METHOD FOR | MPROVI NG THE WEAR RESI STANCE OF A SUPPORT REG ON BETVEEN A
TURBI NE OUTER CASE AND A SUPPORTED TURBI NE VANE This invention relates to
~a turbine engine, nore particularly to inproving the wear resistance of a
weari ng support region between a turbine outer case and a supported

turbi ne vane in the engine, and nost particularly to such inprovenents in
the turbine section of a gas turbine engi ne. BACKGROUND OF THE | NVENTI ON

In a basic formMETHORFOR BMPROIINGUFBEWEARRESEAAMNEGE Qi r is drawn into
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shaft. The flow of gas turns the turbine by contacting an airfoil portion
of the turbine blade, whi ASWPPORTEDETSRBINE&XINBr ovi des power to the
conpressor. The hot exhaust gases flow fromthe back of the engine,

driving it,and the aircraft fo Ward In the turbjne section of the engine,
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section, CoeRY A& IHRNGSPERYm power fromthe hot combustion gases. The
stationary turbine vanes shape and direct the flow of hot exhaust gas to

I Npi nge UBACKGRAUNDI OF THEARESENTIDIause them the rotor disk, and the
shaft to turn, powering the conpressor. The stationary turbine vanes are

not rigidl u rted . on the turbine quter case, because of th
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mixture is combusted, and the resulting hot combustion gases are passed through a

turbine section mounted on the same shaft. The flow of gas turns the turbine by
contacting an airfoil portion of the turbine blade, which turns the shaft and provides
power to the compressor. The hot exhaust gases flow from the back of the engine,

driving it and the aircraft forward.

In the turbine section of the engine, stationary turbine vanes (also termed “nozzles™)
are supported (“hung”) on and extend inwardly from a stationary turbine outer case.
The turbine blades are supported on and extend outwardly from a rotating rotor disk.
Multiple stages of the stationary turbine vanes and the rotating turbine blades alternate
with each other along the axial length of the turbine section, to extract the optimum
power from the hot combustion gases. The stationary turbine vanes shape and direct
the flow of hot exhaust gas to impinge upon the turbine blades and cause them, the

rotor disk, and the shaft to turn, powering the compressor.

The stationary turbine vanes are not rigidly supported on the turbine outer case,
because of the differential movements generated by the gas forces and fatigue loading,
and by the thermal expansion differences of the various portions of the structure
during service. Instead, they are somewhat loosely supported by a support region and

allowed to move slightly during service.



during service. Instead, they are somewhat |oosely supported by a support
region and allowed to nove slightly during service. | The relative
“nmovenents of the turbine outer case and the turbine vane in the support
region prolong the life of the structure, but they can produce severe wear
damage in the support region. In the usual approach to avoid or repair the
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SUMMARY OF THE INVENTION

The present invention provides a method for providing a wear-resistant assembly of a
turbine outer case and a turbine vane. The method may be used either with new-make
assemblies, or after one or both of the turbine outer case and the turbine vanes have
been in service and have experienced wear. In the latter instance, the depth of wear
damage that may be repaired with the present approach is much greater than may be
repaired with alternative approaches. The use of the present welding technique may

simplify subsequent repairs of the assembly.

A method for fabricating a wear-resistant assembly of a turbine outer case and a
turbine vane comprises the steps of providing a turbine outer case, and a turbine vane
that, when assembled to the turbine outer case, is supported on the turbine outer case
in a support region whereat a vane-support area of the turbine vane contacts a case-
support area of the turbine outer case. A wear-resistant material is welded to a weld
area of at least one of the vane-support area and the case-support area. In the usual
case, the assembly is part of a gas turbine engine. There is commonly an additional
step, before the step of welding, of removing material from the weld area to which the

- wear-resistant material is to be applied in the step of welding.



I-n a support region whereat a vane-support area of the turbine vane
contacts a case- support area of the turbine outer case. A wear-resistant
smaterial is welded to a weld area of at |east one of the vane-support area
and the case-support area. In the usual case, the assenbly is part of a
gas turbine engine. There is commonly an additional step, before the step
of welding, of renoving material fromthe weld area to which the
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service. In many instances, the weld repair is so wear resistant that no repair of the
support region is required, or a relatively less difficult, less costly thermal spray

process may be used for minor wear repair.

