_EP 0 375 590 Bl ) 2 Descri ptron ' '
‘ous motor-drive to provide frictional heating rat her t han the energy stored
A a flyvvheel "As uysed The presppip 3786e0B10n concerns agnethod of

“Heréin the terminertia wel ding includes other forns ning superalloy .
‘articles by inertia welding com of rotational frigtiion welding. prising
‘pr ov‘PQﬁcﬂgf'%rt i cl es having di fferent di anes ®ptgr drive % praite fiionsl hetigl Bthd00
“di-sct oses” a process of This invention r&eattes efesgy islered riera fluwherl] A% nigedof
frigti 6*?? arerem i "8?" afr"a?ﬂ'wumﬂt?r' %t eel &preip tedemyiaaptia weiding dnclsdescofisetermes | v

“hol hodli"% P '°é{ » iding °°f"h di fPfe’P@Vﬂ“a'd"‘ﬁ?f’e‘t’Q!q"g This invention

al so""F'gg 3? 3‘1' c—ﬂl Teﬂt % ng of The QA 35154790 ‘W&?sc?evé?"é S’d and -
“has - e%r{:s g"!a“ﬁ.;? ol A |cle art i Cllng gon Jis]tiol L‘;BSF W W“ﬂ%‘ﬂ Vused
in Jﬁ\ksm\\}ggh % as de a w dl' v 0B 3l SO

-__;.r el Qxﬁera ?jrnclla ﬁ%ﬁ/ % maperi C@; REnt

F epadeF alltﬁé&peﬁrﬁ rBMiﬁr sbq I éne;ot ' Jagin the Tlsy 't
has- rb&ﬁ'%f SRHLIRY GAlcikd & nérifsfeldingEl L 1 @ We' ﬁeoantl ﬂﬁ? §en

‘metal - Ine@@ﬂ&&lﬁ@is%%&@é‘s&sbd‘to]j&d Mbtdld Supes, ai)I9¥§ccesI jolnﬂb @ﬁd@&ll ykGThaerlﬂi

~Whi alg aitices YBIR ardl deyerally dyRielricdlabspOut  oDEupSHIRG MrRdtdrial i1y Sdet'n'indwh

NDI EanCRITEIN ditatign. SSuctR sitiSlesDinay Bé adlid @A.  SUC khad ol ,ﬁﬁ-ﬁﬁofﬁ&hubﬁ:aﬁﬁ&lé §inc8lsupdrdtan t he
'j 0i rtiolimy. Ghusf for exampleniaértta walding $hmbe  Sispelfogs -haveohigiew.soflilng troerAXNeERd Gre -
“1.neruseditoris chimpgnentsriodether to iim ah erjide have Iughh moresredistant ita) defdrmatparam thigh aerend ar e
-usedueiy a3 gi pratkehafosremtweided delidwetube 0 f or weratrearineridl welding. oth"powder praesissd™ant to
“def dssprblyo Fhednerte wpldingdracessic dieseribedy cr ankupeeliays eve the mest diffiduliadlall portia wid-
per e{t"'ure’éag"""l e iS-A3.884, B4y 30f285.Rnder pingcapplicalivns. aEheczene yn tPhertidlesctottiea
wel M %ﬁ”é@s jaed ﬂ@gﬁzr’? ed super%&l I i9ipad. awhicht i§eto hgs softenedt byc the t weldinga | |
i nerti qrtdﬁ, gl a Ipee artl e . be 3 234 prosqgg! is 3l|m|t 5nq_ dhe- degree of upspt,
. -applj?' ?nr I %ated d. ] t eu‘:i?xP cl es wel% zsrgllaggularynﬁnitg 365
136. y ‘coinci 9 an ! h I S nsB%je

upe

e 8 rllac $ ta I in
B in a paraIlTl relatlon ?1 is ro es qf,rﬁffsé alnd
Bri 1, Qﬁj don% I ocat ﬁdf rved the w an

i the ﬁ%le%é)iotdtﬂﬂﬁegﬂrc%r ﬂy@:h&? e eI'i qv?e%a r axes
-def QoA b@Biefada 1B %&éﬁerﬁﬂ@@ rdta°tuor§ai mla CO' “ncrde and
it he-spebdfaAE B8 rdtaling BrtitiPis MM force@QBﬁr%guent | y nﬂ)rtﬁrﬁﬁ | ﬂ%{etdaée éﬁ:zlapdepgr sggPowder
-ar e thestdliofddf dHidie? The Mywhddl Gebiatrp mas¥1e Of  hilR: &lpbla y@ihe Weld B riably.
;:I_'sup&hail'dtatlofﬁl d$pb&S Gutdrfing B8 Avahbbie/kirdtid €SdodUdlkend® I.rﬂ,a.% lyoeySHASHhY dedti &t b Nfrtial S

. at t-aaérgyd’ ahah this Kinsticbridkyds digdipatedi@inch 0DS QBRI Ednedt Thiud) Cover laflor ZME GreldStisst & NOt Ch
i s fvbrjedtigte therniah energy) by tildoe bativbencthe - f | yewdo@sl byC Mg -therd At nottht Riaphser ved
i n iarficles ity bevddingidn Gheo brtiflesr are forcddi on | S ameles andasmabaltod tha npiciedaiies Machirthg
.rot.gehemdhe kinetigganergy d¢ sufficignbéadcawsed t he toolesst thargtha rotigind! @iamstetsint rthef aticead
“agailoralized - sotgning, Wiem tes ylywheﬂ' digfiort as®  owhighowmieicingd. i desetsll istrietiuliytremovediar y

