FUSI ON VELDI NG METHOD AND WELDED ARTI CLE BACKGROUND COF THE | NVENTI ON Thi s
I nvention relates to fusion-type welding of nenbers nmade of different,
dissimlar alloys and, nore particularly, to such welding of alloys at
| east one of which includes an elenent that can forma substantially
continuous layer of a brittle, low ductility internetallic conpound in a
resulting weld. Power generating apparatus, for exanple gas turbine
engi nes, i ncl udes, FUSIOMEIDING MEREOBt AND WEIDEDARKICLEAS t he tur bi ne
section, conmponents made of high tenperature alloys based on at |east one
of the el , ' i mes called superalloys, a typical
exanpl e oﬁ%@éms@gﬁmms Is the Ni-based superalloy that can
i ncluded alloying elenments for a variety of purposes including
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tenperature environnental resi'stance. An exanple of one of such el enents
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superal l o or. high . tenperature oxidatian resistance and in sone
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of about iAterm8talif) @hipoRad Geftesulidig wiekpe of turbine section conponent” nmade
of a Ni-base superalloy is an air cooled turbine blade described in U S

- Patent 5,387,085 - Thomas, Jr. et al. Generally, such_ a turbine blade
i ncl udes BaWertgensrating ppRargus.der example gay twbing cpgingm inglydesxinethgihotier i b,

sonet i nes P { ' i inhery.  During
service ! pgdrtﬂggggﬁmg? %gﬁg?%et%&en%&g%agégﬁg@g Iis{) aézlae ﬁﬁlﬁgg%m il t(gjl:‘i’al | oy
“commer ci alloys basteinon fat dehsa onRexfethe Nenadnto Fea0d, ahd &Nif ulSbieti@sschilked in U. S.
Patent 5,173,255 - Ross et al., various types of service damage were

obser ved.SUPFFalNs, &k dmpicel, examplgsof dsguenilyquseda supesallays gisathey N bl ade
end or ti | . [@g‘fgd Ly. e I ng over
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damage has_been served for man ears in the gas turbine engine art and a
vari ety emmmﬁgglsmﬁi‘ﬁt@n?% r%? ﬁémﬁl’%{d’g opng [S’?éE‘HT ?lgw'atﬁ iof partieylas g erest
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et al. Another exanple of operating
' temperature oxidation resistance and in some alloys for precipitation strengthening

generally in amounts in the range of about 2 — 8 weight percent.

One type of turbine section component made of a Ni-base superalloy is an air cooled
turbine blade 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,
L 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’ NS 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 gassés 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
is described in U.S. Patent 4,169,020 — Stalker et al. Another example of operating




damage is article surface or coating damage or wear observed on discrete
outer airfoil surfaces or areas al ong which higher tenperature engine
products of conbustion flow. Exanples of such surfaces or areas are
described in U S. Patents 6,042,880 - Rigney et al., and 6, 106, 231-
Brainch et al. Wen such damage occurs to a turbine blade tip or end
portion and/or to an airfoil surface, at |east based on econom c
consi der aidamnge istarfide RR¥Ic8or boatInSRR AT ' tfoil NE
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| east oneeidl., axd 606,081 —Bhihtidatdion, and fluid flow wear resistance.
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| uxt apos interface surface. portjong for a time sufficient to result in
J_rrel ti ﬁg -é‘ﬂ"d” EE AR oRtspgicahob Seah thallowte gyspepidiendispriendistinduch
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- solidus band that upon cooling can generate stresse , under

sone ci r cuh#icgribe sapability efotherantidli rig reSstcbperitinpudmhares esn paeidessikhequent
cool i ng sult cracki. |n certai.n, netal or, alloy conbjnations

i ncl ude te%g:%ft‘l%# ﬁ%‘?i’%’# C&Pgbdhg'?éifg}m 153 Joppng msthod thal Gajagcampligh sucht i vel y i s
subst ant iagthdhme®nt i nuous. Hi gh tenperature alloys such as N -base

superal | oys include at | east one elenent, typically A, which can form

rel ati velb% | ower ductility conpounds, sonetinmes with other elenents. In
some Ni Serigiypef Jepaies mathads camsstiiidesedr i e eeprie of durbine engine

components, including turbine blades, for joining or welding of members or surface

portions result in meiting 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 superafloys 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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2 desirable, distinct island precipitates that tend to strengthen the
alloy, for exanple, precipitates of the Ni3(Al,Ti) type. However,
formati on of ~a substantially continuous |ayer or filmof a low ductility
intermetallic at a weld between joined surfaces of certain dissimlar
metal s and/or alloys has been observed to result in weld cracking, either
upon cooling after welding or after subsequent heating of the weld.
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detri nent y a cti I s, the fusion of base

super al | o@ylljn%l ﬁ%ﬂ B o 1O\G@d€§q1§'ﬁ@ e?%ché‘F Ao lﬂg?’e‘ﬁeeﬁnlo I%’ﬁfé‘f’esoﬂfe of the
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t t f | di f h
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continuous layer of a brittle internmetallic conpound in the weld region
can r esul(i)na' combimﬂ:imi dfasiukh dizsintilad Gketals and Boysahst @h rédult iRGBimaidnest ed zone
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-found to be undesirabl'e for welding a superal gnple t he
above i dewblefelergereRa, RlNﬂ’dathd)Pt chekmdpk&grea@dew éﬂxhaphasgfdldm%mw e nobl e

met al | allo di | || | udi
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Cracking at the interface weld occurred as a e formation of a
subst ant Aeceidinghy tfhsion welding of sueh combittationefobrai tirhé in WhicherhdlAllcancorrpound
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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




