O bital Weld Head Rel ated Application [0001] This
application clains the benefit of the filing date of
wBoR0msssi onal Application No. 60/481, 216 fi | pA/BPOE025763
12, 2003, the entire disclosure of which is
i ncorporated by reference. Background of the invention
[0002] Orbital welding involves the use of a weld head
that retains an el ectrode that revolves (orbits)
around a workpiece as it welds the workpi ece. The
wor kpi ece may be, for exanple, two cylindrical tubes
havi ng abutting end portions to be wel ded together end
to end. [0003] A known orbital welder includes a weld
head that has two jaws defining an openi ng between the
jaws. The wel d head i Onbiitat Wkld Headwel di ng position
relative to the workpiece by noving the workpi ece
RelatddlApplifatioie openi ng between the jaws. The workpiece is
then 1n a circular work space inside a rotor. The
rotor carries an el ectrode. Wen the weld head is

[0001] okhis apritpatiomelaingsthe bensiispbthe iggdatend UsoPropisianal Agplépation No.
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wor kpi ece. The heat of the arc welds the joint on the

Backonomidhofthe inFaioBsent at i ve patents showi ng this general
type of welder are U S. Patent Nos. 4,379,215 and

5844, 1 t.he .entire discl res, of ich ar
00021 ok b ima i fiohE B EruPE e sl hedbcie that revotves
(orbits)\rloghd @ woilasiesas i WElHE 8% worBpibed. altel vidrkpidbe by 68, fBa@tample, two
. _Many known orbital welders have no internal cooling
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di ssipate the heat well. This can degrade any plastic
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wor kpi eces the known we can we
betwedndhejasvst thewedldihdaeddsl plmast inkewdtingwesitibo relatble. to @hdreorkpiece by
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parts of the known weld head. For exanple, one portion

actuatesh thetretor netates elesiud teowetkpined, add Sezlesinode brbits gbaiiee wbtkipicce. An
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joint on the workpiece. Representative patents showing this general type of welder are U.S.

Patent Nos. 4,379,215 and 5,844,190, the entire disclosures of which are incorporated herein by

reference.

[0004] The arc welding process produces a substantial amount of heat. Many known orbital
welders have no internal cooling system and utilize plastic components that do not dissipate the
heat well. This can degrade any plastic components of the weld head and thereby limit the
number of workpieces the known weld head can weld before the weld head must be allowed to

cool. Other known orbital welders have a water cooling system or other forced cooling system.

[0005] Heat generated during the welding process can also cause expansion of parts of the
known weld head. For example, one portion of the known weld head includes a circular groove
with a rectangular cross-sectional configuration. The rotor has a circular boss with a

complementary rectangular cross-sectional configuration. The boss on the rotor is received in
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conpl enmentary rectangul ar cross-secti onal

configuration. The boss on the rotor is received inthe
w@e@sweseThe slip fit engagenent of the boss i PCT/H82004/025763

groove controls and gui des novenent of the rotor. As

the parts of the known weld head heat up and expand,

the rotor boss can bind on the portion of the known

wel d head that includes the groove. [0006] One way to

avoid binding is to add nore cl earance between the

rotor_ and the insert; this produces, however, an

the graovec The slép fihensagweant abthedions it the g1Roxe eostilsand guides énovement of
P |

e ol UTRRL B2 6 106 AL 904/ S0l BS38 bos can i n
the pottivatof hedcdoeesweld hembthat iecludesthe gapvand no bi ndi ng

W t hout the need for the additional clearance. Thus,
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t hat expansion. As a result, nore accurate an

consi stent welds can be obtained over a | onger period
Summary of the Inyentien over heati ng becormes a probl em [0008]

The present invention relates to several other
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features can be enployed in an orbital weld head and
“Be considered to be within the scope of the invention.
Brief Description of the Drawings [0009] Fig. 1 is an

[0008] GKI}SH @d@'ﬁt pEEsiBCiias 1 ke biter ubldtdgead feauee wr@iamsm weld
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Brief Description of the Drawings

[0009] Fig. 1 is an exploded perspective view of a weld head in accordance with a first

embodiment of the present invention;
[0010] Fig. 2 is a plan view of a metal insert and rotor that form part of the weld head of Fig. 1;
[0011] Fig. 3 is a sectional view taken generally along the line 3-3 of Fig. 2;