"j;i'art i*toPR *her*ﬂfée P? 9Rncibe anticlesiemeiptainedhss nit @Rlelas Sugtessaisegns! ashe failesd dhitiatone |
" not @h eSS t%ﬁt&“’"ﬁ"@ﬂdﬁr"e’r‘t;a?f theyeed detecluringrfubsepuentusgiof tid welded st @ 30
ext é’ﬁ'&:gs |t‘h "Bfe ttPP of t heven guting; the sykse "t hegtgtreatiest. IJhiset i c
"ene‘rerg'ce | (ifsé neiesprobiam: ¢ pafticipr Vt‘f?@""we?'d" Bigbest i s

c de

ﬂréw: le f:g?y ct?on“ﬁ@?t(}\eé‘f?eia“?és P' ) X HBéf'ﬁ'Fnl ng
-'."t her € 'ﬁusﬂ?hg |r5’c§é‘ aﬁr §5 laf loRS t 0 bS‘aa’ (ﬂf)g l? n% uii‘ supe ’ QD Mol ced

1 0~ obvidiB! dd¥an Ed:u§ %Vé% iniding Nfle et C E ' netic
energy eS pttst i€ icBituctbd uﬁtiyr'%%nditloﬁé) | esssﬁ l%rbyE r% de&lhé‘ kel f the

- ar t iwalck Sadse GRpulsion Cbf F0SidrRivand Gmodfi e the Q@sA) pretipitatibhl! CN Ver e
-] Oi meaebrial liomttiecwelD&dnb tHub infétbntll; vdrhay- I ermved Ac&i’dﬂﬁ lt JW& InVEBSh e

" ar t iingl el Slewimentalisirfadd bebmiriationaTHeSweks a St ddR6rbe ralniéﬂfod@d?%eﬁﬁ woldihg! natdfids and

1 ni zenetin the foal artivlerie aeedcheractardstigoitane sof édamlﬁhgwdebmrhﬁd @katioh 6f the wéld kehedUr i NQ
s ubdegingratheritan agastinh.aVeig kapesipraducedc| e ornasht i cl'es to bond toget her. The

- f or & oher faemsnoftvielsling sucheesclased riachion t Ive s ub dtds)erethibr dbjsat of ttieciatemitntto di¥dlss Cl es

* caudeam pdplacirs fusion nelding havesweicbzatiest or it # @ethod b inedtia peidiog igh Isserdr @adsul ar | y
det MPigR e beep melierk and esoliifiedcand. zone. PaBder magliwedy prioesssad) dupeeatieysi whitbai r | y

40 e °f°é‘?’| °n‘”°' gﬁaﬂaﬁ) gara fistigs of hose migigjaingghe deletdrigusreffpttslofithe weldigamet i on

.1 i?g}e

:'of ﬁ . \Yiehis;99 'ab' then thest r eng®®: i n excess of 689.5 MPa (100 ksi)
| mc;g o frgg, r@chp?fseegrgach%. 1 ScyErsly i ofet ¢ fumiqn p ding 1 1
supe q’fg ﬁ&‘t‘ f§rm gf i DVISRHS, advan‘f‘ggﬁp'ﬂ%m‘t?efat nggn "ﬁ‘c‘f‘?ﬂﬂgn% TRRE f act
.ducgqothew,r,;, Errictioh Weibing e f tm echnl qff 1Ee% he process i s conducted

s.undér condi tions upera oys are defined as .nickel base alloys stren-
“which cause expul sion of a significant anount of 45 gthened by gamm
cprime ([err]) precipitation. materia@ fromthe weld zone thus inherently

s renov- -7 Accordingly it s an obj ect of the invention to ing al
detrinental surface contanination. The weld describe a method for inertia
meldrng naterrals and zone |n the flnal artlcle Is nmore characterlstlc of a

Y o



o : - "EP 9 375 590 Bl o 4 The met hod of
ﬁJOlnlng superalloy articles by = shows the articles prior to wel di ng.
‘Fi'g.: B shows i‘nertia wel ding of glespsssasi | nvention i sg4defined the
""artlcl es-.after inertia welding and shows a notch accordi ng to the-
‘characterizing portion of claim1. 10 at a weld zone; a notch which
-penet r at®8 metad HJeivirai isypgralley trml,esmesent shawe b jadidle$” pifor o weMling. Fig. 15 @hows
‘ar ti cmera walding gh the nsespR)iveption ds definedal  di athe eticlescafteninértisweldingLant shdwsamotch
i.nert- P%F°W@P ‘H chaspsterizing P§f"2'e°f§mﬂ"1 5  tHeata weld zene, neich which pamslrrtgsdnte

ar e afl?et"['i?e"e javeptio ﬁhecﬁ‘mhr oI I ed"‘ﬁ?’"@&ﬁéiﬁﬂ@?etbﬁbw thetoriginad diameteriys
area’ f:ft'liorﬁfé } gr?hhe ?ﬁs zq Ihedt ar:ge iTRus ifig ‘Eﬂl‘h@de erjea s ﬁe than the

. _ ?m (o] i
.“_jSI o &ﬁg@%t Ta% gqﬂ' % 'fﬂ E‘ ftj Ihfe ca%g3< tog\gqrqgép%"é tﬂP tﬁcﬁt‘zsgal

1 hi cka|3§ses I'n the case 0 Btch

“Whi'ch “exhenelstive ldifensions of the articles to be join d Note hat the weld zone is: ﬂ}aleces of
 the' OJoingd R alsigHRARTeBEk oh MBat AR RM DEi NG THE de dHbsdt bt is He Jsbe
“art i cthesweldozdae and bj @ppRidning\Hechekitibly t he Vﬁ'd%s%ﬂﬁemhﬁtg driitle gd @9 i 'Y
~-8i gni Hifgeniy, betivéencibe @ticidadalhg jolnearysikhimm wekdlg. PRIS RNA %oﬁiastttgftheoﬁrﬁﬁ ‘éﬁ?‘which

i nvengdnbmodificatidneand Sentiohes tieiveld joinh ge-ands bynaamoaﬁr khdWbd i) udeb RintA@rhating G¥¥me-.
- of . di 99t beoursireBppaifigalyr tthec lsmallgeGantieler | €5 | tiesi fovanelding cotnponerte ottiteysaime veiar t he
Carti‘clegehep @i higher demnschiures ibepaiidei the hatl di ng.alidihi s is in contrast to the prior
Lart wiveavag fem theoweids Jopeintodhe thinertideist r ol  of Theelnweslic wald rdnegg@emetries pridias t O
cour, kighenige inte thy thigkas arigle. Renspavgntlyeone- weitingr gre shavaris andSgistssei! ovith Irespect he
smarlp thin article é‘"derg"PFl'%° f’ﬂPm\R@H"dﬁ"ﬁ eonpefigues Hend feFiguens Bustraiosrial solid

