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exclusively suited for welding two workpieces of different material together that have different melting
and decomposition temperatures,




10 I n accordance with another aspect of the invention, the welding system
separately or in conbination includes tenperature sensors for the heating
el enents and al so tenperature sensors for detecting tenperature of the

wor kpi eces at the weld sites. In accordance with anot her aspect of the
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aspect of the invention, i5 at |east one ©t-the workpieces is permtted to
di splace axially and freely relative to the other workpiece during a
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Additionally, while a nunber of alternative enbodi nents or exanples are
presented herein, such exanples are not intended to be and should not be
construed as being an exhaustive list. Many different 25 electrical,
mechani cal and materials variations to the described enbodi ments will be
readily apparent to those skilled in the art, whether expl L¢itl d
herein or not, and such variations nmay be nade w t hout dg}pgé?tleﬁée?%@%et he
spirit and scope of the invention. Wth réference to Fig. 1 then, a radiant
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t echni ques by C&Uv\éﬁﬁx%is?s? O{Mhrer%‘? roma radre e to the workpiece
wi thout direct contact of the WOMKPPEotagiheting prd welding offtiomndlysatiphtaBgethdni S
assures a €/BaREindhe Propbpsimnivd Glokin algte o g Qnt ARl t'ilgﬁli\’éﬂ A2, 51‘% heat er
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conpl ete wel ding operation may be carried out independent of operator

I nteraction once the paraneters have been set. This greatly increases weld
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adj usts v 5 current .appli.ed to.its respective.
progr ammg%%g’?oé:?? %nr‘riﬁ%?]"ﬁp'fwceggéTl s@%?mf“l"i‘gy gyreepssribe Bereily obthe plding systsm Maat er
cont r 8P| efard3ut BBeatnkly bigh qhaity westdsrpivill I fothiet ®@ScrB&bheeaBibR) | €r avail abl e from

Wat | ow. Each h I .. oni,t or he respective heater
t her mcou%lgae Sgﬂé g‘ﬁ‘“gﬁﬁkg@f%?‘t&éh g'g‘é’\%’e frctuge ¢ ﬁ%"%ﬂéﬁkﬁpmﬁm Crcu 28 gyaifphienfram ns
the heat ePeYhtl il intesires shcaantolppidrathurgous Eembleatses, tedrbEoblb@r12 pdder o3&l SO
noni t or t REwdPRRA Ghdrite: hBLSCASRE 36k : ociated . weld sit
reaches thg {des‘#r .e%_rgﬁl (ﬁt igrmer i u_r]g?a% %%cyﬁcggdt’ %’p&c%%?rf’ S1oPEr e &1 s ‘Ahsﬁ"tﬁ’h
appr opr i aPETéFGHrarce 153110970 pqlable fomiEeeany dhe peeratanmey ot Honwsarkpe, eoesials efich
}I\B| dt %Ep@pm _bqingtwlﬂdd@lyﬁzh‘eqﬁcs;aﬂtnﬁﬁdnlre@?(raxﬁetéfpuﬂﬁsotdgie%ma%.g‘sr s?f%kpﬁ,lliagg;tgﬁym
ron e rin i eces together to A e
weld, oy REEREEER SRt Ml | Bk BoEEE 18 EL S GemrerrsiespP e Trano

heat ers, ¥%ddifeprrapaiers mpnbesnisred andraenitored @iz momivetiona gided dikphey otathek sitabRSwaf]

t he wor Kpw#ic 88nn dR6d drbirahSsid Wetobth NBaih ' of .dissimlar materials.
For exanpl & o}ue “ST'O?f l'ltzrhée:ﬁ&%\/()r kpi eces _mé\g?a%g%ﬁﬁ+s$§a$\§ﬁ%}’sﬁd?°e & PERpEmYers and
than t he BUHSEr EshE distprical Rurngses, gualipycongals trerdaanalisit eat ethercgmtistial afalyset dson
can alf} usequmder to the heater to maintain the workpiece at weld 5
tenperature w ver tin ntil such tinme that the second workpi ece
reaches its weIl& %‘%{ﬂér]?%g&eacptﬁﬁéd,ﬂm%ﬁhe&mﬂvﬁ't?%ﬁﬁé?&?ﬁr"é‘e@ﬁs embddiside k pineeterizedy  be
t he same esrauifinfated rvesiding sygtam d&c manyt dspectsasfaihe ARenitn BRBEeRIAY ifis lj_gi’cE Skenls! MBS
si nce t hgnddadibSmimy _ LLEer es..,Wth reference to Figs. 2A 2B
and 2C, the | ng\slrgn_t i osgﬁg%n?ﬁe)%%{a%?%’stﬁgﬁﬁ%g@@‘ s be sse s Wtfi*tmafll‘i‘gf"eﬁd}?gt hi s
exanpl e iSHEFHdRYhish Sierpgripicnespst mepuolly oriested ¢ith Gespdti b lthenhdalae 14 Qs A7 sGiRbES a
ther sl el pjassr 26 @us BTt bl o B2 BRI R SUDRLY TN 0

matrix 52 &gdnﬁfe of .a ceram.c terial suc s, T'ore i ber
i nsul at | SE50ai IPABYE f S SARISRRIAmat PRi2utomaed svstamnayill heipwsfered ini moshcamsl stabh e
ceram c, however, any suitable material nmay be used for the heater matrix
52 provided it supports the heating elenents if so required and radi ates
sufficient heat for the welding processes. ' The casing 50 includes a

term nal bl ock for connecting electrical power |eads to the heating 15

el ements 20, 22 enbedded in the matrix 52. The heater tenperature sensors
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As illustrated in rigs. 2A and 2A, the ceramic matrix 5. is formed with two
heat radiating 35 surfaces 64, 66. These surfaces 64, 66 nay al so be
geonetrically configured to assist in the radi ated heat focusing effect. In
t he exenpl ary enbodi nent, each surface 64, 66 includes a generally

par abolic or 27 Septenber 2004 concave portion G8, 70 |

generally conformto the geonetry of the wires G0, & orzég{e@?rﬁg?f/%% 4y may
be formed with a different geonetric profiie. Any profile may be used to
achi eve the desired focusing effect. A nunber of advantages are realized by
t he use of Jop,%e%ivgcé:t ed heat concept of the invention. S Anong these

advant ages i S {efS veldina opgtapon may; e Yeigd iopigndspendent f ouorakqpiierectiofbico the

gener at ed Bewitbysct. dliiisdratly hediscS0dE o@iinWebeauili Ghd ellcB{UdiindliflsNOT even
affect the V‘Drk%ﬁﬁﬁed%’i te|eSf heat .t he worl cprece at the el dsite (as
used herein, weld site rerars of fedraiing,drment2lof2 & adempsiate stuat32 Sdt apbe
heated to i*?‘?lfefmlﬁt fenipre Bnpbinditisicase &6 s@latd0hetBbdodpl@Uhd Fre YR k{l}ﬂouﬁ@o%%%%i %&3
By concent padilidked hiak She g tc%ep alqat oreane%E %he vvell d site) the WoT Kpi ece
can be heated faster an re T i CrrBhiF geatef Flogh atsrrably Ady atamyitablsf temperature
~directing STS¥IFRRRtYsed: | Pagh seneor33d3-aiseubnheat so thattthadepirite EQHeGRRs BEAL RS, Of
porti ons okletafs 222 6RraNA | d _sit.e.. For exanpl e) suppose

