TURBI NE ELEMENT REPAI R BACKGROUND OF THE | NVENTION (1) Field of the
I nvention [0001] The invention relates to the restoration of turbine
el enents. More particularly, the invention relates to the restoration of

worn or damaged gas turbine ' conpressor bl ades and
vanes. (2) Description of tﬁ%ﬁ%%@ﬁﬁﬁm%fﬂme conponents of gas
turbi ne engi nes are subj §gACKOGRWANDAOE TERROEENTEKRQ noderate wear and

damage of certain conponents may interfere with proper operation of the
engi ne. Qpﬁ@mmamm of concern invol ve the a| rf0| | s of various bl ades

of 11 o; anggn Giinfition RaRe B R¥eu et PGl Aehdfs vaR SRARN e |
conpr oningénticheeMRE fd the FegEtiGast woinbridama ﬁi(gd’sQilTx\blrféEkSlgﬁlc fén bladéd £d

recondi tioning is commonly practiced for sI ightly worn or damaged airfoils
wher ei reogiesspobladespadapnest i s renoved yet further bel ow t he wear/damage

to proy, EE r?m %1_% E?ﬁ relatively efficient and cl ean secti onal
profileggpgér@n%o s Rt e original or prior profile. Exenplary

I nspect 0002]CThe @niponests @b passtibige érpinesiard snmjetotoanat land darhageeEoardi t i oni ng
can be de are sh in Pr att & Wiitney JT8D I ne Manual é '1-%'3’{23128)
ATA 72-1adeate wepp, ag of CW%H?@BWEHES&%WF% %‘3’1 Fqper opeqatio $ord

Con neCtén%H{e Pati6iat Aghd SF dBRYerf ifvoRVe thé‘gi‘?ﬂﬂs BF Viris %la‘ﬁ%ﬁ’%ﬂ%zﬁﬂs uRest anbe
| ocation~and particul ar application. limts are based on structural

and perdaonagamey m@rfsredwlatheumsrmmcIeﬁﬁmcn%fhm)dmdwamic fogedmibalanedsat may

be renpved. ous .t echni ques have he roposed for

ot enei T ek bptnly Bhm it B ol AR parS T mRCBERRY o, Riirfsed
engi nesrecdhditioniad BRtbmibonly 1&21:20634& High }'Qﬁ)ﬁ’iof-@n@ﬁed alrfcﬁlsaﬂiﬁmh orch to
deposit nickel- or cobalt- Eased superalloy material. U S. Patent No.

5, 732, saiditiangbmateripkis remevedsst Brther bqiowéhl%mqr{ﬂaawge titevidenleirfal avithay

Fr bi ne Y EPicBl ko iR BrioRSTRBHE TRy ol SR oMbl proyTudHE™

t echni gisesnplarydakpettioncriterid estabilishiap therlgmantd yohials secht reenslitéomiegicanrte

Vechni drede rSshamh G brafd Witosy 1193 EngreManval (VR ST REA 12558 o up

repl acepgidctigRL @1 #litel YedhfSioBles Cp. Ok 459 HafFor@CoRRétichY. 'S%H‘ ﬁﬁnts may differ
cross-section. However, the structural properties of the repl acenent

mat er i sdmongyaitfeils dcpendmg upon the location and particular application. The limits are based

on structural and performance considerations which limit the amount of material that may be
removed.

[0003] Various techniques have been proposed for more extensive restoration of worn or
damaged components of gas turbine engines. U.S. Patent No. 4,822,248 discloses use of a
plasma torch to deposit nickel- or cobalt-based superalloy material. U.S. Patent No. 5,732,467
identifies the use of high velocity oxy-fuel (HVOF) and low pressure plasma spray (LPPS)
techniques for repairing cracks in such turbine elements. U.S. Patent No. 5,783,318 also
identifies LPPS techniques in addition to laser welding and plasma transferred arc welding.
U.S. Patent No. 6,049,978 identifies further use of HVOF techniques. Such techniques have
offered a limited ability to build up replacement material to restore an original or near original
cross-section. However, the structural properties of the replacement material may be
substantially limited relative to those of the base material.

