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SUPERALLOY ARTI CLES The present invention relates to a process for welding
superal loy articles which are difficult to weld, and nore par2 gopdmplgy to a
process for |aser welding such articles. As jet engine conponents are
devel oped t her eVP8V/E3&ont i nui ng denmand for inproved capabi | i kgratses/wsethst and
i ncreasingly higher tenperatures due to the high tenperature demands pl aced
upon these conmponents in the engine. Today's high pressure turbine bl ades
and vanes are subjected to extrenely adverse high tenperature conditions

(e.g. greater than 2000F). L'Rmﬁewbﬁé%ﬁ‘gb?ﬁ‘aﬁ@ddﬁ ARRYciggui re wel ding
processes during the manufacture o e conponents, or after seeing engine
operations and require repair as a result of wear and cracki ng. As a result
of these high tenperature demands these conponents often are manufactured
from superal | oys contBthiRFFS&ngakericrer &Rdanexetssd $o€omonl y
known as the Ml AkYdimgnduperhlaby oypsticODae @ardh autleadipf pbliemesi th the

gama- pri me prec at e al-h oy i e inability
to weld or clad %’%%ge %’?‘I{]ﬁ wsfgﬂp*&ke ér9 E? %%ﬁégfgoggr v&sdtstﬁgu

encountering cratRiiy @t GREpFHRficcti on rejects. Because of the wel ding
t enperat ures and streixseklel englined;ondenental dney sleyni oped erhesier iakage,

stress cracking aaﬁltlmlx{d la@mameféxo 1tm @oded fdaﬁié'bﬁ'l@ﬁy' b Waltdiskgnd hese
speci fic superall,o Sa t her.e

or.a_ braces ganma- pri ne
precipitation hat8&h %ISJa'ng E‘F\r beem\ﬁéafae%lr S s?@nﬁ’%%out cracki ng
with simlar or ﬁamemam%ldeapn@@spla@es upen érlme§er\|c5mn¢mer¢§o ianths&, 374, 319
di scl ose such a phgigrss Widalk’ arlehﬁatp%etsberavai&baheabmg %g:IdOOaﬁék acent to

the wel d to.a_d t FEB 2003
> "t onper at ur 828y e GG R AR Bk BUlR Ephranuik °c o) par

di scloses carryi f§P8tELnF i(fe8r a%’f‘i‘ax)-'érl Sap %l%odlphg pFeRss Jetto maxi i ze
repr.oduceabi | i tyeagﬂnmpamszaayer@iﬂeawdld\as; orobekges NNEng Bge t hr oughput

of wel ded COWO“%QB&faé@UJee offhEEQ cEHu%%éﬁ@§ er”'a@téP &éé’:ﬁgj "WQg (Eiﬁ'e many
al l oys, there are artjcul ar | ems associated wth Irectionally

solidified {DS) E?‘bh%“%fa"fih’éﬁ%uﬁﬂ 582 Mhetein FRFEFb- ‘E‘:ﬁ'a‘[’(ﬂ? f 3Pl ati on at

grai n boundari escr_scloi)me.rved Summary O The Invention The present
111V A Tt1 AT provi degs &a Rfe@u@8Sof Ohds@SRIgNAl dipRdaBufe Cdtlands

these components often are manufactured from
superalloys containing a gamma-prime phase and
materials commonly known as the MCrAlY family of
alloys. One particular problem with the gamma-prime
precipitation hardenable alloys such as R’80 is the
inability to weld or clad these alloys with like or
similar alloys without encountering cracking and high
production rejects.

Because of the welding temperatures and stresses
involved, these alloys encounter shrinkage, stress
cracking and the like. Due to the difficulties in
welding these specific superalloys, there is a need for
a process by which gamma~prime precipitation hardened
alloys can be welded consistently without cracking with
similar or parent metal alloys. U.S. Patents M
5,106,010 and 5,374,319 disclose such a process which
preheats the weld area and region adjacent to the weld
area to a ductile temperature and maintains such
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and or cobalt based superalloy article chosen fromthe group consisting of
a ganma-prine prccipitation strengthened superall oy containing titanium and
alum'nium 111 a conbi ned amount of at |east 5% conprising of preheating an
entire weld area and region adjacent to the weld area of the28rFEgl283to a
ductile tenperature which is above an aging tenperature and bel ow an
incipient nelting tenperature for saiq_gygeralloy and within the range of
1400F to ? 100F and nami ntai ning such tenperature during welding and
solidification of a weld and welding the preheated article utilizing a
laser with a peswserddun)e fdeedngcoaldinld iang sbeidiasieratipeed t.g.l ess than 10
| nches per M Npl ggne, I g%Dmewg LR CLy The Vel L pbe i venvent i on

provi des a process or’ wel su era ticles, particularly gas
turbi ne engi nel@¥FHpotiting ﬁEPGﬂ?ﬁ §129aﬁﬁ2¥9%H69FB%bk%¥ a'1’Fle
superal | oys areimimicd et ao@ad/asﬁmszedileupmzadalsdyxs whrelyhpue di fficult