type wel ding nethod that has been reported is a percussion arc wel ding
nmet hod used for rapidly joining different netals at a juncture under
pressure through application of 3 a brief burst of electrical energy. Such
a nmet hod has been used in the mcroelectronics field for the joining of
dissimlar netals. Application and specific control and selection of
material g aRdf RARATBE edlSctRfal S bidigPer BB HNmeRbH! A BRI OGsedSth that it
inhibits the extent of such detrimental interaction between el enents of
hi gh t emperoglegireniembeld dbr theneining obdissitily sethls.i Agpliedtignragdispeeifio d
formation _of .a antd al | ntinuous | ayer, of bhrittle dnter allic
conpound gaTiand SRR SRty A bR e Berelith nBABEIRNS 11T e o
an arti clse tis ¢hinRibitireeud @ad Wf eaehf dutrifkbaihl intcpagooh dletiéen ub@ndnts &f Higlh bi ne
engi ne. BRI EF SUMVARY OF THE_ | NVENTI ON According to a first aspect of the
‘present itGiRSEISnand pable metalsy oy jallayy durngiwslding tai sigid fematigniefrawel ding a
first megheka ?ﬁy REntfhublif $dyet %tf‘%?ift@é:ﬁltéﬂf Ea?i?cecéﬁ‘gf;&uﬂ SEEAGabEAREr havi ng
a second Interface surlpace, the first and second interface surfaces bei ng
di sposed eifactovenoiadtg taredhdnes ioparatieg Hédof anhetiek sucl membnufsdtumed fxeligh s nmade of
a5 first netal free of at |east one identified element that can forma
*cont i nuoHENRCERIINE USP 1A tEPINe PRANS.nt or et al | i ¢ conpound at the first
interface surface; the second nenber is nmade of a second netal that
i ncl udes gRIEFRUNRESLY OFTHEGNVENEON! enent; and, energy is generated at
the first and second interface surfaces in a conbination of an anmount and
for a first time selected to be sufficient to heat the interface surfaces
to a fusifseordingde edirsigpspeatpé thetniessnt inMentiony &ererif peovidadragfupien avelding a second
time tha b . I S] kN e r t he
conti nuohnse gy%é’?q%efﬁ]@%? E%S??? %béﬂ%énmﬁft%@%ggnﬁ%ﬁ% é{ﬁ B?‘]hgecl&%% erface
sur f agez meﬁﬂﬁf)zldiéing a secand e?:teﬁdceaaﬂ&@e, the ﬁxb?ami emﬁbihtm%&; 'tsarﬁ}cei h](car eis
provi ded, a wel ded 15 article conprising. a first nmenber nade_of a first
met al f r Bengisppseddn cpnigrieandyisiop ryedded, shersinthe Hest meeasber & mWade bt i nuous

llaygr of ﬁr?rstt)lﬂ{étatltﬂ @oif?f REIRaY h‘ﬁﬁ%&’@!&ﬂﬁﬂﬁh&f éaF{ fgﬁﬁacfoh{iﬁdou Lor@nd, a
second nenber made of a second netal that 1 ncludes the at [east one
i denti f i bdttlel iateemttallicheoripovat] arthe Sestointbrfaeerbenfaceh dhenspcbnd inmembwelisled at a

\(I:'\glrrgouf’l Q?I}adé: gf :]; geecgn Ine%a?ﬁma Pnr&ddgg t Lcl,sat ke% teorne? entei%%d g{eﬁe%{;%nh,néngrrgg% allic
generated at the first and second interface surfaces in a combination of an amount and
for a first time selected to be sufficient to heat the interface surfaces to a fusion
10 welding temperature, the first time being less than a second time that enables
formation at the fusion welding temperature of the continuous layer of the brittle

intermetallic compound at the interface surfaces,

According to a second aspect of the present invention, there is provided a welded
15 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 continuous layer of the brittle intermetallic compound.




4 BRI EF DESCRI PTION OF THE DRAWNG Figure 1 is a diagrammatic fragnmentary
view of an assenbly of the first and second nenbers with an ignition
menber, in one schematic view of apparatus for practice of the nethod of
the present invention. Figure 2 is a diagranmatic, perspective fragnentary
view of a turbine engine turbine blade radially outer portion. Figure 3 is
a fragnentary sectional view along 3 - 3 of the turbine blade tip portion
of Fi gurBRaEFBMIﬁPﬁ(bﬁ@?gﬁ@%wé’ perspective fragnentary view of a
turbine blade as in Figure show ng a danaged tip portion. Figure 5is a
fragmentary sectional view along 5 - 5 of the turbine blade tip portion of

Fi gure 4 Eigow hés 2 disgdhenmagfidfragmernpany tviem oFiag ussenfbly sf thef fuspamhicaond
portion_of

sectional view al.gng lines 6 -. 6 of the turbine blade tip ]

Figure 4 TRERARGENE ieailiop b, Winne dCHARALE e O sPRA¥RS foripERstiee of | 5 a
sect i onal theinfathadofithe freSdhi thventbd h t he damaged tip portion renmoved. Figure
8 is a fragnentary sectional viewas in Figure 6 wwth the damaged tip
portion renoved. Figure 9 is a sectional view of the structure of Figure 7
with a wefigeg % s/ disgiammatic perspsetive sgmeityyrvievt Of aurbing engirestuibine=i gur e 8
wth ar i rtion i.n position during practice of a form of

t he net hggé%‘%?ﬁﬁg{rdgggﬁtwﬁnventi on. Figure 11 is a view as in Figure 10
after welding of the replacenent tip portion to the blade tip. 5 Figure 12
is a di agfiguedtis e frabmegtaenscatiynal iviow slbng Be PSRBERINin8 Bldde tpi gdkich df Wherei n
t he secor]g menber conprises at | east one interlayer of a third netal or
alloy to ®wel ded with the first menber. Figure 13 is a sectional view of
the structure of Figure 7 with another formof a welded replacenent tip

- portion Mgl R% HRGrdnth&id, %Fsi)e&{%"ﬁ]aéngbn't:ﬂr? Wiw b¢a turbine blade as in

Figure 2 showing a damaged tip portion.

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 albng 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 is 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.




Figure 14 is a perspective, diagrammtic view of a gas turbine engine bl ade
fromthe concave side showi ng discrete, |ocal surface areas subject to
surface degradation in a thermal pattern as a result of service operation.
Figure 15 is a fragnmentary view of the blade of Figure 14 show ng enhanci ng
material welded at the discrete, selected | ocal surface areas of the bl ade
airfoil. DETAI LED DESCRI PTION OF THE I NVENTION Currently, weld repair of

service daggged2 iy b . éﬁ?gﬁ f: 0l t Ll Ure o.superal | ays such
as Ni-base Zuperal | oy oe@g’ﬁ%tl use Ri'g tggﬂrfg:ag%&t})?%asﬂ&%g%rggrﬁﬁ? oys
based on theesesond eramitenkcempfises aeteuspbee Ruerldper ofd thigd thelil -orlallohas veeen

observed th t he conbination of tenperature and tine at tenperature of
typi cal  COHfEr ?}hﬁ"eﬁgil?ﬁ’in%l ding in the presence of at |east one

identified element in the superalloy, for exanple Al, has resulted in

for mat i onFiguré e el sbcRbnadRi&t o€ Ghé &l | pyguse L hin
| ayer of atgtlreast onecbr_?ttll_e i?ntern@%ﬁﬁ%glpggﬂg%ﬁvhh{ﬁg@ﬂ&rgbg& ?%% I n
cracki ng Wrelded genlegesneahtip portioh inoheding fhednteddfee sheeh indfigurediacent t he wel d.

