REPAIR OF GAS TURBINE BLADE TIP WITHOUT RECOATING THE
REPAIRED BLADE TIP This invention relates to the repair of the
damaged blade tip of a damaged gas turbine blade and, more particularly,
to such a repair wherein the repaired blade tip is not recoated with a
non-ceramic environmental coating or bond coat. BACKGROUND OF

THE INVENTION In an aircraft gas turbine (jet) engine, air is drawn into
the front of the endies Boiprie Eﬁé%lﬁgmﬁ@épcompressor, and
mixed with¥UeHThe RO oM bustet: RAGRAS esulig Tiet

combustion gases are passed through a turbine mounted on the same

shaft. The turbine includes a rotor body with a series of turbine blades .
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compressor. The hot exhaust gases flow from the back of the engine,
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that forces air around the center core of the engine, driven by a shaft
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The turbine blades are currently made of nickel-base superalloys that have acceptable
mechanical properties in the operating conditions of the gas turbine engine. Those
nickel-base superalloys are usually coated with a protective coating that protects
against oxidation damage. The protective coating includes a non-ceramic coating on
the lateral surface of the airfoil. The protective coating may also include a ceramic
layer that overlies the non-ceramic coafing and insulates the turbine blade to allow it
to function for longer times at higher temperatures than would otherwise be possible.

During service and despite the presence of the coating, the tips of some of the turbine
blades may be damaged by rubbing contact with the stationary shroud of the gas
turbine, by oxidation by the hot combustion gases, and by particle impacts. If the
damage becomes sufficiently severe to a turbine-blade tip so that the dimensions of
the turbine blade are reduced to less than the specified minimum values and/or the

overall engine performance becomes unacceptable, the damaged turbine blade 1s
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removed from service. The damaged turbine blade may then be repaired
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tip region. According to a first aspect, there is provided a method for
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oxidiont thérhisuhe, base metal in the operating environment of the gas turbine blade to
form a tip-repaired gas turbine blade having a repaired blade tip, wherein the repair alloy
has a composition different from the base metal, and wherein the method does not
include any step of coating a lateral surface of the repaired blade tip with a non-ceramic
coating after the step of weld repairing; and heat treating the tip-repaired gas turbine
blade at a temperature from about 1850° F. to about 20507 F. and for a time of from
about 1 hour to about § hours, followed by an ageing heat treatment at a temperature of

from about 1500° F to about 1700° F. and for a time of from about 2 hours to about 16

hours.



A method for repairing a damaged gas turbine blade includes furnishing
the damaged gas turbine blade which has previously been in service and
which is made of a base metal. Any damaged material is removed from
the damaged blade tip of the gas turbine blade. The damaged blade tip is

weld repaired with a nickel-base syperalloy, repair alloy that is differ
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nickel-base superalloy repair alloy that is more resistant to oxidation than
is the base metal in the operating environment of the gas turbine blade to
form a tip-repaired gas turbine blade having a repaired blade tip, wherein

the repair alloy has a composition different from the base metal, and
wherein the method does not include any step of coating a lateral surface
of the repaired blade tip with a non-ceramic coating after the step of weld
repairing; and weld repairing the damaged blade tip with a nickel-base
superalloy repair alloy having an oxidation resistance in the operating
environment of the gas turbine blade that is equal to or better than an
alloy having a nominal composition, in weight percent, of from about 7.4 to
about 7.8 percent chromium, from about 5.3 to about 5.6 percent
tantalum, from about 2.9 to about 3.3 percent cobalt, from about 7.6 to
about 8.0 percent aluminum, from about 0.12 to about 0.18 percent
hafnium, from about 0.5 to about 0.6 percent silicon, from about 3.7 to
about 4.0 percent tungsten, from about 1.5 to about 1.8 percent rhenium,
from about 0.01 to about 0.03 percent carbon, from about 0.01 to about
0.02 percent boron, balance nickel. According to a third aspect, there is
provided a method for repairing a damaged gas turbine blade, comprising
the steps of furnishing the damaged gas turbine blade made of a base
metal and which has previously been in service; removing any damaged
material from a damaged blade tip of the damaged gas turbine blade; and
weld repairing the damaged blade tip with a repair alloy having a nominal
composition, in weight percent, of from about 7.4 to about 7.8 percent
chromium, from about 5.3 to about 5.6 percent tantalum, from about 2.9 to
about 3.3 percent cobalt, from about 7.6 to about 8.0 percent aluminum,
from about 0.12 to about 0.18 percen& hafnium, from about 0.5 to about
0.6 percent silicon, from about 3.7 to about 4.0 percent tungsten, from
about 1.5 to about 1.8 percent rhenium, from about 0.01 to about 0.03
percent carbon, from about 0.01 to about 0.02 percent boron, balance
nickel to form a tip-repaired gas turbine blade having a repaired blade tip,

wherein the repair alloy has a composition different from the base metal,
and wharain the methnd doec not incliide any eten aof coatinAa a |ataral



