METHOD OF REPAI RI NG SHROUDED TURBI NE BLADES W TH CRACKS IN THE VICINITY OF
THE OUTER SHROUD NOTCH BACKGROUND OF THE | NVENTI ON 5 The present invention
generally. relates to the field of repairing shrouded turbine blades. In
particular, the invention relates to a nethod of repairing a notch fillet
radi us of a shrouded turbine blade. Shrouded turbine blades are often
exposed to extrene environments, such as high tenperatures and strong.

vibrations i lLcr l.ones..,ln order to 10 withstand such environnents,
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forces fromthe surroundi ng environnment. Although the shrouded turbine -
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cracks radiating inward from the edge of the notch fillet radlus If left unattended,
the heat and vibrational stresses of the environment may cause the crack to
continue to extend inward and cause the shrouded turbine blade to break.
20 One problem with repairing a crack located at an outer e’dge of the notch
filiet radius is that the hardface structure is typically formed of a brittie material,
such as a cobalt-based alloy. This is in contrast to the softer nickel-based alloy
forming the shrouded turbine blade. Thus, fraditional repair techniques 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 a costly process, particularly if there is only a single crack
30 or if only a small percentage of the shrouded turbine blade is damaged.
Therefore, it would be desirable to have methods that allow cracks greater than



Therefore, it would be desirable to have nethods that all ow cracks greater
than approxi mately 0.03 inches deep in the notch fillet radius of shrouded
turbine blades to be repaired so that nore parts could be sal vaged. BRI EF
SUMVARY OF THE | NVENTI ON 5 Met hods of repairing a damaged notch fill et
radius of a turbine blade shroud are described. The damaged notch fill et
radi us i s bl ended out and a har df ace structure positioned proxi mate the
damaged notch fil ved acene ch fillet radius
is forned \ﬂ%?rﬁ% '8? 93 %98 A 7(5'958%%683@’ ot et | east a
portion of blddestcetpﬂrapmradrsotlmmmre pﬁartslceuldhesalaabeds Convent I onal techni ques
are then used to return the blade to serviceable condition. These nethods
al l ow cracks up to approximately 0.1 inches deep to be repaired. BRI EF
DESCRI PTI ON OF THE DRAWamSFSimMA\Ea/QFTItE WVENTENCt i ve view of a turbine
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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. § is an enlarged view of the notch fillet radius with a hardface structure
of the turbine blade removed.
FIG. 6 is an eniarged view of the notch fillet radius with a replacement
weld.
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 eniarged 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 blade.
30



2 DETAI LED DESCRI PTI ON The new net hods of repairing damaged shrouds of

turbi ne bl ades described herein allow cracks having a depth of up to
approximately 0.1 inches to be repaired. The cracks are | ocated at a notch
fillet radius of the shroud, radiating 5 inward from an outer ‘edge of the
shroud. The crack and the damaged area around the crack are first bl ended
out locally. A hardface structure of the shroud 1is then either machined or
ground of f.. A repl acenent we at the notch fillet radius
where the crack was renoved. bﬁ?%%?brtﬂéeé regﬁg)@emant weld is formed on the
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each ot her %Bnh&@tt?%s@n@%mefmahhﬁsmauécaﬁalfain shroud 12 abuts a

har df ace structure of "an adj acent shroud on either Side of shroud 12.
Tur bi ne bl ade 166551@ﬁ%@%awtacperﬁpngwmféwbme@ladﬁdO\nnﬂraatpbwlprt resses

present 25 o'féhrb&’d12Wt&bﬂ@b%9'10%sﬂ&cﬁ\félﬂ Qﬁdiﬁm%e“ %Bh}h&ﬁﬁ:hétﬁﬂ on origi nal

