy to melt and

which 15 ishigher.in dyctility thanethe Ni-base superalloy forming the gag turbine blade 10 is used as

the build-up material, which can improve weldability and prevent the occurrence of a defect at the time
of the weldingl 00b2]Ferther, betaredbe build-tiprwelding step-5302, #1e120 surface-of theiblade tip
10a is worked into the flat surface 13 in the thickness-reduced portion removing step S101, which
makes it posxilsiedo stablyartPunifermiy stippiy: tie powiiér 6ththe bifckup miatarial tothetdrtire
welding portion. This makes it possible to ensure a stable welding state in the 25 build-U£ welding step

S102. (Sechnd Embbdint&nt) 00531A hethaif 8t repaifing Yattrbine blates 6f #2etisnd +19
embodjment.is ditferent from, the methad for.repairing gas turbine blades of the first embodiment in

that the build-up welding step includes a first build-up welding step and a second build-up welding
step, and theotwr steps of therrepaidng methodiase the same. Fherefose, theduild-upwelding 5 step
will be mainly described here.
repairing gas turbine blades of the second embodiment. Note
that the same steps as those of the method for repairing gas
turbine blades of the first embodiment will be denoted by the
10 same reference symbols, and redundant description therecof will
be omitted or simplified. Further, as in the method for
repalring gas turbine blades of the first embodiment, the
ceoating layer removing step S100 and the coating step 8105 are
not necessary when the gas turbine blade 10 not having the
I5  ccating layer 20 on the blade surface is to be repaired.
[0055] FIG. 10 to FIG. 13 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 second 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 5100 and the thickness-reduced portion
removing step S101 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 excellent in
weldability than the base material forming the gas turbine
lade 10 is melted by a laser beam and is built up in multiple

layers, whereby a first built-up portion l4a with a
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[0054]FIG. 9 is a chart showing the steps of the method for repairing gas turbine blades of the second
embodiment. Note that the same steps as those of the method for repairing gas turbine blades of the
first embodiment 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 blades of the first
embodiment, the coating layer removing step S100 and the coating step S105 are not necessary when

the gas turbine blade 400t haying e, 15 coating Jayer 20;0n he blade surface s o be epaired.

[0055]FIG. 10 to FIG. 13 are cross-sectional views taken along A-ATine in | IL}gtratlné3 the steps
of the methotfor repaiting gas tutine blades of the second embodiment. Note that in FIG. ;O and
FIG. 11, the thickness-reduced portion 20 is shown by the broken line. [0056]On the blac_je tip 10a_
having undEP§éivd the cdatirigtayes rembling step SKO0dnd thé thidkiess-redliced postien removing
step S101 and thus has the flat surface 13 with the thickness-reduced portion 12 _belng removed as
shown in F égép’zé Powder BF ASir8Ch Uit up fhaterial Hiore Skctllehin Rieidabily tar HeBase

Iaters, ouning the@asduiing Made 10BN 2 12568 A s Bt up Iy liplg vers
material is the same as the build-up material of the first
embodiment,

[0058] As shown in FIG. 10, the first built-up portion 14a
is formed so as to protrude in the circumferential direction

10 {(toward 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 [0059] Subsequently, on an end surface of the first built-up
portion lda, 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 built up in multiple
layers, whereby a second bullt-up portion 14b with a

20 predetermined thickness is formed (second build-up welding step
S102B) (see FIG. 11).

[00&0] A welding method in the second build-up welding step
S$102B 1s the same as the welding method in the build-up welding

step 8102 of the first embodiment. As shown in FIG. 11, the

[
Ui

second built-up porticn 14b is formed so as to protrude in the
height 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 tip 10a originally has before
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predetermined thickness is formed (first build-up welding step S102A) (see FIG. 10). [0057]A welding
method in the first build-up welding step S102A is the same as the welding method in the build-up
welding 5 step S102 of the first embodiment. Further, the first build-up material is the same as the
build-up material of the first embodiment. [0058]As shown in FIG. 10, the first built-up portion 14a is
formed so as to protrude in the circumferential direction 10(toward the pressure side and the suction

side) of thegas rbine blade 40/iomdhe shape that the bladetip 10a originally has before suffering

the thickness loss (portion shown by the broken line in FIG. 10). These projections are removed by the
later formingrstepc15[0059]Subsequently; enwai-erd sudaeenf thefiest builup postion 14a, powder of
a second build-up material more excellent in oxidation resistance than the first build-up material is
melted by & faget beaft & be built up in multiple layers, whereby a second built-up portion 14b with a