A most preferred nickel-base superalloy used as the repair alloy to weld

repair the damaged blade tip has a nominal composition, in weight

percent, of from about 7.4 to about 7.8 percent chromium, from about 5.3
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Other features and advantages of the present disclosure will be apparent
from the following more detailed description of the preferred embodiment,
taken in conjunction with the accompanying drawings, which illustrate, by
way of example, the principles of the invention. The scope of the invention
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amaged gas turbine blade; Figure 3'is a perspective view of a
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T T VG TN
PeRES ORIPT IeNIOFITHE! 1N ENTIONements, Even more preferably, the nickel-
base superalloy used to weld repair the damaged blade tip has a nominal composition
i weight percent of about 0.01-0.03 percent carbon, 0.1 percent maximum
manganese, about 0.5-0.6 percent silicon, 0.01 percent maximum phosphorus, 0.004
percent maximum sulfur, about 7.4-7.8 percent chromium, about 2.9-3.3 percent
cobalt, 0.10 percent maximum molybdenum, about 3.7-4.0 percent tungsten, about
5.3-5.6 percent tantalum, 0.02 percent maximum titanium, about 7.6-8.0 percent
aluminum, about 1.5-1.8 percent rhenium, 0.005 percent maximum selenium, 0.3
percent maximum platinum, 0.01-0.02 percent boren, 0.03 percent maximum
zirconium, about 0.12-0.18 percent hafnium, 0.1 percent maximum niobium, 0.1
percent maximum vanadium, 0.1 percent maximum copper, 0.2 percent maximum
ron, 0.0035 percent maximum magnesium, 0.01 percent maximum oxygen, 0.01
percent maximum nitrogen, balance nickel with other elements total 0.5 percent
maximum.

The repair alloy preferably has an oxidation resistance equal to or better than these
specific repair alloys of the preceding paragraph. The repair alloy may be a variation
of one disclosed herein, such as one containing from about 1 to about 1.5 weight
percent thenium or from about 0.2 to about 0.6 weight percent hafnium. The repair
alloy may instead be a completely different nickel-base superalloy.

The repaired gas turbine blade comprises a body including an airfoil made of a base
metal, and a blade tip of the airfoil made of a nickel-base superalloy repair alloy of a
different composition than the base metal. The repair alloy of the repaired blade tip is
more resistant to oxidation than is the base metal in the operating environment of the
gas turbine blade. There is preferably no non-ceramic coating on the lateral surface of
the repaired blade tip.

In conventional practice, the recoating of the lateral surface of the tip of the turbine

blade after the repair of the blade tip is exacting and involves several expensive and
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Figure 1 depicts the steps in a method for repairing a damaged gas

turbine blade 40 which has previously been in service, and which is

illustrated in Figure 2. The damaged gas turbine blade 40 requiring repair

is furnished, step 20. The damaged gas 4 turbine blade 40 has a body 41
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corgunctlgn thth the accompanyi%g rawings, wl?ic illustrate, by way of example,

the principles of the invention. The scope of the invention is not, however, limited to
this preferred embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 a block diagram of a method for repairing a turbine blade;

Figure 2 15 a perspective view of a damaged gas turbine blade;

Figure 3 is a perspective view of a tip-repaired gas turbine blade:

Figure 4 is an enlarged schematic sectional view through the turbine blade of Figure
3, taken on line 4-4, of a first embodiment of the tip-repaired gas turbine blade; and
Figure 5 is an enlarged schematic sectional view like that of Figure 4, of a second
embodiment of the tip-repaired gas turbine blade.