However, such noble netals and their alloys offer great potential for
ext endi ng e L.ng..capability.of. turbine blades, particuylarly high
pressure ﬁ%tr&gel %]tgf%be}ﬁ%‘seﬂs%’gnﬁ%@%%r%n%w &%ewa?ﬁb%/gﬁ?‘éﬁﬁl%mr@ lgie iuK%'IHI tL‘és in the

repaired émrcave §ide sirowihg taeref; &RaNburfdcs \uedak isQE]eétitmsﬁtféé%QieQdﬁﬁti(?{ ina
interactign dyring interface fusion between cooperating interface surfaces

of certai WM PRHFAS agesuliiof seryice@peratinmn t hat tine whi ch enabl es
formation of a substantially continuous |ayer of one or nore brittle

i nt er met agibiife 1559 3RR) : j f h,surfaces. .As if relates to
the pr esent inventi ogf}gﬁtag{%l%@\%efl @I n%&érr‘g%lﬁlgu%ﬁgvslhmvﬂﬁe M9 P&Eenﬂgner ate
heat to eweldbdaftheé disogtepseldntaddbed) soffacomparddithdladddigpiiace surfaces, al so
6 known as faying surfaces, in contact wwth one another. The hearing is to

a tenper 1 ' | es migration of elenents between
such coolgféféﬁﬁ‘g(}?m@i‘éﬁ?ﬁ? ; KN ng to forns of the present
i nvention, the time of such heating at such tenperature is selected to

avoi d f orQutdndy, wblderephlbof %Mcé'daﬁag@@@ﬁrbﬁfé%%ésqyﬁtay(gf high! tdfifhdidd ed

internetal | ic _conpound at the interface surfaces. 'y, " sone” fornms of
t he resulstP#gliews shchaaseNi-haseguperalloysdpesinanuse bhighatemphiathre 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




state weld or bond. One enbodi nent of the present invention for such fusion
wel ding without formation of a substantially continuous |ayer of brittle
internetallic conpound at the weld area is a nethod for percussion arc
fusion welding noble netals and their alloys to other alloys including at

| east one identified el ement than can form such detrinental |ayer during
conventional fusion type welding. For exanple, current comrercial fusion

wel di ng of,fviPlas "BORE" €. a i tfi ene' N5, Ni.. base superal | oy
i ncluding the i denﬁﬂgisé iarlg%’%r%nt Ctng’?tnﬂnglﬁ )?}Q% erabome ge%{n_g &l ted in
t he -for nemperatire dride foyeladtiok thas Udaablent miprdtionC 0N tdldn@its Yeby&dn Qficla brittle
internetallic .corrpec;%nd I ncl uding platinum al um nide. As used herein, the

phrase " c?ﬂ???rﬁﬂ%glt ST "i‘)‘?es-aAlS’P‘P‘idi'l}getoi fatmay odethe presentdpygasigndtheitang nt ended
to mean aof QKEhedth tii%uxﬁfe{ihfe?d}ﬁ!!e% sbiofell %o WEdifl BBHioR rG hbSaffIf | !

effectively is substanti a conti nuous and results fication
cracki ng contifenus|legs off arphiestified intermpealiic eempburichet thesivleiriatg suriited/ base
metal system .In addition,.as used herein the term"free" in respect to

i dentii fi gﬁﬂ’é‘f%‘%?ﬂn&e forms SE4Re Fesming e thegenerad appsasince ofcosglidund | ayer
means t hgtat@ReRIEDon®t her than m nor insignificant amounts, of any such

el enment in an anount that can forma sufficiently continuous |ayer of such
conpounds_to result in weld cracking. Thus the substantially continuous

| ayer of (Pueenbasdimentiaf thopyseent devention for sueh ftséen weldingewith@s dotmadtionent i on i s

| ayer of O ; - el fasion woldiigovighea dotmtiument |
compound<T 4 ar ABK EnARRIR 1Sle” 3 RRER g pame ol o2t oy based

super al | dya nialiodsfor pa@ubReH AQ.- fudibe vedihh FeblcahetMR taHl theédf alfdisho iR NuoUs
| ayer can_increase with heating and tinme, for exanple as cdn be experienced

by a gas alleys Briyding abilenst ane identéfieselemgntsthas eepuomn sweh deaizentaldgyssr ocesses

or servi : I . r nt invention will be nore.clegarly

under st oggnggeglé‘fﬁeé{rlg%éefz?gg% ﬁ?@\l/\rnl gst ewq%n%mfl HPOSFAU NS08 enbl y for
the pracwebdingfofon®tfmembef td hige aBOVOddeptifitd RenT QEEM bavéClpeilolyS Shown
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i ncluding a
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
N 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 Nis(Al,Ti) type, included in some
Ni based superalloys for strengthening. The detrimental nature of such contimious
layer can increase with heating and time, for example as can be experienced by a gas
tarbine engine article during subsequent manufacturing processes or service

‘operation,




i nterface surface 24. First nmenber 22 is made of an electrically conductive
first metal based on at | east one of the elenents Ru, Rh, Pd and Pt, in
this specific exanple the above identified Ru 60 alloy. A second nenber