20 predetermi thickness is formed (second build-up welding step S102B) (see FIG. 11). [OOQO]A
welding mea{ﬁé? :?r; the s&¢Snd biitd-ip weRlinf SEp S T8 & the 85measthe eliEmethod in the

build-p welding:step S12 of the st ambogiment, A5 shawn . £1G. 1L, he 25 second built-up
portion 14b is formed so as to protrude in the height direction and the circumferential direction (toward
the pressuresside U the suiction;side) efthegasurbige blade d8ne 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 selected from the same material
10 as the base material forming the gas turbine blade 10, MCrAlY
(CoNiCrAlY, NiColrAlY, or the like in which M is made up of Co
and Ni}, and an Al alloy {(nickel-aluminum alloy).
[0062] A particle size of the powder of the second build-up
material 1s preferably 25 pm to 150 pm. When the particle size
15 of the powder is less than 25 um, it is difficult to transport
the powder in devices for supplyving the powder, including the
powder supply device 113 and when the particle size is over 150
um, the powder does not completely melt. The particle size
mentioned here 1s decided according to classification with the
20 use of a sieve having apertures with a predetermined size, and
it 1s possible to confirm and measure that the particle size
falls within the aforesaid particle size range, by using, for
example, & scan-type electronic microscope or the like.
[0063] Here, in general, in the Ni-base superalloy, the
25  following relation holds true. That is, the smaller the Al
content, the higher weldability is and the lower oxidation
resistance is. On the other hand, the larger the Al content
is, the lower weldability is and the higher oxidation

L
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from the shape that the blade tip 10a originally has before suffering the thickness loss (portion shown
by the broken line in FIG. 11). These projections are removed by the later forming step.
[0061]Preferably, the second build-up material is more 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, opg maierial-selected fom the same mateyial 10,85 the hase.material fgrming the gas
turbine blade 10, MCrAlY (CoNiCrAlY, N?CoCr,&IY, or the like in quc Zeﬁ/l Fséiga‘%pu%of Co and Ni),

and an Al alley{bickek-atimione akey). [062]Aparticlersize;of the pewderef-the-secong.buitd-up
material is preferably 25 gm to 150 gm. When the patrticle size 15 of the powder is less than 25 gm, it
is difficult t&/ irelgpbrithe pontiertin devicesforsapplying thefsowder; irclddingtheyiondersupply
device 113 and when the particle size is over 150 gm, the powder does not completely melt. The

particle sizE Wentidhed RerefisTHetTd&tf abeobdimiy foclasEificaton Withthe2Pisé 8Ra%iéve Raving

apertutes with.a p{gggte{gg@q)gzghgng}ith apso@ssgblll% to gg@ji}rm {gncr;j(:imrn};:{as%Eleethacj_gL the particle size
falls within the aforesaid particle size range, by using, for e“kan}/plé, a s?:aﬁ-type eféctronic microscope

or the like. {Q063]Here,lia.general, immwgpasgﬁgpggaj@b{dthﬁl@{al%wigggg[pg@nﬂ@c_is true. That
is, the smaller the Al content, the higher weldability is and the lower oxidation resistance is. On the
other handetheclaegetthecAiconentis, theslolermweldabifitysishantbthechighpe oxidationwhose
Al content is larger than that of the first build-up material,
whereby oxidation resistance 1s improved.

