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One type of turbine section component made of a Ni-base superalloy is an air cooled
turbine biade described in U.S. Patent 5,387,085 — Thomas, Jr. et al. Generally, such
a turbine blade includes at its radially outer end a radially outwardly extending rib,
sometimes called a “squealer” tip, about the airfoil periphery. During service
operation of such a turbine blade made of a Ni-base superalloy commercially
identified as Rene’ N5 alloy and more fully described in U.S. Patent 5,173,255 — Ross
et al., various types of service damage were observed. In one example, it was
observed that the radially outer blade end or tip portion had been damaged apparently
by hot gasses flowing over or across the blade tip and/or interference between the
rotating blade tip and surrounding stationary structure. This general type of operating
damage has been observed for many years in the gas turbine engine art and a variety
of methods and turbine blade tip configurations have been reported. For example, one

1s described in U.S. Patent 4,169,020 — Stalker et al. Another example of operating



1 damage is article surface or coating damage or wear observed on discrete
outer airfoil surfaces or areas along which higher tenperature engine
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A variety of reported methods currently used in the repair of turbine engine
components, including turbine blades, for joining or welding of members or surface
portions result in melting and fusion at juxtaposed, cooperating interfaces between
existing and replacement alloys. Such methods, well known in the art, include those
commonly referred to as ordinary fusion, plasma, laser and SWET welding methods.
Such methods involve applying heat energy at the juxtaposed interface surface
portions for a time sufficient to result in melting and intermixing of elements of the
alloys being joined. Such intermixing has been observed to result in creation of a
broader liquidus — solidus band that upon cooling can generate stresses that can, under
some circumstances, lead to cracking. Such circumstances upon subsequent cooling
that result cracking in certain metal or alloy combinations include the formation of a

layer or film of a compound that effectively is substantially continuous.

High temperature alloys such as Ni-base superalloys include at least one element,
typically Al, which can form relatively lower ductility compounds, sometimes with

other elements. In some Ni base superalloys, such compounds are generated as
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typically A, which can formrelatively |l ower ductility conpounds,
sonetinmes with other elenents. In sone Ni base superall oys, such conpounds
are generated as 2 desirable, distinct island precipitates that tend to
strengthen the alloy, for exanple, precipitates of the Ni3(A ,Ti) type.
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above described substantially
manufacturing operations, or heating and cooling during service operation.
Therefore, current, typical fusion-type welding methods were found to be undesirable
for welding a Ni-base superalloy, for example the above identified Rene’ N5 alloy
including Al, to a high temperature noble metal or metal alloy not including Al, for
example an alloy including nominally, in weight %, about 25 Pd, 34.5 Pt, 0.5 Zr and
about 40 Rh. Forms of such alloys are more fully described in U.S. Patent 6,575,702
B2. Cracking at the interface weld occurred as a result of the formation of a

substantially continuous layer at least one brittle intermetallic compound of Al

Provision of a fusion type welding method for rapidly joining different, dissimilar
metals and/or alloys, that otherwise can form the above described substantially
continuous brittle intermetallic layer with certain metal combinations, would enable
use of metals or alloys based on noble elements to enhance operating resistance to
high temperature environmental conditions. For example, one such known fusion
type welding method that has been reported is a percussion arc welding method used
for rapidly joining different metals at a juncture under pressure through application of
3



continuous brittle internetallic layer with certain netal conbinations,
woul d enable wuse of netals or alloys based on noble el enents to enhance
operating resistance to high tenperature environnental conditions. For
exanpl e, one such known fusion type welding nethod that has been reported
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metals at a _juncture under pressure through application of 3 a brief burst
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The present,.invention relates to fusion.welding a first nber .having a
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surface. Thfpdrhfudd unfa t88ERNMginRt erface surfaces are di sposed in contact
and fusion welded together. Inone formof the present invention, the

first nmenber is made of a first netal substantially free of at |east one
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second metal that includes the at least one identified element that can form such
continuous layer. In one method form, energy is generated at the interface surfaces in
a combination of an amount and for a time sufficient to heat the first and second
interface surfaces to a fusion welding temperature. However, such heating is for a
first time that is less than a second time which enables formation at the fusion welding
temperature of the substantially continuous layer of the brittle intermetallic compound

at the interface surfaces.

In another form, the present invention provides a welded article comprising a first
member made of a first metal substantially free of any identified element that can
form the substantially continuous layer of the brittle intermetallic compound with the
first metal, and a second member made of a second metal that includes such an
identified element. The first and second members are fusion welded together at a
weld that is substantially free of a substantially continuous layer of at least one brittle

intermetallic compound.



menber made of a first netal substantially free of any identified el ement
that can formthe substantially continuous |ayer of the brittle
internetallic conpound with the first nmetal, and a second nenber nmade of a
second netal that includes such an identified elenent. The first and
second nmenbers are fusion welded together at a weld that is substantially
free of a substantially continuous |ayer of at |east one brittle

i nt er net al PREFCBEPERHGIION WI@EM@I ON OF THE DRAWNG Figure 1 is a

di agrammatic fragmentary view of an assenbly of the first and second
menbers w f r for
practi ce. ofBeneio o Rl i CEBTRNCK) SHiHD oy 8RR kbl

di agr ammatmhembgre mithemt ignidiofn masguirent iaope sclematic view of hppaeatnmfgir peactive bf ne