val ve body pmde of a nodifi ed“%%—‘é%%‘%%ﬁ%?%‘ﬁﬁ rl}hﬁclf’?l}@g?“ﬁ ﬂggﬂﬁmaﬁder{ww ch
a fitting |soﬁ ‘% 0°lB R\ BrafRg clomeah 39:1 22, anwlast ievise idneerabmelcantrols had $e1b851€ Rshting
(about 1/ 8Ppiofileh if @ ofthe siphi Bdanteitkrek dFencnakied : .V i s heat ed
at thejpang, &let@%&e}.he tenperature i ncreaséhsah;smlﬂ;u ﬁ‘éq:{@ﬁ? syof}%?%rgnmﬁsgh
PTFE material may be adversely affected. 15 By concentrating or directing
the radiated heddditiqyel feppeemnat sivemt BAPBSQke poRdaEhliRRfild QE0% p\ég&lr(éoite%gfe
may be substrrfd ah ks glﬁ!gm;l%gr, JeRiEl g%.r%ééé Zg{wirhe heat er ock ‘assenbly 14
is an integrated_unit Wth a SRy e Cagt i sukAmeged np det YRGLECEmnilable20,
22 may be S¥PAAIEE fefebibe meldrsit Wmpzonesofischoof Workieddd Mg rand BT Iusi{;%glgsi er
or refl ectwsrkfizee tbmpeesthtt FR6hac ' : heating el enments 20, may
be di sposeg i f.S %ptali at e, 20 _mlﬁ\lrtl?ci‘;o@gél?eﬁgé Eal’llll %gﬂgpﬁ%f’reﬁlf% g’b"&ﬂ&%&"’i‘%’ﬁ@ﬁ ave or
mount ed t og6t RE=dr iy - PrEdsIRrAec: tempretutei fornwakding. ¢ Bhis Aroinkte a alajoe dR@bdck @f pRaH d
be to havesyelawhintwdishitiegppehenR: vidGhlly AdedMideNbyh dbh bl ack assenbly
so that theatenky flgi rLEH:gtthelx%m olulegi; i nde er%;c}lentr%?:yg%gl ?iaot(gg{cé’aa%%‘agﬁﬁ?te‘?’as
near its associ ated workprete “EEC pperalire seagrs 36, A3 akse ppraviiseherchutroller 18 to

i |1 ust r at i3SoPovar ke dieccatisg oidmennt 20032 6 PRANPOVHeRAwkaAN (R %R, LhOBr BF

t he heat nadigRickd@achbd 3G j eference. to Fias. 3A - 3'G a

typi cal wel[ld}qilié o%ler atjon t%?erﬁf\%%geé%%ﬁrévﬁﬁﬂ?cﬁﬁ'ﬁygﬁ’r‘& r OF centphail mpp or

g s .
manualTy GFCothBPsiRERed & pdiyst disimaeeef thn warkpieempirorh itied hetrn € patt BF tHaesRipiiews,

the fixturtemgeraine codtiob fureli®Ct Thie ahayahndadie GhaABLGAl4 ures pf the system 10
are onitted for clarity. Additionally, thgbg%ﬁn%ime’ag’@hr {;rglsn. I??A’f[]he B¥¢tines
a noveabl e heat &f bl ock 14 and i ndependent|ly noveabl e workpi eces W and W
30 In thi ) ;}xapﬁﬁéﬁﬁﬂg bevd intsboondokipateeidd vilSgerinl B D ebAAA0 ARG A W
t ube en ithife dAiE : 0 wel ded. The first worKpr ece
may bg hel d \;\/Lth a coﬁ?e%%%eﬁg?cu# ?]ﬁd&[r?lg%rglﬂ g g‘?”e‘(ﬁ‘ﬁ‘é’“%ﬁ°‘&"’f‘i“ﬁ§¥°“mﬁ’e&bl e
pl at f 7 m GFY 3ish e used gsiregyired. Suyhesegeries pisspetiobeiedit Dxilither@OWall@d). Circuit 13
via the first bohKpteaGR-PQToliRR oT6EY - SE wor kpiece W in this
exanpl e i g4 yhe Igarig@ 104 of 133 fi_tﬁé/ng’ %fcoggﬂg}r&gtg%{ﬁ? & {ncfages Sater gonfrallers,
to the fifst workpiece SAFolers 3§é‘@_6?F6 TOY rfstsveltagg awdbsprrattsipplion todfs respentved
on a noveltHie tayeweh tiorpmgommet herter sanirle Al Qe G 4TS dnblier 18 BOSHCRET Y

the contres $ i I atd@Qn_ of .t he ond rkpi ece position servo
AL _f(;rzex%%ﬁ? ?858{1%5%5%pcrog'foélfraf)"iaé"%gu‘{;‘“ﬁo atlo 275%"5&%?@??1:}‘@#&021904

24. A_g illustrated in t

Cg. it es BQRIqry the Eeepgrive deatar rmhaseuni 1200 o ndjenpbatas (b8 pyedricirdui o &) hGRARNt

of the wothe hepdr&6 @% stidtedi@hdlanGe. i i ' Jore uni formwel d _bead.

Al ternatiyely, hehvsvor kEi gcesa myﬁ%g&ﬁﬁﬁgglyc%%tB% 5}? OCI}}Oimg‘gﬁlf"affWPY"gWﬁEﬁ?r or

any ot her “Fequl’ PEEDITERIEL PG tte IBRGhey the degieed tlield denspetuesy the dik 80 conbylied Bényis an

utilize omprqp:imesiblzﬂatdwdyﬁhee@troﬁcﬁb.ewh&%@,rmg%%& rédth Wlde}érﬁpgm%u@%ed on a
*VI

nmoveabl e rEn_or under .control of the control circuit VSR
heat er Seéu\;%&ieg .1 gnlmr?v?sﬁécn%c)% Py V"%ﬁ&aﬁhﬁﬂﬁt@ieqen énhpinge thepaiplecdsdogether to

t r ansiat e@ekathamealbr se the axis of novenent of the workpieces W and W
(i.e. horizontally or transverse the plane of the paper of ties. 3A - 3G.
The heater block 14 may be noved at differing angles if so desired relative
to the translation axis of the workpiecess W W2, but for convenience can be
noved in a plane that |lies 10 generally-transverse or otherw se
non-parallel to the translation axis of the noveabl e workpi eces W and W,
Wth reference to Fig. 3A, a welding procedure is initiated by the control
circuit 12 noving the . worlcpiece W to the location that the heater bl ock
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Wth reference to Fig. 3C, the second workpiece W= is noved into position
and touched off 2S against the first workpiece W2 in order to find a zero
position of the second workpiece relative to the first wor)L-piece. A |oad
cell or other suitable contact sensor nay be used to determ ne when t he
zero position has been located. In Fig. 3D) the second V%fg ved
away fromthe first workpiece 1D2 a predeterm ned gap d on the
anmount of growth that is expected for eachfworkpiece due to heatl ng during
the 30 wel ding operation arid the amount of overlap required for the two
parts to be press d to ether after the heating phase is conpleted. The gap
di stance thus nalf/" Wendeni topepaaiueg coatigd of thatvioyhesters,@n mieh edsepdtae t@ﬂ:laradztesrhﬁﬁ!%

a1 S0 Lunct | afte ARLIIR S0KATERDIcSsShaRsied Weliing Ahb Sonl el B IS heR g'g?r

t he second V\grkTo fﬁq ved to its zero reference
since the partac °§v8 P BVPICeD AL A i et dderrpamiure Batet thap the hmyr \Bihbdld hiseedugp

and the sof thepsspuitdd P{B&tﬂ(reﬁtﬁaab.lnendmﬁﬂﬁ @dyﬁ%@ ﬁodfelr' b@th@ Aehtet B m) W(rj;{a'i B@rw&%&c & Qetd

f |
A NG M

noved into B@mehidcmmmucmfpmueﬂ@heewwthe sardel or R A R6h eZBQther Ad chrbcl%eaghgd