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

153 the build-up material enables the continuous build-up welding.
That is, 1t 1is 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 l4a and the second built-up portion 14b which are built
up are worked into the shape that the blade tip 10z originally
has before suffering the thickness loss (forming step S103).
[0066] Here, at the time of forming the second built-up
portion 14b, a welding amount ¢f 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
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resistance is. Therefore, in order 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 whose Al content is less than that of the Ni-base superalloy forming the gas turbine
blade 10. Further, the second built-up portion 14b exposed to combustion gas is made of a Ni-base
superalloy whose Al content is larger than that of the first build-up material, whereby oxidation

resistance is.improved. 101006¢1ALthe time of a shift from: the first buildup welding sten §102A to the

second build-up welding step S102B, changing the powder of the supplied build-up material and
changing laseraveldingidondiions(lasempawer qutput dradiationdistaneae: weldingspeed, and the
like) according to 15 the build-up material enables the continuous build-up welding. That is, it is _
possible to&fficietithpexedutel the yeeldingprocess Without ¢hangingraT installationCpasitiam 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 secotid Btitt-up portion 14b which are built up are worked into the shape that the blade tip 10a

originally hgpdgiqe suftadna bedhickpess lassdaing:aien B108). [00R0)dare, at the ime of

forming the second built-up portion 14b, a welding amount of the second build-up material 25 needs to
be reducedhas. much-as pessible-because: thessecand:build-upraatesiakis poores inrweldability than the
first build-up material. Further, the second built-up portion 14b needs to be formed so as to be capable
of fully sholiriy e ‘okidatioretesistiice effect: Thereforethetthickness lof thiees@condsbuilt=up portion
14b (the thickness in the height direction of the gas turbine blade 10) is preferably 50 m to 300 m.
5[0067]Sut}§bq{|b%tly}§’re%’i%ﬁﬁ?st?&ihqgrﬂgﬁ%viaqﬁ the heBftreaffént-step ST04 .and the coating
layer 20 is %&%q:gwdthfscq%i@gﬁg&sm& so that the gas turbine blade 10, shown in FIG. 13, whose
thickness loss at the blade tip 10a Is repaired is obtained.

10 [0088] 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 lla 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 bullt-up portiocn 1l4b.

[COG9] 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 51022 and the second

20 build-up welding step S102B, which reduces the heat input to
the blade tip 10a to reduce an influence due to the thermal
strain.

[0070] Further, before the first bullid-up welding step
51024, the surface of the blade tip 10a is worked into the flat

25 surface 13 in the thickness-reduced portion removing step S101,
which makes it possible to stably and uniformly 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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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 11a of
the squealer part 11, but the coating layer 20 may be formed so as to cover an end surface 16 of the
15second built-up portion 14b. [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 jn.thefirst build-up welding, step S102A and the second 20 build-up welding
step S102B, which reduces the heat input to the blade tip 10a to reduce an influence due to the

thermal strgino[Q0j7 O]Further; thefqretthe fisstibuildgpwelding-step,S102A; the sl%fagg ofthe bladg tip
10a is worked into the flat 25 surface 13 in the thickness-reduced portion removing step S101, which
makes it possislé 16 Stably ahduriiformiyl Supply the powder of thecbeild-eprmaterial to the entire:
welding portioggThls makes it possible to ensure a_stable welding state in the first build-up welding

step S102A’ 007 DjEtHher 22 BUlR-uSporion Tah be Heade i b the- Sfack stihé Sifdt Built-up portion
14a exgellent jn,weldability and.the second built-up orfion 140 excellentin .. 1o,
whose Al content is smaller than that of the Ni-base superalloy
forming the g¢as turbine blade 10 is used to form the first
built-up portion l4a 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 mere excellent in oxidation resistance than the first
build-up material is used to form the second built-up porticn
14b exposed to the combustion gas, which can improve oxidation
registance,

15 100727 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 occcurrence of a defect at

20  the time of the walding.