bl ade radial |y outer porti ure 3 is a fragnentary sectional view
along 3 - fgeﬁ%fﬁ&?fﬁmﬁﬁ?e?m"aﬁ %L'I p portion of Figure 2. Figure 4 is a
di agrammatic, perspective fragmentary view of a turbine blade as in Figure
2 showi ng fagﬂarza@%dhagranﬁfahklI%aspealgf.llfr@g;ﬁeﬂtﬁyanéw JP AR YerpRfel I Vi ew
along 5 - 5 of the turbine bl ade e tip portion of Figure 4 show ng the
damaged t ifladsgadiaBnopleyperéos is a fragnentary sectional view along lines 6
- 6 of the turbine blade tip portion of Figure 4 show ng anot her view of
t he danmag i . ti W th
the damgadeire B8 fisefftnay SfEnd st MoRES.- PO MEMeMhd TlldERP Vi,
as in FiglHigue2wi th the damaged tip portlon removed. Figure 9 is a
sectional view of the structure of Figure 7 with a wel ded replacenent tip

portion. Fi.gure 10 is a viewas in Figuyre 8 with a replace tip. portion
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i nvention FlgirgQrsﬁo‘;iﬁlg'anzﬁﬂéQeﬁ‘ﬂp%rﬁdh Figure 10 after welding of the

repl acenent "tip portion to

Figure 5 is a fragmentary sectional view along 5 — 5 of the turbine blade tip portion of
Figure 4 showing the damaged tip portion

Figure 6 is a fragmentary sectional view along lines 6 — 6 of the turbine blade tip

portion of Figure 4 showing another view of the damaged tip portion.
Figure 7 is a sectional view as in Figure 5 with the damaged tip portion removed.

Figure 8 is a fragmentary sectional view as in Figure 6 with the damaged tip portion

removed.

Figure 9 1s a sectional view of the structure of Figure 7 with a welded replacement tip

portion.

Figure 10 is a view as in Figure 8 with a replacement tip portion in position during

practice of a form of the method of the present invention.

Figure 11 is a view as in Figure 10 after welding of the replacement tip portion to the
blade tip.



blade tip. 5 Figure 12 is a diagrammatic, fragmentary view of the assenbly
as in Figure 1 wherein the second nenber conprises at | east one interlayer
of athird metal or alloy to be welded with the first nmenber. Figure 13 is
a sectional view of the structure of Figure 7 with another formof a

wel ded replacenent tip portion including the interlayer shown in Figure 12.
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ext endi ng t.he perating capability of turbine blades, particularly high
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interaction during interface fusion between cooperating interface surfaces
of certain dissimlar netals to |l ess than that tine which enabl es
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intermetallic conmpounds at the juncture of such surfaces. As it relates to

the prese r&‘uﬂ‘éﬂl?,n {vieﬁlnrep Inp %&‘ %Qrv%l Me%?ne%lgﬁs %Q& gfnl%[gﬂ ¥er}1f1)erature

superalloys such as Ni-base superalloys does not use high temperature metals or
alloys based on the noble metals, for example Ru, Rh, Pd, and Pt. It has been
observed that the combination of temperature and time at temperature of typical
commercial fusion welding in the presence of at least one identified element in the
superalloy, for example Al, has resulted in formation in the weld of an effectively
substantially continuous thin layer of at least one brittle intermetallic compound that
resulted in cracking of the weld and/or the weld heat affected zone adjacent the weld.
However, such noble metals and their alloys offer great potential for extending the
operating capability of turbine blades, particularly high pressure turbine blades, both
as originally manufactured as well as in the repaired form. Forms of the present
invention limit the time of interaction during interface fusion between cooperating
interface surfaces of certain dissimilar metals to less than that time which enables
formation of a substantially continuous layer of one or more brittle intermetallic

compounds at the juncture of such surfaces.

As it relates to the present invention, fusion welding means providing energy to

generate heat to enable joining or bonding of cooperating interface surfaces, also



generate heat to enable joining or bonding of cooperating interface
surfaces, also 6 known as faying surfaces, in contact wwth one another. The
heating is to a tenperature and for a time that enables mgration of

el enents between such cooperating interface surfaces. According to forns
of the present invention, the tine of such heating at such tenperature is
selected to avoid formation of a substantially continuous |ayer of an
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| ayer of inter I c conmpounds as it relates resent - rnvention is
di sti ngui sheddihgathe tidentdledv dentiestc Ad sedninatens pbowed wi dumekulosd of tlsd mi | ar
conpounds, . for. exa

super al | oy 8rRfonsiy l S‘E’ﬁgréfﬂﬂg?“' : %‘gg:‘%’ﬁé‘ﬁﬁgﬁ l%bg?g{f&géegﬂhg‘u%%q’%@ Ei('nggagd
compound including platinum aluminide. As used herein, the phrase “continuous
layer of a brittle intermetallic compound” is intended to mean a layer in the weld
and/or in the weld heat affected zone that effectively is substantially continuous and
that results in solidification cracking and/or loss of physical properties of the resulting
weld/base metal system. In addition, as used herein the term “free” in respect to
identified elements that can form such brittle intermetallic compound layer means the
absence, other than minor insignificant amounts, of any such element in an amount
that can form a sufficiently continuous layer of such compounds to result in weld
cracking. Thus the substantially continuous layer of intermetallic compounds as it
relates to the present invention is distinguished from the above discussed interspersed
formation of similar compounds, for example of the Ni;(AlL Ti} type, included in some
Ni based superalloys for strengthening. The detrimental nature of such continuous
layer can increase with heating and time, for example as can be experienced by a gas
turbine engine article during subsequent manufacturing processes or service

operation.