arti Ckst ah @,rck,{egsgg td ﬁ,e ﬂr}?'l' 003'\/ His | phot% lf:gﬁl’ ﬁ@%ﬁ’ rlr;;céograph
er of

eac gagtributps P( é@ém’é'e the ﬁ@ﬁt“‘“g Joined tp |a) s9Yd arfi¢iey aecastiag 6 r om
5 s' o °§l§!151 ﬁ?mtoa?& Wk hqfevenmelnﬁawﬁ 3adicle A icbe joined to
"'geome{hg lafticles peJdpos n |o H)#ﬁ I nt 0 arie &) alersiegetst Bnt |
wel di e ShcS s ?é °t‘1‘ﬁ t°ér"‘t P!:ITée iglet oes
.or e g@fsOhsBlel ome |ce ean ng ay gneafm OI I d

~cont I ddesd G&ombeto l d ZO |th the e?r Itlee“ gja
“to a Espleyssigiicart |c6t'véiﬁ'6 %ﬁhaﬁwwﬂh%sﬁb&n Calﬁg,l nt@ﬁtr mg
MV e dho the thinner édaoheriyent i on. "I n Figure Qﬁa‘ b @cénéncfbn ﬂth ffs ve a
~rel ati vahd fordgbilg RA bthéroBatirbs WlAdladav g, b %@rehd% adius, ARTahdt & ewth’e: %Fbaaqﬁél cle
."A_hastagessutwhd’ presetii mvantiony will ecdmet MGre ar t i CIog Snikk ®, ovRied BYE. GhvitBély WRERd ARNE
-t hi ckapparent frbm theciolioiny desBriptibvoandl adéorret er  iwill Hogidl andlgdBal & thd Mbremerdbried Ghifs al SO
- proyiReednadmpingsssi ve stresses. and this  3ben Cisd Chyard omaiietl symetrical |y
~-r-el-ati vEOt b oA echematioilystating toaeventiohal not ch gRigune4 sBhows ke jéiiitigecihedsy 16FtRY join-
"-.;;-;-Qt her'"‘?ﬁ'?érﬂelﬁ' 0t 9 tvo 15qlid @dipless haviirigntbe of 54, irjgedf riplicahartidied sticic e tubasCateotiing) td O
' (fiameiers; Fig- We?"ﬂ‘”%ﬁ'ﬂé"'c'es before o nci dheninventienh Agdire adigatsels toi becjoinéd B,
1°'"' ?'E‘ ""% 18 shows e, gdcles gm phisant cumticle & end theadicle & audt dnticlec prctioth
- nor rreﬁ"d ) °f |ar] Mereldng. Abelion #ﬁ?‘eﬁd‘aﬁﬁﬂa certar riines Cbonfpbﬁbnt
ts s %lﬁoto acr h y CLb the ar ﬁse%‘se Yh Again ﬁ‘e?ﬁ'éeff'bP%%e F;;%e
_ ot hersegtggtopg ol cEﬂsff efoen%“‘i' éﬁ'f"ﬁs“ hagre Wl thicknessfhy E’H’ ar e |

_ ded of etween ] thlckn

- equal $905@Q$§I

di vi c{tvéﬁhglgue o f|ﬁ;\,q§ é app a"fx ﬁt asfgf\/ﬂ: ts ?‘? t|on
. Snd accegr3 ullustr%é Jhegé‘on%@}b'%raﬁags%ﬂ&‘al toaﬁ §1cﬁ] é‘ T }:n fé( ng
dr awijéig etwsen two solid articl
OO e o B ot | lfusa*z.%;z':ggiﬂbaféw‘%nar ke

showoitthetwpepi twé hajeweticiesy f or the j oi n- i nerthb glst ¥ethslindghia is pm.dﬁu&'dlﬂg nt
~arti cl eBg-Haisi a1 ghatdmeicrograh ofi &1 @inoimabd| | OW aifrehsidn Sdidméter, iR Shel daBE S s%ﬁd?%é?ésng to
 sane ag¢ordingtiethe invetition belwees hollom attibles. ar t i c| el JamfiiidkRess in th&teasb RY RINW Srilicles @A N
articl €9\ 8 is & ssherestic of Aevdideds arfick piong @ndcdhirg).thelEdsisbioakd eiiat oRihb iresidaa wakit.er

j oi nldggd by thecipeenipnashgwingea eyrvedcwvald A andzame notdi and B poducda titvednvibidslomsns t he
* presé of a notch in the weld hol |Thig differeitizl geombiaw prodycescsteps™ dni nes
- lerr] a 'é"P?t

| resp%ﬁwms
 phot GRER ALY

=1

derrr@ewrwsam i s es8ashtsidalof thefweist zone. The step dimensions
ANy ’eﬁ é’H'F*eFWI‘H”FPes ar en PBpE i iickhieve] o gpals of the Invention
oy M a '°f a’ho 8 ¢ ofiiRE| e functin (of e cmaterialalovaivedycTtie
thi clgmgn P 's 16 ° m ct ual ":l P‘V #o Hethigngsses apd thewsfor: e
. arti ghéindgy ﬁ&.t@a lds} ss Tbs’ep 188 WA tRyd Rfr(Sot iBFiguiep &8s of
~the sane wall thic ness has an i 1S4 YW%?‘“E’@I‘ Ad & dost delit si de
di anmeter trating the notch problemin the weld zone. - of [err]
~while article B has an inside dianmete¥ [err] Fig. 3 illustrates the
. -geonetry paraneters of a and an outside dianmeter Qdb. S and S denote the
joint between two solid articles. 45 step which will be
- forrred on artlcle A |s |nert|a F|g 4 |Ilustrates the georretry par anet ers