[0004} Especially for larger damage, it is known to use preformed inserts which may be
welded in place to repair damage. With such inserts, the damaged area is cut away to the

predetermined shape of the insert which is, in turn, welded in place. Structural limits
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substantially imted relative to those of the base material. [0004]
Especially for |arger danage, it is known to use prefornmed inserts which
may be welded in place to repair damage. Wth such inserts, the damaged

area is cut a to the. predetermned ape of. the insert which,is, in
furn,  vasrrased i B el Rl BhcaProiie: & SRt I ig e Prre R ng
limt téﬂ@s@@ﬁ@hh bf the a@foibaCRith B fechRGhNY HYCSonBoh Bdrahie rdpaidhanlst €SS
regions of the airfoil as with other techniques. It is conmon for engine

repai r tasperafydhe tayw stprse afegs where|vsld sapaisdspermissibleviidue sylstantisbpair i s
perm ssjblie. Th uh } al I nat i f the extent of th
e ocamiiySnaiblt Br A ALY @t wehf TR IR Floet A5 B osSnidliigrcd ey
limt ugea Bisubjectimiycliftivge ofsuchit@hnikjues $HglR @RS ahi 6fter idcludd areas aaws near
(especially. inboard of) a m dspan shroud of a fan bl ade. SUMVARY OF THE

| NVENTI (esper by 31boart e gimigsran SBWé‘dﬁBé@%blé@e-t he invention involves a

nmet hod for restoring a Ti alloy conponent which has lost first materi al
froma damage site. Additional material may be renoved at |east partially
fromthe danage site to cr SHMMARGOE BHE IIS¥ENTAON - based material is

hysi c deposi.ted atop the_hase surface. at |east,partially in. place of
Pho "t | rpYsikBierdinglin e et a6 dicamumaon fivobve ametrosbBaressing Tl
i npl ew&%&m&vhimﬁasﬁbsthﬁgﬁqaﬁe@/m?&ah dgﬁmgé)ﬁtemu@%nam(aterial_ may be

Ti - 6Al -2Sn-4Zr-2Mo  or Ti - -1 V-1Mo and may be essentially identical to
t he basrempivedatlegst partiainfromahp darege sitthe createrbaseg swiacaddliTiibeses] matanialrs al

opost AR FoaR i giom i Beas BPRRE R Bl T oed Hp PR RRRGH f ce

t he fi rdié additlomddhdtérédal material. The conponent may be a bl ade having a
root and an airfoil_ and the_ danage _ site may he along a | eadi ng edge of the
ai r f oi | [00P9@)davariges implementationssthe Jinbased materialimayde Ti-0MHeA bamage site may

be i nboar ' r 0 a
apan of P A P2 PUA R0 Sl 0 Moy ARl R0 S0 ISP LIRY o
span i nifabe comportehe Tiie darpeving bf additicnati maGtabiay be lin apdor padt fomr d of t he
m dspan shroud, Such inboard and thoard limts may,. nore narrowy, be
5056 nnduBTASSpEtRS b GorBp L rHag dgeps ted mategiaLmak,P AP B PERRAY, o

MM ThegTBiallQ depi¥ thé/fiksPEid AdHIRINAEmaftRiR]. h8 doRpoiak hﬂ% b8 laVMRRthal Mglahe
conponent protrudi ng adj acent the danage site after the renoval so that
t he depwost ansanraitfeil and thedlamage site marboalong 8 lsatlingedge df thaakifoibindpardwia. The
midspan shroud of the airfoil. The damage site may be inboard of the midspan shroud by an
exemplary no more than 15% of a span of the airfoil. The damage site may be located
between 30% of such span inboard of the midspan shroud and 20% of such span outboard of
the midspan shroud. Such inboard and cutboard limits may, more narrowly, be 20% and 10%.
The first material may be lost to a depth of at least 2.0 mm. The method may further involve
applying a backing element to the component protruding adjacent the damage site after the
removal so that the deposited metal builds up on the base surface and backing element. The
method may further involve at least partially removing the backing element and machining
adjacent deposited material and preexisting material of the component to create a second base
surface. More of the metal may then be physically deposited atop the second base surface.
The depositing may include vapor deposition, electron beam physical vapor deposition, and
electron beam flash vapor deposition.
[0007] The details of one or more embodiments of the invention are set forth in the
accompanying drawings and the description below. Other features, objects, and advantages of