| ayer can increase with heating and tinme, for exanple as can be experienced
by a gas turbine engine article during subsequent manufacturing processes
or service operation. 7 The present invention will be nore clearly
understood by reference to the drawi ngs. One enbodi nent of an assenbly for
the practice of one formof the nmethod of the present invention is shown
in the diagranmatic fragnentary view of Figure 1. The assenbly shown

gener al | y ‘Hie presengrinvisntiomwdl! ba mpase icteady ungieraﬁ@pd é)ﬁrrp@r@lce telithpadsawings.
|
commer ci al by ?&%ﬁﬁdl&%{ %%1 Ce%bﬁb?"ﬂﬂez RFa%EPé %} Egger&%&% 0%3) S

i ncluding a Surf ace

el ect ri calprysenpimention’s showstinnkd dlagrapassit ﬁdi’grﬂéntzh@a&éw ofFigiretiheTd enent s
Ru, Rh, Pd and Pt, in this _specific exanple the . above identified Ru 60
alloy. A SSSERRYrabewar g%fﬂ*bfn%q i H’@Hﬁmg%é‘hd’oﬁﬁﬁlf)@rl?}héﬁpmﬁﬁ?tﬁa@éw is

di sposed i gap
30 therebe(fi‘bvr\%{é?ﬂegg ?l uhﬁ@({ﬁterf n@r%sg%éﬁg%h aces 41%§1n§ﬁ{§%5 ace one
anot her. iﬁtacfamjsuxﬁmb é4 Eﬁssﬂmemb&ié%ﬁ made of mcelectnadﬂl}yccaﬂnducetﬂmﬂnembond
al l oy that, i n¢cl ude one |i t hat..ca a
Subst ant dSH e Rt ons of Brerionrs Ky Ry P anf rE S ot PP SRApR e i t h
the first gmi@lidentified RPBP|afloy. M tsBéshdSRembEd 96, ﬁ@ﬁﬂ@ﬁiﬂgn@@éoona hetesaeond

al oy was the above identified N base superal 'oy Ren€ N5 that included

t he i dent isuifece @8.cigshsposgd tmwacqhnpdrbruﬁqmmhoa with first enémberrdPetcabdsi @

conmpound | g t he O her el ements
o Rene. S0 BB B i i SRbacershiRed hrfal 4R Phbaer ohs el ¢
conpounds Sudbndinembes®Wahadedd fant et chPie ToMluctive sédvad QIIBY ehaailudel afi gur e
1, interface surface_24 of first nenber 22 ISaErOVIded wi th an outer edge

por i on_ 25480 HlepERégtelcmentainaiang) e saheigialbeostinyaus dayes 0Bt brifeeond
nmenber H@%ﬂéﬁ' e hpbihd® VAW qﬁ‘g ﬁg alLaw atFlge preé"é%t in ﬁ C(rﬁfi' beI ow,

to eX|t gap uring practice o Formof t e
exanpl e, sudHodanentathglsecondsallion vtrdsethd% ahge identifiedatebast hﬁpbr@lh‘qukeri@ forDr e

speci fical about .3 - 6. Di sed [ a et ween i ace surfaces 24
and 28 is i P&ﬁ@ﬁd dhe lf?e@ﬂgﬁﬁ? SR e R ofdam ochrr Bricle Hitrcfa)
conduct i veohdotifld LA theRLBO ARYPALL B fiabblbhhent. Other elements in Rene’

N5 Ni base superalloy can form similar brittle intermetallic compounds but at a

slower rate than does Al.

In the embodiment of Figure 1, interface surface 24 of first member 22 is provided
with an outer edge portion 25 that diverges at an angle 29 away from surface 28 of
second member 26. Such relief is provided to allow a plasma jet, described below, to
exit gap 30 during practice of a form of the present method. For example, such an

angle was in the range no greater than about 10°, more specifically about 3 - 6°.

Disposed in gap 30 between interface surfaces 24 and 28 is at least one ignition
member 32 made of an electrically conductive third metal or alloy compatible with
both the first metal and second alloy and that is free of such identified element. For
example, ignition member 32 for compatibility with the first and second members of
this example can be made of a metal or alloy based on at least one of the elements Ru,
Rh, Pd and Pt, or can be the same metal, such as Ni, on which the first member is
based. In this embodiment, ignition member 32 was a member separate and distinct
from first and second members 22 and 26. However, one or more ignition members
8



both the first metal and second alloy and that is free of such identified
el ement. For exanple, ignition nenber 32 for conpatibility with the first
and second nenbers of this exanple can be nade of a nmetal or alloy based
on at | east one of the elements Ru, Rh, Pd and Pt, or can be the sane
metal, such as Ni, on which the first nmenber is based. In this enbodi nent,
i gnition nmenber 32 was a nenber separate and distinct fromfirst and

second nerfebs integrahyither ameveafeithenercbash thepfist angrieconshmamhers psovidedcan be
integral wiid.or.. | r bot h..th LI nd, second ers
provi ded \@géljgﬁ&l[l %‘%} éi%?ez)ntr‘\ber?fgeﬁgee?rggé)re rlggn%#iegﬁffnqe {eﬁ |tf°|a§dt% grf‘earre%%tgpet hat can
form a DbriihfichRetalliotcompetad with ticsependndembe t he second nenber. Connected
bet ween first nenber 22 and second nenber 26 are conponents of an electric

circuit that included an, energ ns represented by capacitor 34, powered
by a typi nns@s%grzwegdifﬁfc@ewﬁsﬁz redispondomenrs arn%ﬁ’ &% SRR RIeHL | al

capacitiv E Sghask | t : rOV4g a
sel ected %ﬂeg%%%?&%t?@g%cggiédgﬁﬁgr ggéﬁébﬂré g’%@%eurs @&ﬁ%gﬂf%mﬁe%d"

suf fi ci entbyt otypaqabelezirici spridei (ant shoviogy for3Xampleoframpd esmmmejed] dapacifior a
first tinme, for ex le for no greater th abhout 10 m crosecgnds, .l ess
than a seduinter ARy, Sush ARPeiEe ot 11aRetls Gt IaNEEe EHRERTINTEN Ofu 1)
enabl e f org@td@anedrgy € a BHESb@BHE indnl dnGOM hIFERAS td Hz@igll;ﬁ‘ti&f tnkfnb6r
intermetallic conmpound at interface surfaces 24 and 28. The electric