3>;, the wofh$RlRGEss AL, # eparated by the predeterm ned
di st ance away - freomt?le res !’é{ﬁ’ﬁ% heﬁ i cn?gE8 64, GG The actual distance

bet ween t he fir SHithjsferepiede digyy24a 38 ﬂ@lﬁécatbe o@tmibe chnheeel s af}ﬁﬁter Kfﬁkmymﬂ? 11 he
same or di ftﬁ:ﬂ:liremis kgl hbigy 51!1 ShaP GGusRE LIEEH, kb d pi.ee

the seggnd heat er ef %ﬁe[{;ﬁ“ of 1 h% heat gr bl o%tsaag@g&ﬁg B mg 'S 4 tﬁcr‘f’ﬁé’é eat

di stances wiTT FEEs i eREniagY grhodiment, (e matisi§2 mmﬂéppé&z@rmﬂmm&r&u ol aspiioz ed
or enpiri cakimplg etremtvi MtedinslilGibanealbiE @fmntWﬁTﬁéﬁpC*rﬁ’iE %Qm@ﬁ%t Skt 068, | M obrlder

to effect f ting of t wor kpi ecé for a giv howeldr
oper ati on. tcg@m]gomm %5 Ang Isgg%lFl gcfl‘ﬂ %Wet?‘e ‘ﬁ%fgf bg'@ﬁ’c%{ﬁ'ﬁf"f% 5% @“‘gﬁei helmpgts the
bl ock 14 slesng Hmﬁntshésomnikqdlaedzadmmdmffkldﬁt hedtQdr thd el Béksde@ a tenperature

sufficirent to a i £ oi ned.or ot wi se wel ded
t oget hi% 10 In%fws}hggow e&vvo?‘%ﬁm‘{g(?D(leescE & R ?}WB{PW‘E lﬁﬁsgﬁgfbmb‘mmg
with eath G&Emems? 0@-'%6%‘?5#@@1@1 tbh@amﬁm ’ﬁk}lmqﬂa'rtempemmré beascehyz, BO (I NYare dieeds

bead 106. Aﬂtﬁlh@ﬁlriahﬁcmtl asky s tha

i ndependent tgo ‘f d ?lFI g%‘g’gﬁéﬂ-hc wﬁcwa%ﬁ% el{ﬂe\e{'gsenq?sﬂl %% °“8?°t°6l "‘F#sgﬁeﬁt
material s {6 Be™E tf’f’?ﬂ“e"ﬁ FosaRP Y @@Flswﬂycwlbetﬁ viotel/Adrardgs.ng a radi ant
wel di ng processmttﬁmmte&mﬁmjee h Heufd® efelrdtiz008 (S 7 IS rkpi ece
104 may bey, 61@11 B8, Tef] dg%ﬂ type mat Rl ot m%g,q,c?%g Lechsf
processabl e er | o Ry mrbf]?'%meaa WRPET $oret Sffeviat é‘i"é 2\if Lol ont an £ parentine
range ot t@ﬁwe'f &% PBs andlﬁ#mgmlnvred browiyer ﬁmfplamamaﬁle oﬁaoﬁfl@&aﬁ&%moh)a The non-

di fferent diefat antile” modi fi ed PTEE, which is not a
melt pr oceﬂ-seili ?e At é$’?/§é’“a{ é gieﬁilsbg% M:?Jﬁg RCTe Cﬁ’@f“"“nﬁ’l Phigerp s hfocusing or

t enper at ur EcHgpeleEeAt fythe Rdiatsd hesenOng %Ppp@fahmn'@nmrmbmlassfeothc berictpt bERYinp e
can be. io@}m‘%}mzmmg?ﬁm?ghﬁt SRR w1 Bled g M T S R i 7 °°
t echnol ogy H ‘&4 b Dot ARfEVE 8“%5 %e"i“’ﬁ%Rmftlﬁé"WFfechaﬂll@ tel @ Swsrifib adal peinigi mot f or
the wadl ¢ prpwe@ Th#acredny afpPoh ofithel irevemtdglitieicfitle FHREIhe MatatddHeNASHndrfily RBected or

exenpl ary doReeR@dddiPinO Rl¥n S¥HL ShPYLd Not be construed as a limtation to the
scope of the present 1nvention. Fi e present invention may conveniently be

used for wel di Hge PErAlasargroliciaaycherny srametryi thit ptodges hdirectinali@hbenBiiopar fbéhsxh@at

are made offfeetithithy eidated B | Bbwevkal iS00I thd! giffere

mel ting point ctegé?aterlstlrﬁ or.in which onaemg;%%%%gys P, as AL %6t a

non-nelt proceses PR TfHC Saseshibe wirpReao. Pemay ﬁeémmen oflargr faghlidn. The

pr oce$8ablvaresslefd albe ndetl rios bpsap@tinesh MhgeRht I O ﬁ&ﬂpl&ﬂ@&:ﬁfﬂ? réépl} ?uces
t

be heat ed t or what greater an t

point t enﬁg‘%é@ﬁ&r '@‘% ﬂa? %Ogl?ﬁnrgl off &BEJF ‘“‘F&‘g ? F g Plon B Jdes i 63 mey bmlaid out

t enper at urkg abﬁnalq#apéanmcb 5 & V-shiged lqonfighratican Adany othEd GiSionsrheydBiavdible! AGhEng S

) bast 3t adarur bl aechoikyGfent s BLAL AREINR 30 Dt veen (he Reater -

4A, the non-pl éﬁwﬁ rip (FégsofA 19 2Re e icrramis| N 53 iIZOMEPwith ovd hdaSradRGgy t he
gener3fly squﬁmcat&él d6C Thise SBMRALE K4, 186 @fal h1So bel 2B SHi&a 8y é&xﬁ\fvﬁ ey fgsm[t hctﬁe rg%i%l%l}cét

radi ated Real I gnar ?hlg)cca i zed hdeat area or .zone

the heat is T&diated il A HIREIARIIBSH ad surfasfidop MFivles 4 pmatlihpatbolgorar ea
can be enpirically determned ns to its position, and the weld site end of
t he wor kpi ece Wnoved into position for heating during a welding 35
operation such that the portion of the workpiece to be welded 11Z (i.e. the
weld site) is within the radiated heat. The heated portion of the workpiece
however does not necessarlly have to be p05|t| oned r| ght at the 27

‘- a "



5 larger workpiece of Fig. 4A (distance "Y" being greater than distance
"X"). However, the actual heating distances X and Y wll| depend on the
materials of the parts, part geonetry, desired heating rate, desired
tenperature and so forth. The present invention thus contenplates a

conpl ete thermal managenment systemfor an 1R wel ding pr

controls the tenperature at the weld site by controlli nﬁﬁ%@@%@%ﬁure of
the heating el enents, the workpi ece tenper’ature and the workpi ece position.
10 As al so shown in Fig. 4A, the workpi ece tenperature sensor, in this case
in the form.o V?” gf{%‘{ﬂ ed heat sensor 36, is used to detect the actual

t enperat ure of 't he- 2{“ ehigh mty gepaliepefory to dhelgt@natgratilg wiraseh, & Bfaltemnatively
oper at i on. Meyebeshnsdrwilba AHRkcHC bRkt Wi e t the weld site,
but prefer e}p(juym%§ffeg{ med so as t% et ot theA%l% g;egﬁ}{ Be Rhed 10 eiStp fsrpepietiow
the surface that wll indicate that the weld tenperature has been reached

and sufficientl| y\ parbet ofatdeshtdgiecarp aiatized B €het REBE Rt AMESe oduces an
15 el ectri Q@Longiﬂggpaldvatng?& il Be f gr(g egla%kt t:?t‘ t hF system coﬁﬁi?‘{%&%@%ﬁé@gﬁ
the controller 18 can preci Sery ContPoraiogal wehpekeits: Briefsystims sweraked beadly
during wel dtFddictaeme efyvhiahj iuntficionty gidwetevtrmiteahas RSt Qs Neleh: WTRO
20, 22 andhothe Byldalid @& bRk iy LSk he posi tion of the workpiec
relative tg the heat B a%{lgﬂ(lj]y“s{%??%i%f_e}ég? EthrP Hipe AriRH@rece thafdis o he dertadatd its
vel di ng sySTFERE IFPEaticese tiiogesi qut aweldipe epsiatiohly Bebeentiatag e eiialed Bk Rl,eCE
W has beenﬂ'@m‘eidsd}é,elﬁt‘,{-oy;cpma&ﬁ@eh&teg%yé@énqg%rée?ﬁéigg ot her workpi ece. This 20
el i m ngjes any (ﬁﬁje fa'&)"rra t he operator to nake a su_f"ecti ve vi sual