[0073] According to the above-described embodiments, at the
time of repairing the thickness-reduced portion of the blade
tip of the gas turbine blade, 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 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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D oxidation resistance. Specifically, the Ni-base superalloy whose Al content is smaller than that of the
Ni-base superalloy forming the gas turbine blade 10 is used to form the first built-up portion 14a 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 first build-up material is used to form the second built-up portion 14b exposed to the combustion

gas, which gandmpLays axifation rasisiands. dSIHA/ZAN arowt ol ihe secand bultyp portion 14b is
0) e

reduced to a minimum possible amount with which the effect of oxidation resistance can owed,
and furtherptheceonstraiatrays thermat expansion atdhe sime efthe-welding is smmall at the hlade tip 10a,
which can prevent the occurrence of a defect at 20 the time of the welding. [0073]According to the
above-desérised-&mboeimentst atthectimeddf repairimgthe ithickhessieeducétepottioncdfrthesblade tip
of the gas turbine blade, it is possible to prevent the occurrence of a defect such as a crack in the
build-up welding®H afd ehables e HighiyTefidbre repairiiy 6074 WHilkScertaAEmBdiments have
been descrihed, th iments have n presented by way of example opl néi re not
intended toiﬁlerﬁ(?t %he% %%gr%gg%qtjlk?e %@é%%longgi%dﬁg&ltﬁee %\%/g eﬁr%lggain%:r%t)sl e%%ﬁgg r?ce?ein may be
embodied inarvarietyof otherforms; fusthermare variousomissions; substjtutions ang.changes in the
form of the embodiments described herein may be made without departing from the spirit of the
inventions. SAEcaccormipanying tlaimstard theirequivalents are intended to cover such forms or
modifications as would fall within the scope and spiof the inventions,
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CLAIMS: 1.A method for repairing gas turbine blades which  repairs a thickness-reduced portion of a
blade tip of a gas 5 turbine blade, the method comprising: 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; a build-up welding step of forming a built-up portion with 10 a predetermined thickness
by melting powder of a build-up material higher in ductility than a base material forming the gas turbine
blade by a lasgfheam and building up the melted powder in multiple layers on the blade tip whose
surface is worked into the flat surface; 15a forming step of working the built-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.
202.A method for tepairifigierisitarbifie bladeswhichorepairstaithickrre ssireduesedportion of a blade tip
of a gas turbine blade, the method comprising: a thickness-reduced portion removing step of

working a SUFREEE'SF the Diade iif Tito s HACSGHEASS by $Bmiolirty the?ss tHidkness-feddized portion of

the blage tip; b&@rsﬁpg%@-upt\@{ ldrH%Sc tep of farming. a first built-up portion with a predetermined
thickness byur%elting powder of a%irst ui 3-upc%rg’_t)éﬁ§%ﬁ}8her in ductility than a base

a thickness-reduced portion removing step of working a
surface of the blade tip intoc a flat surface by removing the
thickness-reduced portion of the blade tip;

a build-up welding step of forming a built-up portion with

10 a predetermined thickness by melting powder of a 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 tip whose surface is
worked into the flat surface;

15 a forming step of working the bullt-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 builld-up welding step.

20 2. A method for repalring gas turbine blades which
repalrs a thickness-reduced portion of a blade tip of a gas
turbine blade, the method comprising:

a thickness-reduced portion removing step of working a

surface of the blade tip into a flat surface by removing the

]
L4

thickness-reduced portion of the blade tip;
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

20



20 material forming the gas turbine blade by a laser beam and building up the melted powder in
multiple layers on the blade tip whose surface is worked into the flat surface; a second build-up
welding step of forming a second built- 5 up portion with a predetermined thickness by melting powder
of a second build-up material more excellent in oxidation 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 manner;-10a forming,step of working, the first builtzup portion;and. the second built-up portion

into the same shape as a shape that the blade tip originally has before suffering a thickness loss; and
a heat-treatmentistep ofgemaving atesidualstrainicauset:ts by laseravelding inthedirstbuild-up
welding step and the second build-up welding step. 3. The method for repairing gas turbine blades
according tel¢laifi 23 whereiharoating e ds foriredtbrs atblade sutfase®f the gas turbine blade, the
method further 20 comprising; a coating layer removing step of removing the coating layer prior to the

thickness-reduced pBHIOH ferfbving step: Ghd a $dafingstél of fring acoxtingay&rdn Eﬁe blade
srince of e g2 Uybine, e, aer e eal UEAment e .4, The Melhod oy paino gas

turbine blades according to claim 2, wherein a coating layer is formed on a blade surface of the gas
turbine blade sthegnathedifuthes material more excellent in oxidation
resistance than the first build-up material by a laser beam and
building up the melted powder in multiple layvers on the first
built-up portion in a stacked manner;