edge 16 of shroud 12 nd rliy radi us . Thus, notch

fill ettSr adiwith opg anater. h@rﬁﬂ%ﬁ'ad%%ﬂ?’r‘ﬂﬁ'u “PRH-N?H Sf"' OPF é? Pegitioned 32@ can crack,
with the cr@rénd Wbﬂﬂlbln)é bisdieli 18! IShebud@aias an o\»fﬁiﬁémge 48 ah&gbndragai r

techni ques w?c?l.ld\e/s air seV\isC{ a%létsch %Ileturgdi 28 pap rdor%(alrcring st¥uc9ures 22. Notch
fillet radius 20 is formed at original edge 16 of shroud 12. Hardface structure 22 is
welded fo original edge 16 adjacent nofch fillet radius 20 and functions to
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20 dissipate the vibration energy when hardface structure 22 rubs against adjacent

' blade hardfaces. In operation, the shrouds of adjacent turbine blades are

positioned next to each other such that each notch filiet radius 20 of shroud 12

abuts a hardface structure of an adjacent shroud on either side of shroud 12.

Turbine blade 10 is exposed to high temperatures and vibratory stresses present

25 in jet turbine engines with loads constanily exerted on original edge 16 of shroud

12, and particularly notch fillet radius 20. Thus, notch fillet radius 20 and the area

proximate notch fillet radius 20 can crack, with the crack typically radiating inward.

Whereas current repair techniques only allow cracks of up to approximately 0.03

inches deep to be repaired, the new methods of repairing cracks described herein

30 aliow cracks up fo approximately 0.1 inches deep to be repaired. This allows
many parts to be repaired instead of being scrapped.



I nches deep to be repaired, the new nethods of repairing cracks descri bed
herein 30 allow cracks up to approximately 0.1 inches deep to be repaired.
This allows many parts to be repaired instead of being scrapped. 3 FIG 3
shows an enl arged view of original edge 16, notch fillet radius 20, and

har df ace structure 22 of shroud 12. Original edge 16 fornms the outer
perimeter of shroud 12. Notch fillet radius 20 has crack 24 radiating from
original edge 16 of shroud 12. Crack 24 is caused by the high tenperature .
and vibration 56t fS5QWs 2B RIFasH viaw of arighal edgester poidh fitketiraditoz@t ed. Cr ack 24

has a hei ghhdqfardfd&pbhjdmemdoﬁsmm hzofoﬁaﬁil%c@@ é""?ﬁ d@gt&{;}? of crack
rome r

reaches approxi ches as neasured oud 12 can
no | onger 58 rimets ?feeﬁhgq'ﬁ‘” q"r@ﬁ“ﬁ ug g0 haseraeknd faﬁla@'l'ﬂjff‘?fg origiralgr i ndi ng,

Prglto gio?s Cedgé@ﬁvr:]\feér!cﬁ%uﬁeml f?\@ﬁ(@igldransédfb yARO R Pi'te'ﬁ?de?éture%r?g \Avlisﬂﬂﬁlanaﬁznfgpggg Ui ew
of ori gl na?h’%%a eﬂ%’%ﬁ&"wgﬂﬁr%{b reyq lﬁf%'ﬁ’%ate‘ézcﬁcf‘é’ﬂ Ras2 Reight gfshown in FI G
3) has beedepthripaed aMdthloSdmfpﬂuUb 1Whed deptif Dpof chadk réRAad spprdiimatdy12 back to

& ok 24 agdouiches P8 dresbll fofiediestn, Smid 57 it e N “depth D
and a wi dt hepairediby b@m!entlmmlendug arrg;rﬂlng,snétheﬁsd@taﬂdstwmubbtﬂmﬁdf 15 notch