the invention will be apparent from the description and drawings, and from the claims.
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met hod may further involve at |east partially renoving the backing el enent
and machi ning adjacent deposited material and preexisting material of the
conponent to create a second base surface. Mre of the netal may then be
physi cally deposited atop the second base surface. The depositing may

i ncl ude vapor deposition, electron beam physical vapor deposition, and

el ectron beam fl ash vaprIEtepESCRIFNON OPTHE DRAWER{@E!I s of one or nore
enbodi nents of the invention are set forth in the acconpanying draw ngs
and thelﬂﬂ@&]clflﬁptlusmvmmnmfhléﬂfa&anﬁmstmbjne@ngmeand advant ages of the

i nventi arent, f.ro e on and drawi ngs, and fromthe
cl ai nms. [ﬁgoﬂ'ﬁlga IE"V?I&\Y anﬁ'&iéaﬁgﬂc\?#\@ 1[ 0008] FIG 1 is a view of an
ai rf oi | [oofojeFIRN 195 partig Psectithidd vitey 6MBe Biefoil df(FDQ9] upbrfdandades a tip-inward
view of the airfoil of FIG, 1. [0010] FI G is a partial sectional view

of the BOFHIKIG. 4fis Fpatlahseﬁb@wlamgfé eal[rb’dlof]FIGI Bupon yearg parti al
secti O%begjtl% %LE%«[*&I ec Aal%vﬂ)ﬁp %lfrfﬂ)@()%l:\ﬁ%a &%%JQ}C%E%% rethoe 2

parti al i-onal ew o e alrf I'ng to renove
danmage odangad/ wou §iaéess. [0013] FI G 6 is a partial sectional view of the

airfoil of FIG 5 after theapllc ﬁ%&f} backn el enent,. [0014] FIG
7 is a QAR HG. et payial sestiens b’?e“f qt Fle. p € aPRICAtIORGIAi t i on of

initial Eﬁ% &fdndntt O rebuild the alrf0|l [0015] FIG 8 is a partial
schonaﬁ ew ofnthe airfoil of FIG 7 after further machining and

deposi t [00MM]F1Gadds & pamial sevbomal vieiw ofithe etofoill of RiGeb aftefdepbsifi@abinitlal G 9 i s
a view of, t. ai,rf. of ,EIG 8 after further machining. [0017] Like

r ef er erfB&e Hg'rfﬁé?lg“@ﬁ‘h" #lynations in the various drawi ngs indicate |ike
el ement %Olﬁ EET A leBaJE»‘lEIS&B{]E}HI Ql\év\[ 80h8 &uFolll%f F'IGS’V' aner frthémiihateg &4 from a
gas turbi ne engine. has an inboard bl ade root 22 configured for
at t achi degositien bf @subtntr@l alatnr@km(rnbml@hgwﬁoﬂ A platform 24 separates the

bl ade rﬁﬂ;@fmggﬁﬁ‘ﬁ S the 2RI EG16! § 9l AL IRadi Al S Or M Lo @ tip 28. The

airfoil
[0017] Like reference numbers and designations in the various drawings indicate like
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edge 30 and a trailing edge 32 with suction and pressure sides 34 and 36
extendi ng therebetween. In the exenplary blade, in an internedi ate
| ocation along the span between the platformand tip, a mdspan danper