det er m nat i on tgg h{he WBF i TESING 05 consenratingf the eadiatedd|hgathie aliae ol recd\iéck heating of
ref erence POUEISES [heSporgpicte SBay domeke Mpldasity, Fof L g, ' m,l s

provi ded T @difled MteGRlmiFh 300, Q0GLL 0D 10! C%ﬁ?begdggé%g% BTy fac of 2
control system 12. At 'step 200 the Opar QGtengsdmeds e ke welded tldsally, kpy eeulen a
movabl e pi SEREHEE eusl (Bhoghl/Bindh for cwinple) RO2d beHeateg it 2QSalvi bsuy\WaLkRl £6E o

be al i gnedidbamubiitedBer i Qi si ght i. nigue as is known in the
art. A st %E 210 theﬁse_con_d m@ﬁ‘!f@g’{é%’u%g‘é‘adﬁ?%hﬁm%ﬁﬁﬁ%rbe atvagrsgly affecte.
212 thé oper &FETTHEY drerinmie Mdiandeicetopesipheral peatiogbf mev woMd psti@R o2 dofidiRee
novabl e plaaftersnbshotiadly rguéele first workpiece is raised until the workpiece
contacts the heggteL "9&'0{3 14 Tgiﬁs}?sets a zero point reference for the
first workpiece. Contac BF heafes IS0l A Ehinteatef uait with b siogk catidg SmYTHe
acconpl i sH&@ hedtioe clexentyite22 by bapaitd M@ SRNSA SR ahall @GS AlbhS:eOL
any ot her_rswcioabbﬂfl?&;%;d_omtg&%@g ion fechni gue as af, step 216. Al ST€p” 218
t he wopkpi ece is | owered away Tro e “heat 27 % 1% % Pk betdisposech i separate
starting poThY A dertofatyae iseussdi tagether pamammstdetogetfisr amd BanBPCERNMon device,

i ncl udi ng Aoather diemtive MRLIELE &) Haveaath 2k i,S.hnitial gap.js based on
the expectgd.arowt n . of: {,he ]i[aart due togﬁggl.g?tr%g'mzklm&‘%ﬁ“@é@“&ﬁk’c@éf%ﬁﬂ' 50
wor kpi ece V2 Ts T Ower &tf UiHEImorReniey pesition eask haatennear itirsomiated 4rotkpices Fapbh sh
a zero refies sl enogdd iisatmetiio illubthasios o0k WIS Qg ﬁﬁ@i_nccﬁ‘ﬂﬂt& LGl go?zrio%% % nal
appropr i atgi-3m, GRAlAt sensor such as a capacitive sensor at Step 555 27
Sept egger 2004°-11 At steg 224, the second workpiece is raised to a
predef?rmi ned StiBrefeiserepoFise 3JAagst ntypisal dekitg whereitbn iyt irap b6 bk@ulby RS oRAS ¢
and t he naireit 12lor MbnubiEorRetwiRas®ds L O\ uring heating At
step 226) oklg[?dg‘%gl:g d iI\/\}/c'v;‘)rﬁgi_eg? i S ﬁ%@%gﬁﬁgﬁﬁg&gd e thPs ©s g‘?p&%h“é“”ﬂﬁt"‘flﬂl it
contacts tha mr%gf@c oI (ARTE PIBY votam 10aitt omittsd 20 BlaritFhiAsldisisdatify] thshes
zero posi EXowld GO a8 abetmennowkiit heier MOURIAE Bdepeicnt) Shed3 ,%-,t,che
second WoRkRLEGRE is raised to a predeternm ned gap di stance, again BREF on
the part dinmensions and material properties. At step 232, the second

wor kpPece is fHl i exampiendhedist avckpicte B dyn 234 Bobe 10PRIVRIRQ tubdinhi 183 BSwihidlEa

sel ect ed virhgi10gisnb 86 QLS T) 2 t he heater. bl ock 14 is extended
fromits orrg osition to i g?%%lt‘g%ﬁ‘éég'o“éﬁ ‘P%‘ﬁ%&?w BEPREHRpal fixpuregugh as
switch at ®8PR§FRpdEst meyeableplatfompor ofsymitablesstraghst pesitioned e bagblekobia2iviikd at €
t enper at ufist $@ipitre pednaA sero 1d) ernl SRALET wdlk ALK w, roathyvel t heat er. may
have been, pue %g&%gn dyr ihn%ﬁ{dh% tihm?_ thgitc&,t he“ﬁle%utger S f‘)ré!bf ﬁﬂg'elo‘lo&rﬁnng
hone-retract ed posit ISR € (19 #hthy fizsh sarkpigee Wi.e Fho atsond werkpiewt Wy mponkey bd s

t hen ¥ncr @alﬁéﬁgm@@ g@t@b pldtfermheratier mﬁtﬂiﬁmﬁﬁ (rtj!ﬁ]'é & QoditiRediey !hﬁﬁﬂumh‘g}iﬁg via

t enper at us®Rmuhli, . contr, ed for each vorkpiece
i ndependenﬁtél y. Af glts %B%%%ﬁlgg\ég%nnﬁwf izgrerAsi ‘g“sit‘ﬁ?‘ff“a{g‘édigmﬂir PreEcealy e ngt
controlling the tenperature of the heating elenents 20, 22 as well as the
wor kpi ece tenperature at the weld site, the 15 workpi eces can be heated
starting at step 244 until the workpiece tenperature sensor nt step 246
determ nes that the workpi ece has been heated to its proper tenperature.
The tinmer used at step 248 to assure that the workpiece is heated wthin a

.




27 Septenber 2004 -i2 material. The workpi ece may be soaked at this
tenperature for a period of time prior to the actual wel ding operation. W
have found that in some applications this presoak nmay result in better and
nore consi stent welds. After the optional soak period Tl, the heating

el ements 20, 21 are heated so that the workpi ece tenper e.at t | d
site is raised to a tenperature T2 that is above the W%WP%WT3 5
but bel ow t he deconposition tenperature T4&. The workpi eces nmay then be
joined by pressing the parts together as previously described herein.

Fol l owi ng the wel ding period T2, the welded parts nmay be subjected to a
cool i ng pr okdchmrilysequeite @tbentMb thntéri REsQVe B cdl i i Lher -heating. .
profile is illustrated..ln this 9r%r§jlm, line A i@’?’#gmnég’@g{”gg“tf%&%{ef#“&t@‘é
of one of the heaters Bu™ F5H5a%) AHEEIPY, the @oRwisess may heowisd atibirachapiortdh e
other 10 hébgngent qr pnstdiies regmiteddiieneation. Sibpleheatios §ys@mealss AR NiAPEdvedRe | N
t enper at ur @,li@iege. Sel ected tenperature Tl and then that tenperature Is

mai nt ai Qed whil e the worl cpieces heat up. The graphs illustrate how the
control 2ci rcui t Thehegiprdlonkdd i slscemamtvd ent imomable PRERET ort20m @aRE Edlrolld? the RERLET
t enper at ur eifenit QI vie @ NRhEs s OB 1 lex koM kb b2 TRY, | NPl enent a.
conventi onal P1D cont rﬁl alcg}gﬁ{h% {h?ﬁx%%?yeﬁ%al%dfnéeggfmer F%.ter %ﬁ‘baﬁ i Fasleted s
20; 22 ar e CAMPES G S Chowaig of iveripioagessV: abd Witlid. borizentalit or knsveeg e R and

wi il depenthe papet bRFigsi 1€ 3@ ATHERESE BMcE 19fnaf MRS %ig%rﬁgg}é@{s%ﬂ% £5 rsclih%