A bort| on“Bio SAreARAR o finfecarbe [shafbiind Blowind BB BTt oo cn
filletOradius FJG 4 shows wgemlemewgw of Geiginal edge ¢6 and hardface attitgre20. Crack 24
and the ar QQaﬂ&r&édk@t@derﬂﬁh H?é’bé%ﬁ ré z%?eéﬁ%m%rﬁdeﬂﬁ'hf‘gmg%' ndi ng,

machi ni ng, or _ any novvn I n art 16 may be

bl ended oufeﬁaf’d?h'%Hﬁr ?9%(!’32‘8‘%29'&0?‘#&? Wﬁ?ﬂl FRRCK2¢ Hnpsd eqmnl@te'a pl ane” of
shroud 12 @éméVedanmPehgdudl 10 (ChadkeRRMAthe dréa ﬁl’éklﬁiéfé ckdckiZa tohaGRighi ¢t Create a

an_onl ar godt reheBh PrapLa B e LasERoRtL Pb e fys Bendedapl Suchhitand har of ace.
structisir e Aatchfiles ridhey 20 (@howreid FIG. cmssdnmumhau;zrenﬁ%@fmmrsm&d 334 A25 (shown in
FIG 3) and B ofbighad 3L 8L FortdvS from EnfblY G2 Bl RASS I ik O™
20, forming new edge 16a at notch fillet radius 20. Crack 24 and the area
proximate crack 24 may be removed by blending, grinding, machining, or any
other method known in the art. Original edge 16 may be blended out from shroud
20 12 either normally with respect to a piane of shroud 12 or at an angle with respect
to shroud 12 in order to create a greater surface area to which replacement parts
may be welded.
FIG. 5 shows an eniarged view of new edge 16a after notch fillet radius 20
and hardface structure 22 have been removed from shroud 12. After crack 24
25 (shown in FIG. 3) and the area proximate crack 24 have been blended out from
shroud 12, hardface structure 22 (shown in FIG. 4) is also removed from shroud
12. Hardface structure 22 may be removed in any suitable manner, such as by
machining or grinding hardface structure 22 from shroud 22. Removal of crack
24, the area proximate crack 24, and hardface structure 22 essentially entirely
30 eliminates original edge 16 (shown in FIG. 3) and forms new edge 16a as the new
perimeter of shroud 12.



shroud 12, hardface structure 22 (shown in FIG 4) is also renoved from
shroud 12. Hardface structure 22 nmay be renoved in any suitabl e manner,
such as by nachining or grinding hardface structure 22 from shroud 22.
Renoval of crack 24, the area proximte crack 24, and hardface structure 22
essentially entirely 30 elimnates original edge 16 (showmn in FIG 3) and
forms new edge 16a as the new perineter of shroud 12. 4 FIG 6 shows an

enl arged vi ew of _ne e 16 notch fillet radius 20 wth replacenent
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hei ght of atweld ﬁ.llasmon@ptpbmofamnw edgei 1681 Replacément aetd zbaslfdim@bto fiepl acement
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r enoved andsi%{ g:h fIr|1'g{\?vmalla§‘p ﬁﬁ"%\%‘r'%"@o%% ka%'b Anghags at'?)e'%ﬁtm?@tast ori gi nal
edge 18 at rieastdemm Db end aatddthusf at2€nst Yépth B, aRgplacenienbweld\as! thus takdser mat eri al
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Saddl e Br ookepiagement weldedge 3G bagk te st eayenginalaggesat hghch&lleteqt@s 16, new
epl acerent ane !9 sdbie !N Htrl af be 3. 078 e\Mbton%'ﬂ%Sadge por ti on