shroud projection 40 extends f ressure and suction side
surfaces. [0019] The pressuré%ﬂghﬁgbﬁgﬁﬁpﬁ@ﬁroj ections 40 may

respect jod E8YFIG 1 €haws a i Bladd™0 fbfld OB tuBiE RERE SPEhI8dBisRh Ghikfakd Bade Of
the adjacent blades to danp blade oscillation” The rotating nmass of the

m dsparroot Zheadigumddpraitdchmg the blade tai a disk Grot owmofmplatiirm J4separatssiten wit h
adj acent roj gctions .subjects.the blade hi.gh.sty.esses. i n.areas ..

o ot et ieft iAo 26 REkRing Frofh B Pit@ren 73 b 257 TREBielol 5 & o

r epai r adiigk 30 ¥in@h tiallfpeedgé 02 withSuafion/sd frelitesidds83snd Bo@stadingar eas. |t
has been di scovered that el ectron beam physical vapaor depositio EBPVD) may

be usdherebetwepn dn the exsmplaryhlade.iigan jpternadiale losation alpngthe span bgtwee thy
ropert,] i t ' | The

Gepoat ot B A il irpe? QB Pro cd Bl AP Shee G B0 S Pl T

t he basadrsattion sifle swefaaed.ve t o wel ding repair techni ques. The deposition

advant S occurs in the absence .of transient li.quid phase, w.th
sol i di DL e wrFresE g SUFLIIHT{ HRICESHBRS 4 r&w%{)mzeﬂ}v I%Ftact 4t s guction
| ocal i Zﬁﬁiﬂ@éﬁ&%j&%ﬁﬂe@ﬁodsﬁ?@ﬁf&ﬁé&ﬁﬁ%&!swﬁirﬁﬁ 8ladP o8Ri185dn. ‘iﬁ@?&ﬁing( FOD)

ni cking or chipping the airfoil proximte the |eading edge to create a
damagedmassadithegmidspart $hoeudsprojectiorG, alangswishvioroes: feory dhredr interatbion pethsadgdvents a

| eadi ng_edge eroded t l, ocat.i.0 30". The damage site i vant ageously
cf eanedP BieorR AhEfia e fap FLET Mresiitsnereas pRITRAE 4R ibost AR, Vi e an
advant ageRugodaTRese Wtk Lmap linﬁﬁ%ﬁaiyabﬂﬁy QeRRSd Arefrelakive td16thexiesEdtakded

restoration_procedure, after the damage/ wear, the remaining base materi al

of the #¢asgli has beegrdisrieyered that glestsen beasnphysisahyansn deppsiioad EBPYIdnagbean
| ed ' : : | . : ' t
o ol SR Bobal 8 i e GuiBHOL AR M bl it prlpEiESEBah YT, 51

0 1 ar esameess tiPuritlerlyimprvasewmateanl. The d@ibsited Mat@rial by hpesanhamoed gtreegth atd on
.actors and, ma fixed based

f the f t A d d b f
upon t @%@Qéﬁ?ﬁ@%‘ﬁ@gﬁ%ﬁa@g atg‘f%ép%l n&re@wé?fhfl&b{ﬁ _rﬁ\%a@ep?qﬂe% “any
damage fvafta@doiSH Jeturdlin e abESic@ bt § RhhsidMt 'lil]uird‘?ﬁl‘déet, withsoflfich@én ﬂﬁ?&:ﬂk ni ng.

100211 In an optional illustrated variation, a backing scaffol d/ mas
el enentfren thesvapecalosd. to the airfoil projecting beyond the facet 50

2 2ceriygh ER 55 g abes b3 SCBRYSHSTHA Rl b T
(FOD) nicking or chipping the airfoil proximate the leading edge to create a damaged leading
portion 30'. FIG. 4 shows more general damage such as a leading edge eroded to a location
30". The damage site is advantageously cleaned of contamination Further removal of base
material may provide an advantageous base surface for receiving deposition. In the exemplary
restoration procedure, after the damage/wear, the remaining base material of the blade is
ground to a preset configuration such as providing an angled leading facet or base surface 50
(FIG. 5). The facet is shown at an included angle 8 ; to the concave pressure side surface 36.
Exemplary 8 ; are over 120°, more narrowly, 120°-130°. The position/orientation of the facet
50 may depend on a number of factors and may be fixed based upon the location of the
damage so that, in a given repair facility, any damage at a given point on the airfoil will result
in similar machining.