26, including a second interface surface 28, is disposed in spaced-apart
juxtaposition with first nmenber 22 across a gap 30 therebetween so that
the interface surface surfaces 24 and 28 face one another. Second nenber
.26 i s madeh®breaéh ibs I G | pcl udes at
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f or m suchasseribliyt $Howvn BERE b Cmafi4TRQY - | | oy,
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both the first netal_ and second alloy and that is free of such I tified
el'‘enent . SﬁB‘i’ndt@%hﬁ @Si‘%ﬂlietoiféﬁ clegtitsally sondustivesneped alkiy thatyincluties athe fi r st

and second NBIRESH | c e of. a al .l oy based
on at |east one o?h%ﬁieelérpgﬁetﬁ%gﬁoﬁm %ﬁ‘j‘&g&ﬁgﬁﬁcﬂ@u@lﬁ%gﬁ %rea ﬁlﬁ ®same
metal , sitbrzsalhe, campound ciithhehef ifirstt nigatber Férs exagled.in! thid hipscigigbodi ment,
ignitio 2. was a.nenber I?heparat_e and distinct fromfirst and

c

n er ) >
second nﬁﬁ‘ﬁg 1mesh, the,secopd a pefhe ahaxe glenkified Ni §ase superabeyifene’ N§ - - - - -
- - - - - NN dSdd IR0 Lt fd L 1.1 h 0 h.the first and
second merrbelrls provi dggbhgggc%eﬁgﬁﬁﬁgﬁ&n‘g%%gdr@ glgcél %rbgl(ei!ﬁ%fntgﬂ?et?ljfgnt ified
el enent t¢rapowsnayesrwittatherRu 60 elloy, free of that element. 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




internetallic conpound with the second nenber. Connected between first
menber 22 and second nenber 26 are conponents of an electric circuit that
i ncluded an energy neans represented by capacitor 34, powered by a typical
el ectric source (not shown), for exanple froma comrercial capacitive

di scharge wel der. Such apparatus was capabl e of providing a selected flow
of electrical energy as a brief burst in an anount sufficient to vaporize

i gni tion canrbeeintegtal with 6r Ap4at 8S¢lther 6f b&ﬂ&hé fifst and bdcdhd hief®ers Rbviaxaml e for
no greater than about 10 m croseconds ess than a second tinme, for

exanpl e | 88 igpikion Jpembers fe sfeego@fdanm#@ﬁﬁequlmn@mabatecanqumt adnitdé t he
subst anti e intermetallic conpound at

i nt erfaceifi"lsell?)rﬁ %@i&d%&ﬂﬁg%ﬁﬁﬁ trl:’l‘te}c circuit also conprised electric
switch 36 and circuit wiring 37. Assomated with assenbly 20 is a force
neans, reQomseted dettgenafirsoneeniBy 22 uintli et@nl membeP638e tomhpdnedrdofSacond

|nterface sur.faces Ci‘éﬁ toward and into contact with _ignition nenber
32 to prdVPHEC GHCL ﬁﬁf 38y DeTSY) WeRnscisAsented, By sanasiten3 4 npwered st
menber 2 R frced C can be
appl i ed t2bo %Igjtqull%drl%t%ﬁe fi rs(t: @ogglgoc % e s,ﬁ?ﬁl {’:I&Fn%&lﬁeéggmﬁ‘gl ng held
fixed, ordischargebweldpp| i Sutht appacitus wasitvapahle Tfepraniding aofeldotsdc flowppf i ed i s
at | east ?uff i ent toﬁ&’?‘{gﬁl de, the electrjcal contact, preferabLy wi t hout
excessi vé& ey 8¢ 1n an geopnt sulficient, i YapoRas iEnitfeR mERbER al uat i on

of the rr@tzhﬁaeb aqnm jet 1Bt Bores B tinfd 861 &Rn Mfshg&g?ea?é?%& ﬁaﬁ%ﬁ bed

embodi nent of specific nembers in thé asse ly an cuit shown in Figure
1, an el emcrqsecqnde;épssgbma mcDmbtlsmufocexmﬁmlasdhnmmm ale secdeid, ofhinhl e

-ca’pam ti Ve di s e weld fl o ectr ener

ot enti al™ Bt @S?ﬁ%ﬂn@‘%’ooﬁg’l rgat 3“‘1‘?3‘6 er%gﬂffﬂ&dn@ ﬁ@fbc"or 34.

p

Wth the campenil admrma@@mfabéb 240&1‘&'28' OrheVdlédirié a&&ﬁtﬂ?@ébin e@blegfRut a 600
pound sprlng gre | oad conpleting the electric circuit, tch 36 was

cl osed. gl p6 and gircudt wh@3Jed a brief burst flow of eI ectrical energy at
an out put of about 180,000 anps for a first tinme of about 6 m croseconds,
In the pr n_about m crase and of 9
) eos | FERUAEE @GRty 2 4 Kb RordiBifod by sFiobr BBL BEBHRR B0 one
second dpreas iforst. and second interface surfaces 24 and 28 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 electric 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
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Such conbi nati on avoi ded heating interface surfaces 24 and 28 for a tine
that can enable formation of a substantially continuous |ayer of a brittle
intermetallic conpound at a resulting weld. The flow of electric energy
passi ng through ignition nenber 32 was sufficient to vaporize the materi al
of ignition nenber 32 into a plasnma jet that contacted and cleaned or
renoved surface contam nants frominterface surfaces 24 and 28. Divergence

f out ' ink i Ldnld d f
of outer ReSibOR séfon@tinkdinghé AmGe SPEERE %@ﬁllﬁgeﬁﬁgé fr%r)e (ﬁ-{% s‘ré#o?mg dultfol! ace

surface 28 enabl ed the plasma jéet, that provide u ran electric
arc to paSéch enmbipationsaweidadrheatifg dderfacefsacfosss 14 ank28 fonp tidte theboaur rent |y,

the el ectj g.akC: | heat ed. such i.nterface suyrfaces tp.a bondi ng

t enper at u%de‘rig%/?h:hfne“la?l §$c yﬁSﬁ?sigglgﬁytwgtm%q%aﬁjg{ ?%ﬁ?ﬁ%@geﬁqu fGce
surfaces ¢omigpundbl ARkEHEERIAET at a force level, preferably with little or
no upsetting, sufficient to weld the interface surfaces wwth a fusion weld
that was so Harrow that it had the appearance of a solid state weld.
Because tH oy deqine sneteyapassing ithrangte ignitign weembsn 32i waesuffigientntoense t o

- fusion . nhek . t ry, briegf, th ol i r.at e at the
vel d wa\;\e‘%agglltl%b,eﬂ%gr e%glngfgglﬁ{rl\&g%eg}sbg \égfl %08 pg%%?aeéeg | teﬂezf’n%second.
Such r apideaned| orngemedidc sukfidee coaaminaitsi F¥mofinteffcaTRbifdes 0f4 taag pRdesirabl e

of brittle internetallic conpounds at the

substantial |y contjinuous | aye . ony
wel d. Resdl” l1}@!%’@0%‘? Ayt &emoeeﬁ%_‘)f)f dueracretrige wdsatatngle 2P cvith intededi ng to
an enmbodigiante 5§ enabltd tRE $RRMHA ggﬂg\g%%fo%ed'af%%%qwﬂ)r%nfe'ljetsch{a%nérg¥(9 ﬁ?wel d

havi ng a very narrow heat a Zone o greater n"apobi*t0. 0254
mn i n t fhetvedsowecteintarfice sudfags siateait gap30. @eadirrefily) Hedelévtic arlSusdallyer y