28 of replacepent wel 6 shaped to acce ace nu shown in
FIG 8)0 prisytabigweig, 'E‘F"n@ a.LB'C'FP&bE?eSc%hhﬁB% a%U‘GSPRl@2§hP‘tﬂJGb'§Z°medge portion.
28 of repl aqsemationabNidkel AnelSiddidBroa)aped to accept hardface nugget_ 30.
e TN N T T L W
repl acenent edgé dédme nbbh filletstdibe 26 witip enl etige portidre2@) bt replacerhert @it dept h Dc
cdge por t 1 ooz abseh B eefE binBlte rlBGR 3B RNATIE B ihefb Wifnal 0001 T o
28 of rlépl aderdfane nvgdet @@ntcaghrw 1% eqigerpoytion|28wf teplagementopstd 26 mudf ace nugget
30 by machi pjengafdd B ascePt Refdrt nLgdtt S0, TBBESEEe hardface structure 22 (shown
in FIG. 4) had a height of depth D; and a width of depth Dy, edge portion 28 or
replacement weld 26 and new replacement weld edge 16b must be shaped to a
height of at least depth D. and a width of at least depth Dy 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 26 may be properly shaped to accept
hardface nugget 30 by machining or any other suitable manner.
FIG. 8 shows an enlarged view of new replacement weld edge 16b, new
hardface nugget edge 16¢, and notch fillet 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 ieast depth D and a width of at least depth D4. Hardface nugget 30 is
welded onto shroud 12 at new edge 16a and shaped edge portion 28 of
replacement weld 28. Welding hardface nugget 30 to shroud 12 extends the
30 remaining portion of new hardface nugget edge 16¢ back to at least original 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,



FIG 8 shows an enl arged view of new repl acenent wel d edge 16b, new

har df ace nugget edge 16c, and notch fillet radius 20 wth hardface nugget 30
25 wel ded to shroud 12 and repl acement 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 Dc and a width of at |east depth Dd. Hardface
nugget 30 is welded onto shroud 12 at new edge 16a and shaped edge portion
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repair groc d I ) . sur roundi ng
ar eas (ip. e. s%ﬁ%ﬁ%ﬁ? d\gﬁ% I}%;hnﬁttg%ws?gﬁ(ﬁ@%beggggloﬁﬁ%%ﬁeae@%npI es of
suitabl e poﬁ%?ﬂqta‘ﬁ%ﬂ"'_'gnot ch repair 5 procedures include, but are not linited
to. grinding, deseensidi.a BbHCHAR of &Y bxtbplarh Hindifting RRARI b0 ol G 9 shous

a bl ock dia/?ramof an exen@Iar ,_non-limting nmet repairing
&

shroud 12 wiaPAirgg sp1eud 42w %t locatad:3f nofohTlet radiys @8- Lenvendiandint i onal
bl endi ng 't eﬁi&ﬁ&iﬂ%ﬁi ey @hariefaaiﬁbr%%sorﬂmhp’_tdlﬂ db@thébftigeﬁoﬁirr&ielﬁamoxi mat el y
0 S

0.03 10 i nches. 1 I t he repair of crac aving a depth of u
to apgt? oxXi H‘&ﬁ%ﬁ'y ‘8“4 Hgﬂe%'."wﬁ\gﬁ%éﬁwroﬁ' crasks: AaVIRg 2 derthi afugg tEanlorepai r P

cracks onl gpptpxitnately Olédhdhesf GCuppérisnaitbiending Qedhdiques Bes repdsr Ghigken i n Box

are bl endedoay 8 aichrp =hPAmaRY CRIRERS, 25Boft i R Tod brpsf 2tnchi ned or
ground of f efid g euriounding Idamaged eqpeze st notehl filgt Bdius 1AM arefblentissicoutbed in Box
106, 1 ep! aCRIBRl Wikbfoeficire 52 Isiéh Ginol RYrAr bRRNA SRBNGL §41 Lt T adius

20 with a we r _area_previously removed i Box 102.
After A&pl agememeseptadcby’Bon i@ phedesasberin Boxn 10 replerement waldodfdis12 i s

prepared totfmeg Rt nb'edhad6a BHE AGtch Affet PacitREd vith BUveld filler to fill in the
" area previously removed in Box 102. After replacement weld 26 has been formed
on shroud 12, shroud 12 is prepared to accept hardface nugget 30 by machining
adge portion 28 of replacement weld 26, as represented by Box 108. Hardface
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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edge portion 28 of replacenent weld 26, as represented by Box 108. Hardface
20 nugget 30 is welded to shroud 12 and replacenent weld 26 at the sane

| ocation that hardface structure 22 was | ocated, as represented by Box 110.
As depicted in Box 112, after hardface nugget 30 has been wel ded onto
shroud 12, shroud 12 is restored to serviceable condition using
conventional notch repair procedures, which can include, for exanple:

gri ndi ng, ing, stress-relieving, shot 25 peening, and the |iKke.