Conventional thermal-spray processes are limited to relatively small thicknesses and
repair depths, and to those materials which may be thermally sprayed. The present
approach allows other types of materials to be applied, and applied in greater
thicknesses than may be applied by thermal spray. As a result, it may be possible to
avoid the need for repair of the support region in the usual maintenance cycle, or to

use the thermal-spray repair approach in these subsequent repair procedures.

Other features and advantages of the present invention 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 is not, however, limited to

this preferred embodiment.



thi cknesses than may be applied by thermal spray. As a result, it may be
possible to avoid the need for repair of the support region in the usual
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Figure 2 is an enlarged detail of the turbine of Figure 1 in area 2,
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THE | NVENTI ON Figure 1 schematically depicts a portion of a turbine 20 of a
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case 22 and a non-rotating turb?grfe nozz:-il‘(iéI stru%re 24. ere gére three
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turbines 20 there are nore stages. Each of the turbine stages 28, 30, and

32 incl ud%ﬁlﬁybﬁsmﬁqrﬁe prﬁEWT metinmes terned "nozzles") 34

that are supported around I nner circunterence of the turbine outer
case 22. The turbine vanes 34 are part of the turbine nozzle structure 24
and are sulstrahtschdrhaticall pdemio@raypdriomods surbing @siftasgas frurbireeenigiticbi T engi ne,
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t hat nozzle structure 24.

There are three individual turbine stages 28, 30, and 32 illustrated, although in most
turbines 20 there are more stages. Each of the turbine stages 28, 30, and 32 includes a
plurality of turbine vanes (sometimes termed “nozzles™) 34 that are supported around
the inner circumference of the turbine outer case 22. The turbine vanes 34 are part of
the turbine nozzle structure 24 and are substantially stationary to gross movements of
the turbine engine, although there are local movements as discussed subsequently.
Each of the turbine stages 28, 30, and 32 includes a plurality of turbine blades 36 that
are supported around the periphery of a turbine rotor (also sometimes termed a
“turbine disk™) 38 and whose outer end faces a turbine shroud 39 supported on the
turbine outer case 22. The turbine rotors 38 are in turn supported on a shaft 40 that

rotates about a centerline of the turbine 20.

Hot combustion gas flows along a gas flow path 26 through the turbine 20 when the
turbine is in operation. The flow of the hot combustion gas is shaped and redirected
by the stationary turbine vanes 34, so that it strikes the rotatable turbine blades 36 and
causes them, the turbine rotors 38, and the shaft 40 to rotate. The power of the shaft
40 is conveyed to the compressor (not shown), which compresses the air that is drawn

into the front of the gas turbine engine. The hot combustion gas flows from the back



are supported around the periphery of a turbine rotor (also sonetines
termed a "turbine disk") 38 and whose outer end faces a turbine shroud 39
supported on the turbine outer case 22. The turbine rotors 38 are in turn
supported on a shaft 40 that rotates about a centerline of the turbine 20.
Hot conbustion gas flows along a gas flow path 26 through the turbine 20
when the turbine is in operation. The flow of the hot conmbustion gas is
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r ef er encegliseistireds indopordiad BPteffedced. 560, whose disclosure is incorporated
by reference. Figure depicts a portion of one of the stages 30 in greater
detail, show ng the manner in which the turbine vane 34 is supported from
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vane attachnents 46 extending radially outwardly fromthe airfoil_ 42 and
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corr esponehRBustion gas is directed, a platform 44 at the radially outer end of the airfoil 42,

and vane attachments 46 extending radially outwardly from the airfoil 42 and the
platform 44. The vane attachments 46 engage (i.e., are “hung from™) corresponding

case attachments 48 on the turbine outer case 22 in one or more support regions 50.

The portions of the structures that actually contact each other in the support region 50
are a vane-support area 52 of the turbine vane 34 and a case-support area 54 of the
turbine outer case 22. During service, the vane-support area 52 and the case-support
area 54 wear against each other by impact and by rubbing. Material is removed from
these areas 52 and 54, and the remainder of the vane-support area 52 and the case-

support area 54 may be damaged to varying degrees.