to weld by stage- &%Iéé&Eéyﬂboﬂéﬁ€§553§njlh€§§s§%ﬂ&k@EEQ¥SmﬂﬁMﬁzé ganma- pri me
phase and include djrectional aIons of

e cryst
arma pr 1 e ni SRAPE LML T PBBH phELoT o AP AeREN SATOFC S ERABNPS, 1 he
gama- prime praestiattacon-ishr eag@h@qldirs‘;gpetpa$lhy§0demtm¢ﬂ tidSani um and

alumnumin a @f@id@ ANk e0f1 Bbyd Aste2RON R4Skt abl e superal | oys

ol ude 80, Di¢ SO0 I 108, LN, 1 dEcign PR ALRL I M, RNE

Mar - M 247DS, | and &°noht na ~conposition of sone of
these 2 5 F~B~ 2Afl 3 WO 00/9Wg@xyplf/ TUgpdnyepion 3  superal l oys is

described in U S. P&h@mcséatf?é\%nagl?plc;\n?es@p?8&9§fbrl 6151591 fwkling AaLgt being

i ncor porated by reference. directionaliy solidified (DS) alloys
there are traceueMGnénh$aamdmdmaﬂogamcmcmoumdhnytmigemgmhsmengofﬁhe grain
boundary strengtheners typically consist of carbides and borides, often

tungsten and t amwuwnweﬁlwta v sticagtengy! sureslon Fonsginingitaiuiyasiic al
procedures thepa,j; ‘?‘He lglol%lnﬁ 5ighia, @9%?’{'913‘55{ E'A)rgoﬁ p(?{s 0%%5)[511%r1t£%% N at the

grai n boundari es. gi ca osition o ndaries is
such that theyenibivelt a@a hw\wgndlﬁa@@eaﬁw e Whldrrdahe tnemﬂt:ladea daétilthe base

material. |If the grain boundaries then cool too ragldl y they fracture.
Met al | urgi caI BOHICHEYEOYN i IsiBPYe ela?ﬁwesenmgatwﬁ@m 9lﬁmanpaelp§nwe| ded using
typi cal | ase

@l t he oundari es.
In sone cases P ”%16}51}18@8 'é\%f(ox S?'Sr‘?’éi’%a@%ﬁ‘qd W'I%H“ STHapEe Oﬂ@;b% Ear open and
can progress commuleetel ndilthidudsukh eenfiRitatnel dhrink Aeldihg 6hB6HRi fafof t en be
i ndi vidually repaired. However, experience has shown that the nore often
wel ding is at tefrrptvehﬂ aod \ml@pgclm‘mchq;mmtmlhengzlegnéasem wehpmobabi | ity of
generating addlf cracks. D i ncr aSﬁ3 B qQ |%¥ of . c&gcks i s caused
by the initial ™% F GO RS disdases SPER R Fesy BRB R R ERPE BN ks at t he
grain boundaries. Even if the nlcrocracks do not initially propagate, they
remai n present as crackRekad L — hThe Jpdenkiigh | j kel i hood of
enl argi ng during SubBEﬂLEﬂReﬂMibd pfo&&&ﬁs hrpaba&gﬁ fopewatanits. A critical
parameter in coubbphiidg Jﬁfa&ege b O b I CLos ﬁe‘@ﬁin\@el ding the DS

alloys is the ra reso |on 0 ase al en | aser
wel di ng, that FIPROPENEDNNTYE éagb91§4ﬁ§'tWévé?§ﬁ“%ﬁ§%6r6f tHee | aser beam
The traverse spepdsalhbsys coramikielis&d /arecbhalheasedgeupéralldye 30 | nches

gggsninute, W LRidR 4P P& MG ¥PEEBLe1 SRGCDBat dLdflfLaRge have 2 5 FEB

processes. These superalloys have a gamma-prime phase
and include directionally solidified and single crystal
alloys of gamma-prime nickel base precipitation
hardened alloys. Generally, the gamma-prime
precipitation-strengthened superalloys contain titanium
and aluminum in a combined amount of at least about 5%.
Suitable superalloys include R’/80, DSR’80h, R’108, IN
738, R’125, DSR’142, R’N4, R/NS Mar-M-247DS, In 792Hf,
and CMSX-4. The nominal composition of some of these