[0021] In an optional illustrated variation, a backing scaffold/mask element 52 is secured to
the airfoil projecting beyond the facet 50 adjacent to the location of the lost/removed material.

In the exemplary embodiment, the backing element 52 may be a metallic {e.g., aluminum)

4



4 tape having first and second surfaces 53 and 54, a trailing portion of
the first surface 53 being secured to a remaining intact |eading portion
of the suction side surface 34. A forward portion of the surface 53

prot rudes beyon he, | ost, | eadi ng, e 3 nd an.int di at i on

bt end a5y PSP seopUABTRGH Tofdarh At bgroRian e iz irfsct S tetinal
cont oursegiired Bea Adnidifink intadtNefARlg n ¥Fthé shdtRASidelsNffase 54, 2C R rAdrd Porticxt end
fully or partially to either side of alignment wth the |ost original

sur f aceofdbmswtace 53 postrides heyopi shycloptdgadingedpgS0pod ian iawrediat aotivs to a
vapor sQur M4t | | .Qn | 40 {8l gh t ) ‘o
Advant aeg‘g%‘@g Fgg?e}%ewé%% ?‘%’%i"%ﬁ? {ﬂs%fgire g"%??eejrﬁ @%g%%lgtoﬁgtnaﬁﬁoe&%gﬂ%? eaarIgOII'vm thin
sl i ght Rangtiesal Gaativid, the SuFide Panpeademiiutly of partibky ugithacside bhalipnchent.
Exenpl ary. 0 % and, .0 3 are |less than 30. Deposition fromthe source 58

bui | ds Viith therlpstoriginalsyrfacggomipyit| 60, This is advantageously built up to

8 Sur f 3682 HOMOEIERaPBEATHE pbRRRUFIBNGE P UfboPQirkOSk Bhidifie vARR alon

origin ntour of the air . Curvature e surface oduce
associ direcbfcighhgaths H02) Alvaatagempstyhibe sapogpdthoare veemed smthapthetpaths acf such

surface adj agcent the base surface 50. .[ 0023 ter_this deposition stage,
The b SR af e aneis pnand et ASGen ot PRatSa0A o6 ERaRuhn Lotk
create @; SROCKALARSEL DRpoSIASERSHMIthesRIr&AS EMliRR %P%qu@d @palr IARrdPeR SHied

material 60 and the original base material. In the exenplary enbodi nent,

t hi s a8 hivantageownly beiligipita atsneface contowe 62 heymdvtheprskspre side pertion efithegost
portion_of ' L ce ) b I ' d
ol at et SFaBtER B ablots GRS Bré suts 2o R8T RQRHTRE|ETH B

sl i ght | alod the depattivh-eutivingtpartidheof3athsurboe adjacknd tikdaenshride 501 onal

material 66 deposited thereatop to reach a contour 68 beyond the suction
si de pd0P2YrAger thisddepesitionstags, His bladsmeybe furthpremaddined todemayg bebaskingo and
66 may | N ' . t ageousl y
dent | RS SR PRl o8 & RSP bbRling BRhEMI: aB0HRY; B0

sur f ac ematerislaiOnedithe arigihalrbape oiatecial. hetheeatimphsy embodimentp His mdchihid@24] The
exemplary restgration material .is, Ti-6Al1 -4V. depgsited by .an EBP r an
o on IR NS IS BSEevialy B1set AP 2aYon oL T P UORHIE BuFRsdLhe
advant aggqipay BEWDrieAted RISAPRIth tRSsoukdd F8RARAtthOsurfated SParRbRERe fuspf a
transient |iquid phase. EBPVD is believed to have |ower residual stress