~narrow heat, aff ct%\d zone was generated in such a brief time, in this
“exanpl e ata& é‘é@eﬁ wreh SEaGE t%cf e teeprEiure; waile farer 4@ @raseed Hi bi ted
for mat i orahed, ﬂﬁ@éﬁgfsé@ﬁté}fdc%rsﬁﬁadeﬁlhﬁ(S Hed &t&&rﬁplg'rii%}gg }]ea'fel?ére?églgpl €

rutheni um_al um ni'de, the formation o¥ which are t nmperature
dependenwithdéitle or ne upsetting, wafficient heweldttad interfiice abirfacds, with £ @stonaféldct ed

zone, SO ine referred ta, as , adjacent a . weld is the extent into a
subst r at gﬁa PHe TGV ?@?W%?‘E‘i’}%%ﬁ@em@]ﬂ%ﬁgél usrtatet%elﬁi-heB%‘r‘%ﬁh@Pogy or in
the micr Qﬁ%liddﬁ&rﬂ bﬁekﬁmhbpeﬂ&éye%é‘kuﬁgie]ﬁtli Gibide B SR WM thel BembEEL 21 N

| evel s .of heat. For exanple, ‘conpoun ormation, precipitation, grain
growt h  feesther batheeny brief the egalingirate ahfi weld dvessapidaforexemple 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
b 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. |
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10 An application of the nmethod formof the present invention is in the
repair and enhancenent of an article, for exanple a portion of turbine
engi ne bl ading nmenber. One exanple is a danaged tip portion or "squeal er”
tip of an air-cooled rotating gas turbine engine turbine blade, such as of
the type and material identified and di scussed above and shown in the

di agrammatic, perspective fragnentary view of Figure 2. The bl ade included

an ai rf oi An4dppliestivnnet tRgnethod fordi ¥ the SSRE ilveaeBn ik Rn RRE tr%{gm #[gd Tip

portion 42 conprised a plate 44 fromwhich rib 46 extended radially

out war dI yenhggcement gfpn agtiedaarfos example amportian ofituebige eugive bladiggemémbey.

secti onal Ay : | | Ok along lines.3 - 3 of F qure.2. During

engi ne se(r)}\;ié ge lgﬁgagﬁ%ﬁ?émg@@éé’ﬁ Spiealey ot o ag a’ﬂ?’fﬁﬁfﬁg Pi8HRg B23%16 can

occur. Genebind bnpitidvartinebligde, sactias efthé Bypeing GhARekid] afatifieN andPdisdussgsul t  of
h associ ated stationary conponents and/or of the flow

interfer(;%%e V\(/j{t \ _ _
pattern Y& anq showavin the diagrammapdic crerenegtiye Gagnentaryvievonbligatedh The que to

the parti ' ' . ' | e of spch-_danmage to
o gas ¢ ur i acingst BF o1 A0« thauRp iy RS HABLED SeffortEaTREne” N
Ni base septored2 cymprised oplategidnieom vhictadib 48 dxfendéBradihllg@utwaralyi &s is
perspective, fra I'TBI}%%I’ ¥j ew of F{isagure 4, in the fragnentary sectional
vi ew of Mgh‘%’ 13 3&/4 igue Lis a fragmentary sectional vigw of tip peréion A3 ghamst ar v
sect i onalyngk W3 §fFifigyre 6 along lines 6 - 6 of Figure 4. Repair of such
damage, according to one enbodi ment of the present invention includes
renovi ng the danaged portion 48 fromrib 46 to provide the second interface
sur f ace IBrugsengiteestriige oparation, wrhadi bden Fibgerved thandhnigows ik 46han
f ragment ar ctiagnal yiews of Figures 5, .7, 8 and 10,  identified above.
The r ermmy i RGPS TR Amiaie s e P Rl 4ot BEes sl oL BIRIESEIFbod
second meyiiheassaBated Sati bif ' ecti onal
ﬁi@aﬁan 8_ R&ﬁ:ntsf SRIRFUHESHot battBe J&%gg@'ﬁg@’h&

views of Figures 7, 8 first or replacenent ne n the
f r agment &pspes; dad | pradicty jcfweonalfustipy umégiedfo 1 padictiler engingededigit hedabove

descri be -60 and i-ncl.udi n first interface surface 24, is
ot Sen S bpfic n-BHf/ %ﬁr&@fzd’fgt}"}hg%%eﬁﬂ@ SRR wauns Rlade Mder | on with
Figure &f thehuboesrideiiffed Refé WHNifHago sty i§AI %H(}E\Alr/ﬁgéﬂl\e"réﬂ}?éﬁ’ 4 ipHngure 10

shows several ignition nenbers, for exanplé Wi re segnents,
di sposed diggrapueatic, 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




surfaces 24 and 28, the nunber sel ected depending on the | ength of

I nterface surfaces 24 and 28. After welding, any excess portion of

repl acenent nenber 22 can be 11 renoved appropriately using such
wel | - known material renoval nethods as grinding, mnmachining, etc. to blend
with rib 46, to provide a welded article shown generally at 52 in the
fragnmentary sectional views of Figures 9 and 11. Article 52 includes the
first angmsfe Ig&gg : R i I S a
narr ow hegﬁ a?:‘a g%t ed gl nesa%r%gﬂ 8% ﬁakﬂcgu s@%ﬁl\tﬁiﬁgﬁﬁgv %@%@é\d}oﬁ%@% t of
brittle imachimagadtt.ite blendmpithuniiel46, toupodvidir a tvelded aefticldshopmegenatalliyavsdt i on

conpri ses. i ncludi ng an interl ayer .transitign  netal. be en fLrst nenber
22 nd seBua BB bR T shligiiengand ddn ARl 2 aieadse Bt o
barrier ojnd 8&bh@menilitks SPCHISIE RS WA af BRId S8 Mctlkl 58w Rhevat ed

tenperatures, for exanple during gas turbine engine service operation, from
second neffstad 2enedrass of vl sibsantialya cdntinuons laperbef Wtle Amtetnetallss ed
above, theé@ nt Al at first nenber 22 at gas turbine engi ne operating

t enper at uf Og'ggs'di ffuse at the weld to forma substantially continuous

| ayer of a brittle internetallic conpound that can result in cracking at

the wel d. AhsthedUirh ioBthe rdsdnt inVeRfibrydhipeRs ihiditgear idié18dyeP 6£ &anditibn
mechani cal tgﬁbphym cal properties between the first and 'second nenbers. An

exanpl e dretghbetweesy, firss megpfen 22nandnsespnchnembex 26, Sk taarinteslaysr oan Yo ee