7, also gr jealdy illustrates. how the tenperature heat
i ndependen?’?@é %@ﬁ]fa ér/c’(r)l Iﬂlmes‘d)§§}gl"’équf3}eé’e% Mﬁeb“f)fqli EPNVERgRCR Fan b meved @ aapichefhat lies
Fi g. 71@hagenemnlisetraneeisp oeoiberise ancpaicl © HaRERIANGE Sxiddf tﬁéﬁow@hﬂw&&(ﬁi - W"gnd
wor kpi ece fyenperatures gradual ly increase until they reach the selec é
wel di ng tenperature, which in the exanple of Fig. 7 occurs at about tine
TI. At that tin¥ithiRenpotiie SAar eveldnmpreeivarns idithied b9 thdicRes irdita2 2ving ke d
as previ oUsdriniete ¢ fid e the ' I i€l line C falls off due to
nmeasur-enent %fp?c ﬁfl g&., Li&ﬁ%%é@_gigrh?aetgggﬁ%g %get}e%qv%gﬁtaﬁuée AGToPpT dRngeterpre
t hat \A]gen ROt i E'?H((}’ 15003 G- IbRiEatt theibestertiihds iBestreted ingrokigiong bet, in piacticwte thedtdrt €
i s di si¥l agesitir o belhelicaisl By chcitiSosifnlSRIREF .| n.actual .
practi ce, &ogl&gecgvy\ggl 1%ﬂzhhow az.@. ra‘gg’al coﬁol dg%ngﬁﬂzirrﬁmg&%g%%%nrt "%r?&F%&%S’HggF’S
line D. The junp ine [T HE S RAREYe o et spwmjindicate fe workpires i rifhechentacpositiore
t hat occur/scagtcittaeenyre] mlosinitesentve nr dtie siitdle PRTHP kB 6L thaf b usk Plo B&%i&%ﬁ@ﬁe
exanpl es %mEB%nh@slﬁ:Q:FloZaté&fe intended to be exenplary in nature. e
sel ected heating profile nay be determ ned fur each particular part or
mat eri al bei ng WikiTefagnceVip IFig. PBf e Erst wotkpiedsi Wais tBAr&fictell BOradaM Rl ftadte $P
cont el atg@Bavdy)od théger6 PRARRL This ' |d gual ity and

B e aRn TRl B Bl dindh Ghr o e mewset oy

strength by, substantially reduci ng app ces’a

the wel d. ?%/"rﬁ FA0Ted oo B Heptenh 14 ‘Fﬁdstg%g?%@t teggperatire thah tsrwirkpiece at tol reas tdusimpen Of
the wor kprelding cpsativn, el anthe grotitothd aft wilG1e30 upddkp e 1o M) Hli 6000 Sair d NE
wor | cpi ecgndegiogXi ally free to nove relative l?ou he Fixtur e‘?%l S gaﬁ‘f’%‘é/\uég t he
weld to cool w thout axial constraint or residual stress. In the exenplary
enbodi ment of WithgefergmedCFiz 30, thetsecond hypikpizes W is inbvelllths RNGRRING dhchdd’ R ded

fittiog t § irst ritpiee 2 ) (v 11dno | . W h
L0 e st e, s (RO NS o o e

s ar ,
and one of °tHE™ | g‘P%Pr?f Or pierisRitablecopaipgt beasor ey balsed toweteirsing tken 3 ZAD\RERIE
wor kpi ecehas be@TocBept enber 2004 - 13 The concept enbodied in Figs. SA-8C
relates to a tyulul r.kpi havi.ng a,central bore 200 therethrough. The
| ower end 202 l%{g{sil”‘ ?Pé%ééﬁf&%ﬁ%mﬁrlﬁa}f’wa§)"ayo?°r’f‘ fhs 5 rgpinisse 10272 fredeteimginednd
that wi||gBéiserecherd oo the smowmt oSgowdiitingis exloetehflcad dolpietd e Rinkdtak duripg the
wor k p3ec eweldiBe sgrBd 8028 amalf o HG L h d.~ site. The fixture 202 in
this caseltj s lieh}g moveabl € fixt ur e tl‘ﬁgrfc%"g% %ﬂhet“ﬁ%p?ﬁgrt‘kb? pessed tpgsthspafiepthiged
(as 5 des PSR &% ormlstnds die e distance fhes mmcke in emeral Smpifideli3 Ghtermiinad.t MheSgap
exanpl e, diftce sid fugdtiohoss @ prigRimin®bid Qlop. A THk i t. rather, has.a .
slight axjal, F BRSL hecause the part Fs, é‘k’\r%fr?e{édﬂ) agg}'?{c.hp#ﬁié{hF feﬁmr“@%@lfﬁ%’épt
however nay al’s6 B& ApplI S tFoPRRTPk BricEEsthe parts haved sFoom” vrgpbreedidwing hekise d.
The fi xt uhey Will@virhp hodiths seftdbast peR&sibadoripect AL 3hd Bk @R b@uﬁsué %%%hxea &ngort
e ed

(not z3howp)z i veab a sui table actuatol as descri
her ei nbef or e]?amE%nte}ﬁ%ﬁl%g ?floo mﬂsﬁ@ mlvﬁiega?é‘s’ib%w\ﬂ NG PIOFSEE isrResitign hased sathepthan 210.