and betdlightlnaffesmendichlantothh pethp 562 aade second pdditional material §p degositedhosi ti on.
Im XSRS (I SASE LRy o ASpASHIS i R B RRIRG ot B0
exenpl arbe dkppsitddirhaterials 60 and 66 may then be machined down to a specified final contour
advantageously identical to the lost original contour (FIG. 9). Thereafter, additional surface
treatments and/or protective coatings may be applied.
[0024] The exemplary restoration material is Ti-6Al-4V deposited by an EBPVD or an
ion-enhanced EBPVD process. The EBPVD process is believed to provide advantageous
physical properties via deposition in the absence of a transient liquid phase. EBPVD is
believed to have lower residual stress and better adhesion than other processes such as plasma
spray deposition. The exemplary deposition is performed in a vacuum chamber at a pressure
between 10~ and 107 torr, more narrowly, approximately 10™* torr. The exemplary deposition
rates are between 10 and 50 micrometers per minute, more narrowly, approximately 20
micrometers per minute. The localized deposition may build up to essentially any depth in
one or more stages, the separate stages being characterized by some combination of
intervening machining or repositioning of the component relative to the ion source. Individual

stages may well deposit material to depths over 2 mm, over 5 mm, or even more. For
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rates are between 10 and 50 m croneters per mnute, nore narrowy,
approximately 20 mcroneters per mnute. The | ocalized deposition may
build up to essentially any depth in one or nore stages, the separate

st ages bei.n har act.eri zed by some conbi nat.i on..of . interveni ng machi ni ng
or 1 op OIS APPSR 6 OGS PEERAUE R e 1 PrERE PR dum
st ages feBiradeFdr eﬂﬁﬂ?ﬁ, if SBARS ik BfokeR offeiTanmitaMadisiZarilBladi@ig, @ réplhcefientVen
more. For 5 particularly expensive conponents, the process could be

uti| i zddadeomaphpbeltaipyfrome theadisk.| ost  features. For exanple, if a blade is

br oken it i I rin J . ey be
o 0" 63Tyl O G P P BB Y ALY
mat er i adr tb thet IbRlihg ot fraitigg edige o6 fhetrhidsminrshdud or @6 tip Pedidies, bemdiinge st
trailing eo_lgles of the mdspan shroud or to tip.regions, even where | ost
mat er i aPatgHal has cuessded waditenal spair Linga Stmilandepasitias) squldiefiens sepairs PR oul d
effect J&eh Brsprggkuhehﬁde ﬁHﬁEés"rﬁo&rangibégﬁdlﬁ theddgts. Fot Eli’c‘fxera%da%ﬁ{l gnote from

t he edges. For such repalrs, sing eposit1 on stages pically be
suf f i ci depbsition stagesonmdst typicallzde s@fficipnt. (if a tdreves wotfaer(e gi, d the suatioresdide)i vel y

flat facet . { ni.ng, coul.d. be rticularly convenient. On a concave
sur f acch ey Habface Salitiog g3 e aashedlantl sERE LG AEMpepeSaol B o
doubl'y §ranypresdid §dé)i0cotdhve hadiYing €.g. 2WRA ARIGUBY Ron AERV@THAS B} May Bé th
such concave machining the nmachi ned surface remains wthin the desired
angl e ofpprapriate. Adyantageouslyovith asdhscoataegnachinieg the meachined suffggaemaivachi ni ng
ot her t e - i ndi ili.zed.. T nost i nport ant

el emant"l':@g&ntetﬁI %Jékr?%éﬂggml%dﬁg%@gﬁ%ip ﬁ'ﬁéide{lgcl eeg'r:llr eggae. surface for

subseq L{en%]delaashinfgwmer tknt the flgifacel \Gaint img eoaiBeyutiized The rhod @dpseht Or
acceptabl e 1 evel of roughness may be provided. Adyantageously, the bl ade
r emai nselepentiod sHegtvguRachining sproddingialesn basegylage fog subsgquent depositins.
presenc i iLNU L de i i I.@lhe [00271 One
b “ror o A akcghiy GRIBLI B ke o BocepRLRAAT of KRS e .