Y o



=1 el boh Bhovi

zodie oihthi hootar%%ﬁicﬁa % diaf &

rout i ne experl mentation on the part of the vided herein. V\é be that the
.useful range will gkilled arti SER.0375500B1 be
between 1.2:1 and 2.0:1. For the particular case of a povvder processed
-The S a icabl e tio-the situation kel bage.superalloy material
¥ deriﬂgﬁu 'J°&ip‘° °’$°"'R£'£“°Wé?%pa§r°f the| es nuided berein. Iebslievsl thea ‘“Wsaﬁl"@r%b% wire to .
. CONMMEF g4y ElaéaLé)Xf rra r| aI known as bp betwgen 1.2:15and 2bba. wel ded he :
E anblog,sé §U6‘5E,§19y % ‘;SSSP?re (i ndus1EhP| inventive sis gapalidalile) ) to Ve Gliualighs a
."nomda.a.h,e@@rrgupe,a“@r b rf m ur vaI é’ tre ailipjes mpdeny identice! superdlieysndé tol | ON
of - LinGostiar @8ighEbn) Wh m g be weldqgs The: ivenifinels alse aprficabievia ltnt
neanesitidhak mbemernluﬁ-y $seL>é %E 3% ti f' Q‘Pﬂ "990/@%'ive'mt rRypqralioys38te \ia -be
‘hav dybdemman.al tanfuing b%témmﬁ,r,ab 458,507 0 pe r 1 m’E’%“ﬁ'ﬁ(ﬂP’ﬁ iHeans. thek $he dbdyson,

0. 0894l 6.0200ibbrn, 0089 BR@nium, baldhg) | KNOYL Er eropariasett is

pr opSlekali with i grdie sipe \of ST 10536 NHines Z €5 Of X "° b ‘?ﬁ'é"f"'a‘“"’lemp‘i'ﬁ*e

“pr opBiek jhass rageived - m ekt cioatmentt iduding G ys'g al L}n g,mmg netr & "31?3‘? %'@E'P’%'&a‘&’"heat

t reé?'ﬁ@ht“elaﬁ'n?r‘bdl AEBOAC  (2065°Ferepesint Ur e) vafs Q,pgg,r 0N ’;%,[gé" Efeted) bed by a
- sol-g¥9"6h f’°’P rtioh femneratuee, afckrshbseRuent | ), agkeQink prior heat 6EEL. Yhellim ¢ Hd?'f"f‘ons
_inc °L‘]'c£'ﬁ ??éf’?ﬂ"ﬁ?!‘“ ludinghexgossrech f r Olvere hiddns irﬁma@&@éd’&t@ngtﬁ u§ ?{gequent
sl z t 849TIGe  trer nbee fplnbd ke Mithih Boss! @r”?&ﬁa& gat

tr e Ijg th (g‘kg'&s B0 a min-her e TReRSBed BRb témipRrafie® MRS rb@tﬂgén nof the
bl W§ i tﬁe (P90 F] @f1034.25( [ o r |rpcrystallieatibn temibbratureDéhd) 196 RRinglofm- Wi t hi N
- 30%, @ e.Td e,ﬂ rgé'"fgr“ 0)3 °'zgnd [mera}u:é. ?ml&sam bhaqumasmdaﬁhgrguatr |
_ MBasSUk tha;fe@ncgq et weeloys @ tedrystbilizatogtdid Mettihgr 1

([ 2\5-3]‘:"@ aridlos ) ¥at 'ﬂ;' : " a’gé 'é ?fzat"’q oﬁ@@fﬁﬁ-@sawmaranﬂmmhss Tel100 1wy of em

[ er & Jwa Wadkndss i of .0.80M¢ G r] to % 9"]°'| n Fi gure 3 or perature of
1. h eadsdntagydiisly 56 ,obed RO ikl hag, super ‘1;%" fso"gj rpgraghi e @deilluétrathoul d
- “be Wallghivkhess of 07815 0.86 cm @ hst al g ?&\ P9 Merley secowsingandhenel t i ng
“[etingh). with reference to Fi gure yi apd E@h SRR g rating) dhat thenweld e es
- -whi chTheriévemiiontwithgdnera] be{ bplidcl t afit hoI | QMﬁsan ASicol tbﬁ'ar' theeprigingl dimen t hi n
_;-.;-ar 15188| vhospandming! diemetbrs qthél @veraga ol |t hi Ck U 0 200 i nch) wou

) ngnﬂeea"B °P‘§'da h@b@)ramrqsgahwh egiial 20X i kgl ,rt,gr;”e,d ¥ asg "'B@f]"?n ned to
s w?\‘?é}l_f h;ag'rl 9 and thy isrdr i Ner t i BARL P’H 5 the .
Soowa dguer FRallybe@sBbtiallyn (4. 36 ,ﬁcentqh | on

| 1 I 'éaﬁ %tsl 90 "°{Vh‘%ﬁ’“"t th% Soapk (bf Inverdion nch) . ccgr;rasted vétf :'fg;:rvéiurg hi‘.;,l’ is

L PS dplvpendtbeingidd ow t hphomimiathb i n wll
gerﬂ% o%' eeﬁ SE°BS éﬁ"t"Y'th"' e ons ofeld h:ovh%adgn'r&!sﬁmjdn ﬁ;ilﬂla ﬁqf:‘%

'::norb’}eVi %sl §ro Tg}p i) #\é e i n- curved inertia FeigLoms, Shdwn! iV Pighr8 5ER o
Wd&g tr

h wever

%P‘H’e dhd operntiestars atths ivedjonah@the Sees dral | Y

-~ equndoining a. 6. @§m| @% |I h) ﬁﬁ"&? cor di ngretre ¢ tensedies arguidddorsfe bKIRY

-t hedield, ahe rangd 8 WAl Al: he i rif{isen i adgpiing the invertion fontifleiegtingters t he
- i nentbetadvétagecudp "H?ne @ssfr shovvrf'ﬁ Hr ?'P \ahengad wpriditionss itcis the dueved
esemi0.30altd g.340 .aa» ThisOu regara dfe Ihzone ayh'chr: srschesdimetad beuequal .