[0012] Fig. 4 is a plan view similar to Fig. 2 with other parts of the weld head added;



parts of the weld head in an unexpanded conditi on;

[0014] Fig. 6 is aviewsimlar to Fig. 5 showi ng the
w@artsm18s62 t he wel d head in an expanded condi tiPCT/US2904/025763

[0015] Fig. 7 is aviewsimlar to Fig. 5 of a weld

head in accordance with a second enbodi nent of the

invention; [0016] Fig. 8 is a perspective view of a

brush/spring assenbly that fornms part of the weld head

of Fig. 1; [0017] Fig. 9 is a plan view of the

.ush/ spr| ssenmbly .of Fiq. 8 1 Ei LS. A, phan.
10013 Higs s e AP E ety Sl aisrion of e Etle sl ok Fiel HyBVing he
parts of EHervoele HbAin A iheGfanbéEcdnditiimt i on; [0019] Fig. is a
perspective view of the brush/spring assenbly of Fig.
10; [0020Q] Fid. is_a plan view of a brush/spring
[0014] g eisiaview sinala Mﬁa&:g shewingthe parits of theiysie isad il a expgaded
conditfgﬁ;v tion; [0021] Fig. is a pers!oective view of the
ush/spring assenbly of Fig. 12; [0022] Fig. is a
pl an view of a brush/spring assenbly in accordance
[0015] vifigh? m afviéw kingtep talFige hof efweldizead nw esvordance ith 23cdridggmbodiment
fih 15 i s a perspective view of the brush/spring assenbly
ofthe {pveRios 14. [0024] Fig. is an enlarged sectional view
simlar to Fig. 5 of a portion of a weld head in

[0016] a{ﬁg.og ﬁat'rzlfeespwm vdevs bR & BrieARpEh@REmBlly thal Forniivieit ¢ R weld head
. [0025] Fig. is an enlarged sectional viewsimlar to
of FigH;g. 5 of a portion of a weld head in accordance with
a seventh enbodi nent of the invention; and [0026] Fig.

i : ' ' M) t@ Fig. 5 of a
1001 7] e e B P e B Mg € 2 i ght
enbodi nent of the invention;Description of the
[0018] I1Figelitis apldn0G@w pf Theshisperpassembbrit iacsordapicamath 4 third embodiment
fih orbital weld head and is applicable to weld heads of
orthe IXPUAGRy and different constructions. As representative
of the invention, Fig. 1 illustrates a

[0019] Fig. 11 is a perspective view of the brush/spring assembly of Fig. 10;

[0020] Fig. 12 is a plan view of a brush/spring assembly in accordance with a fourth

embodiment of the invention;
[0021] Fig. 13 is a perspective view of the brush/spring assembly of Fig. 12;

[0022] Fig. 14 is a plan view of a brush/spring assembly in accordance with a fifth embodiment

of the invention;
[0023] Fig. 15 is a perspective view of the brush/spring assembly of Fig. 14;

[0024] Fig. 16 is an enlarged sectional view similar to Fig. 5 of a portion of a weld head in

accordance with a sixth embodiment of the invention;

[0025] Fig. 17 is an enlarged sectional view similar to Fig. 5 of a portion of a weld head in

accordance with a seventh embodiment of the invention; and

[0026] Fig. 18 is an enlarged sectional view similar to Fig. 5 of a portion of a weld head in

accordance with a eighth embodiment of the invention;



portion of an orbital weld head 10 in accordance wth
a first enbodi nent of the invention. [0028] The weld
whem@d/ 018862 ncl udes an insert that serves as theP@OEES2004/025763
the wel d head, supporting many of the other parts of
the weld head. The insert 14 has a generally circul ar
wor k opening 16 centered on an axis of rotation (Fig.
2) of the weld head 10. Two electrically insulating
edge pieces 20 are secured to the insert 14, in a
manner not shown. [0029] The insert may be nade from
Descripgion of ithe Inyentien pr ef erabl y nade froman electrically
conductive nmetal, such as stainless steel, copper, or
Al §
0027) Dy BB Rl S@Sﬁﬁéﬁeh?sﬁ.‘ﬁw%?%%‘i@ rigld heads of
arymgﬁaﬂm differetn GSnsmhllBtwﬂE Heaepredentative @f tHetinverition] Figet tllustrates a
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nmore welds in a given period of time. [0030] The weld
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head i ncludes first and second covers 28 and 29
ecured to the insert 14, The cove a d 29 ar
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- Belgium with facilities in the US at Cogebi, Inc.
Crosby Road Industrial Park, 14 Faraday Drive,
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material, An alternative material is CogethermP. The
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[0031] The weld head 10 includes first and second covers 28 and 29 secured to the msert 14.