Never t habeided. Advantaigédushe therbladestmahs statibnarg dinng eavhdieposition siage sveag the

nmade w tho'i'l:{l de artiE‘tg 1fromqﬁ.he .sLPi.ri.t tﬁ”&’ SCO of .tlhe i nvention. For
exanpl &MY HeRIGHRCHS T Tse 1fjgs 1;thg,dgpo AEUing ni dspan shrouds,
the nmetipesH ORY oPBoRIIMBRINERS Sfﬂhlebré%%ﬁgﬁxzcnﬁﬂﬂ h¥ddendeéd?ibRe. NGRERARANT S

and non-turbi ne conponents. Details o particul ar turbine engi ne

conponehwill be unddrgpodthat eariond madifiqations way be madewitbputdiepagiag et theed nay
i nfluence.det.ail s an ive t i O i.nal
embod g e Riipé Rttt B SeR A b ARG A el Wi s
having midspan shrouds, the methods may be applied to other blades and other turbine
components and non-turbine components. Details of the particular turbine engine component
or other piece and the particular wear or damage suffered may influence details of any given

restoration. Accordingly, other embodiments are within the scope of the following claims.



6 CLAIMS What is clainmed is: 1. A nethod for restoring a Ti alloy turbine
conponent which has lost first material from a danmage site conpri sing:
physically depositing a Ti-based material at |east partially in place of
the first material 2. The nethod of ;I%l wherein: the nethod further
conprises renovi ng additional mat erF A | east partially fromthe danmage
site towhhEdtRimedrse surface; and the physically depositing deposits said
Ti -based material atop the base surface at least partially in place of
the firkt nobadthed fonestarmgadhialloy turbingwemppagnt whichthas 1ot fing anaseriad fremm 1
wher ei n; | i.l.ed Ti-based material in major part replaces said
first naa?%ﬁgglsﬂgg&%#ﬁgg%et hod of claim 1l wherein said Ti-based material is

sel ect ed fr ophysieellpdepopiting ariitatddgatefialkit 1adtipardally il ipldsAbf thirfirdtanatedidl |
and Ti-8A1 -1 V-IMb. 5. The nmethod of claim1 wherein the renoving of
additional material is, in major part, fromundamaged portions of the

conponejnt . Glhcmahﬁ%mq%“g{‘|"%§ér@ 1 wherein the conponent is a bl ade

having a root and an air the danage site is along a | eading edge
of the airf aht methpslaudherfcompriseseawvaigradddioos] miterialat tdasti partially ffdme theet hod

of claim6 wherein the damage site inboard of the m dspan shroud by no

nor e tr&@%@ggfogegﬁaﬁaﬁsu?.ﬁge,é\pﬁf oil. 8 The method of claim1l wherein
the conponenhe pﬁysacdnbaﬂﬁoshmghmo_ﬁtmmTiatsuﬂ.e@ﬂlaasriraf £op thettde biltfacdaReg site
is along a | eading edge of the airfoil between 20% of an airfoil span

i nboar cpastially ifipdpep of theHfirsimaterialiand the additionabmgtetiobs of sai d span out board
of said mdspan shroud. 9. The nethod of claim1l wherein the conponent is
a bl ade having a root and an airfoil 7 and the damage site is along a

| eadi ngB.edgeTlaf methed af cthimh I wiekeigen 30% of said span inboard of a m dspan

shroud of the (iali rfoj Idﬁnd 20% of als_ai d .span ou} board of said {’n dspan

shr oud. said deposite based material in major part replaces said first materia

4. The method of claim 1 wherein said Ti-based material is selected from the group
consisting of Ti-6A1-4V, Ti-6Al-25n-4Zr-2Mo, and Ti-8Al-1V-1Mo.