Wheter, in p prefeamd tahge of BRPRMBhsidR rBAve di f esr 'Wééﬁ’ nagnitydesi de
phbFOWRE B L050itd 0.0ZN inch). iHNG cidarly O nventchlq gl taEH?P‘sﬁ”H@ 9dhe ong as
bo‘f"W'"s’!‘ér?§°PPaﬂflthwnv¢man tohieertia weidl d s h QU P hg wz: o i‘g"mﬁwz‘b?\e The
‘!!T‘E‘}sloeﬁarstse@ Hatrone SteP N'S 45 € ok Witk gduce an a g,eaa 0 Ie ghrelen wel d
é’f‘? $ﬁ”F37 €0.050 incly) apahthpr evi Oléﬁdlé/a%'?ﬁda&%i ss @ ?o ®7 for
: F § assﬁd'"leﬁ‘fﬁﬁ hl.78 aun (K00 Of  t h@rapm\rerabmgnnﬁaﬂ 75 g%'?g } i cul ar
: aI v e rﬁ‘l { descri bed. Thus for ecufigltRe pRsEnY Hvshiish as a
 OUflS cby f asg é't’ﬁ"lg’lf |"H“ rigi ‘Pfl a 0. BQention b6heROMili BS ldbse |be ess
. ardhl fadh 'Hﬁt ? (rﬁ‘ 5 n $0 Whdnf staageht B URHH to 1Y durvel %ldtz range
ofwhmlpboviggg ;f'] ° ts"%‘ﬂ“t!‘h al s &dhe prirtehere tharges wekisné ishhifates! t 1 S
“t Rdngats & Gieh ﬁe@{;z F af? ned i §her patoi aieay @nd projectéBbback té the'chig el d

| t cdse of mtticlee havingi thé)isBmé h,smﬁg,ocﬁgn of | nvs'° gg:‘e” rca’;i,tf %s toithenconfal plir e 2

xpul - "’l?rr?f( the IBBled @rtBle3tbbng Bclapgle Lhirs Woul d

- r emuibtsly stited 16 skillel QrtisSH Wi bG ablg% erjal m"em 70°170d ebout 8-t he cont rol of

~ calstermio e tratdl ASA&EYr et R6ne rfdm ﬁal fie il of the present Inwentiers ischighl inviel d

nénalstialé themph e usd 6 ATRREMNel ters, such%"tﬁf' e‘ffe‘f’?"édeﬂadm; @améged t apfries

i ;____drb?re‘?isakmumerits based on the/NhfofmaBoM) rbf' Fi guj Bgs 29%° JHBIEA tengipe \gampaRenth eSuch 27 t 0
~71.78 mm (0.050 to 0.070 inch). It is c T 15 O35 8 tesuihefrthe In sevd¢ecise one  and

_projected.back to the within the scope of the invention to inertia weld

TTECEnt eF T ne-of "t he wel-ded article %the axis of rota- articles whose

- dimensi ons are such that one step 45 tlon) will produce an angl e aof
less than [err]. The has a dinmension S of 1.27 nmm (0.050 inch) and the
angl e a, as rreasured on the F| gure 5 photorracro- ot her step has a d| rrensr on

Y a N NN o o o

‘EP o 375 590 B1 S ' 6 mined by,




1 bis
vvodurc

'S0 ges{,eref

ol EP 0 375 590 Bl o -8 or may occur _
.'durl ng fabrr catlon as the result -of 6. Method according to claim 1 for
t'he inertia machini ng errors. TheERG3ws 890 Bf ocedure is to,re- weld
‘r:epair of high strength superal l oy articles nove the damaaed portion from
the nep nid@HRge characterr zed in conprising the steps of re-
‘porti. arac,"%y qm"ng fab ﬁi"‘t bl ace &hdlethod avmvdnly ©f clamIARRYRS iRBQLtion
of -thenoay thé at.,ﬁ'ag[g@amon ' BN wi th aweknetaimaggh @hjth Sipefdlioyhrticy
| NG~ 8poraind ByTagR AR Tahd %na P¥enent of charaspazedge aomprisig Dife iy bf -
el di degnagah Borda Wi Uk ""dama%d car @ da@maged pofMeyabpf dxamageel doitian wiethelariig 1Bavl €-

@

requi prepee oreryt Byakherfid) Welkii .a;)vi !l d "zone h’Stadeamaged Rotiox emnrepladembhtiopn t O
't he demigwertrie tapaniyt le§ifual®éia I5dd AltRN t he stF st pamion| biytinertiaf welidhgy a ro-
~arti cra dimiish theheiemjtn orsiig! onﬁpgmg nt is Ia?gt? eftpo E'P’b@sfhprdefvaebpomat ed,
* i ner tArevionely aoter inasia peiding L@ EbtbdY i tﬂ@ sectio placement rie lardenrin smbsd
nondaﬁ'f‘ﬁ(gart derot Beet thimcritelia fwHen WeRlIng t NigS CI rif H Wéﬁ HAmepid nondemagd

por t j figh thanskon cevedet metaiigy mocesseyed hi gh qAvses dnbgra curved
netal ) 62 the Helch at the weldvadnd weaie and SO, gse%;tefh & fgeea resigug! greld
_super a?'”nﬁfe‘;%ﬂg;%tdﬁgﬂ of lwe, wel d zor&nmpur A f“é‘h‘"ad}ggdaﬂ@ged
- exte waged qoetionl of nwar dl y of relia | et e r of t he,