The pin F20° basedss Heopits 4 BoWpd ity edingtde @sple tavdd.a sl i ght i nterference or
frictional fit with the workpiece bore 2Q0 beforé the workpi ece is heated
as part of a welding operation. In Fig. 8A the workpiece W is nounted on
the fixture 210 prior to heating and is snugly held on the pin 210. In Fig.
8B t he wor kpi ece has been heated as part of a welding operation. During the
heating 15 tinme period, the worhpiece "grows" so as to have a substantially
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20 In Fig. 8C, during coot down (fur exanple from about 400 C to about 270
"C) the fixture 20Gis held in position as the weld cools. Since the
frictional fit has been substantially renoved, the shrinkage that _ occurs
due to the weld cooling pulls on the worl cpiece which is now free to
axially slide along the pin 210. Those skilled in the ar L]l | ate
that the novenent described is rather small but signific 7’n gptfa?n%gﬁé&ﬁ
wor kpi ece were nut free to slide along thé€pin 210, residual stresses woul d
formin the weld. The 25 workpiece is renoved fromthe pin 210 before
conpl ete cool dews erwi se the worh-piece would return to its original
di mensi onsdland g%\ﬁgh%%ltf ¥E ?"ﬁ%law%\ﬁ'“ﬁ“f‘igeﬁﬁiswf@@by Tigi psedetemihed Rt 6@ Qlvay @M
may be used'tTowee hatee ficessiiia. clthe achine disthrics Bwabk kRl il L ACERENY Of the
Ol ar ity Tho ek 06 28y B At RuhS o HREHELE o Siacr 3%%%3&%&@?&?;&
i s axial | y SERSRbifaer Bsafdof the heseblochessamblydl4C Agais, Boke Withlted willtabeRndn MOnaterial
resi duab stof essworBfleddabdint 85iR5E0 Fhos. 9A-9D an_alternative
enbodi nent of the f%xtaur ilgig;’concgg%lﬁlﬁrégy’?‘%&&‘ﬂ"é‘{g‘gﬁ?“cﬁ'ﬁP‘g thepereditaddmaterifece in
useful for “part § StBRTSY cficiptireting af theeripibe fendivbn Widing opbfiot hat has a
substantial |y chIRigdF daltridaNfser ROb&nA53ied I | b td,ng i he noveabl e
wor kpi ece Y§s ré&a{egimsa %ﬁg@%@#@ Qgﬁﬁab\/\%%%fg%&% l\ﬁéﬁ%é’ﬂwwl?ceﬁnds
standard ISO'fitting Is ¢ al@Wriegdvakiisceniotbagwinkdex stRielis gelded
fl ange 254W8%thie fixture 35 260 is configured to | oosely capture the fitting
250 anth hol d i ty,ipgy. Gedizal .gnment.via a pin 2G2 that extends into the
central bore 252 of tﬁgh% f‘?’cﬁhl%és. 21, BOP oy sft iatoSBRpLSIREE it sach odio! thapmpad titchat
radial |y c‘éf%fhﬂ$‘§’§m‘°ﬂ_tiﬂr’~‘w08@paewﬁébeaﬂmﬂm the fitting 250 and has an inward
ext endi ng fl angesig@fcahhat, rﬁ&@e%fﬁ-&/ . the.fiftl f]ange 254. Fig. 9A
shows i ni tfo?{;w set%p with the fl ttﬁ%%%g%%ﬁwﬁs’f ETRES 19%“34‘1’@ b, Beigr desins @llowa,
slight inter Ferefteecrs padgof differrat miteriaige bﬂdﬁci&nﬁyuﬁtbdffdcﬁvdl)eﬂélﬁeﬂ%e{ﬂé}%sin%a
fitting 25@dirg wakdinglptatesdNEoNshiid, A sl ted withint fixture 260.
In Figs 9Bgheg wee%s.p ve beer hea%seag&gﬁgﬁeisgmﬁw&o%ﬁc {Bﬁémﬁxb“r%ﬁ%’éés
have been Jgét?e L WIS Batis § mplhprogzsiably matedad estkxhibits nmeltinggRFerdaas wakin
i nt er f er erfc@tmagewf tdmpetiewgi MH262ve Bty FROMINMI mE) B A o8- ERG Hf@m p}'ﬁoi nt
270 i's MadteriN@ VY KR has been pushed Up against” a Stop 266 PR°t he
fixture 260, As the ﬁfﬁﬁ%ic%o‘ﬁg? SRk E‘af PresFeFable prajesialppd axbibits & meeh higheback
away and iSHUgPaiPt smprsrwns By divieeindehéndent atnpérti@re SaR s b B tShehttnk RELIN:0, 22

\ e i nvention,

dially ahd aturk rs | | his, ct of th
2011 et S, S H1G8 M  E RL

tae fixtur | ow the wel ds to_cool w

wor kp?gc esfg [%aél?kcé@gﬁ{dﬁﬂgl ‘%’aﬂe%sﬁaﬁ ierertant Jo Tibte ek Erpingterial e tb@BEdRALS £ the

Fi gs. 8A- 8Qrkaivcks OBl HFay sdspaciifed PTSE, MHCihid t hat are used due to
the speci hibCod donbth/2 88SkGR. O gﬁffonehz/ hei n‘g‘lﬁ/{&_ e‘%‘%ﬁe & &% IW@ﬁtSE‘mlfd
shoul d not be_construeg T 40 {18 iSFRE® 98 s cProsT dnvsatione nThe praseuirieventiont bayt  at
| east one “YFeridy ko uigdiferwelding psupp dictsttk tibtedidggthie Jﬂ%hiag?arﬁtd%par: lﬁx‘é%!e N
axi al | y uaierstAd AR Ghd eHinos; ~we] d cool . down step tfo el mnate
residyal stresse g 8515 Tﬁgﬂl?ﬂ%éeu%?tgﬁ%ﬁ%m{ﬁg e E?‘T%H“Wci'ﬁf in @hish evrcef theo
the pref eP?"%ds Eﬂ%"o | T melpencespbletiatimial whith thé biberagarioin Snad lof 2 6T Yrocdstuble

ot her s upomtegalr daidiphderad huti sl QEEkaNEhNEe iy afhgation, o1t is

i nt ended { o d.nalUde, aid sel:lc .no%f ficati Oﬂérk%ﬁég?% ?%?eadttf’gﬁesmﬁcﬁ%ﬂf %#t 198" hey
came within the - scope 5 t RE RS fowere s % hefrmaterial bejuesy dllae thesletopogdiadn, |
15 CLAI MVotepergiirgjofithatamteiabt enber 2004 Apparatus for wel ding pl astic

wor kpi eces t 00®Wth @dfere® TR i Y- egter. hlock having first and second
a first heati ngfé é?r%r?’? ﬁlf“(Ej}r %Flgdf’ ﬂ”ﬁ%&dl‘f‘@a’tnwﬁeéﬁ?%?fdhﬁ refagipnship

23: 1]: Z@ZS ‘é“”‘g"éﬁ Hﬁd‘e‘rr}%‘d%‘% enémentpitesr W seddliaat iPRY nhveahd.f Aﬁﬂhﬁﬁﬂe@in&ﬁﬁ(lﬁ? thel | ed
punf ace, ok wetic s sengpde g, o AL B0, SERBIRL St LA €
heating el enents are di &?dg‘gﬁe% heatfoward, g Jogalige sptagea @ zodEHid 0.apythis atadBlepine
claim 1 vkeriefdiast id eastewbneonifal Hisich. StisNaEARalng aRWPbAN M rcally detormined as

to its position, and the weld site end of the workpiece W moved into position for heating during a welding
operation such that the portion of the workpiece to be welded 112 (i.e. the weld site) is within the radiated

heat. The heated portion of the workpiece however does not necessarily have to be positioned right at the

35




4. The apparatus of claim1l wherein at | east one of said heating el enents
Is laid out in a non-planar configuration. 5. The apparatus of claimi4
wherei n said non-planar heating el enent concentrates heat radiated from one
of said surfaces. 6. The apparatus of claim 1l wherein said first and second

heating el ements direct heat radiated fromsaid first a f,aces.
7. The apparatus of claim1, Further conprising a controrﬁ%‘?epﬁ%ﬂig?é%q?gt

controls respective tenperatures of said-flPrst and second heating el enents
i ndependent of each other; first and second tenperature sensors each
respectivel}/ sensi ng_tenperature of an associ ated one of said healing
el enents; a FilPe] 2Reltf but speheanositiencd ahefsr lobsiongdlongcthé hept baepiad alativetohe Keat

first workpisdgndRitig obeadtheder Bhcone ' ' : a_secon
wel d tenperature senﬁgr. f or ﬁet oot tr_ldg;mtrgahg}egﬁﬂﬁegH%ftﬁg%g%%tgﬁanp\%gﬁep?gﬁaéc°

bei ng heating Byt he “Frieet Y6118 LPE0at e Al prediffesent wired sporkpiate b alistratahe

of sai d wel eketnplifyéovathe ERaIREMSIONE t-00 tiHe SRR TR BEA NS Hiock ﬁtoﬁ%lpﬁegd tofhe

appar at us Ll gl 1. conprjsing fil and second, fixtures for .
and secﬁdq\%r@r %JF é%g ofgﬁb% @Eﬁa‘:@d R’?é’@‘&ﬁ Feaer thap distange; X5k dlogyevasthejachualheatings
bei ng mount @ganses Xandoy exdlb eperpl aat thomapriaind the pae) barDeotietrf, Wedired MatifpOnial @kitdand
posi ti on ofjesgdrthu | S | af.l : h other for a weldjng

oper at i on. ;te er ellié\ﬁﬁds(g‘% S&ﬁéa’{%rpﬁ%ﬁégﬁ&elﬁ’%ﬁﬁ%ﬁgg FaPlEes M@Wg\fgte (RfTPa] Tpagggement
posi tion ar®¥stEm RN i Rgveéisg plodursethat coutiols thoteinpiraesat the wildaitaPpamablisy 0