W O 00l 15382 PCT/ US99/ 16271 - 4 been thought necessary to take advantage
of the I ow overall heat input allowed by the |aser weld system
Conventional practice held that the best way to m nim ze crgiésfﬁzﬁl
superal l oys was to closely control the size of the weld pud nimze
the depth of tieomessst penetration along with the associ at edpdy@aho,ahfiect ed
zone. When | aser welding DS superalloys, the depth of weld penetration and
the extent of the heat affected zone do-mot- affect the generation of
m cro-cracks on the grain boundaries. The m cro-cracks are caused when the
grai n boundari es soliqif S i ckl, hat residual tensile_ stresses exceed
the yield strendgtiff llﬁ}é{sa’r? Sicr’fl¥ﬁ s YCat FRRET 1Pnerdad? by Wike preheat
t enper at ure hel phlscdg@sorel of gehitseprtent e imgc iocerpmiasedaby stil | be
generated. Laserramrdngpeeds | eas than 10 inches per mnute, preferably
| ess than about 5 ip ikth 2.t0 [ ej i result in a weld
process which m nim ?g\gu&? %ls}%crtggngmo%snglqgflgg?%égﬁ@s)Tﬁ?go =?e‘?r}‘eel""}’aed wel d
speed i s al nost ¥ife LEAGEr ebeMSRIhRHE® PelBRiPhROYRARTYal 18 i pm conmonly
used. As a resuldtresyghBenees at athewakadipascuwmatey Sstrsigthenass ust ed
accordingly. In %’itc'a_cilipaécné)iv Qlel cgggﬁfespg rb%‘iﬂ%%,"“o%@eﬁ he grans per

fil er er ) e

m nute flow rate “of er po nmust educe rQlovver must be

significantly | SHEESEENpRRY ANTRRIPdoVRIY 1oRET putdiRgi ffeiRIe@YEnd t he
powder fl ow nustusimor ggtpteal tprogeduees thezessswel cbredisasnt yproblemi t abl e

process for wel qjiRg hRersUPLLAH |fR¥nbeidleSEr kRedgl i Mrdunfat f8, 5. 554, 837.
The superall oy ticl ?ﬁﬁgu% a.vane or, an i nduction

bl ade S preheated
heating coil. Durihgd* FaCPRBCE HFE f’%elﬂé‘?‘ltqrraér\/\é?‘dn Sof the
superal | oy arti cise sasb Ekgt omhexvdmgéemt t loWerwednberasure stiamitbe by t he
i nduction heati ngena@nhbetOoft tHiciake hetgrasaat ur e WHdhigratike range of 1400F
to 2100F, prefer F F i re to which the
wel d area of the%?r“t}éfc%gégitsﬁ%‘e;c?’gg ng;&ﬁ;opgg&ghgﬁ?%%%gg;g. 2 5 FEB 2003 WO
001 15382 PCT/ Usdtptaddnygical gyadipbiemtdfoiehdr 8MRIRF Pafpehatrutdatbut bel ow

t he incipi ent neddrtegwetdpenadinge topitdie qoar Laset graranpeersd |saiffarti cl e

substrate. Critigal. t I SSk Hn t L i n the Sl 1 brium
before, during g&?rgf_?g%g%%eﬂv&%%i ﬁ?é%fa Jﬁﬁé%ﬁbe&z’, EF@% I ng *to | ess
severe thermal JhSdMeRTSGE3TSs reRaileirflddj alRmthsXSe FR®AIT®¥Fus reduci ng
resi dual stressependndubsequeniressackmpigtelpetinssight tha wéw tweddnal

gradients | essens,die bPRaE n LReehod inaeMidGidiyngegRitde, heat affected
zone) i.e. the %ocess "rel ocat es” zone_away fromthe

t he heat  affected
Foeron i ne. o HTRE  AEPREINERInaF i AT ddis PoF 8GR ERET & pr oheat od
above the preci plalgdtingnifaatkanptgdt enperspegiéictvans,r &bal gmedtera uniform
thermal distribuHeoprbBabi PI8Lldsdgenéiee: itgnhaactidialandasiesul traat resi dual

stresses that ariencr}:orag%hlrjl %%é)acblﬁggxagft eac\anggr%alhes%% g&{)@@é ed zone. The

entire weld ared and régi on undergoes ther mal nfraction as a
result of the agitifiréadesen WildhPraeedurs,duhickiganesases itCiossul t from
this reacti gn bairagkei atr tiheltr@ iavBounddniels .| apgel ﬁlr €Re MDéroenl y
concentrated in p i ; ) ir egi on

adj acent to the %%ﬁaraéﬁg%{j%&\ﬁgsgfnp u%%lgggghe%%gfm?éﬁta%ﬁé%a&i |l e
tenperature. Th% &GPGK ABFEHAHIEN §iFeR Widhd2aVesy Bechgl ke 8Wors at | east
sufficiently | argfe endabginpldurtimgesuvbsgrnentt Reldeat hehtettreatmeote,

preferably |argef,erbgofgat affected zone is defined as that portion of the

base metal which has _not . been nelted, but whose chani cal properties or
mi crostructure have ﬁe&ﬁiﬁf‘f{;‘r £2rPeten We&f’"gfm i ﬁbe(%%ﬁer 8Ps