ci rcuit al3goingoApldsadiet bat fari & firsg wine; Ho example dpr oeigreajgrrthag aBgut 10
Associ ated_w.th assenbl 20 i s forge neans,, represented by arr 38,
sur 1 ot entriroscestBE TR ot sochnd il £6%, ARADR G RATREN Sfc Ro, WM, =00

and into cugllt@ablewotiatidrysf tHeosubseiidly SohtinQowd RYerdes 9 bricl ket
el ectrical conductive path through first menber 22, ignition nenber 32 and
second nefBEwoH atppicslachfisendt a2 h e Thegpstrie girewt dpe pappised ofqehig or

second m%ﬁf%ﬁ%ﬁ%ﬂ&cﬂ&ﬂ%iwr being held fixed, or can be applied to

bot h nenbers. e anpunt of Torce applied is at least sufficient to

provide the electrical contact, preferably w thout excessive or any

def or mat i dissodiated mwithaseanlif 20he a fenwb ereans, Depresegtedviad aretwsol B, ehfficieat toet hod

formof t f%)er,‘e et %d isg%%atiin%?facg\/i S{ll' aéers]e24a 21(1)&/ 98 toward and into contact with
ignition member 32 to provide or complete an electrical conductive path through first
member 22, ignition member 32 and second member 26. Force means 38 can be
applied to either the first or second members, the other member being held fixed, or
can be applied to both members. The amount of force applied is at least sufficient to
provide the electrical contact, preferably without excessive or any deformation of

surfaces of the members.

During evaluation of the method form of the present invention, with the above-
described embodiment of specific members in the assembly and circuit shown in
Figure 1, an eclectric power generating source from a commercial 6 kilojoule
capacitive discharge welder provided flow of electrical energy at a potential of about
3000 volts to charge a 1200 microfarad capacitor 34. With the assembled members in
position with force means 38 at about a 600 pound spring pre-load completing the
electric circuit, switch 36 was closed. Capacitor 34 discharged a brief burst flow of
electrical energy at an output of about 180,000 amps for a first time of about 6

microseconds, in the preferred range of no greater than about 10 microseconds, and of

9



descri bed enbodi mrent of specific nenbers in the assenbly and circuit shown
in Figure 1, an electric power generating source froma commercial 6

kil ojoule capacitive discharge wel der provided flow of electrical energy
at a potential of about 3000 volts to charge a 1200 m crofarad capacitor
34. Wth the assenbl ed nenbers in position with force neans 38 at about a
600 pound spring pre-load conpleting the electric circuit, swtch 36 was
cl osed. cdpwdharb? sesandifimerin thgange of abept M millisgeandsdp onglseeondideratiosner gy at
an out put : , . LT | . 1] econds,
'n the pr STer FRtinattl SRcB TR sk sBladde®, Bla 20K o B hEF 8187017
| ess t han emablecforthatiomeofi & tltstanhénle @htialagt 128500 ofi & | histele oldigmictilone
second duration., Such conbi pati on avoi ded heating interface surfaces 24
and 28 foﬁongPﬂ$aE%%?mH%%“w£ﬂabIe formati on of a substantially continuous
| ayer of a brittle internetallic conpound at a resulting weld. The flow of

el ectric emgrfywRFSabdsc %ﬁéﬁgﬁagﬁﬁ%g&ngggl %ﬁﬂ?ﬁ mefbéR32SWhS Lereiht (P

vaporize the material of | o a plasma jet that

cont act ed vaporize thsametgriak of égnitiend nembfend@ intnagtismnjet thatoennitavtedr frak e

surfaces 24 and 28. D vergence of oute orti.on 25 of Jinterfac rface 24
2t anglo SR O e SRR piaReRl, B AR RSk, Rt 24 " 2F

provi ded Divertetd® bPbuRh pohReL 25 Gf dhterthés Rakke JChigale 29CKith NhRfhare
surfaces, to exit gag 30. Concurrently, the electric arc locally heated

such i nt erstEaes 234 the plasmyontl ithay prasivgdasr amedianpfiiriae dleptdeagdomasssed t he
cl eaned, | . ] rf faces it g-1 Nt 0 C t, a.force
evel . pr GPTEBRREE et o A TRp A bR ORLARE s 1Pl C

i nt er f ace I=utell aaels imetfivessutfaseson avbbatling bahparatareswhilafsrow3Bhatssed thwad t he
appearance of a solid state weld, Because the application of electrical
energy wa<lee >iJE7FtéPﬂSF§ migrtacs surtpeps infeipimale cantapicat pdpse develmseferabbr  but

very bri efgig hmquqﬂoi@@eﬁiﬁgesu?ﬁcié % %L@th\é@&tgﬁm faﬁ&rw%ggggiiﬁ%g@kﬁxcess

of 105 degrees Cel sius per second. Such rapid cooling re
possi bi | i tthatofas $@namowdhatoft haethe rgdpsirammb| of & udiat stated weldy Becausetius | ayer

of brittle intermetallic conpounds _.at the weld esul ti frompractice
of such nEPRBHRAD! HECLeH EEE) BTG DRI Ba e A ghe Hembers
together but very brief, the cooling rate at the weld was rapid, for example in excess
of 10° degrees Celsius per second. Such rapid cooling reduced the possibility of
formation of the undesirable substantially continuous layer of brittle intermetallic

compounds at the weld.

Resulting from practice of such method was an article, according to an embodiment of
the present invention, including a fusion-type weld having a very narrow heat affected
zone of no greater than about 0.0254 mm, in the above example no greater than about
0.0254 mm. Such very narrow heat affected zone was generated in such a brief time,
in this example no greater than about 10 microseconds, that avoided or inhibited
formation of identified brittle intermetallic compounds, for example ruthenium
aluminide, the formation of which are time and temperature dependent. As is well
known in the metallurgical art, a heat affected zone, sometime referred to as HAZ,
adjacent a weld is the extent into a substrate at the weld in which local changes occur
to the morphology or in the microstructure of the material as a result of exposure to
certain levels of heat. For example, compound formation, precipitation, grain growth
and/or change in grain size and hardness can occur.