claim8 compmpdiriigofihd htidRin2RE AN EAL B EEIRN ] SHRGIALULE sensors
t hat p(rll%w de si gnaiss to said control cCircuit corresponding lpot{g‘rrperatures

of sai d heating ‘8 ‘CREAPY Bnligs f4.dhe Fadmisetermeraist densin én thénger atthe Sosefieor S

that provi defisedimal Snson36dd Ghed QNdckeR! th6 hétfall tebnpGaide STRAN bBieleQs HETRES B{e%fs
of said V\ordlﬁg d contro

circuit cont r}éﬁﬁgﬁﬂgﬁl%ﬁﬁggf @g?%gﬁég%aﬁ tegﬁl %@%g !%I{&Wz}‘?;é@ita but preferably
or ef'e? er m rivaimee pmrsriatera tprtaficraue at 'akl_azﬁuic;n &lofcgh e@f‘-ﬁg B%Télﬂﬁtﬁ%%ﬁ%% g
o e BRI P B B iy N R el R
i s separat &leGied sigrabithat &t fed begk todhperstamiponitollel B Whezeliyotht kentolidias e plekivgy
ﬁl enent ; waaihel lth_e&é'k&i:]&m@fre sained \J&l&pﬁce @Mg%m%&]%%}ﬁm%f ggav% o Be %ducetsdea
eat zone, yuher ein heat zone s applied uniformy actbss: Mé| FoEtte.
13. A method For m%‘? gz?%q aBT?}%"s'{y i TR ipdibsiag the gesitinarof teeowrkniest WG relatiee totthps
of : heat radiated surface 66. In this manner, the antomated welding system 10 can accurately and precisely
determine when the workpiece W has been sufficiently heated to be welded to the other workpiece. This
20 eliminates any need for the operator to make a subjective visual determination that the workpiece has been
sutficiently heated.

With reference to Figs. SA and 5B, an exemplary software flow diagram is provided for a typical
welding operation that can be executed by the control system 12. At step 200 the operator mounts the first
workpiece on a2 movable platform or platen and at step 202 flhrough 208, the workpiece may be aligned

25 such ag through a laser sighting technique as is known in the art. At step 210 the second work is mounted -
~ to its actuator and at step 212 the operator initiates an automated set-up routine.

At step 214 the movable platform holding the first workpiece is-raised until the workpiece
contacts the heater block 14. This sets a zero point reference for the first workpiece. Contact of the
workpiece with the heater block 14 may be accomplished, for example, by capacitive sensors and/or load

30  cells or any other suitable position detection technique as at step 216. At step 218 the workpiece‘ is
lowered away f_rom the heater 14 to a predetermined starting point'based on various input parameters from -
the operator including part size, materials and so forth, This initial 2ap is based on the expected growth of
the part due to heating, At step 220 the second workpicce Wy is lowered until it contacts the heater block
14 to establish a zero reference point for the second workpiece, again ag detected by an appropriate

35 contact sensor such as a capacitive sensor at step 222.




a) heating each workpiece to a tenperature within a predeternm nedI rﬁggfsof
tenperatures; b) said heating step conprising using two heating ekei et

with each heating el ement radiating heat towards a respective wFr pnt 13
2nd c) controlling separately the tenperature of each heating el enent. .

[ | Si f at ne sai d
The nethod of claimL2 further conprising the step o _ ;g 0 4
heating el enments focusing radi ant heat toward a respectl%e é@%ﬂﬁl e%@. 14.

The nmethod of claim |2 wherein said workpiléces are heated to different
tenperatures during a welding process. 1~. The nmethod of claiml4

| Si [ f said heating
onprising the ste separatel y detecting tenperature o : g
gl gp ment s; ° separ a‘%tesfqﬁ 3%19 l‘@éf"i"ﬁ‘bwf’"é*@@rimlmdéo dpredgarinined sthofih £t 1208l R GhiRG

i i h®inkt 4 5k bot h wor kpi eces

two wor kpi ebete tioge ttiepist iy thoinitend of BEpMPhded 5h EGESePfhy ! Sipp 226,
have reacheg, &..plEdekermned éezvgectéel ve toerrper attigrt%. &gd:ﬁlﬁgﬁ‘?ggédﬁdb
claim 14 whereln sald workpi K ‘éiir_ %r"‘tf@&PQ‘}“ Ficerttatscthat iworkpige cte ya)
heating st ef9ad fl stegp2s. ihismstiblishesciemi paifc fglufohthftgeﬁ@gﬁ)vw{?g ?ﬁ?ﬁ"%ﬁ%ﬁ }S @psgp 9,

' | s WOr.kpi s to. be wel ded, | _
or kpi cce 1 & pa RBRET Bl B RESETL 8P e din ostenieboiposcerts
made of a nGHHePPPHHS: dd $kb|282. b srindworkplecdhis iy GreaeandQut KB £AGKd Shefitor

initvhted ) ; i d heating
inbtenthdseR  range of tenperatures; c) sai
L?rergegg?rg;?gi ngh{;s;n(;ta;m‘g&%gr?%iég&gel.emant s with each hggtl ng el e._ment -
radiating heat tOWSY g% ’\éﬂr@é‘tﬁ‘é@t"? ¥ i§eritadicelen itahdmel positionantts akiting gosition as

gni ] . | xture for a
separ at el y delseted lrmplémiaswitck apdteperzgh Ahﬁ@tmﬂ,ﬁbo%E?iE’%}E:?% 903163 rrl%?‘li(mé %‘, il e fepreure

ror kot e Ui weLIG N ket el 10 LT O e
menber heater was in the home-retracted position. In such a case, at step 240, the heater power is then increased
to raise the heater temperature to the desired welding temperature, which is selected and controlled for
each workpiece independently. At step 242, a welding timer i§ initiated. By accurately contfolling the
temperature of the heating elements 20, 22 as well as the workpiece temperature at the weld site, the
15 workpieces can be heated starting at step 244 until the workpiece temperature sensor at step 246
determines that the workpiece has been heated to its proper temperature. The timer used at step 248 to
assure that the workpicce is heated within a predetermined time window otherwise a possible fault with
the heater block or related circuitry may be indicated. After the workpiece tcmperaﬁue sensor determines
that the workpiece has been properly heated to the welding temperature at step 246, at step 249 the heater

20 block is retracted once again to its home or retracted position.

Al step 250, the workpiece actuators move the workpieces into contact to join the two parts
together. Al step 252, the parts are held together for approximately ten (10) minutes in this example. An
audible and/or visual alarm may be provided at step 254 to alert the operator that the welding procedure
has been completed and at step 256, the operator can remove the completed structure from the fixture

25  apparatus at step 258, At step 260, the operator determines whether similar parts will be welded during
the next cycle or whether a new set-up is required due to a part change. At step 262, the next pair of
workpieces are loaded into the apparatus, and the welding procedure is reinitiated back to step 234. Ifa
new set-up is required at step 264 program loops back to step 200 and the various parameters for the
welding operation may be input by the operator.