port &gn*“imafgﬁf'ﬁ o(afieragtives, sagh Lngesiat ureldamagte;ﬂ.;ca,ﬁf,ﬂtt(Bf i %géss ol &foval
of trgﬁ-d,gmge d:ﬁt" 19 3 wpid 2ome wel ded articl e. The al ternat i ves each
N ° B‘F dia #igle bl e, Patentenspriiche! er ate a notch at the
viel dvisRRdaRtLg Brd retec J’i??d N8 re diameter of the article
~ Pat eiticRsSiil 4648 " ¥ &1 i gi nhi Vedsbregn zunk t Vertiniven el sipehisyie-
Vi S U thini v Qrigingd Pnaéiﬁrfe@ﬁ(a °E’r? fo e§%nt i fpgegedenstinden 1 durbler SaMuRitadreiy)
" Ver bihackel zommotoh Bélid ﬁ&]—g sg gjh al | sects?’t‘!ﬂlﬂmewhmascﬁlm‘emmge,pnt 0 a
© 20 locatagisgesipandt tthe ngr adr eP‘B" °t‘rﬂ"h upieris¢hiedlichey - DalchmesBsnhi Ned
. .to shiting tecobisiae repai p& tofﬂ%C ung, wel g’ﬁ » dadurob; gakbrinaeichnetn d@egiee t he
" wel doe Bachined tte theomighal dekigit gggg/wmethgau d to,, """sss' def {Gegrnstdndet sich um ein

unt efo8Pletedermnevelns the Bekichmangam | ocat ed out s ‘E’E OrHigy2.0 81 untrspheidenr  t hus
L per- unfant, dadurch gekennzel chnet Fﬁ'r % "NiT Ui Eert Prie einey dfertioz e
;.-"----repa??"ﬁort Lon of the article to Durchrress%eaesae f?ﬂ’échg’P'Ell'ﬂgum sin
=he:npefy ped 10 the original design size w@J;cht,jg d eF' W'qht HPtsf dem 1, 2:

3”91 PP puperaloy @eticles by impitiet esor €MDV of,ndrsh g °f onergensin-
s é dra gmlmr arligles hgvingr  Ker be, dfabﬁthe@blz&G ! Ugt wird. > Schwungra-
- +:Schwu ngg@éﬂr fapiprized iny that @iese s
i E %‘a@%ﬁémﬁv efik2unt er H.erVeEfalrranhm&%ﬁJpnﬂﬁ% lhes

ﬁ‘ye AoPPo¥An SR ni ng: s ueictae, agsmét;bdahﬁgd Viid v u‘gri;% 30

".. Gegensjgaid [

codri ngttrollédﬁﬁgué'? ,?oﬁgr}?e"ﬁg rfineeis SEwurir a-  wetdei.n guiven@roitéid r&pprfegr\é}u ol 9
bgl%}gﬁ?thzone ers8dgt wird. different ters,

h

i
. articlee &rainb NGnaller am,é%
char acdussd ihértla wéld kdpal t Faffters of the articles differ by ratio of

"1:2/1 2. Verfahren nach Anspruch 1, da¥ulVefeheainestmAnspruct 1,0datiurdh gékeky t he

~ si z& dMethol GoaurdingtoClaind 1 characteriz hpet delghnet; ¢as oistiinde ,dledllsfbur’sb%ﬁ bunden
* not ch Hat gl ariiciey bbing ibiried QFet hoe ﬁl ng i s clfiden el sind wag desindas Verhaitnis der

pul veﬁ?ﬁ?P@?tbe‘a!oes e Superlegierungen trollg %d dehﬁ"g"t"étﬁ'ps’@n'en nat:e el ow

t he d| sind. eter of the smaller artrcﬁ "by producr ng a curved
i neh, |aepom\geto cleim 1. characterized in 4. Vorralgl halir g nach AnSpr uch 1,
dadur% sy;;‘;:%‘:'ﬁélﬂhhdtow aaB @& e Ge J;% ry :m?e eQ‘P"?d‘"' Met hod
~accor | IcknespRer o deaarticloed | N 40we,de | B das
Ver hi n| s Yhat the articles being j os.ﬁaegmg{ueggeo pe %Pageg"’“’“g”

or ned
eratio

e

V\anpdhng{ﬁgdwagggmc?enstl nde von 1,2 : 1 bis cessed superal I oys.

Shprasiena9edt ng t 06| akfahirdn KeaR AShRh 12
fét hé’s '"§p'?'l} are Powrlegioch ggeken rzelchd;ﬁﬂali &3 ﬁﬁﬁdﬁfg ag%lu
“are holl ow an fg elf

45 zeichnet, -daB di e GRgbwalzoned®, defhi Bbreich daH
of 5t hdetigl écc&r&h&l‘onéiérﬁﬁsc Ia tC?e articles Wilel dmngo -poid & wRIdRF béﬂ

Superth&gi terigeitas the NG wei o (é 2 0:1. dreibschweiBdrehachse bildet. si nd.
4. Meegiodofathe @tef) Mkes QanCarilo char acferized in ‘5. Verfahren nach
Anspra@cio B« ekéthl tho Grorifa rgasn?f} e afti E'Ifaééenmepmgnqpo-pmedfuarda SuBwGler pro-

50 ZAlehchnet, daB sine Tangente an di e gé SIWH"‘@!W oo hectddsten ySu-
Schwei gzone (| n dem Bereich der Stufe) sfr gRrungeanasrsténgen, 5(gekenbioich@d™ i t
" der Schwungra- 5. Method according to cFarhfe Peiitie Entemen;eines) besahsdig-
“dr ei bschwei Bdrehachse bildet. that a tangent to. the curved weld zone (in
‘the regi'on of the step) makes an afgle of from . 55 6. Verfahren nach
Anspruch .1, fU die Schwun- [err] to [err] with the inertia weld axis of
r ot a- gradrer bschwei Breparatur von hochfesten Su- tion.

per| egl erungsgegenst al nden, gekennzei chnet durch die Schritte Enffemen




7 * EP 0 375 590 B1
S * or may occur during fabrication as the result of V\/ﬂmm{mml“""m|”I||
accordi'ng.to claim1l for the inertEROGPSE90IBIg errors. The ge
procedure is.-to re- wel d repair of high strength superall oy articl es
rmve the danaged portion fromthe non darra%(ra y -characterized in
n