Handbook Ni nt h Edfi miigwe-Yohckse whenABRldirge3ne B radklalylsyishthe adtacent
{ﬁgi onI 3ei nog hetae%],‘.etieist%_laaifﬁ@aﬁig@» P13 éﬁ%t]fm&epaﬂ@{.ﬁbkvgeﬁ; ﬁ%& 1 nchtfrom
e wel d. ce rticle has been preheated to the desired fenperature
the |aser and po‘ﬁé@rﬁnﬁee‘dhﬁ? er%tﬁgéaegc’?tbﬁoq\}égdf’}ﬁg?herﬁtgayﬁﬁ?%téipc?ngafromthe
| aser forms a s Itheplaser perAm.of ThEctranssseaseeeds MRSt peRRANIEr om t he
used are in the range of 10 to 30 inches per minute,
with 18 ipm being typical. Speeds in this range have
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the nolten pool and welded (clad) to the part by the | aser beam The
solidification process is precisely controlled by the radiation of the beam
and the heating energy inparted by the induction coil and re#st"g izﬁﬁ@verrent
of the beamand the article to control the thermal and resul ngé/ trains
and stresses P ¥HFWRa crack-free weld during and after thecyalspdisiiicati on
process. During operation, the article weld area is shrouded in an inert
gas (e. g. argon or helium) in order t& finimze the oxidation and oxide
contam nation of the base superalloy and filler netal alloy powder during

the heating anduighdiigdHioGE8sssdiip iogi@taggﬁa&éagq&gget g YR dqyea s

control |l ed throug out rocess heat omthe | aser

bear by using aRVB8pRItdtedfyroRBEeRLIf4HSE PEHMUIASES| YaYR FHFF™:i nf er onet er)
controlling thecCpndectiamlheaheticdelgarchat stipr desateayito t he 1400F to
2100F range andpfigiRi$S dryadildi 8nl ANDSupekh Moy hiishdoalflbsialyj di fication
despite localized Las Mo heat, | nggt. I nfﬁgdl t‘%’%ﬁé tgagl. nfero er (feedback

| oop) controls CRBYFAhp™tH SHREaP* ub)® M&'E BY OB B it ® he ranp
down (cool downjpephieotvcinti wWglhapenrrtgratdenpa bensd withi Sheragrastiiatgdpr ocess
reduces stressegseadatfaaddd@ohe0mwiirdilageanskdingwsst figpdyasa oyeper al | oy
article to be | anerauehded (ghaddeaXiddoROUE il Loy et uch al so
conprises a superal , 1.e. a ganma-prinme precipitatrron strengthened
superal | oy or ahefbraffeqfiadoyonfete MY $ERPChfdI0LeBraiRmmiageousl y a
powder alloy camibgodérddkaednwbhehgrtsirs oahamnticd.l y Thbensare-caackBe al | oy
of ‘the superall gycacliol®wnlhecheWALiOBothadl &S 383 A0F, GUpcki ng t her ef rom
is especially neeaed en wel di ng Irectionally Solrdified super.al | oy
with a ganmma pr BHeCktY Sfttth&reddpdhdensdfr oSt erfSaso ekreed tdeptiEbfl ity for
cracki ng al ong graengtiountiahieeslloy W GBo&e3BXatd onsFEBIR-3d2Ghgl] S99/ 16271

General Iy it is¢Reefpekst tQnp@PhEPte A pEORALARG hALEEIUCE St KRRSES i nduced
The | aser wel di ng of the

by uncontrolled goolin ich cap, uce cracking.
article is cont l‘“&FF%HC’?ﬁ\Q{]ﬁJ&?“UEEIL?CLf @SHﬁﬁ?‘é"r&nuﬁ'@FFEa‘fe]cdorﬁpFﬁfis( CNO)
means whi ch contleeksthdre Joasechepopriemingted, aprefierabdn bgst érhaon which t he

article is fixtupedt EX{MNNiNE BrogrfNMPnndedRg dpiadRl ereslomelippgent
corroborated by rT%allur ical .a aIIn sis . is required fgr a metal lurgically

sound fusi on bofd % PR scrwg‘&ﬁs he &55t Pol *heans FReET JUed S vision

syst em whi ch di reFkaes tHelsapreéperedialgurresdris alopaerond dfeve t he
notion system heltdnagniteieadelokethensatikal hes fipaugeanbaberude@am and
converged powdenof gegy s TN GRALEOLe PRI WLRE MlilahefLELChEN (and econom cal
operation of the process dllowng a variety.o corrpleex configuration to be
wel ded. The vi sitgausyed eﬁ?’ﬁ%ﬁdéﬁggg' enyp é&?églg‘éltasr'a%raéé}%elap?ﬁrh for the

| aser wel di ng syswem abdrh withi nHe vgrhred peedmirrte f@owetatareta of the

particular arti %'m@@ig&wml Gde Eéiéec;&ea@wﬁpé ihed whid g conputer

nunerical control, util1zing rogramfor the article, but wmth the precise

1| a
path set by the 5\}H§F-5h°%%]tyer+n°8ﬁﬂ EP ROfYenFiPeitavd QEcthredant its fixture,
t he height is chedkhgdwebdedcawdt aha pdweidyuifldw upiste becdeducedhdaorel di ng