Al t hough thgﬂﬁﬁgient i nvention has been described with reference to

preferred erfbodiAemitisnd oforebairing skidragddi rotdhhilletibddius &f a nEBIRE iR t hat
changes may pn L f d detail w thout departing fromthe spirit
and scope thl{%ﬁ%ﬂﬁ?ﬁu\?@ﬁ Fgﬁgﬁ% 6 CLAIMS: 1. A nethod of repairing a
damaged not ch fib|¢lt§hngrm1dﬂ'la$iamﬁgedmajcl'bﬁllab'adiuade shroud, the nethod

conpri skng: bl ef}@heang%értiﬁﬁéi%mm Rhiibd b é fhgoélﬂaggplrﬁ ving a

har df ace structure poSitione radi us;
formng a repl acenenf“eltlfﬁdtsﬁ.flllet radl us vvlth weld filler; and welding a

har df ace nugget fbﬁnﬁé?}}?ﬁ&%mgm%ghlﬁﬁ&mﬁgmst@ﬁw {)Q%ﬁ%?nt notch fillet

radius. 10 2. claim1 erern we he har df ace nugget
conpri ses gas t‘ﬁﬁi EL] emaéﬁfecwmh@ 3‘3‘335THGP°FPEI'mﬁ@ﬂ)temﬂcamm\tlnotqmere| n

wel di ng the hardf acefpgesagis, conpri ses 15 welding at a power of between
about 18{Earrps and about 25 anps. 4. The nethod of claim1l, wherein formng a
repl acdflent notch fillet radius with weld filler conprises using a

ni ckel - based. al | THe method of claim 1, wherein welding the hardface nugget comprises
gas tungsten arc welding.

3. The method of claim 1, wherein welding the hardface nugget comprises
15 welding at a power of between about 10 amps and about 25 amps. '

4, The method of claim 1, wherein forming a replacement notch fillet radius
with weld filler comprises using a nickel-based alloy.

20 5. The method of claim 4, wherein the nickel-based alloy comprises inconel-
625.

6. The methed of claim 1, further comprising:
preparing the replacement notch fillet radius for the hardface nugget prior to
25 the welding step.

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

30
8. A method of repairing a crack located at an outer notch-fillet radius of a
turbine blade shroud, the method comprising:



20 5. The method of claim4, wherein the nickel-based alloy conprises

I nconel - 625. 6. The nethod of claim1, further conprising: preparing the
repl acenent notch fillet radius for the hardface nugget prior to 25 the
wel di ng step. 7. The method of claim®6, wherein preparing the replacenent
notch fillet radius for a hardface nugget conprises shaping the repl acenent
notch fillet radius to accept the hardface nugget. 30 8. A nethod of
repairing a crack located at an outer notch fillet radius of a turbine

bl ade shroud, t"REOYRY AAIHCB %HHesuiey.noteh fillstsadiysyang » bardfase sbifictulee out er not ch
fillet radius and aofrtﬁédﬁ:am:téﬁﬂlluﬁham&proﬁﬁwafehﬁeé’ru&w notch fillet radius

pr oxi mat e the forg\ rﬁ e% @&) Ecerrent wel d at the outer notch fillet
radius with a f TRREETTN . weld ah 518 Avjer peich @Pﬂtafé@H’érW’thV\ﬁalﬁﬂeffor accepting
a hardface wel d; andmatenall;dl ng the hardf ace nugget to at |east a portion of