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 depicts the steps in a method for repairing a damaged gas turbine blade 40

which has previously been in service, and which is illustrated in Figure 2. The

damaged gas turbine blade 40 requiring repair is furnished, step 20. The damaged gas
4



The airfoil 42 of the damaged turbine blade 40 ends in a damaged blade

tip 50 remote from the dovetail 44. The damaged blade tip 50 of the

damaged turbine blade 40 of Figure 2 has been damaged by material

removal, oxidation, and/or corrosion during service. There may also be

radial cracks extending from the surface of the damaged blade tip 50 _
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solidified on the damaged blade tip 50 to replace that lost during service
ranGOHY (HaSte BYYEeld repair is 5
The damaged turbine blade 40 includes an airfoil 42 against which the flow of hot

combustion gas is directed in service. During service, the damaged turbine blade 20
was mounted to a turbine disk (not shown) by a dovetail 44 which extends
downwardly from the airfoil 42 and engages a slot on the turbine disk. A platform 46
extends longitudinally outwardly from the area where the airfoil 42 is joined to the
dovetail 44. Optionally, a number of internal passages extend through the interior of
the airfoil 42, ending in openings 48 in the surface of the airfoil 42. During service, a
flow of cooling air is directed through the internal passages to reduoce the temperature
of the airfoil 42.

The airfoil 42 of the damaged turbine blade 40 ends in a damaged blade tip 50 remote
from the dovetail 44, The damaged blade tip 50 of the damaged turbine blade 40 of
Figure 2 has been damaged by material removal, oxidation, and/or corrosion during
service. There may also be radial cracks extending from the surface of the damaged
blade tip 50 down toward the remainder of the airfoil 42. Material that has been
removed is not shown, but damaged material 52 still in place 15 indicated.

Returning to Figure 1, the damaged material 52 is thereafter removed by any operable
technique, step 22. Damaged material 52 includes cracked, uneven, or oxidized base
metal, and any remnants of pre-existing coatings, such as environmental coatings,
bond coats, and ceramic thermal barrier coatings, in the vicinity of the damaged
material 52. Such damaged material would interfere with the repair performed
subsequently, if allowed to remain in place. Examples of operable removal
techniques include electro-discharge machining, milling, grinding, hand benching,
and etching.

The remaining damaged blade tip 50 is thereafter weld repaired, step 24. In the weld
repair, new metal of a repair alloy is melted and solidified on the damaged biade tip

50 to replace that lost during service and in the step 22. The weld repair is
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accomplished using the repair alloy having a composition that is different
from that of the base metal that forms the body 41. The repair alloy is a
nickel-base superalloy that is more resistant to oxidation than is the base
metal in the operating environment of the gas turbine blade. The oxidation
resistance is measured either in actual engine, operatlons or in testing that
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p-repaired gas turbine blade 60 may o ona be heat treated, steg
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performed in a temperature range of from 1850F (about 1010C) to 2050F
(about 1120C) and for a time of from 1 hour to 8 hours, followed by a final
ageing heat treatment at a temperatur{é of from 1500F (about 815C) to
1700F (about 927C) and for a time of from 2 hours to 16 hours. An
important feature of the method of Figure 1 is the steps that are not
performed in the present method, as compared with prior methods. The
method does not include any step of coating the lateral surface 80 of the

repaired blade tip 62 with a non-ceramic coating after the step of weld
ranairina 24 (The lataral crirface Q0O of the renaired hlade tin A2 ic nart nf




Even though no non-ceramic coating is applied to the lateral surface 80 of
the tip-repaired gas turbine blade 60, a ceramic thermal barrier coating 70
may optionally be applied overlying the lateral surface 80 of the repaired
blade tip 62, step 28, as shown in Figure 5 (which is not drawn to scale).

The ceramic thermal barrier.coating 70 is preferably the same material
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repairing a dama g , comprising. the steps of ,
antsuﬁtﬁ@hﬂfgcw@%magé&%ﬁ%ﬁé%ﬁééwmﬁa@ E%@ﬁo%ﬁs?oé@w non-
ceganvicecatidgnfieh isemsage off adddsepmeba 24. (The lateral surface 80 of the

repaired blade tip 62 is part of the surface of the airfoil 42 against which the hot
combustion gas is directed, and is distinct from the end surface 82 that faces the
stationary shroud. The lateral surface 80 is parallel to a long axis 84 of the turbine
blade 60, while the end surface 82 is perpendicular to the long axis 84.) Such a non-
ceramic coating would include, for example, an overlay or a diffusional
environmental or bond coating. Such non-ceramic coatings are not required or used
in the present approach because of the selection of the repair metal that is more
oxidation resistant than the base metal. The application of such non-ceramic coatings
is time consuming and adds significantly to the cost of the repair, and also requires a
time-consuming, costly heat treatment. The application of non-ceramic coatings to
the lateral surface of the blade tip is a standard feature of prior techniques, and such
application is normally present in prior art coating procedures unless specifically
stated to be absent.