ONpr i §I' Vt‘}?é‘"s‘i fafyicafion. as, e et ¥y nac ﬂ?“aﬁ?f“f’ﬁ&r@ tin dpfopdhe inpriia
m)val ""Eﬁa (f?s gf’ﬁs} B8 ?‘é t‘aﬁ icle | ealfed ep ’I%"bﬁ‘pW'{"h aﬁ‘ﬁ"’s '

undarm@lgO (i the no § on danageﬂ"}zﬁffa

mu nd th n t h b cle | av-
g;ologrer ,ﬁggzs 'f@% J;aa 3 e ghv't 014 %@k }2 f
E Ribr$ h

pl acem%uuur nt § s Qon rn%ﬁ:h port i on HQctem At %arﬁ deSifed '{6meer
uti it YotOdimii3 ﬁfth@rsirér% hehredid) asai d T epl QrdiF 3bid |répldcarhét®is lidfgeF i) Sross
previ oevidushOddesd, rnera@wsw.ag H!Bdréi:héua iffhe Pr act i Ceghelidh dt B3 wekitohd Mbn adid hdABanid! d
zone t ipadr aatodidRNHASTREs critdiia QWhed weld@U| 6b NOt &8 @briidriasd ProdlicRS | therdbph& eurved
wel di ngigh skéhgtheshdpo piwdanmemlirgy pebssses t her ebywéld ol ash b6 apfat Feee Megidhal aweld Or
powder sustatiby) singa/thp hatctesttimtweld zonewelld zone ansbtchoddef bt éxtend dnts eisi sbnadmaged d
super alektend) insndlyeoft the aniginal fdiamteter it thel d zone pustiond not ch does not extend
i nt o t Imechivpddtartiage driginel epddmagedapatiop abf t he or i girevegvaldif dhee exspssomaterak from the
porti or‘Pe wrider iaffiels- The alfpraativesgeach jundesivan nd 2a g e drepiatemedpogjen. r enoval
of theble é‘§s‘°n§!°&*q al "qqho?h‘f‘?\é"'aldh@"ﬁel ded article, The alternatives, each
undesi F%f"“ 'q Fb?‘t‘f‘?@m‘”ﬁl e, wdrtentagspriighey at e a not ch at the
Ea h ao'qa

\Ig/e![ d gvnsuahz ntl di am;t eg?rio ; t he 8erleg|e-
a e;‘l’l W& iece, © %3 ;gl nal % ens % Jc?{wun radre|b
vi sua si G %e Dot i nve . Glor
Ver bi n hﬁﬁb gég %M@ I secti 0&5 Eﬁéﬂ
rU%&Q@G&Q&é oﬂﬁlnﬁrbn [fatheter gm‘;g,gr adrei b tndéﬁﬁ kérﬂkm et HEC
t 0 Si ZenittiPhb loPdisiadNg r?b'"&llon F heakisientg, wel ch e§ur ébnyt%eéﬁ&e&h

wel d Ze8enddmhédtoCts! |odgu'iah@6éﬂthsii%ew1ﬁxaﬁl§ edad 0 beVemaunis mﬁqten g 40:1 unterschevden
unt er s cbmgsth rexives oté whidRGR@b®1h.l 0Ocat ed out Si dRoddfch tdREG@BE Uhd13ér OH SiRdRtIGKbS,
thus per- =~ unfaBt, dadurch gekennzei chnet, dlaBoige @scSenivirigraatpitistireiBurgrist ze
repair Gdmsion. of the article to Durchnessersodgestdientonrdt Aadd eie snichh unter eem
be machined to the original design size w th Pinghmessdbdes\siriewh tGegenstandes din2:

1 bi s 3; QMethod pftieining: suppreion articlesrpy ediar epmoval dingy Hedeme eide zgahdimmig (Sehwungra-
wodur ch oVelding: $RmPisng Rrevidingr srticlasnavinger be, di dreibyshwrifzensrerzeugt wird.

Schwungr a‘i'ﬁ‘%‘i"lb Siamajersi ehargetpdaed indhal;thege

so gest eu digrpeters phfthe G’&Be%‘?‘@' HY &te oihger den %Y?SH‘PFE% gach "d‘é%‘“%l b [dRdychgekenn-

Gegenst an regy “19!3 " Al ﬁg super af¥ “‘i'en%'?f’?'ﬁ""dgb
drinat, | %ﬁ%ﬁ% @%«e gﬁ W e 75 AT By
gt Wad. different dlarreters

1.2:1 2.°Vert a ren nach Anspruch 1, dadur ch g Gt Nag biB

size aRd WGRGE hRBraRE 1 ciaim 1 cha?e?cieﬁfb@&& @RS di GorlRIRN Lihd 1B del| das Vé‘rﬁ

not ch r eswattthd grti€ieOBRingBIhéd are \Wokdbr Pi-1 S con- W&@dlcmrdéﬁ‘ﬁegensténde von 1,2 : 1 bis
pul ver ver asaalsugdrdoyguper | egi erungen troll ed sgoasreitht tO penetrate bel ow
the diam sind. eter of the smaller article by producing a curved

i nerti & wWdbthodzancerding to claim 1 characterized in 3. 4V/evdrialrere nach afmbprifthsy) rdadiinch 1gekenn-
dadur ch gitethe -articies dhingioined e tidllew @adenss | ndezeicined dag dip Bedenstéde, ik tvérbwhden
accor di ngthe eptie [ohthmwal tirkmesessef theeadicless 40  weardhon, pulveridrarkditeld  SererietisBinders
Ver hAl t ni &omiee:1 td@ 1t he articl es bei ng joi nedsitee powder pro- Wanddi cken
der Geqenstl nde von 1,2 : 1 bis cessed superall

Ripgd aogordingta Figi %E'E?Eﬁcfff' o cl a|5m ‘ieﬂé%éﬁ 8 el 1 rﬁ"“d“’c"élgeke""‘

Char act o s i, PRt VR o Lo i P %é
ol

2,0: 1%

Ver f ahr en#dtsh 275 pwﬁonged CEL Gldad @’ekeﬁ’n "'i‘ﬂ‘fé’a%lf"f'? B" ntgy g

are hol | off"XAFPo Y ;0i chnet , daB die Gegens ﬂqv ﬁﬂ?fﬂ wungra
ngte?Fe\é\?'h&hédh&%g{f]ﬁ%M '}}%c CJ' % 1T Caeoack we'%reha"é'se ' S| nd. 4.