(cladding). Thepralbft sedddeiBepsuYitgst of the weld area, the canera of
the vision systemviews (i eJ1JE t akes afoi ctu ﬁ'Of) t he wel dlulageaisand
digitizes its periph&r§ebyR1%EF RGeThd erleé) 9 R RUBSET U iy of points
whi ch are nuner idegkckybedniert.¢éd pavtentlings4,pitci ShecsnpexakPYpath for the
laser to fol | owah@hictBe(SRECid vandebsl Hira@a) ol s tfieendfatteal By aM ter the path

System of the | ADERCRAPR HFHANIarat by IEAEE PTG BRSRRLSH Y ey s
preci sely set fdhetentinetwelide arpacafisthe FepPpEhlays aFtdeieedRd set for the
specific articl gedi®nSadfedentoteUthei weldarer! b MkateWP0tHH382 ¢

induction heating coil to a ductile temperature within

the range of 1400°F to 2100°F, preferably 1725°F to

1975°F. The ductile temperature to which the weld area

of the article is heated is above the aging or



2 5 FEB 2003 PCT/ US99/ 16271 process and reduced machining (e. g. mlling,
grinding) is required subsequent thereto to renove excess wel dnent. As a
parti cul ar advant age subsequent machi ning can al so be precisely controlled
by utilizing the sanme fixture and control parameters for the égfgkhi

article as originally set by the vision systemfor the |aser gﬂhﬁhis
reduces requiwen#mss for subsequent neasurenent and contr opcwWso®isaiincr eases
the efficiency of the process. The notion system whose path is set by the
control systemis at least a 3-axis, préferably a 4 or 5-axis notion system
to provide the detail ed notion required for various conpl ex wel di ng area

surfaces. The 3 r"é)c‘:'lﬁl{:,@ﬁi h‘é{?ﬂlaﬂub& 9antt_lﬁee X ﬁggm; ‘ﬁ‘ rectr ons t he

4axis notion faor nore co sur aces woul

directions witHTFSPAEND n%)Jstelé‘gF Sﬁ?%ralt)urev\ﬁf 1Sy PS‘r&*F‘él%tr on for
cont our ed surf scweradldyl xorivlresXpst¥aded ZCuitrieatli bnstinig lproekati on and

tilt. Suitable 1Isa%er§am@éudqhtem§§ éiﬁﬁ\rnb%pmr mgf%rs_kl é&zeﬂ\d fanhhe art
including a CO2 | ase et ween 10S

watts/in2 and f(fteﬁ/a{”f’s/|%fol\ﬁ\g?ﬁ13§%é§n¥§ﬁ%?sssr %@a?ﬁ”?h‘éélr]aﬁ?&e of 0.040 to
0. 150 inches. TFe¥epowdeered) graféents fcypes athal wedddatijaegnta baspeam of
al | oy particl eSnegametmhé yredlﬁ(int;olcéslmarreshr@ése% 'é@ties@tf)se'i;déi\t15 grans/ m n.

Wth the reduc hj t he | aser
power utili zedee“r(’j":glc det%(?ggél&[ t st/ fL’ﬁ %tct ﬁge'%%dlg ta%I %oy feed rate
is from2 to 6t§1‘FaﬁfE‘Pb%T- 9ﬁ Hpeeh eE&aﬁﬁﬂmewzléPe'a %Gben%e?f‘hde of

directional |y sdifedtédezorgne .éd2timmtpeocabs eredocatesd e apatoxi mte size

of 1.0 inch lo 0] d 0 t K. nal
conposition byr‘!’\(‘%rlgréctz‘é§ Z&{%%ﬂ Srdn t(% fhgfl& lrlln%é 80%'1%:4‘ 50% M

R0y W o o0 ELlE. wekd Tiba) 3980gT 15500 5008 Lo (=1pBsner A @BSYE S 0. 015%
and bal ance Ni .th&éhprgedpitationchardeniag bemparagire, 2thid-BaesRatsWO 00/ |1 5382
PCT/ US99/i 627 - a9unpﬁ5ﬁeWe@ﬂh@rdi&ﬂlbﬁtl&{‘&h@@ §r9é1&ch=_es G@gpon, so that

wel di ng onalon si de, wou resent ative around the tip
rail of a turbiS? tBFﬁﬁécmﬁ{’g Efaﬁ'dg‘g 'f,‘%,e,rgse ‘é?]e&%[rﬁfﬁﬁﬁhtq%‘thrﬁﬁ t enper at ur e
vacuum st ress mekinafllyyfdeusethay te areaken keatd adfehbed aamhepr odkesed