10 a forming step of working the first bullt-up portion and
the second built-up portion into the same shape as a shape that
the blade tip originally has before suffering a thickness loss;
and

& heat-treatment step of removing a residual strain caused

15 by laser welding in the first build-up welding step and the
second bulld-up welding step.

3. The method for repalring gas turbine blades according
toe claim 1, wherein a coating laver is formed on a blade
surface of the gas turbine blade, the method further

20 comprising:

& coating layer removing step of removing the coating
layer priocr to the thickness-reduced portion removing step; and

a coating step of forming a coating layer on the blade

surface of the gas turbine blade, after the heat treatment

2
L

gtep.
4. The method for repairing gas turbine blades according
to claim 2, wherein a coating layer is formed on a blade

surface of the gas turbine blade, the method Ffurther
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comprising: 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 layer on the blade 5 surface of the gas
turbine blade, after the heat treatment step. 5. The method for repairing gas turbine blades
according to claim 1, wherein the build-up material is made of a Ni-base 10 superalloy whose Al
content is less than an Al content of a base material forming the gas turbine blade. 6. The method
for repairing gas.tuthine blades accord to claim 2, wherein the first build-up m_aterial i_s made of a
Ni-base 15 superalloy whose Al content is less than an Al content of a base material forming the gas

turbine blade. al cthe method fenrepairing gas glﬁr@@%@la@ﬁ@p@@d ingdo @@@%@Nherein the
second build-up material is made of one 20 material selected from a group consisting of the same
material as'theéjasermateriab fornsingthe 'gastarbine itade, METAN (MeGowdnthNY - apd amAl alloy.
a coating step of forming a coating layer on the blade
5 surface of the gas turbine blade, after the heat treatment
step.
5. The method for repairing gas turbine blades according
to claim 1,
wherein the build-up material is made of a Ni-base
10 superalloy whose Al content is less than an A1l content of a
base material forming the gas turbine blade.
o. The method for repairing gas turbine blades according
to claim Z,
wherein the first builld-up material is made of a Ni-base
15 superalleoy whose Al content is less than an Al content of a
base material forming the gas turbine blade.
7. The method for repairing gas turbine blades according
to ¢laim 2,
wherein the second build-up material is made of one
20 material selected from a group consisting of the same material
as the base material forming the gas turbine blade, MCrAlY (M:
Co and Ni), and an Al alloy.
8. The method for repairing gas turbine blades according
to claim 6,
25 wherein the second bulild-up material is made of one
material selected from a group consisting of the same material
as the base material forming the gas turbine blade, MCraAlY (M:

Co and Ni), and an Al alloy.
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8. The method for repairing gas turbine blades according to claim 6, 25wherein the second build-up
material is made of one material selected from a group consisting of the same material as the base
material forming the gas turbine blade, MCrAlY (M: Co and Ni), and an Al alloy. 9.The method for
repairing gas turbine blades according to claim 2, wherein a thickness of the second built-up
portion after the forming step is 50 gm to 300 510.A gas turbine blade, being repaired by the method

for repaiing gas tybine blagies AGCoIiag 0.claim ;. LA 625 bipe Hiade, belng repaired by the
method for repairing gas turbine blades accord ng to
to claim 2,
wherein a thickness of the second built-~up portion after
the forming step 1s 50 um to 300 um.
5 10. A gas turbine blade, being repaired by the method
for repairing gas turbine blades according to claim 1.

1l1. A gas turbine blade, being repaired by the method

for repairing gas turbine blades according to claim 2.
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