10



t he present invention, including a fusion-type weld having a very narrow
heat affected =zone of no greater than about 0.0254 mm in the above
exanpl e no greater than about 0.0254 nm Such very narrow heat affected
zone was generated in such a brief tinme, in this exanple no greater than
about 10 m croseconds, that avoided or inhibited formation of identified
brittle internefaljic c npoundé, for exanple ruthenium _alum nide, the

format i on ‘o 3pplication of the faethad fornd, tie yreseak Jorcaton 1s iy the repain andcnown in
the netall | ] : | o : s HAZ,
i acont & nal GHenblan BRRSloc ol I EE pE ARG o ARG PRl RARE b, o
changes odQue exampl¢ feea dongded| tiggportion ion “tdwealer ctipef anieirwneledfrotting gadt eri al

as a result of exposure t

t aj | s of heat. . For Le, d
For mat | on. SH ARG lad& SO e B ang mat i lenlifed A yotissel g
har dness caBve&sdshowhln Ak ﬁﬁﬁﬁnﬁﬁ&iﬁ%réﬂecﬁwﬁ@ﬁaﬁﬂywwfbpﬁ RS Prigsent

invention is in the repair and enhancenent of an afticle, for exanple a
portion ofbladeripriided agpintoildGittimipatiogiobe radidheowzmblpdetip posticdattag@p ti p

portion or_"sguealer” .ti.p gf i r-cogl ed r.otati.n as, turbine engine
o bi e binggioh Eeihpdighe e Bh iieh 8P b e e P s sed
above and wélPibvirintth€adl BiginpIRtd Bagri@it &P e6dtionsl VienomEp horon\ieierf Fi gure
2. The blade included an airfoil 40 termnating at a radially outer blade

tip portidiead — IrphFigp6rdi on 42 conprised a plate 44 fromwhich rib 46
extended radially outwardly, as is well known in the art. Figure 3 is a

{1 agent aryseeLl gRe e VlEYRlaohP iR b HReRlNiar IRES, & rb Jeobar | OUr @

2. During en ervice operation, een observe at danage to rib
46 can ocxou. Garesrlb thy déhegderraged arslectaidobatione bhe e resdltloddmtifaraceas a

result of interference . with associated statignary conponents and/or of the
[ ow patt P ERSPOEEI ROy pmRgRenty saTece il TDROMIEHE FPScumBast Foh uni que
to the pardigul #id eRAUER @ﬁ%bﬁﬁuﬁaﬂ uﬁﬂﬁ% %I%]ce-%agaalz@rxa@h@ Rbigausly damage

to a gas turbine engine turbine ade nade the above identified Rene'
NS Ni basepsiatienalQngyexagpihoivvch damage foya ges 0gbing engise tatbimgridadeanads

perspectiv r agnent,ar ew of . F.gure 4, in the.fragnentary Gt i,onal

vi ew of Fiogfg}f?%a 3l I%?lngt e:cllnlg%neSNS Iggg?se PBW‘@OWS S&Rgn%?nﬁ?gyfaf ggﬁ’émear y

secti onal dia@i¥nmatic, perspective fragmentary view of Figure 4, in the fragmentary sectional
view of Figure 5 along lines 5 — 5 of Figure 4, and in the fragmentary sectional view

of Figure 6 along lines 6 — 6 of Figure 4.

Repair of such damage, according to one embodiment of the present invention
includes removing the damaged portion 48 from rib 46 to provide the second interface
surface 28 described in connection with Figure 1 and shown in the fragmentary
sectional views of Figures 5, 7, 8 and 10, identified above. The remaining portion of
rib 46 then constituted the above-described second member 26, for example as
represented in the fragmentary sectional views of Figures 7, 8 and 9. A first or
replacement member 22 in the fragmentary sectional views of Figures 9, 10 and 11,
made of the above described Ru 60 alloy and including a first interface surface 24, is
welded at fusion-type weld 50 using the method described in connection with Figure
1. The embodiment of the fragmentary sectional view of Figure 10 shows several
ignition members, for example Al free Ni wire segments, disposed between interface
surfaces 24 and 28, the number selected depending on the length of interface surfaces
24 and 28. After welding, any excess portion of replacement member 22 can be
11



of Figure 6 along lines 6 - 6 of Figure 4. Repair of such danage, according
to one enbodi nent of the present invention includes renoving the danmaged
portion 48 fromrib 46 to provide the second interface surface 28
described in connection with Figure 1 and shown in the fragnentary
sectional views of Figures 5, 7, 8 and 10, identified above. The remaining
portion of r|b 46 then constltuted t he above-descri bed second nenber 26,
for exanpliemgyed spmperriaiely aging sugh wek-kagyva r’i@%‘?’}ﬂl seneva mathads asgrisding; gur es