through a high esrerisbtwm Yarldal@h@&S&flceRENEdG N uhBEPSSdd AhetRRL) . ol | owed
by a cl eaning Gy ?AléLn oafstheers\gié O%I ﬁgerqaitrr ons_wer e erthorcged in order
to approxrrratet af Sondi fTon of°a «?Eaeread‘ for weld
repair, with nGeﬁrléuékr%"i’-TerF@eér Bk regyilki £yowy thie E?Qfé‘é’s‘%{‘ dedngorth in
U.S. Patent S5, Wi4tBiBupethmalr henpe alayer aseasehnoat oABpOF. Coupons were

t hen wel ded at ngggﬁg%}g 1@9&15%‘5&'@& E%d@é/ﬁ tdo 2 |pm Vel d powder fl ow

rate-was varied from 8 m nut e” down l{grams m nut e.
Laser power was var rBg ?’r‘%‘rﬁelﬁﬁ A\@e3s aBS\Aﬁ?’d’“l?@Wﬁ? ﬁe wel d
puddl e. After welldi agetlnsateaypbpsindratipnt hedtrimgghtantideaiudtiigh t enperature

vacuum stress rt%hF@i'aE\Yfé e. rReChegikh Gl aYEK e dPRAa! gha fldaoned by
met al | ur gi cal

uat 1 on of, each_cCou spections perfornmed after
the final heat %Frlégt hedted id ekt éﬁaitﬁﬁlfﬁf‘?l%&ﬁoﬁgrﬁlﬁ% géf)eeds over
| 0 i pm had t he tepehconpass  thef heat ;pifgesssi Fand,r @mfheaWaSelaarzboy

conpl etely thrawghnkbe m&te@ﬂaﬁéiéﬂﬁbéﬂﬁe@tasﬁQﬂﬁds?&ﬂii’@ﬁﬁfz i pmand 4
| pm experi enceq no, cracks, ar §1 {50 cr acks Cor{“r)q_ns we ded Al Speeds between

6 ipmand |0 |p|rr‘| e?ﬁﬁ?r'& Yo e 8 cracks an mcro crsaecks with the
nunber and si zé‘eGhaPh@alm}TCtP@tritéﬁS P AiensF FRpIrehBayie| P& peed i ncreased.
The vari ati ons adltewal dopoarichebt o¥E natlQingd(das dletpo¥elaifokt ed the size

and shape of thg wel ?_%Pg% aIV%rigmg\ngh tsple gﬁp{? EeW@i-QJfﬁF’{%”at' on and

heat affected zone. was no corre at i et ween el fs t hose two
paranmet ers and a%H@cent ereFiqiypBaRd dreatedcks ath 1eRstt Bs35 dRHeSs. 2 5f ~~
2003 preferably 0.5 to 1 inch from the weld.

Once the article has been preheated to the desired
temperature the laser and powder feed are engaged for
welding. The radiation from the laser forms a small
molten pool of the substrate as the powder from the



WD 001 15382 PCT/ 1i S99/ 16271 - 10 Exanple Il CF6-80C2 Stage 1 HPT bl ades
made of a directionally solidified Rene 142 material were wel ded. As part
of the normal repair process the bl ades were sent through the initial high
tenperature vacuum stress relief cycle. Following that, all initial cracks
were manual ly repaired by TIG wel ding. The bl ades were then sent through
hi gh sensitivity FPI and x-ray inspection to ensure that theX(SV\Ea&%maack

free prior taoy§bohshaser weld. At the C02 |aser the bl ades %/gsggngled usi ng
the follow ng paraneters: weld speed 2 i pm powder feed 3.5 grans per

m nut e, 1550F preheat tenperature, |aserg power 575 watts at the part. After
wel d the bl ades were ground to final length, belt/sanded to restore the
external contour, and electro discharge machined to clean the tip pocket.
After the mech®@FWEsF feed sif ¥ SBpEFed | VieF the BokRss RReleardnt t hrough
final high tenmuenaedr ecvatuwn lheat pareaiyrenk, 14944 weach.byTied ch, high

sensitivity FPleo1dfdeXcd@iod %@%@Lgf cGLBEYS Wr%lgsge&gﬁq} by the

vari ous i nspectl ans V\Bl’e ubj ecte I’UCtI ve

metal | urgical &&8¢ 65?‘?’6 ot Heaﬂoa%qéa{es Bt HIE 1T kEPHERSE det ect ed.
WO 00/ 1S382 - by tnhaind\scwlcm wedli and vl akkBe 200Bene@t/ UEoEHd HdaZi/l 1. A

process for |asgq \e/ﬁladwgl@iéﬂt%kebnm thecehakﬁapaa%ﬁdrgueﬁfﬁld oy article
chosen fromthe grouF co€3| sti ng I__ ‘%’H‘l grl ne eC| itation

strengt hened sF5&raFFo§” oﬁﬁraesr? it A i M= nbi ned
anount of at | &&ast a§%€oﬁpﬁ|591n§ifp¢m lpn'gcaﬁsentﬂurenﬂel d area and region
adj acent to th@pwhdlaﬁpatrca‘ arit@caé il areadidliidduRieieiResmt ure which is

