METHOD OF REPAI RI NG SHROUDED TURBI NE BLADES W TH CRACKS I N THE
VICINITY OF THE OQUTER SHROUD NOTCH BACKGROUND OF THE | NVENTI ON 5The
present invention generally .relates to the field of repairing
shrouded turbine blades. In particular, the invention relates to a
met hod of repairing a notch fillet radius of a shrouded turbine
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such as a cobalt-based alloy. This is in contrast to the softer nickel-based alloy
forming the shrouded turbine blade. Thus, traditional repair technicques are limited
to blending techniques to remove the damaged area. Most of these current repair
25 techniques can only repair the notch fillet radius of the shrouded turbine blade if
the crack is no more than approximately 0.03 inches deep inward from the outer
edge of the notch fillet radius. If the depth of the crack is greater than
approximately 0.03 inches, the entire shrouded turbine blade must typically be
replaced. This can be & costly process, particularly if there is only a single crack
30 or if only a small percentage of the shrouded furbine blade is damaged.
Therefore, it would be desirable to have methods that allow cracks greater than



5Met hods of repairing a damaged notch fillet radi [

bl ade shroud are descri bed. The danmaged notch ??:FZtOIagiLSrP;ne

bl ended out and a hardface structure positioned proxi mate the damaged
Potch fillet radius is renoved. A replacement notch fillet radius is
ormed with weld filler and a hardface nugget is welded to at |east a
portion of the replacenment notch fillet 10 radius. Conventional

techniques are then used to return the blade to '
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hatdface nugget is welded to at least a portion of the replacement notch fillet
10 radius. Conventional techniques are then used to refurn the blade to serviceable
condition. These methods allow cracks up 1o approximately 0.1 inches desp to be

repaired.

BRIEF DESCRIPTION OF THE DRAWINGS
15 FIG. 1 is a perspective view of a turbine blade.
FIG. 2 is an enlarged top. view of a shroud of the turbine blade.
FIG. 3 is an enlarged view of a crack located at a notch fillet radius of the
turbine blade.
FIG. 4 is an enlarged view of the notch fillet radius with the crack removed.
20 FIG. 5 is an enlarged view of the notch fillet radius with a hardface structure
of the turbine blade removed.
FIG. 6 is an enlarged view of the nofch fillet radius with a replacement
weid.
FIG. 7 is an enlarged view of the notch fillet radius with the replacement
25 weld shaped to accept a hardface nugget.
FIG. 8 is an enfarged view of the notch fillet radius with the hardface
nugget.
FiG. 9 is a block diagram of a method of repairing a damage site of a notch
fillet radius of a turbine biade.
30



FIG 8 is an enlarged view of the notch fillet radius with the

har df ace nugget. FIG 9 is a block diagramof a nethod of repairing a
damage site of a notch fillet radius of a turbine blade. 30 DETAILED
DESCRI PTI ON The new net hods of repairing damaged shrouds of

turbi ne bl ades descri bed herein allow cracks having a depth of up to
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Turbine blade 10 is exposed to high temperatures and vibratory stresses present
25 in jet turbine engines with loads constantly exerted on original edge 16 of shroud
12, and particularly notch fillet radius 20. Thus, notch fillet radius 20 and the area
proximate nofch fillet radius 20 can crack, with the crack typically radiating inward.
Whereas current repair technigues only allow cracks of up to approximately 0.03
inches deep to be repaived, the new methods of repairing cracks described herein
30 allow cracks up fo approximately 0.1 inches deep to be repaired. This ailows

many parts to be repaired instead of being scrapped.



FIG 3 shows an enl arged view of original edge 16, notch fillet

radi us 20, and hardface structure 22 of shroud 12. Oiginal edge 16
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I nternational Nickel, Inc., Saddle Brook, NI FIG 7 sho

¥!em10f original edge 16, new replacenent weld edge 16bmsaﬁg ﬁglg;ged
il1let radius 20 with an edge portion 28 of replacenent1meld

26 shaped to accept a hardface nugget 30 (shown in FIG 8). Prior to

wel di ng 15har df ace nugget 30 onto shroud 12, edge portion 28 of

repl acenent weld 26 nust be shaped to accept hardface nugget 30
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in FIG. 4) had a height of depth De and a width of depth Dg, edge portion 28 or
replacement weld 26 and new replacement weld edge 16br must be shaped fo a
height of at least depth D¢ and a width of at least depth Dq from new edge 16a to
20 properly prepare edge portion 28 and new edge 16a to accept hardface nugget
30. Edge portion 28 of replacement weld 268 may be properly shaped to accept
hardface nugget 30 by machining or any other suitable manner.
FIG. B shows an enlarged view of new replacement weld edge 16, new
hardface nugget edge 16c, and notch filet radius 20 with hardface nugget 30
25 welded to shroud 12 and replacement weld 26. Hardface nugget 30 has
substantially the same shape as hardface structure 22 (shown in FIG, 3) with a ~
height of at least depth De and a width of at least depth Dq. Hardface nugget 30is
welded onto shroud 12 at new edge 16a and -shaped edge portion 238 of
replacement weld 26. Welding hardface nugget 30 to shroud 12 extends the
30 remaining portion of new hardface nugget edge 16c back to at least orlginal edge
16. In one embodiment, hardface nugget 30 is welded to shroud 12 by gas

tungsten welding at between approximately 10 amps and approximately 25 amps,



5procedures include, but are not limted to: grinding, degreasing,
stress-relieving, and shot peening. FIG 9 shows a bl ock

di agram of an exenplary, non-limting nethod 100 of repairing shroud
12 with crack 24 |ocated at notch fillet radius 20. Conventi onal

bl endi ng ' techni ques can-repair cracks only up to a depth of
approximately 0.03 10 i nches. Mt hod 100 alloms the repair of cracks
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20 nugget 30 is welded to shroud 12 and replacement weld 26 at the same location
that hardface structure 22 was located, as represented by Box 110.  As depicted
in Box 112, after hardface nugget 30 has been welded onto shroud 12, shroud 12
is restored to serviceable condition using conventional notch repair procedures,
' which can include, for example: grinding, degreasing, stress-relieving, shot
25 peening, and the like.