Figure 4 (which is not drawn to scale) illustrates the tip-repaired gas turbine blade 60
where no non-ceramiec coating has been applied to the repaired blade tip 62. That 1s,
the repaired blade tip 62 has no coating of any type thereon. A preexisting protective
coating 64 is present on the body 41 of the tip-repaired gas turbine blade 60. The
preexisting protective coating 64 on other parts of the tip-repaired gas turbine blade
60 is illustrated as having both a bond coat 66 and the ceramic thermal barrier coating
68. Neither the preexisting protective coating 64 nor any other coating extends to
overiie the repatred blade tip 62.



removing any damaged material from a damaged blade tip of the
damaged gas turbine blade; and weld repairing the damaged blade tip
with a nickel-base superalloy repair alloy that is more resistant to oxidation
than is the base metal in the operating environment of the gas turbine
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a cueldiceprinng, f-heatdreating iRsiliRianaitrthaasdyiting BliadBe desirable to
thereafter heat treat the resulting coated tip-repaired gas turbine blade 60, step 30. A
typical stress-relief heat treatment 30 is performed at a temperature range of from
1850°F (about 1010°C) to 2050°F (about 1120°C) and for a time of from 1 hour to 8
hours, followed by a final ageing heat treatment at a temperature of from 1500°F
(about 815°C) to 1700°F (about 927°C) and for a time of from 2 hours to 16 hours.
Although a particular embodiment of the invention has been described in detail for
purposes of illustration, various modifications and enhancements may be made
without departing from the spirit and scope of the invention. Accordingly, the
invention is not to be limited except as by the appended claims.



4. A met.hod f_or _repairing a damaged gas turbine blade, comprising the
steps .of. furr_nshlng the damaged gas turbine blade which has previously
been in service and which is made of a base metal; removing any

damaged material from a damaged blade tip of the damaged gas turbine

blade; weld repairing the damaged blade tip wi i
. le; wel : ! p with a nickel-base superallo
What *%éi?’&ﬁ%l@y that is more resistant to oxidation than is the base metgl in th)(/a

operating environment of the gas turbine blade to form a tip-repaired
turbine blade having a repaired blade tip, i -

1 A method for repairing & damaged gas rurbine blade, comprising the steps of
furnishing the damaged gas turbine hlade which has previously been in service and
which is made of a base metal:

removing any damaged rmaterial from a damaged blade tip of the damaged gas
turbine blade; and

weld repairing the damaged biade fip with & nickei-base superalloy repair alloy
thet is more resistant to oxidation than is the hase metal in the operating environment of
the gas turbine blade to form a fip-repaired gas turbine biade having & repaired blade fip,
wherein the repair alloy has a composition different from the base metal, and wherein
the methoed does not include any step of coating a lateral surface of the repaired blade
tip with & non-ceramic coating after the step of weld repairing; and

heat treating the fip-repaired gas turbine blade at a temperature from about
1850° F. to about 2050° F. and for a time of from about 1 hour to about 8 hours, foliowed
by an ageing heat treatment at a temperature of from about 1500° F to about 1700° F.
and for a time of from about 2 hours to about 16 hours.

2. The method of claim 1, wherein the method does not include any step of coating
ihe lateral surface of the repaired blade tip with a ceramic coating after the step of weid

rapairing.

3. The method of claim 1, including an additional step, afier the step of weld
repairing, of heat treating the fip-repaired gas turbine blade.

4. A method for repairing a damaged gas turbine biade, comprising the steps of:

fumishing the damaged gas surbine biade which has previously been in service
and which is made of a base metal;

removing any damaged material frorm a damaged blade tip of the damaged gas
turbine biade;

weld repairing the damaged blade tip with a nickel-base superaltoy repair alloy
that is more resistant to oxidation than is the base metal in the operating environment of

the gas turbine blade io form a tip-repaired gas turbine biade having a repaired blade tip,
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wherein the repair alloy has a composition different from the base metal,
and wherein the method does not include any step of coating a lateral
surface of the repaired blade tip with a non-ceramic coating after the step
of weld repairing; and weld repairing the damaged blade tip with a
nickel-base superalloy repair alloy having an oxidation resistance in the
whereipelfatingpainaion et tanepgalicorbifierademh tidsbege aneabrapetnerain
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percOIRGBIRWIth SrreRairAloy NRYIBS, ANORHNAL LAMPOSILION. Inweightt 0.01 to
percent, of from about 7.4 to about 7.8 percent chromium, from about 5.3