7, 8 and GHIENL tional
vi ews of %ngét?#ﬁe&slé Settc %blaeégwit} ge of 't he a %@/aé&lg%ss%?g%ﬂ%ﬁ%atsa | oy and
i ncl udi ng ia the fragmenthyr featienad wichacd Figyres 8 andvalldemme SAsichided ;l'meﬁmel d 50
usi ng the t hod descri bed_in _connection h Fi 1. The enbaqdi nent of
the frag né%a?fﬁo%"g&%“@ﬁéﬁ 9% oo, % fﬁ%l@%r%el%*t \ASFOSF 2 p@mwohﬁﬁ
menbers, f@fecRYADBHE e bFeg éNbstX.\ﬁt{a@l?rs%SH%Bﬁs 1gye<rp9§ itRe! M{%‘éi"ﬂlelagﬁcerface
surfaces 24 and 28, the nunber selectfed depending on the length

interface wmpoasds 24 and 28. After welding, any excess portion of
replacenent menber 22 can be 11 renoved appropriately using such wel | - known

materlal val t hads as rlndln machi. n etc. '.th rib
o br GoTRHE foflE o B prB e R omREl it Bfhag & Siteraer hERnonl 117,

sect i onal ndéteMbBet@kerd il m@smSer M2danblsecéiid hiehbeP26] BilcHA@SintdiRyéd &8t be and

second nenbers 22 and 26, fusion welded at weld 50 across a narrow heat

af fect ed M5AGIT pebas apamies gpseatier] for sychedlemenin ani4l fhey ean difuse pt ¢lpated
i ntermet allGe., ‘P&i“élémgﬁs{‘ggﬂr{]@ gis%mu?é {m‘%ﬂﬁ% i%% %&JFfaméff NELANCCOIPT | Ses

i ncl udi ng an A ayer I'on nmenber and
second rrermenb&&é afamsb thﬂ binteawdra fiest neambdp@2. wmﬁsdmsed%oas, the blatieher or

"getter" for s ch el s as Ag that can diffuse at elevatge
t enper at urielsat g m’é‘? 2t g3 (TGN £O8iNGPETRENG AgPPraaEs e et thon, from

second ”Eu%?@ ko ZRnPg Ltk f ccﬁ@mﬁ@z\f!alré erfdfr asﬁntﬂf@ lﬁﬁ@fma@ﬂhc B8m ?b&rﬁpﬁlﬁﬁ d
above, the element Al at first nmenb 22 gas turbine engine operating

t enper at urcas resutt 1d|cfa‘d1mg aatthet weld. \/I/:alatgidlttlon,lc mcmnaeﬂam tcambnégd giffcomcenuous
| ayer of a_bri e |nte II|c [o50) ha resu crackl ng at
o vel d. P nsdarErbRe SO st i B Y P Gg fepaith eptbefs. A

example of an alloy for such an interlayer is a substantially Al free Cr-Ni-Pd alloy.

The diagrammatic fragmentary view of Figure 12 is similar to the assembly and
includes the same members and components as in the example of Figure 1. However,
Figure 12 shows an assembly 20 wherein second member 26 includes a third metal or
alloy member 54 bonded to surface 28. Member or metal 54 is an interlayer between
first member 22 and second member 26 in the article formed as a result of practice of
the method form of the present invention. Third or interface member or metal 54
includes a third interface surface 56 disposed across gap 30 in juxtaposition with
interface surface 24 of first member 22. Repeat of the practice of the method
described in connection with Figure 1 resulted in the article shown in the fragmentary
sectional view of Figure 13. Such an article, for example the blade tip of Figures 2
and 11, included a welded replacement tip portion comprised of interlayer member 54
and first member 22 enhancing and repairing damage to the blade tip, as described

above,
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i n mechani cal or physical properties between the first and second nenbers.
An exanple of an alloy for such an interlayer is a substantially Al free
Cr-Ni-Pd alloy. The diagrammatic fragnmentary view of Figure 12 is simlar
to the assenbly and includes the same nenbers and conponents as in the
exanple of Figure 1. However, Figure 12 shows an assenbly 20 wherein
second nenber 26 includes a third netal or alloy nmenber 54 bonded to
surface 28tilhetherembndiments of Hie nresephinvention commrish desirrewelding aftleasbaper 22

and secon gﬁg@g i i fgrﬁg r D i of the
met hod foﬁhm 0 theeﬁ%rs éei]%ﬁn?l%if%étteljﬂ |§ans. |98??)0r9tllﬁ%%%§:agér%%?é glfeanrret al 54
i ncl udes artidier For rkemplecach whf eueelapCsimilap as e toating) an dapwaded through

j uxt aposition, w interface surface 24 of first penmber 22. %ﬁgeat of the

practice dFAHGE oF¥icBEtod ol the mesenf MveRkRRetord srlediid el oF Brersupligetipf ed in
the articlg,&hawdiib ik [R8IRAL 2 yp ﬁa%%eeﬂrwfeeob@ghaqfduﬁnglga@ cﬂxgyineSUCh an
F and 11, 1 nclude

article, for exanple the blade tip o I gures , a wel ded
r epl acenerenginepsepace ioperatiompsélemetl ofirfacet portiaye of ree tivkine Ssladeanitfdii cat nenber

22 enhanci ng and repairing damage to the bl ade ti s descri bged  above. 12
SCi Tl of nérPEATEEI TSt LreBroysueh  eBRrRte O Rer R nass haRidnoher i ng at
| east one suffhéSporiiBid CAn RASAM YT shbte céridithdnsBH ALrfage XS haknbey af | east

one lateral surface of an article. For exanple such anoverlay, simlar to

a coat i ng,U-8aRatsat addSd0 thRigngh ot l.aend shwvot in te paspestive diaghaspatis ent

i gur o S B RS EERROIA T o milfe SHERRET s Bhdithe MrkiGhancdr e

oper at i on,sidee| Bafied didfdddecap alifficeporidn Srebdl6®hmEsDhidle sidtijedt @b Hamase
experience nmpre strenuous high tenperature environnental damage than do

ot her sur¥asevpen thesancars sidg hprwilA0. such conditions and surface danage
is described in U S. Patent 6,042,880 - Rigney et al. and shown in the

per spect i »ﬁa&ice%fatﬁe%&tﬁ?d %ﬁwo@fmp@gﬁgﬂé iE R féf* es?;m@e%ss}fownbwﬁ engi ne