The present approach may be used with the turbines 20 of new-make gas turbine
engines, but it is more preferably used to repair the turbines 20 of gas turbine engines

that have previously been in service, as depicted in Figure 3.



case attachments 48 on the turbine outer case 22 in one or nore support
regions 50. The portions of the structures that actually contact each ot her
-in the support region 50 are a vane-support area 52 of the turbine vane 34
and a case-support area 54 of the turbine outer case 22. During service,
the vane-support area 52 and the case-support area 54 wear against each
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precipitation of more than about 10 percent by volume of gamma prime phase.
Consequently, wear damage in the contacting vane-support area 52 and case-support
area 54 is not unexpected, and care is taken during inspections to check these areas for
wear damage. The wear damage may occur in either the vane-support area 52 or the
case-support area 54, or both, and therefore either or both may require repair. An
example of a cast nickel-base superalloy suitable for use in the turbine vane 34 is
RENE™ 77, a known material.

When wear damage is detected, the damaged material is removed, numerals 74 and

76, typically by machining.

A wear-resistant material is welded to a weld area that is within either or both of the
vane-support area 52 and the case-support area, as needed, numerals 78 and 80. Any
operable wear-resistant material may be used. The same wear-resistant material need
not be used in the vane-support area 52 and the case-support area 54, although the
same wear-resistant material may be used if operable. Examples of suitable wear-
resistant materials for the repair of nickel-base alloys include metals such as a cobalt-
base alloy having a nominal composition in weight percent of about 52 percent cobalt,
about 20 percent chromium, about 10 percent nickel, about 15 percent tungsten,
6



Consequent |y, wear damage in the contacting vane-support area 52 and
case-support area 54 is not unexpected, and care is taken during
:inspections to check these areas for wear damage. The wear danmage may
occur in either the vane-support area 52 or the case-support area 54, or
both, and therefore either or both may require repair. An exanple of a
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steps 78 and 80, although dabber TIG welding is preferred.

After the welding steps 78 and/or 80 are performed, the turbine outer case 22 and/or
the turbine vane 34 are machined and heat treated as necessary, numeral 82. This step
is optional but typically used, the machining step because the surface of the weldment
is not smooth and of the precise dimensions required, and the heat treating step
because the welding process leaves the substrate material of the respective turbine
outer case 22 and/or the turbine vane 34 in a state that is not the optimal heat
treatment state for subsequent service. Heat treatment is performed according to the
approach recommended for the respective base-metal alloys, which are known in each

case.

The turbine vanes 34 are assembled to the turbine outer case 22, numeral 84, The
assembled turbine 20, including the turbine vanes 34 and turbine outer case 22, is
placed into service in a turbine engine, and at a later time taken out of service,
numeral 86. The turbine 20 is removed from service either for routine maintenance or

as the need arises,



and the substrate to which the weldmen is applied, which remains sound to
elevated tenperatures. The weldnent nay be made nuch thicker than
:possible for thermal spray deposits, permtting the repair of much thicker
wear - damaged region s than possible with thermal spray techni ques. Any

sui tabl e wel ding process may be used in steps 78 and 80, although dabber
TIG welding is preferred. After the welding steps 78 and/or 80 are
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acconpl i sRethoutidegarting fedndl thé RIritednds Béopy & EeNinfERticlI C A @drdihgly Plis ma
spray or |l ow pressure plasma_ spray. These repair techniques are |ess
costly tham P’éllsrf@ééﬁg‘?h@ﬁﬁd ﬂWP%@lestbﬁaW?@ﬁ@iﬁlﬁ@S-depth of the wear
darmage is less than that requiring repair by welding. There is no



weld repair of the weld area after the welding steps 78 and/or 80, and
before the repairing step 88. Although a particul ar enbodi nent of the
invention has been described in detail for purposes of illustration,
various nodifications and enhancenents may be made w thout departing from
the spirit and scope of the invention. Accordingly, the invention is not
to be limted except as by the appended clains. 8 CLAIMS: 1. A nethod for
fabricati €gLAIMSar-resi stant assenbly of a turbine outer case and a
tur bi ne vane conpr|3|ng t he steps of providing: a turbine outer case, and