&bl bR S o PRIFRERAF Fom about 2.9 to about 3.3 percent coballt,

from about 7.6 to about 8.0 percent aluminum, from about 0.12 to about

5. 0.13 ReficeMhainiimfom kgt Q-2 1AL QL PRICRRESIHGAB HRof

about 3.7 to about 4.0 percent tungsten, from abqut 1.5 to about 1.8
pefCBrEREdRh TSR RAR B bipdktRee BlePcRAtCaIBBhafdMich has
previvoeiyt 61 itosabaegt, 0.02 percent boron, balance nickel to form a

g - . hay X . . o das
tipyERakRd w&%as@#&%@we&aar@m'éﬁg&mt% wheeeintheed g
repair alloy has a composition different from the base metal, and wherein
turbigeHAdE88%oes not include any step of coating a lateral surface of the

repadiedrbladed pivitidarrgsd dransc itpatitly aftepthe step dbwetd & nominal
comfeRAININGn Qebhe fuRbRd i riaimsnWheraln 138, 3eR GfonRld IeRaiReh, from

Includes the st\%p of weldin ge%?glré% the dama er%bla%e Uﬁ with th%) ;
2oy PR ABY AV T REHHR LB R weTg R BE e BFE B L8 o
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hafrfie Oferd- doRERCe B BRI BRASRRMNAS, GOQLPSECEM to about 4.0 percent
tungsten, from about 1.5 to about 1.8 percent rhenium, from about 0.01 to about 0.03
percent carbon, from about 0.01 to about 0.02 percent boron, balance nickel to form a
tip-repaired gas turbine biade having a repaired biade fip, wherein the repair alioy has a
composition different from the base metal, and wherein the method does not inciude any
step of coating & lateral surface of the repaired blade tip with a non-ceramic coating after
the step of weld repairing.

8. The method of claim 5, wherein the step of weld repairing includes the step of
welding repairing the damaged blade fip with the repair alloy having & nominal
composition in weight percent of 0.01-0.03 percent carbon, 0.1 percent maximum

manganese, 0.5-0.6 percent silicon, 0.01 percent maximum phosphorus, 0.004 percent
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maximum su]fur, 7.4-7.8 percent chromium, 2.9-3.3 percent cobalt, 0.10
percent maximum molybdenum, 3.7-4.0 percent tungsten, 5.3-5.6 percent
tantalum, 0.02 percent maximum titanium, 7.6-8.0 percent aluminum,

1.5-1.8 perclen_t rhenium, 0.005 percent maximum selenium, 0.3 percent
__maximum platinum, 0.01-0.02 percent 0 c axd
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maxiiflvding.an additional ster iaftgidbeagtep of weld repairing, of heat
treating the tip-repaired gas turbine blade at a temperature from about
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about 16 hours.
repairing.

8. The method of claim 5, including an additional step, after the step of welid

repairing, of heat treating the tip-repaired gas turbine blade.

8. The method of claim 5, inciuding an additional step, after the step of weld
repairing, of heat treafing the tip-repaired gas turbine blade at a temperature from about
1850°F . to about 2050° F. and for a time of from about 1 hour t© about 8 hours, followad
by an ageing heat treatment at a temperature of from about 1500°F. to about 1700° F.

and for a time of from about 2 hours to about 16 hours.
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REPAIR OF GAS TURBINE BLADE TIP WITHOUT RECOATING THE
REPAIRED BLADE TIP ABSTRACT OF THE DISCLOSURE A damaged
gas turbine blade (40) which has previously been in service, and which is
made of a base metal, is furnished. Any damaged material is removed

from the damageﬂ%t@#@%sﬁﬁ}gﬁwgig@geﬂp (50) is weld
repaired with a nickel-base superalloy that IS more resistant to oxidation

resistance W@%ﬁ%@@ﬁﬂﬁ%ﬁ@hﬂ%@ S5aratRE Brivirhthehtof the

tip-repaired gas turbine blade (60). The method does not include any step

Aé’éf’ﬁ%@? @ﬂaf@{glﬁgaqggg%gf the repaired blade tip (62) with a

non-ceramic coating after the step of weld repairing. Fig. 4

A damaged gas turbine blade (40) which has previously been in service, and which is
made of a base metal, is furnished. Any damaged material is removed from the
damaged blade tip (50). The damaged blade tip (50) is weld repaired with a nickel-
base superalloy that is more resistant to oxidation resistance than is the base metal in
the operating environment of the tip-repaired gas turbine blade (60). The method
does not include any step of coating a lateral surface (80) of the repaired blade tip (62)

with a non-ceramic coating afier the step of weld repairing.

Fig. 4
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