Met hod ac,@g&%ﬂ@. & & 16 vertafen Yéth' &35 GEh ﬂafﬁhdé\ RN
1, dadur cdy- %I@ngﬂlthetfz@ﬁeﬁ@ﬁela é% ﬁﬁa be| ng J %re&ﬁ od ﬁ%ld’é}‘é@ F voi ﬂoc}'lnfe h Su-
zei chnet ,icfdaB ei ne Tangente an di e gekr Omt gﬁg@ gS¢éBésBhdeRY S gekennzeichnet

Schwei | zone (in dem Bereich der Stufe) einen Sitffle BilreRie® oAbk’ bdtradder
Schwungra- 5. Method according to claim 1l characterized in

dr ei bschwei ~drehachse bildet. that a tapgent to the curved weld zone (in
the region of the step) makes an angle o0f from 55 6. Verfahren nach
Anspruch 1, fur die Schwun- [err] to [err] with the inertia weld axis of"
r ot a- gr adr ei bschwei | 3reparatur von hochfesten Su- tion.

perl egi erungsgegenst anden, gekennzei chnet durch die Schritte Ent f er nen



_genstandes wobel ein nicht- et produr re ainsi jm
, soudage cotirb6e heschadi gter Eplos7swop @bl ei bt, ~und Ejgat z. ﬂ"”?"ﬂt”’”ﬂl"l
“'sorte quo. cette entaille r~siduelle du beschrdrgten Tell's durch®
“Schwun radrer bver - ~ .~ soudage ne s'4tend pas: dans la partie non-
sc hvvéﬁ" desi Gesonstanden; wokel POt dem  bet.produire ainsi e zera o svrsiggoaourbde
- schf. 8?2 el Eﬁ’f“"r'é?"l’t undiiseatz 4981  Er sat zoti ¢p sortesque cette entaflle gésidueliendint de | a
98 toylg; d pdeRVRT Lt | n de?our@@ﬂwerqémﬁeoagrdet%la Ragie nens
_ b dem -bex b heschi $YPBNSYei | und dadurch ei ne
°lrﬂ?{ '8 r'"ieu@t daB S7eerpant de (3.nagpra ep Sxr3s de la
Prfbeschadr'@fft@ﬁ’e.re.".‘p.'a.c?".‘e.“ﬁ’elI erstreckt; 10
§|eg:g % erials von deam Ersat ztei-l . o
oalikicles en superallia- ges par soudage par

P s3fld
ner aéﬁchmgmgﬂame“u,syg L1 - sat iop darticles ayant des dianbtres:

:g_ 0T amperskizgie 1,201 a2, 0:1de - 20 sorte quo |a di mensioen et la--position--
d.une entai.lle resultant du soudage par inertie est contr68le de fagon a.no

“““pmavqmdmlow en="—dessous—du - di-amat-re-de-Parti-et-e-te-ptus—pettt- e —mrrs i

pr-edui sant..une.zone de soudage parsinertie 25 courbee. 2. Proced4 sel on Ia
re1veﬁt@Péﬂatdeowuqageaﬁ’mtegrmsadpwhaee que les articles & souder sont des arti-

el esgmuwﬂeqelmag@ge corpprenast 'pillir | a netal lurgie - 30 des poudres. B
<37 - patigr digrticlessayant feg dlamdfrenditiirents i on 1 caract ris- en ce.queoles articles a
soud%*}ra ?ﬁ°’b?%ﬂﬂ?‘@?dla@ét'°& éraf‘"des 6pai sseurs de parol des articles* 35

_ e :;529%2“ 9121 B%ed'ﬁ selon | a revendication 3 caracterise en
c'e | s superallia- ges trait~s par la
m-t a%%;"% és‘”ﬁg p§>° a{ar ._Pr ocede selon la revendication 1
I agdssdub 3tr& G F gnte a |la zone de soudage courb6e (dans |a
_ reglgpprd'&, mtuﬁggi Eg udhﬁ% de,50 - | 80 par rapport A l'axe de 45
ot atduBe de |'a soudure par mer?ro 6. Proced4 selon |la revendication 1

pour la repa- ration par soudage par inertie d articles en superalliages de
haut erotéasi sslom e overitiicaivh 6f caideisris®0 €n ce quti/l conprend | es dtapes d' enl ever
_une “pacd 4@ lenaodesEscudétasont B witic| € en | ai ssant une partle non-endomragde et
~-a- I-echs erceiperbltagpaitraitéé p# 1€ MdRIGGRYEEppar soudage par inertie d'-une partie de

L rerrpﬂesmem sur la partle sans - 55 dommmage de sorte quo ce ronpl acenent

" soit en section transversale plus grand a. Ia zone. de soudage quo cette
'—pa‘?r 1 Precédé reelom dro revenglisetiop 1 caractérisé : SRR
--.en.ce.que les articles & souder sont creux et le
.... - vapport. des épaisseurs de paroi des articles . - 35
: estentre1215201 '

4. Procédé selon la revendication 3 caractérisé
\__/ en celes articles & souder sont des superallia-
ges traités par la métallurgie des poudres. = 40

- B, Procédé -selon la revendication 1 caractérisé
en ce que une tangente & la zone de soudage
courbée (dans la région de I'tage) fait un
angle de 50° & 80° par rapport & I'axe de 45
rotation de la soudure par inertie.

6. Procédé selon la revendication 1 pour la répa-
ration par soudage par inertie d'articles en -
. superalliages de haute résistance caractérisé 5o
.en ce qu'il comprend les étapes d'enlever une
partie endommagée de I'article en laissant une
partie non-endommagée et & remplacer la par-
tie endommagée par soudsage par inertie d'une
paitie de remplacement sur la partie sans . &5
. dommage de: sorte que ce remplacement soit
en section transversale plus grand & la zone
de soudage que cette partie non-endommagée

" EP 0 375 590 B1 ' e 10 tM'

- di- ffeﬁmteﬁ,desajba@ahﬁgggsﬁ Mlfbrigl§ vaplo CES dianbtres des arti- cles diTiiTent en T