a turbinevane f Fl% Hodvfgreﬂ \§ -r%ﬁstgﬁl[pag en%bqg ng%ﬁﬁé@ﬁ:%&?% gt er

case in a suppor reglon t a vane- suppo vane
contacts atulma&evaﬁupmpﬂmﬁg&&s@efpsbﬁe turbi ne outer case; and welding a
wear-resistant material to a weld area of at | east one of the vane- support
area and the cé’é‘é‘“gﬂ&port area. 2. The nethod of claim1, wherein the step
of providing includgg,f &?&Qa&f providing each of the turbine outer case
and the turbine vane nade of a nickel -base alloy, wherein the step of

wel di ng i ncl udes t he tetbap Weslﬂtewhemgsstmbleﬂearsuppmaltc&nﬁle tagbirerduddr as a
cobal t-base allo 3., The hod of any one of th cedi ng cl ai ns,

Sherei 1t RESedh HAPOUIPBIOR VDR Py G- ST RRTE 2B o ine, i D gontacts &
Wear-re5|%gﬁ%pgmgfeh@ktﬁe%ﬁb%&ﬁéecaw@ﬁ@rt area. 4. The nmethod of any one
of the preceding clains, wherein the step of welding includes the step of

wel di ng t he weavelding ipsweamresivians mhatrial do trhwelicarea ofipbleast eueed the vaiitre net hod

of any On%ufﬂorgaqga&detﬁggés%%uﬁfx?&area wherein the step of providing

2. The method of claim 1, wherein the step of providing includes the step of
providing each of the turbine outer case and the turbine vane made of a nickel-base
alloy, wherein the step of welding includes the step of selecting the wear-resistant

material as a cobalt-base alloy.

3. The method of any one of the preceding claims, wherein the step of welding

includes the step of welding the wear-resistant material to the case-support area.

4. The method of any one of the preceding claims, wherein the step of welding

includes the step of welding the wear-resistant material to the vane-support area.

5. The method of any one of the preceding claims, wherein the step of providing
includes the step of providing at least one of the turbine outer case and the turbine

vane that have previously been in service in a turbine engine.

6. The method of any one of the preceding claims, including an additional step,
before the step of welding, of removing material from the weld area to which the

wear-resistant material is to be applied in the step of welding,

7. The method of any one of claims 1 to 5, including an additional step, before
the step of welding, of removing material from the weld area to which the wear-

resistant material is applied in the step of welding,



i-ncludes the step of providing at | east one of the turbine outer case and
the turbine vane that have previously been in service in a turbine engine.
‘6. The method of any one of the preceding clains, including an additional
step, before the step of welding, of renmoving material fromthe weld area
to which the wear-resistant material is to be applied in the step of

wel ding. 7. The nethod of any one of clains | to 5, including an additional
step, befde (The Isetbpd@f ang lode d, the fprecedingi dgimspinhiding hdditiondiestaps) d ar ea
to which ta.ﬁ year L{ﬁtan rraterial is applied in the step of welding. 9
8. The metth§u™6f eBr%W(? %1%t he preceding clains, including additional
steps, after the step of welding, of: assenbling the turbine vane to the
turbine outer Gaséiblinkded tafhihdeandss @Lfnd sUithl Rge;vane and turbine outer
case into service in a turbine engine; thereafter taking the assenbl ed

t ur bi ne vane a\%tur bi ne outer case out of service; and  thereafter
repairing the RACHEEAHRIMHed orhine ayang ngyturbing ARIGY €aser & seTBiSEHE Mo wel d

repair of tﬁx@%e"éﬁkﬂe%@éaﬁéﬁ er the step of welding and before the step of
repairing ’

taking the assembled turbine vane and turbine outer case out of service; and

thereafter

repairing the weld area using a metal spray technique, there being no weld

repair of the weld area after the step of welding and before the step of repairing.
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