5. The method of claim 1 wherein the removing of additional material is, in major part,

from undamaged portions of the component.

6. The method of claim 1 wherein the component is a blade having a root and an airfoil
and the damage site is along a leading edge of the airfoil inboard of a midspan shroud of the
airfoil.

7. The method of claim 6 wherein the damage site inboard of the midspan shroud by no

more than 15% of a span of the airfoil.

s. The method of claim 1 wherein the component is a blade having a root and an airfoil
and the damage site is along a leading edge of the airfoil between 20% of an airfoil span
inboard of a midspan shroud of the airfoil and 10% of said span outboard of said midspan
shroud.

9. The method of claim 1 wherein the component is a blade having a root and an airfoil

7



10. The method of claim6 wherein the first material is lost to a depth of
at least 2.0 mm 11. The nmethod of claim 1l wherein said physically
deposi ting corrpri ses el ectron beam physical vapor deposition. 12. The

met hod of im1 further c risin el enent, to,t
Conponeite {5 Stiss 415 e & Rk SRR BB Bt iboReqtfo BF s SRRV ApOBH O b o
t he deppmidspsh stirolPeBitle BRFAY dndl 20041bf $asd #ﬂ@n@ﬂtﬂohﬁl JTasRl hidspacshreyd backing
elenment. 13. The nmethod of claim 12 further conprising: at |east partially

removi ng the backi ng el ement and machi ni ng adj acent deposited nmateri al

and pr egyi sty 5 gﬁ&% ?lam?% v&ﬂ%‘?eu?ﬁ{%%ﬁgtexﬂﬁtetﬁ i€ [Pt &lefSQ@g%J%F‘%G oyl face:

and physica epositing nore 0O Ased hater] e second
base surface. 14. The nethod of claim 1l wherein: wherein said physically
depositjng said Ti- ed, mat |al C erformng . physica

deposi tion i f‘amﬁfaﬂaef claign d othszein 53 h%C@MEBOSé%?%WWQS Biectielp
dep03|35 cakﬁ%SF& gugﬁanlphy3|cal vapor deposition, and electron beam
flash q?% osition. 15. The nmethod of claim 14 wherein said physically

deposi ti ng |s perfornmed at a pressure between 10"3 and 10-6 torr. 16. The

met hod im 14 perfar.m ng said physical deposition is
per f or gé\@f‘éla'(ﬂlﬁljg'ﬁl?e&?f’%f@fl 10-4 torr. 17. The nethod of

claim 14 V\he.arp? O:Jir@@bﬁ’ckﬁk@’ablﬁéﬁt'wﬂmmbﬁt r@tﬁhdinng1L§dent thellafape fiRd at  a

rate between and 50 m cronmeters per mnute he nethod of claim 14

wher ei refteasaid perpaval se that thesispesited J lémqg et dutldsap en the base surfase ped ned at
arate l?a kﬁ@%ie% gately 20 mcroneters per mnute. 8

13.  The method of claim 12 further comprising:
at least partially removing the backing element and machining adjacent deposited
material and preexisting material of the component to create a second base surface; and

physically depositing more of the Ti-based material atop the second base surface.

14,  The method of claim 1 wherein:
wherein said physically depositing said Ti-based material comprises performing
physical deposition in a manner selected from the group consisting of vapor deposition,

electron beam physical vapor deposition, and electron beam flash vapor deposition.

15.  The method of claim 14 wherein said physically depositing is performed at a pressure

between 107 and 107 torr.

16.  The method of claim 14 wherein said performing said physical deposition is

performed at a pressure of approximately 10 torr.

17.  The method of claim 14 wherein said physically depositing said metal is performed at

a rate between 10 and 50 micrometers per minute.

18. The method of claim 14 wherein said physically depositing said Ti-based material is

performed at a rate of approximately 20 micrometers per minute.
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