bl ade 58 fromthe airfoil concave Typi ca Iscrete, local surface

portion ardessitgd iancordectimr withuBigeots t andaiygean be essehdorwed sk fisncave
fs |O(rtle eg;ng:nréérgl elrgﬁg% %&g% Iir(l: O%raérggntar?}tvqug off%rign&rgfl 5:[ Qgseg rog 1g&rellqy%nt 'on,

airfoil 40. Such first members, appropriately blended with adjacent airfoil surfaces,
can enhance such discrete surface portion areas as 60 and 62, Figure 14, prior to

service operation or can repair such surface areas after service operation,

The present invention has been described in connection with specific examples,
embodiments, structures, materials and methods. However, it should be understood
that they are intended to be typical and representative of rather than in any way
limiting on the scope of the present invention. Those skilled in the various arts
involved, for example relating to turbine engines, to metallic materials, to metal
joining and welding, and their combinations, will understand that the invention is
capable of variations and modifications without departing from the scope of the

appended claims.
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described in connection with Figures 1 and 12, can be used to weld such
first menbers as 64 and 66 in the fragnentary view of Figure 15, based on
Figure 14, to airfoil 40. Such first nenbers, appropriately blended with
adj acent airfoil surfaces, can enhance such discrete surface portion areas
as 60 and 62, Figure 14, prior to service operation or can repair such
surface areas_after service operation. The present invention has been
descri bed ¢TAB¥Rnecti on with specific exanples, enbodiments, structures,
materi al s and net hods. However, it should be understood that they are

i ntended t{0 ' : e Y

ntended (0 0 i SRR S3eRLAN'E Bl FRRIEE 1NAD 4 AL Mol

vari ous arsusfacd with la\secbndfmemheta‘mpirg a4 scaiid interface surfiden thedirgi aeissecdral

metallic materials i ni ng and. we] din t hei r conbi nati ons,
W1 underSeats TREEeTIRRE 0RaTes Bheqrtac engbiiron s IS NS and
nodi fi cati ons w thout departing fromthe scope of the appended clains. 13

CLAI M5 1.théifstfletiberRIfidet faEtriiatethOfred ol a6t dheliliériificlRIBSNt NRAYERD 2
first interface surface with a second nenber having a second interface

surface, tienfd eentinanus daveoed 2 britther indermetallid sompolsi afythti Spddetdrface cont act
and fusmr&{_&g ded, wherein: the first nenber is nade of a first netal free
of at |eas f& identified el ement that can forma continuous | ayer of a

brittle intermetallic conmpound at the first interface surface; the second

menber i s thaseond rentee tndadedfod sdebad mietit that @sclides tad atlleasbnofdentifkent i fi ed
el enment; and, energy is generated at the first and second interface

surfaces iSFBEPEAREI nation of an anount and for a first time selected to be
sufficient to heat the interface surfaces to a fusion welding tenperature,

the first i iDEAGatel 38 tHe @3t ndSLORE irltbriReet shﬁace%nf}bd' ﬁﬁntgfuﬁf efié?{‘ at the

fusion wel ding téenperature of the continuous |ayer
i nt er net alamaunt axptvaadirat timp eelected td h@alfﬁgﬂemat@dwat the iffteefacretunfadesato acl ai m |

I n which %ﬂsuln? E}V%{d g ?emprg?gtgre heattus ts ime b elngoltesst &n gtse(lzoen St&me rt}xat enables

formation at the fusion welding temperature of the continuous layer of the brittle

intermetallic compound at the interface surfaces.

2. The method of claim 1 in which an interlayer metal that is free of the at least one
identified element is bonded with the second interface surface of the second member
prior to energy being generated, the interlayer metal including a third interlayer
interface surface, the energy being generated at the first and third interface surfaces in

the combination.

3. The method of claim 1 or 2, for repairing a damaged portion of a turbine engine
blading member in which the second member is an airfoil that includes the damaged
portion, and the first member is a replacement member including the first interface

surface; wherein:

the damaged portion is removed from the second member to provide the second

interface surface;
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identified elenent is bonded with the second interface surface of the
second nenber prior to energy being generated, the interlayer netal
including a third interlayer interface surface, the energy being generated
at the first and third interface surfaces in the conbination. 3. The
method of claiml or 2, for repairing a damaged portion of a turbine engine
bl adi ng nmenber in which the second nenber is an airfoil that includes the
damaged B¢ reRdecementi member iy disporsdiserthptsthy firatointarfage surfagenisdr doptacudi ng
the first | S ; rein.t rtien.is.r ved from
t he secon d‘JVHrr% ﬁ%ée ?8@8 d p#%ef/rlﬁgg St ﬁgges g%: grrll% eHi&ﬁ? Zirg?%%grage@r Foa ngsl énl Y ef %ghe

r epl acementeplaesnivat niesnt@dr epsaifedld that the first interface surface is in
contact wth the second interface surface as the energy is generated to

fusi on wel e r.epl acenent er to the.airfoil.. 4. The nethod of an
one of thefp.lfgféé%ﬁthfg‘ %ﬂc ey Qe gfe £ WESCEEngy Aims, ethe JauR 9h agiegcussigr g d

wel di ng mefief wQdingeh&hod (& Whlddly FEFRSheRBY REvife b st irit}éét?a%%{sﬁgfgcéur face

with a second menber having a second interface surface, t
conpri si ngwitiliasypoeic gnentber fhavisg anecond dotedfacn renfics ¢thes metlmdesompristgnt act