30 With reference to Tig. 6, a typical heating profile for the heating elements 20, 22 in accordaﬁce
with the invention is illustrated. In prior known systems, the heaters would be activated and simply heat
up to some predetermined but not regulated temperature. Therefore, workpiece heating at the weld site
was not controlled and inconsistent. I accordance with the imvention, because of the use of the heating
element temperature sensors and the workpiece temperature sensors, the workpieces can be heated with

35 any desired heating profile. In the example of Fig. 6, the heating elements 20, 22 are initially heated to a
first temperature T1 that is preferably but not necessarily belo-w the melt temperature T3 of the workpiece
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corresponds to the moveable workpiece, so that when it is moved into contact with the other workpiece,

the weld site is displaced from the “view” of the IR temperature sensor. In actual practice, line C would

show a gradual cool down in a manner analogous to line D. The jump in line D that occurs at T1 is the
femperature increase that occurs at the weld site when the two workpieces are joined.
25 The examples of Figs. 6 and 7 are intended to be exémplary in nature. The selected héaﬁng
profile may be determined for each particular part or material being welded.
With reference to Figs. 8A-8C, the invention also contemplates fixturing concepts that improve
final weld quality and strength by substantially reducing applied forces and residual stresses at the weld.
In accordance with this aspect of the invention, at least one of the workpieces is mounted on a fixture such
30 that as the weld cools, the workpiece is axially free to move relative to the fixture. This allows the wéld
to cool without axial constraint or residual stress.
In the exemplary embodiment of Figs. 8A-8C, a first workpiece W, in this example a threaded
fitting tube end, is to be welded to a second workpiece W, such as a valve. The drawings are simplified

for clarity and show only the workpieces and one of the fixtures. In thic example the valve W, is the
35  moveable workpiece.
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The concept embodied in Figs. 8A-8C relates to 2 tubular workpiece having 2 central bore 200
therethrough. The lower end 202 (as viewed in the drawings) of the workpiece W, is the end that will be
welded to a corresponding tube end 204 on the other workpiece. These ends 202, 204 define the weld
site. The fixture 202 in this case is the moveable fixture that allows the workpieces to be joined (as

5 described herein before with reference to Tigs. 3A-3G).

In this example, the central bore 200 is not a true cylinder but rather has a slight axial taper
because the part is 2 molded part. The fixture concept however ﬁmy also be applied to workpieces that are
not tapered or molded. The fixture 206 includes a base 208 that is installed on a suitable support (not
shown). The base 208 is moveable by a suitable actuator as described hereinbefore. Extending from the

10 base 208 is a fixture mount or pin 210, The pin 210 is appropriately sized so as to have a slight
interference or frictional fit with the workpiece bore 200 before the workpiece is heated as part of a
welding operation.

In Fig. 8A the workpiece W, is mounted on the fixture 210 prior to heating and is snugly held on
the pin 210. In Fig. 8B the workpicce has been heated as part of a welding operation. During the heating

15 time period, the workpiece “grows™ so as to have a substantially reduced grip on the pin 210, but with '

enough residual gripping force such that the workpicce does not fall off the pin 210. The reduced
frictional interference between the workpiece and the fixture 206 decreases to the pomt that the fitting is
able to slide along the pin 210 during cooling of the formed weld. After the workpieces have reached
their respective welding temperature, the parts are joined and the fixture and pin 210 are held in position.
20 InTig. 8C, during cool down (for example from about 400 Cto abouf 270 C) the fixture 206 is held in

position as the weld cools. Since the frictional fit has been substantially removed, the shrinkage that.

occurs due to the weld cooling pulls on the workpiece which is now free to axially slide zlong the pin 210.
Those skilled in the art will appreciate that the movement described is rather small but significant. If the
workpiece were not free to slide along the pin 210, residual stresses would form in the weld, The

25  workpiece is removed from the pin 210 before complete cool down, otherwise the workpiece would return
to its original dimensions and be snugly retained on the pin 210. This complete cool down may be used
however when required. The slight axial displacement of the workpiece along the pin 210 is exaggerated
as the gap 212 in Fig. 8C for clarity. The workpiece W, is still radially aligned during cool down, but is
axially unconstrained so that the weld can cool with little or no residual stress.

30 With reference to Figs, 9A-9D, an altzmative Embodilmcnt of the fixturing concept is illustrated.
This embodiment is useful for parts such as a standard ISO tube end fitting 250 that has a substantially
cylindrical inner bore 252. The 1SO fitting is the moveable worlpiece W, and in this example i being
welded to a valve body W,

A standard ISO fitting is characterized by 2 radially outward extending flange 254, The fxture

35 260 is configured to loosely capture the fitting 250 and hold it in radial alignment via a pin 262 that
extends into the central bore 252 of the fitting, The fixture 260 includes 2 collar 264 that radially captures
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The inventtion has been described with reference to the preferred embodiment. Modifications and
alterations will occur to others upon a reading and understanding of this specification. It is intended to

include all such modifications and alterations insofar as they come within the scope of the appended
claims or the equivalents thereof, '
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L Appuaratus for welding plastic workpieces together, comprnising:

a heater block having first and second surfaces;
a first heating element for radiating heat from said first surface;
a second heating element for radiating heat from said second surface;

said first and second heating elements being separately controlled for temperature.

2. The apparatus of claim | wherein said first and second heating elements are disposed in a
single housing. _

3 The apparatus of claim 1 wherein at least one of said surfaces is non-planar.

4. The apparatus of claim 1 wherein at least one of said heating elements is laid out in a

non-planar configuration.
5. The apparatus of claim 4 wherein said non-planar heating element concentrates heat

radiated from one of said surfaces.
6. The apparatus of claim 1 wherein said first and second heating elements direct heat

radiated from said first and second surfaces.

7. The apparatus of claim 1, further comprising a control circuit that controls respective
temperatures of said first and secoend heating elements independent of each other; first and second
temperature sensors each respectively sensing temperature of an associated one of said heating elements;
a first weld temperature sensor for detecting temperature of a first workpiece being heated by one of said

'heating elements; and a second weld temperature sensor for detecting temperature of a second workpiece

being heating by the other of said heating elements, wherein at least one of said weld temperature sensors

comprises an IR heat sensor.
g. The apparatus of claim 1 comprising first and second fixtures for holding first and second

workpieces to be welded together, at least one of said fixtures being mounted on a moveable platform,
and a control circuit for controlling position of said werkpieces relative to each other for a welding

operation.; wherein said heater block is moveable between a retracted position and a welding position

near said workpieces.
9. The apparatus of clarm 8 comprising first and second heating element temperature

sensors that provide signals to said control circuit corresponding fo'tcmperaturcs of said heating elements
and first and second weld site temperature sensors that provide signals to said control circuit

corresponding to temperatures of said workpieces.
10. The apparatus of claim 13 wherein said control circuit controls heating of said heating

elements according to a predetermined temperature profile.
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separately controlled as to temperature relative to the other heating element; wherein each of said first and

second heating elements produces a heat zone, wherein said heat zone is applied uniformly across a weld

site.
12, A method for welding plastic workpieces together, comprising the steps of:
a) heéting each workpiece to a temperature within a predetermined range of
temperatures; ‘
b) said heating step comprising using two heating elements with each heating
element radiating heat towards a respective workpicce; and-
c) controlling separately the temperature of each héating element.
13. The method of claim 12 further comprising the step of at least one of said heating

elements focusing radiant fieat toward a respective workpiece.
14. The method of claim [2 wherein said workpieces are heated to different temperatures

during a welding process.
15. The method of claim 14 comprising the step of separately detecting temperature of said
heating clements; separately detecting temperature of each workpiece; and welding two workpieces

together by joining the workpieces after both workpieces have reached a predetermined respective

temperature.
16. The method of claim 14 wherein said workpieces are vertically oriented during said
heating step. '
17. The method of clairn 12 further comprising the steps of:
a) selecting first and second workpicceé. to be welded, wherein a first workpiece is
made of a melt processable material and a second workpiece is made of a non-melt processable material;
| b) heating each workpiece to a temperature within a predetermined range of
temperatures, ‘
c) said heating step comprising using two heating elements with each heating

element radiating heat towards a respective workpiece; and
d) . controlling separately the temperature of each heating element.

18. A fixture for a workpiece being welded by infrared heat, the fixture comprising:

a base;
a2 member extending from said base and adapted to engage said workpiece; said member
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heated as part of a welding operation.
19 The fixture of claim 18 wherein said member comprises a pin that has an interference fit
with the workpiece prior to the workpiece being heated.

20. The fixturs of claim 18 wherein said member comprises a collar that captures a

corresponding flange on the workpiece.