above an aglng e u N o] i.nci pi ent | tin tenperature for
sai d superal | oyg'%%?i Ev{ng% ‘lr?‘ék ég'g? lf%'éi Eﬁo réif%ok k14T ai ni ng such
t enper at ur e dur"—ﬂ‘#gOM%IF%@P éﬁ’d‘ oBideli gentamipat ben a’ﬂ/vé‘-lhé béﬁﬁd wel di ng the
preheated arti chpenhiloygidrgl &ilasermaddih aa1ppvwpeidedl laay ihgeghe control i ng

t he | aser speeql,eraglli.‘gsg h@]}d]lg '99 wser mnute. ' 2. Process of daiml
rt

wherein the supera PsPdi recti onal | y solidified. 3. Process of
Claim2 wherein theTPﬁsE?mgeﬁ'éé‘HrFsﬁ dde wedA abRritiss SoRpEReLISkr ninute. 4.
Process of C aitimr3ugheutithd Ipropessiein addity bf adminmeapr fran the

preci pi tation- Sltars‘é?'gBQ%F'% N3k |aPa§;§’c15$éFie ;L&M&O%%hnw&ﬂac&am um and
alumnumin a coq‘gl ned armu t |'east wherein M

0 0
is N and/or CY°1539% LR eEPﬂ??ﬁW oS EPﬁ{jﬂﬁa @ﬁpéf‘g‘l‘? r%;l‘tl cle and
the powder al | dpatenpriBhe narst dat preéheatiede inatiee A409yF to 2100°F

range and remains in this range during welding and
solidification despite localized laser heat input. 1In
addition, the inferometer (feedback loop) controls the
ramp up (heat up) rate prior to welding and the ramp
down (cool down) once welding has been completed. This
preheating process reduces stresses and cracking from
welding and allows the base superalloy article to be
laser welded (clad) with a powder alloy feed which also
comprises a superalloy, i.e. a gamma-prime
precipitation strengthened superalloy or an MCraAlY
alloy where M is Ni and/or Co. Advantageously a powder
alloy can be utilized which is substantially the same
as the alloy of the superalloy article. The reduction
of stresses and cracking therefrom is especially needed
when welding a directionally scolidified superalloy with
a gamma prime strengthened powder alloy due to the
susceptibility for cracking along grain boundaries.



6. Process of Claim5 wherein the superalloy article is a conponent for a
gas turbine engine. 7. Process of Claim6 wherein the article is a turbine
bl ade, turbine vane or turbine rotor. 8. Process of Claim2 further
conprising machining the welded article. 9. Process of d a| n the
ductile tenpergbyhfssgs i n the range of 1725F to 1975F. /‘gg/e%

00/ 15382 PCT/ US99/ 16271 - 12 10. Process of Caim3 mhereln t aser
power is from1l0 to 10 watts/in2. 11. Rrgcess of Claim 10 wherein the
powder alloy feed rate is from2 to 6 grans per rrinute .AL. A

. As. A9I A A(% As. As. A?. A(. A {_. A?# )<=KAstfh_ "~ Kk

yt oj e [V]ca] ca] ca] caFéa?E%ﬂ}Jd’aG]"-caFcP@ﬁﬁﬂJZa'FéaF%aﬂQm'—F@é] &hg ceqdnga] ca] ca] ca]

caljca U c”a U ctd reduce stresses induced by uncontrolled cooling
which can induce cracking.

The laser welding of the article is controlled
through use of a computer numerical control (CNC) means
which controls the laser, powder feed and motion system
on which the article is fixtured. Extensive
programming and parameter development corroborated by
metallurgical analysis is required for a
metallurgically sound fusion bond without cracks.

The control means includes a vision system which
digitizes the article configuration in order to drive
the motion system holding the article beneath the
focused laser beam and converged powder feed.

The control system permits efficient and
economical operation of the process allowing a variety
of complex configuration to be welded. The vision
system which is employed sets a precise path for the
laser welding system which is individualized for the
weld area of the particular article being welded. This
is accomplished with a computer numerical control
utilizing a program for the article, but with the
precise path set by the vision system. After the
article is secured in its fixture, the height is
checked to ascertain the build-up needed during welding
(cladding). Then after setting the contrast of the
weld area, the camera of the vision system views (i.e.
takes a picture of) the weld area and digitizes its
periphery by tracing the periphery with a plurality of
points which are numerically converted providing a
precise contoured path for the laser to follow for the
specific weld area of the article. After the path is
set, the article still in its fixture, is then placed
onto the motion system of the laser welding apparatus
wherein the path of the laser is precisely set for this
article. Because the path is precisely set for the
specific article, less waste occurs in the welding
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combine X, Y and 2 directions with rotation and tilt,

Suitable lasers include those known to those
skilled in the art including a CO, laser. The power
density of the laser may be between 10° watts/in? and
10’ watts/in? with a beam spot size in the range of
0.040 to 0.150 inches. The powder alloy feed is
operated to deliver a stream of alloy particles
generally =120 to +400 mesh at a rate of 5 to 15
grams/min. With the reduced laser weld speeds of this
invention preferably the laser power utilized is from
10* to 10% watts/in?, and the powder alloy feed rate is
from 2 to 6 grams per minute.