Uhr ough ¢ HEHSREABE ERT g R 51et B st e SOUAe Peftbt b rapiEde the o
i gni tion rnpsbeswead vidlel pissRgt 868@tHD efurAd enérﬂ? | {@Fbudh CthveduefatReand gy f ace

surfaces, wherein: the first menber is made of an €lectrically conductive
first metdpnitippanestbensuffisiest toyrporivel hetignition mednelips and tharce gcther anda

cont | nuoUsy g ol 0l i PhldhbEalALEL TRLALI ¢ compound - at the first

i nterface surface, ghe second nmenpér I's nmade of an electrically conductive
second nmetal that includes the at |least one identified elenment; the first
and secondhe firemiender ssimbde of amekciicalpp sadluctive first apod iftdewT aadeassena gap
th bet ;. at t igniti .menb f third electricall

c oﬁ{jﬁc? i \\ll\gg?r}g{f%p e*q%gezlt g]%? ge@;{%prlll a.I C%Pltlgl?ous ?gyepgg z(la bgttleai'nten‘lllétaihg cgépgnlnfda y

at the first interface surface;

the second member is made of an electrically conductive second metal that includes

the at least one identified element;

the first and second interface surfaces are disposed in juxtaposition across a gap

therebetween;

at least one ignition member made of a third electrically conductive metal free of the

at least one identified element is disposed in the gap;

a force is applied to press the first and second interface surfaces toward and into
contact with the at least one ignition member to provide an electrically conductive
path through the first member, the at least one ignition member, and the second

member; and then,

the first and second members are fusion welded at the first and second interface
surfaces by passing through the electrically conductive path a flow of electric energy
in an amount and for a first time sufficient to vaporize the at least one ignition
member into a plasma jet that cleans the first and second interface surfaces and

provides a medium for an electric arc to pass between and heat the first and second
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at least one identified elenment is disposed in the gap; a force is applied
to press the first and second interface surfaces toward and into contact
with the at | east one ignition nmenber to provide an electrically conductive
path through the first nmenber, the at |east one ignition nenber, and the
second nenber; and then, the first and second nenbers are fusion wel ded at

the first and_second interface surfaces passi ng through the
el ect ri cal miprfags dudacey &o gofusion quémgdfma?réém A% t@n&’?@f‘ym‘)v?ﬁ the frsbant and

for a fi rséecéﬂcﬁﬁte?ﬂfséblﬁ 4%@§1nttc9c rize the at |east one ignition nenber
into a plasma jet that cleans the first and second interface surfaces and

provi des a nedi umfor an electric are to pass between and heat the first
and secondhg Firstntimef kaing dess fthaes tegomd tinsi that we:ibdém@rﬁmﬁmeraatthw dusien t he

f he f d d interf t t act
et 1 me oot opegeFRan o CRlbn i Nis belEoraentofiscmsgon of ne

fusion wehdim&ficemmanakure of the continuous | ayer of the brittle
internetallic conpound at the interface surfaces. 5. The nethod of claim4

in which an interlayer netal that is free of the at |east one identified
el enent i s b@h@jwthﬁdtq{ g Sbcwhighianteterlares maiglithatds re of thestidenstionenber

prior {0 aaglteaiel At JEARIALSA HISeldHihIAUEY SIBLEL rHCl I Ehepb T

interlayer r ace sur ace e energy being generate I'rst and
third int eprf(mcte atrgyabemgi Qenefdmi ahertinteglhyed nmetdl indhaling tahtirdoint@lagem 4 f or
repairing .a tion of a turbine engine bladipng nenber in which
thg second%ﬁ%glr?agg arﬁe SPGLEY PPING rsa%eratﬁg phige dirstipad é&%@&faﬁéﬁ‘ﬂr #8810 and t he
first memige cbSbidati§P! acement nmenber including the first interface surface,
wherein: the danaged portion is renoved fromthe second nmenber to provide
the second interface surface; the replacenment nenber is disposed so that
the first Gnfkemabed olichind fosrepairingntdaotagedportion lof a swbimednizime bl fdime

surface as Elgger i1 STh {he sgcon%rxggn% ertl(s) aL%?rfmpthV\?mcludes the damaged portion,
and the first member is a replacement member including the first interface surface;

wherein:

the damaged portion is removed from the second member to provide the second

interface surface;

the replacement member is disposed so that the first interface surface is in contact
with the second interface surface as the energy is generated to fusion weld the

replacement member to the airfoil.
7. A welded article comprising:

a first member made of a first metal free of at least one identified element that can

form a continuous layer of a brittle intermetallic compound with the first metal; and,

a second member made of a second metal that includes the at least one identified

element;

the first and second members being fusion welded at a weld that is free of the

confinuous layer of the brittle intermetallic compound.
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repl acenent nenber to the airfoil. 7. A welded article conprising: a first
menber made of a first nmetal free of at |east one identified el enent that
can forma continuous |ayer of a brittle internetallic conpound with the
first netal; and, a second nmenber nade of a second netal that includes the
at least one identified elenment; the first and second nenbers being fusion

wel ded at Eia’\é\l?ld'that {s free of the _continuous |ayer of the brittle
N aim g i whighthgwald hes heag pHesied zone afmosgeaterdhdiel d has

i nt er et al cHHEs el

a heat affgelesoz f no greater than about 0.0254 mm 9. The article of
claim7 or 8, in the formof a turbine engine blading nenber in which: the
second nenber is a blade airfoil including a radially outer tip portion;

and, the %idhe aninidef clasmflier 8ninmhiedenn tod a tuebinaengink Ylagkigmetiber por t i on.
10. The arti.c$_e of any one of clains 7 to 9, in which: the second nenber is
a bl ade aiWI?lS"I i ncluding an outer surface; and, the first nenber is fusion
wel ded to at | east one discrete portion of the airfoil outer surface. 17

the second member is a blade airfoil including a radially outer tip portion; and,
the first member is fusion welded to the radially outer tip portion.

10. The article of any one of claims 7 to 9, in which:

the second member is a blade airfoil including an outer surface; and,

the first member is fusion welded to at least one discrete portion of the airfoil outer

surface.
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