Although the present invention has been described with reference to
preferred embodiments, workers skilled in the art will recognize that changes may
be made in form and detail without departing from the spirit and scope of the
invention.
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radi us; formng a replacenent notch fillet radius with weld
filler conprising a first material; and wel di ng a hardface
nugget conprising a second different material to at |east a portion
of the replacenent notch fillet radius. 2. The nmethod of claim1,
wherein the wel ding the hardface nugget conprises gas tungsten arc
wel ding. 3. The nethod of claim11, wherein the welding the hardface
nugget conprises wel ding at a power_ of b§t ween about 10 anps and
about 25 anps. 4. The nethod of clEMMS wherein the first material
is a nickel-based alloy. 5. The nmethod of claim4, wherein the

ni ckel -based al | oy conprises Inconel-625. 6. The nethod of claiml1,
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claim 6, Fe AT RE preparing the replacenent notch fillet radius
for the hardf akadingogehe donprddseshdirpradms] kikereie pheadamged norch GHet

fillet radjus to accept the hardface nugget. . A et .
repairing® u%ﬁ_dléat%r%?aéq{ R E’I%B’t1t Q"@d’inglée%g]fonhant ioﬁg‘eﬂ’log:g&@hagw&
t he met hqgy ¢ aRidgh 'a%ith of about Bl18AHD SoMlhe EdMR oHtaEB@RM MIRE eddinfsi | | et
radi us, wherein the damaged notch fillet radius has a depth greater

than about 0. 08@n¢viethebarfifapestasiuse gesidgned peoxipeie kherdamaged et filletand a
maxi num (;gcﬁltlsh of about 0.1 inches fromthe edge of the notch fillet
radi us; renoving a hardface structure positioned proximte the
damaged not ch férinlih@h repidemesnt nbahrfillegradius eyithaeddiitier cootpelsingial firest
radius with ld filler; and
matenal; and
welding a hardface nugget comprising a second different material to at least a

portion of the replacement notch fillet radius.

2. The method of claim 1, wherein the welding the hardface nugget comprises gas

tungsten arc welding.

3. The method of claim 1, wherein the welding the hardface nugget comprises welding at

a power of between about 10 amps and about 25 amps.
4. The method of claim 1, wherein the first material is a nickel-based alloy.
5. The method of claim 4, wherein the nickel-based alloy comprises Inconel-625.

6. The method of claim 1, further comprising: preparing the replacement notch fillet

radius for the hardface nugget prior to the welding step.

7. The method of claim 6, wherein the preparing the replacement notch fillet radius for
the hardface nugget comprises shaping the replacement notch fillet radius to accept the

hardface nugget.



wel di ng a hardface nugget to at |east a portion of the replacenent
notch fillet radius. 9. The nethod of claim8, wherein the welding
t he hardf ace nugget conprises gas tungsten arc welding. 10. The

met hod of claim8, wherein the welding the hardface nugget conprises
wel di ng at a power of between about 10 anps and about 25 anps. 11.
The met hod of claim8, wherein the forning t he replacenent not ch

fillet radlus t he wel l,er a nicke sed
al | oy. )én Mlﬁﬁd‘“&g a 8‘1‘”&?%1 i‘?tc ?‘é‘ﬁ‘ﬁs f’ﬁ A adfbg’é%'ﬁe oy
conprlseqnaﬁggmﬁmﬁggé 13. The net hod of cla|n18 further

conpri si ng: préeparing the replacement notch fillet radlus for

the hardface Mlrggiag optthe damagedmetahelilist ragiust whereinthe dampgedpetal e
e )15 RS0 SR B0, SRLARETEI L Ay
fillet rasddeasndximandepth of hieouharldhcee fnmghetdge of the notch fillet radius;
removing a hardface structure positioned proximate the damaged notch fillet
radius;
forming a replacement notch fillet radius with weld filler; and

welding a hardface nugget to at least a portion of the replacement notch fillet

radius.

9. The method of claim 8, wherein the welding the hardface nugget comprises gas

tungsten arc welding.

10. The method of claim 8, wherein the welding the hardface nugget comprises welding

at a power of between about 10 amps and about 25 amps.

11. The method of claim 8, wherein the forming the replacement notch fillet radius with

the weld filler comprises using a nickel-based alloy.
12. The method of claim 11, wherein the nickel-based alloy comprises Inconel-625.

13. The method of claim 8, further comprising:
preparing the replacement notch fillet radius for the hardface nugget prior to the

welding step.

14. The method of claim 13, wherein the preparing the replacement notch fillet radius for
the hardface nugget comprises shaping the replacement notch fillet radius to accept the

hardface nugget.