Example 1

Test coupons made of directionally scolidified Rene
142 material were cut to an approximate size of 1.0
inch long x .750 inch wide x .040 inch thick. The
nominal composition by weight of Rene 142 is AL 6.15%,
Cr 6.80%, Co 7.50%, Mo 1.45%, W 4.90%, Ta 6.35%, Hf
1.45%, Re 2.80%, C 0.12%, Zr 0.022%, B 0.015%, and
balance Ni. The grain structure was oriented
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perpendicular to the long axis of the coupon, so that
welding on a long side would be representative of
welding around the tip rail of a turbine blade. The
blades were cycled through a high temperature vacuun
stress relief cycle. They were then acid etched and
processed through a high sensitivity fluorescent
penetrant inspection (FPI), followed by a cleaning
cycle. All of the initial operations were performed in
order to approximate the alloy condition of a turbine
blade ready for weld repair, with no pre-existing
cracks. Utilizing the process set forth in U.S. Patent
5,554,837 preheat temperature was set at 1550°F.
Coupons were then welded at speeds ranging from 18 ipm
down to 2 ipm. Weld powder flow rate was varied from
8.5 grams per minute down to 3.5 grams per minute.
Laser power was varied from 1000 watts down to 125
watts at the weld puddle. After welding the coupons
were put through another high temperature vacuum stress
relief cycle. Etch and FPI were repeated, followed by
metallurgical evaluation of each coupon.

The inspections performed after the final heat
treatment indicated that all coupons welded at speeds
over 10 ipm had the most cracks, often progressing from
the base alloy completely through the weld. Coupons
welded at speeds between 2 ipm and 4 ipm experienced no
cracks or micro-cracks. Coupons welded at speeds
between 6 ipm and 10 ipm experienced a number of cracks
and micro-cracks, with the number and size of the
indications increasing as the weld speed increased.

The variations in weld powder flow rate and laser power
affected the size and shape of the weld bead along with
the depth of weld penetration and heat affected zone.
There was no correlation between either of those two
parameters and the size or number of cracks in the test
coupons.,
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Example II
CF6-80C2 Stage 1 HPT blades made of a

directionally solidified Rene 142 material were welded.
As part of the normal repair process the blades were
sent through the initial high temperature vacuum stress
relief cycle. Following that, all initial cracks were
manually repaired by TIG welding. The blades were then
sent through high sensitivity FPI and x-ray inspection
to ensure that they were crack free prior to C02 laser
weld. At the CO2 laser the blades were welded using
the following parameters: weld speed 2 ipm, powder feed
3.5 grams per minute, 1550°F preheat temperature, laser
power 575 watts at the part. After weld the blades
were ground to final length, belt/sanded to restore the
external contour, and electro discharge machined to
clean the tip pocket. After the mechanical finishing
operations the blades were sent through final high
temperature vacuum heat treatment, followed by etch,
high sensitivity FPI, and x-ray inspection. No cracks
were detected by the various inspections. Finally, the
blades were subjected to destructive metallurgical
evaluation. Again, no cracks or micro-cracks were
detected.
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What is claimed is:

1. A process for laser welding a nickel and/or
cobalt based superalloy article chosen from the group
consisting of a gamma-prime precipitation strengthened
superalloy containing titanium and aluminum in a
combined amount of at least 5% comprising:

preheating an entire weld area and region
adjacent to the weld area of the article to a ductile
temperature which is above an aging temperature and
below an incipient melting temperature for said
superalloy and within the range of 1400°F to 2100°F and
maintaining such temperature during welding and
solidification of a weld; and

welding the preheated article utilizing a
laser with a powder alloy feed, controlling the laser
speed to less than 10 inches per minute.

) 2. Process of Claim 1 wherein the superalloy

article is directionally solidified.

3. Process of Claim 2 wherein the laser speed is
less than about 5 inches per minute.

4. Process of Claim 3 wherein the powder alloy
is a gamma-prime precipitation-strengthened nickel base
superalloy containing titanium and aluminum in a
combined amount of at least 5% or an MCrAlY alloy
wherein M is Ni and/or Co.

5. Process of Claim 4 wherein the superalloy
article and the powder alloy comprise substantially the
same alloy.

6. Process of Claim 5 wherein the superalloy
article is a component for a gas turbine engine.

7. Process of Claim 6 wherein the article is a
turbine blade, turbine vane or turbine rotor.

8. Process of Claim 2 further comprising
machining the welded article.

9. Process of Claim 4 wherein the ductile
temperature is in the range of 1725°F to 1975°F.
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10. Process of Claim 3 wherein the laser power is

from 10* to 10° watts/in?.
11, Process of Claim 10 wherein the powder alloy
feed rate is from 2 to 6 grams per minute.