t he repl acenment t of c 8. Wherein formng the

r epl acgrrent m|s&\£@h&{h’ 'S@%gﬁlfgrwggirﬁ%q? "Q%%@%W%yandlo 10. The method of
cl ai m 9, wher eiweldihgtheihatdidcemaggel tdtllenst € portiori oftise replacergént welks. 11. The

met hod of claim8, wherein the crack has a maxi num depth of about 15 0.1

i nches froman edge of the outer notch fillet radius. 12. The nethod of

cl ai m 8, wHer eithetmethed gt wlaimg, wheleipférmingethe eeplackmentabeldtcomPrigd® i nches from
an edge of u&h?a%é’k@lrbae&i % fillet radius. 20 13. The nethod of claim8,

wherei n renov portion of the outer notch fillet radius creates a
groovédin an edge of the outer notch fillet radius.

10. The method of claim 9, wherein the nickel-based alloy comprises Inconel-

625.

11.  The method of claim 8, wherein the crack has a maximum depth of about
15 0.1 inches from an edge of the outer notch fillet radius.

12.  The method of claim 8, wherein the crack has a depth greater than about
0.03 inches from an edge of the outer notch fillet radius.

20 13. The method of claim 8, wherein removing a portion of the outer notch fillet
radius creates a groove in an edge of the outer notch fillet radius.

14. The method of claim 13, wherein forming a replacement weld comprises
forming the replacement weld in at least the groove of the outer notch fillet radius.

25
15. A method of repairing a damaged notch fillet radius of a turbine blade
shroud, the method comprising:
grinding away an edge portion of the damaged nofch fillet radius, whersin
‘the damaged notch fillet radius is formed qf a first material;
30 removing a structure positioned proximate the damaged notch fillet radius,

wherein the structure is formed of a second material;



14. The method of claim 13, wherein formng a replacenent weld conprises
formng the replacenent weld in at | east the groove of the outer notch
fillet radius. 25 15. A nmethod of repairing a damaged notch fillet radius
of a turbine blade shroud, the nethod conprising: grinding away an edge
portion of the damaged notch fillet radius, wherein the damaged notch
fillet radius is forned of a first material; 30 renpbving a structure

-posi tioned proxinmte the danaged notch fillet radius, wherein the structure

is formed of a Iﬁﬁ&iﬁ@d roRacnient weld %Hl%ﬂ&n%éﬁ&bﬁﬁMU hdrefct €ndi ng from

the notch fillet radius, wherein he repl acenent wel orned of the

first material; shaﬁeﬁ@'?‘f?@qnéﬂﬁﬂ&afﬁ@?ﬁdmecﬁrﬁfmatﬂ@bept| ng a hardf ace,
wherein the haéfﬂbs&@%b&ebiﬁééﬁdat&ﬁeldh& 6Pty Fhardtaab, umeféurﬁtw&el ding the

hardf ace to at | eas t he repl acenent, wel d. 16. The method of

ort
claim15, wherein t @%f"‘\g tJ"rr'i'lﬁ“'eqffhgls’eF‘g’de{“EH?"'!‘?‘ké’l“‘:'based alloy. 17. The

net hodsof cl ai nwdifing tedvardfacettb at ibast atponioh of theteplatemeamgd. 625. 10 18. The
met hod of claim 15, wherein the damaged notch fillet radius has a depth of
up to about 0.1 inches. 19. The nethod of claim 15, wherein the danaged
notch fill dB. r atheusethadofeclairh 3 5oeipréin - die figst ewterial i lavickabmased Blldy3 | nches. 9

17.  The method of claim 16, wherein the first material is Incone! 625.

10
18. The method of claim 15, wherein the damaged notch fillet radius has a
depth of up to about 0.1 inches.

19. The method of claim 15, wherein the damaged notch fillet radius has a
15 depth of greater than about 0.03 inches.