Cr-Ni -Pd ' i i ew of  Ei.gur 2 0s, simlar
to the as@gérlrg%/@a g%%%a?{r?g%%ﬁ h@r é‘?ﬂ&nlga%%ﬁgegssmaﬁlgt g%}r%g%g%%ségvsmﬁ%n t he
exanpl e aémpérgtures, for dxampleduringgutubidc e \Seride apeiafibh,yrdf sebsidei n
.second nenbe é% i ncl ud a third netal or_ alloy nenber 54 bonded to
surface ZE‘?m];\@ erass WﬁEf ] togvard &irst memhep 22.a s dissussed @hove, itheselementper 22

and seco JTQ?B i L cle far . t| of the
met hod fgﬁram 0 ?ﬁ%ﬁprrézgedﬁl[ég? %%fgglegﬁlkg?ﬁﬁggﬁgkﬁ}ﬂ#?%%%ggﬁ r‘%eﬁﬁgsgrak 6%% netal 54
i ncl udes veeld ko foaimi adubstaaialysamtiasensd6yatios pdsiett Mterartalljapordpouind that
juxtaposition wi.th Jinterface surface 24 of first menber 22. Repeat of the
practi ce 8% r‘fsﬁﬁnlﬁéﬁaﬁ]lf}ag aﬂg?c‘?’?iaeé“ ?&‘%E%ﬁéﬁl’t lné‘ﬁﬁWF’E sanrbridgedifferegess| t ed in
the arti g gn&hovball &3 ichl r Cl \ f1 Fi 13,, Such an
article, for exanple %ﬁr}glcbl ggfe?éﬁeg %Wéﬁgﬁ?g@@Zﬂ%Eé\é@ﬂ Elleglgléﬁde a wel ded
r epl acemewamplepf poatioyofer sudhpmi istedapdr is asehstaatialty Abfribe Crdii-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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and first nenber 22 enhancing and repairing damage to the blade tip, as
descri bed above. 12 Still other enbodi nents of the present invention
conprise fusion welding at |east one first nmenber based on the first netal
as an overlay to at |east one lateral surface of an article. For exanple
such an overlay, simlar to a coating, can be welded through practice of
the nmethod of the present invention to a selected portion of the surface of

bl ade ai r §@i bidPebifehtd oF kit hresedt inlvEntﬂﬁ‘lscgﬁ‘gﬁ‘IrE? HF6 Wellidd Aledltbhd9 9as

turbine engine service operation, selecte ace portirohs of a turbine
bl ade ai rfitst member bassden therfirst motabassaiy evedey to #ti lgist beeinteral surfaceofdn onment al

damage t hap .do 0t her urface portions.. An exanple of .such.conditions and
sur f ace 1'ef‘i%g HEARF T z’inngvaf}?ém’ly&?'é&a@? > $8p be qﬂ?fga“%‘fghal and

shown i n gri@icRF HREaEhYE of HIROFreEIRidvention BV @dedildsdiiibn bF HHe it a gas
tur bi ne eI?\gi ne bl ade 58 from'he ai rfoill conca?/e Si del.1 Typi ca d‘lﬂfscrete,

| ocal surlilédecaiploit4dbshoxrre s Fagnreidd Bhagdeen obbjreed thay disimgggas tabéneshown on
‘th . S . Lrf-oil . tice of th t hod .form.,of ..t he present
et orengid, 8ol oBbaligh, selihted St SSorBinst B RiBAR APl e gor o6 1

and 12, axpetice siste isirentdud Bigh Neipértore @BVIRMSen®d G khSP dbothdte

fragmentary view of Figure 15, based on Figure 14, to airfoil 40. Such
first mersbEpe pPuiensopin sranplewt sueheepnditions and serdare demaoeiis desaribedciss,  can
enhance hogi rf t§o s,.60 and 62, .Fiqure 14, prior
to ser Vﬁ%{g. ggfglr?g ’?%%8%(?' ca Fg%gia;' @Sg{%lggﬁrlﬁatg S SRSE ?1351%5@ Cce
oper at i oviewl o€ preseas digure veoftd gas tesndagiingdblads 5B gbr the SifdRCohvewi t h
specific exanples, enbogi@ggnt , Sstructures, materials and nethods.
{However , S}‘{é- %lﬂahd‘ﬁgﬁ?ﬂ SWHge PPRIOR arges\p0and G2mersuadiechbtodantagsi cal and
Trepr esen%éh\ﬁ%}ﬂ%tﬁ%&ﬁﬁvé%}@? hgrfaﬂywway limting on the scope of the
present invention. ose sKi Pe I'n the various arts involved, for exanple

relating to turbine engines, to netallic materials, to netal joining and
wel di ng, Psastice le€ithe owthyidn&irinon$ thenptesenti ioesntiban fort baimpld as ishosemtandn i s

Sl o Shked i S0 A b2t 1705 ol B0 b SR To S S0 e ScoPe of
members as 64 and 66 in the fragmentary view of Figure 15, based on Figure 14, to
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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CLAIMS: 1. A fusion welding nethod for welding a first nmenber having a
first interface surface wth a second nenber having a second interface
surface, the first and second interface surfaces being disposed in contact
and fusion wel ded, wherein: the first nmenber is nmade of a first netal free
of at FEAMSone identified el enent that can forma continuous |ayer of a
brittle internetallic conmpound at the first interface surface; the second
menber is made of a second netal that includes the at |east one identified
el ement.; andysieneching megedefoatwetdiag at et frientier having ecind intafieef ace

surfaces.in a. conbinatio f an anmoupt and for., a first tine selected to be
suf fi cTBREe FthResrond gemper S Lt TAcs Surface, e HSt\Bé‘Fl&F‘f?&gt enperat ur e,

the fifmsdfacl BRRE! Blng B3Fodel IR G islonPeliQBWiRRAR! €s  formation at the
fusion welding tenperature of the continuous [ayer of the brittle

i nt er nibedirti roerobrrpo mmdeaf a fiwst inetad fifea ©f at lsaftawesidettificfirademett ot of claim 1

in which:.the fir.st tal i.s,based . on .| east one . el epent sel ected from
t he gr%alﬁlpfogg 71 P%Odlgg?yerﬁ&,a ﬁﬁe E&?m&%glIW?mP%%s%g%%g%ﬁﬂtg A%€s a high
tenperairfac€ al l oy based on at |east one of Fe, Co, and Ni; and, the first
time is less than about one second. 3. The method of claim2 in which the
secondbgsesnd member isfhadeofereaend mety thehinsludgs theyat legstpiedfentifiedi dent i fi ed
el enenélelilﬁm% 4. The nmethod of claim2 in which the first tinme is no
greater ah about 10 mcroseconds. 5. The nethod of claim!| in which an
i nt er | aneeyy iewleadratetl ait thesfifst &gl @scotidint@fack e8fhces @@ doflbiviatibh @d agl ement i s

bonded wth t(g seéond i nterface sg&éace of the secaond nenber prior to
ener gyAIRAH §Rey s & iistime selectedh fochg sifligientdp dreat; the inierfarg sHITRISS (42 i nterl ayer

i nterf@gen Wcﬁ?%geén e?ﬁu&”ﬁ{egfyrﬁﬁiﬁhg @eﬁgqgéis}ﬁﬁpa cohfintd faf efiBLst i rd

interface sur In the conbinatio
: 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:

the first metal is based on at least one element selected from the group consisting of
Ru, Rh, Pd, and P¥{;

the second metal is a high temperature alloy based on at least one of Fe, Co, and Ni;
and,

the first time is less than about one second.

3. The method of claim 2 in which the second metal is a high temperature Ni base
alloy in which the identified element is Al.

4. The method of claim 2 in which the first time is no greater than about 10

microseconds.

5. The method of claim ! 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.
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6. The nethod of claim5 in which the interlayer netal is based on at |east
one elenent selected fromthe group consisting of G, N, Pd and their
alloys and mxtures. 7. The nethod of claiml for repairing a damaged
portion of a turbine engine blading nmenber in which the second nenber is
an airfoil that includes the damaged portion, and the first nenber is a
repl acementhdBERRk MakiHds Y Whitg: i fiserlh b ShAGE bafld' dRGClcastipEei N: the
damaged portion is renoved fromthe second nenber to provide the second

i nt er fedesergusdlentest friotne thee gtoaip esrmnisting rfeCr, i Ni, P& pod dleis aillppimtandhe fir st
interface surface is in contact wth the second interface surface as the
energ;}n} ﬁ%nerat ed to fusion weld the replacenent nenber to the airfoil.
8. The method of claim?7 in which: the first nmetal is based on at |east one
el enent sel ected fromthe group consisting of Ru, Rh, Pd, and Pt; the
second’-met Ghe methpdelgglaimme dfer sepairingat detpaged pertion odta tushise cagiaeof Fe, Co,

d Ny, a4 - f] ' |5 | . 9 Th hod
of of AR MenlihF il Whih o (BB Bt e MRAF W od 1) "Torti on

of t hepoatier, Gint .thé Birst Tignbeetih o deplicepdent Methben inddhidifye thie first @itdréieer netal that
is free of the at least one identified elenment is bonded with the second
i nt er fSHERCE WK™ of the second nember prior to energy being generat ed,

the inje rd!a(t%‘ﬁﬁﬂgﬁn}ti%h is Hehbld gofh %e‘éon(i %eﬁﬁﬂeﬂg:pgrgﬂﬁfrtﬁé‘g&oﬁa” face for

contact w irst Tnterface surface, the ene el ng generated at
t he fiinetfaemshrfabé;rd i nterface surfaces in the conbination. 11. The net hod

of clggm8.in which the, damage rtion.is.at ] east_one discrete outer
aur { adh FEAAGeBITRepHE” s SHBRF 54 2ot S50 FHE KRG PBRCE RIS ¢ e of m of
2. Der GBS RN sachid HEHAEL WG IRl ARy 0cNBkEh 19 sibhrdEber havi ng

first interface surface wth a second e
replacement member to the airfoil.

8.  The method of claim 7 in which:

the first metal is based on at least one element selected from the group consisting of
Ru, Rh, P4, and Pt;

the second metal is a high temperature alloy based on at least one of Fe, Co, and Ni;
and,

the first time is less than about one second,

9.  The method of claim 8 in which the damaged portion is at a radially outer tip

portion of the airfoil.

10. The method of claim 9 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 for contact with the first interface surface, the energy

being generated at the first and third interface surfaces in the combination.

11. The method of claim 8 in which the damaged portion is at least one discrete

outer surface portion of the airfoil.
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havi ng a second interface surface, the method conprising disposing the
first and second interface surfaces in contact with an ignition nenber

t her ebetween while passing electric current energy through the surfaces
and the ignition nmenber sufficient to vaporize the ignition nmenber and to

f-or ce Inga@hbetctieoddof ¢lainon iAtke Amdof 4 p&rchgdiodr fradgsic veREGS metdadr ei n: t he
first lgenbﬂ IS de of an electrically conductive first netal free of at
| east TOReveldipg 3t it Bymbee ARYINS @nbifst duertacs swriace vl hseread mgmberof a brittle

i nter ' 3 e .f | | 4N c ; ond nenber
o madi B 4 sec TR, Burhal (i PRInOLEhLAGG BPOAAE NG B aREC", e

| east sepend théerfactisedaedseimeedntact vatlf bm Sgnition nseneeen dhersbawkac evhiler f aces are
di sposed .i n juxtapositjion acrQss ap therebetween; .at | east one ignition
nenb_erpﬂﬁ%la%_%?cﬁac tiFeR’ _&P%fgyrﬁ’e%a%y_ 0 NERRET v@%naﬁeallg‘?“i‘% BfmbHe at | east
one i demidiédtied vapriRNke ighitinsResse: dda tbrfércga@geﬂ?er%ﬁﬂ%sibﬁ afPRélged to press

the first and second interface surfaces toward and into contact with the
at | edbe interéace gwifadenrwhaseiber to provide an electrically conductive path

t hrou he first.menber, the at | east. one Lgnitj me and the second
rombentie BF mopli i RERT bt af eBul R Al R R B B lehutiEa ot ¢ e
first jaadifedcelesehtntien f eme formrd aeasmddys Pass 60 4 briewdinfeRgetgliioct ri cal |y
conductive path a flow of electric energy in an anount and for a first

time sommopndafithe frsyiierfacesuriage; at | east one ignition nenber into a plasnm
jet t | -1 : ' rfac n rovides a
medi um %é%ogﬁ%r%l%? }S{ I(Il:lguzér ?:Ia oe%ggga@e%dgﬁé%n%cﬁ%%{n%ﬁZha?ingcsl &gnd second

i nt er ftheat 1sast dmckdsntiftedeclérigitpn wel di ng tenperature as the force noves the
first ﬁn% second ipterface syurfaces_into_contact, .the first tine being

| ess thadirst adcesiong inferfaasaturBeh PiesdisRAsidn JRXIAROSItE RUIRTSOR 24kel di ng

t enpengd s ewed,. t he continuous |ayer of the brittle internetallic conpound
at the interface surfaces. 13. The nethod of claim 12 in which: the first
met al at eaktamedgwitioninedndes thade ef eltldnteltctsdedljotondudtivermethkfreg ofithe consi st i ng
of 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
-interface _surfaces to a fusion welding température as the force moves the first and
second interface surfaces into contact,

the first time being less than a second time that enables formation at the fusion
welding temperature of the continuous layer of the brittle intermetallic compound at

the interface surfaces.

13.  The method of claim 12 in which:

the first metal is based on at least one element selected from the group consisting of
Ru, Rh, Pd, and Pt; _
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Ru, Rh, Pd, and Pt; 16 the second netal is a high tenperature all oy based
on at | east one elenent selected fromthe group consisting of Fe, Co and
Ni ; and, the third nmetal is based on at |east one of Fe, Co, NI, Ru, Rh,

Pd, and Pt. 14. The nethod of claim12 in which the first tinme for the flow
of el aht seconé meatayis iashigl tdmpesituteualbly ked es at ldagtomebderhemselestedond. 15. The

met hod. of claim 12 in wh he first tinme is no greater than about 10
m crogfé%Bmfsgro'i%conFﬁgnﬁﬁ¥ﬁﬁdé%‘fnd(N‘a P12 in which an interlayer netal that

s frqseaﬁrdtlﬂaalqtbtea%at%ad&%@fsbfd:@(t«ekﬁnﬁﬂtpd gndpfided with the second
interface surface of the second nenbér prior to energy being generated,

the interlayer netal including a third interlayer interface surface, the

ener gy, 4 bel e t he, fi and t int e . surfaces in the
conb et ot HSRGEAE SRR 2 it Gichis ARLRmE dor e B o R et ol 1 a
substalrﬁﬂeatbhﬁgt&{r1e§gtﬁ@na1gutblheﬁéoﬁd,l oy. 18. The nethod of claim 12 for
repairing a damaged portion of a turbine engine blading nenber in which

the second nenber is an airfoil that includes the darraged portion, and the

first g e tn%th%d{ﬁg(ll%ﬁle@Q% 51{) file fir@? 1H1%' 1@9110 10, Breate ater rtlfa%t ab%h? ﬁBace

surface erern: ron i's renove e second nmenber to
provi dgicidiecangs.ond interface surface, t he repl acerrent menber i s disposed
so that the first interface surface is in contact wth the second
interface surface as the energy is generated to fusion weld the

repl aggne &E&ﬁ of Qlaﬁlli"?2 W an thbr agmant Sf}.lg{jlscﬁ é: (Jrfach@'atjigaét n which: the

first neta ased on at east one e ecte romthe group
consi one rigelmfﬁed Rigmé, is Rebndeh avifht thet seeorse tiderthoreduaface sf dhdsgglond enper at ur e
al | oy basbd on at | east .one of Fe, C& and the first Elrre |}s] | ess than
about TGTRDEL it jfo 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.

17. The method of claim 16 in which the interlayer metal is a substantially Al free
Cr—Ni—Pd alloy.

18.  The method of claim 12 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; _

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.

19. The method of claim 18 in which:
.. the first metal is based on at least one element selected from the group consisting of
Ru, Rh, Pd, and Pt; _
the second metal is a high temperature alloy based on at least one of Fe, Co, and
the first time is less than about one second.
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17 20. The nethod of claim 19 in which the damaged portion is at a radially
outer tip portion of the airfoil. 21. The nethod of claim19 in which the
darmaged portion is at |east one discrete outer surface portion of the
airfoil. 22. A welded article conprising: a first nmenber nmade of a first
nmetal free of at least one identified element that can forma continuous

| ayer a_brittle inter alli.c conpound with the first netal; and, a
secondﬁmnﬁ@? I’i’ﬁi{ﬁ%d %t?gl%{ms cBn I%%@Wdﬁ’ﬁm%ww@l ¥ oHERdP one

i dent i§dr@sh ofthe BRI, the first and second menbers being fusion welded at a
weld that is free of the <continuous |ayer of the brittle internetallic

conpound. 23. The article of claim?22 in which the weld has a heat affected
The article of .claim22 in

zone n reat.er, .t han out,.l il,s. 24. '

oo 2, pOr St arichaR APRER L tnadel ol Bl 1ol ng of Ru,
Rh, Pdwut@ndriée pariich of thBairfgicond nmetal is a high tenperature alloy based on
at | east one elenent selected fromthe group consisting of Fe, Co, and N.

25. The article of claim?22 in the formof a turbine engine bladi ng nmenber

in m@zch'At‘p&dezp&R@ggg@Fﬁgﬁg,i s a blade airfoil including a radially outer

tip port'ibn; an menber is fusion welded to the radially outer
tip pafitsomenitfer midde odirat fired metal fiek af o ZAsi snaddestifiedt dlemsgahmdcagenber is a
bl ade airfoil .includin n.quter surface; and, the first nmenber is fusion
vel dedO agpniinnous !Ilaéfﬁbg%ﬁabetﬁsfréﬂmﬁtﬂleHO%PORWI&&P rst %ﬁlé?nde’sur face. 18

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

continuous layer of the brittle intermetallic compound.

23. The article of claim 22 in which the weld has a heat affected zone of no greater

than about 10 mils.

24. The article of claim 22 in which:
the first metal is based on at least one element consisting of Ru, Rh, Pd, and Pt; and,
the second metal is a high temperature alloy based on at least one element selected

from the group consisting of Fe, Co, and Ni.

25.  The article of claim 22 in the form of a turbine engine blading member in
which:
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.

26. The article of claim 22 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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