The covers 28 and 29 are made from a heat-resistant, electrically insulating material. One
suitable material is a high temperature plastic, or a phenolic material. Another suitable material

is a mica laminate.

[0032]' The preferred material for the covers 28 and 29 is a mica laminate sold under the brand
name Cogetherm M. The material is manufactured by Cogebi — Huysmanslaan, 65, B-1651 Lot
— Belgium, with facilities in the US at Cogebi, Inc. Crosby Road Industrial Park, 14 Faraday
Drive, Dover N.H. 03820. This material is available from several vendors. One is Curbell
Industrial Plastics, 23103 Miles Road, Cleveland, OH 44128.



[0034] Chemically, mca is an alum no-silicate

conposition. Two main classes exist: Miscovite, when
weassiseam pr edoni nat es, or Phl ogopite, when MagRES1004025763

IS present. Mca ore possesses a specific property: it

can be cleaved to give very thin | anellae (sheets or

| ayers) of constant thickness. The preferred mca

material is a |am nate including several sheets.

[0035] This material is preferred because it holds up

to the intense heat produced fromwelding at the
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becone unusabl e under the high heat conditions
[0035] EKIEe et profefred bedansit holds ap tothedfitehdechenteprddived drom welding
10, [0037] This mca_ |l am nate mater.i al ‘F‘Lﬁ?t known for

at the deseredczeasehValddaienthe Brefersyonrigualn srtedat afopEpuous use
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to the thit@ise expdsarequdhe weldmganclati at doseguoxsitmityc dt dass abedgfeting or melt under

arc and. erosi on. Lag.the.g?lgnstructi on of induction and
the abgyeconditipns.s soBSHEASHE S used for its thermal and

el ectric insulation properties, as well as its

[0036] PERSBRRI 1hininatd ashe@hfouhe SIRES Yo HEIMRP bettert then friyed fth®known
i nduction heated equi prent for brazing al um num and

plastics aipqskin thisspplicasion.o AR iaesull; Girsmptsrialopl@y ysed As # gover for an orbital
repl ac fo -ce t es . .
weta R BT b L PO OB A bR S, e mice
lamind1€ e dyethot Heforml et attiivkd goine vmnsabdsuelef thevmighleat conditions
strength). This has not, however., been found to be the
experignged inpFesipinpreonsgtionjodfhe welddgad 1% sheet formin this
application.[0039] The preferred mca | am nate

[0037] "RhE&Mhith 1nRinstB SRS isnBWMRbALR %s Alrel B ent FRR @lbeslok and for other
cones in various thicknesses. The closest stock. )
insulatihg béands Hravatietytod applivetionsadtisisethindrgh v oléage @aplianee) thanks to its
dielec%n% qualities and its resistance to electric arc and erosion. In the construction of induction
and arc furnaces, Cogetherm is used for its thermal and electric insulation properties, as well as
its permeability to high-frequency waves. In the field of induction heated equipment for brazing
aluminum and copper discs to cooking utensils, Cogetherm is a replacement for asbestos-cement

plates.

[0038] From the known characteristics of mica laminates, it could be perceived that
delaminating is an issue (low shear strength). This has not, however, been found to be the case

when the material is used in sheet form in this application.



the appropriate thickness [0040] The wel d head 10
further includes a rotor 30. The rotor 30 is an
web@sprssenl | y conductive, netallic nmenber suppRCT/E820041025763
the insert 14, in a manner described bel ow, for
rotati on about the axis relative to the insert to nove
an el ectrode about the axis. The rotor 30 has an
annul ar, Cshaped configuration including circular
i nner and outer peripheries 32 and 34. The inner
peri phery 32 of the rotor 30 defines a work space 36
[0039] The bRerrel dich¢anind@, materialts macmnmﬁwpupéaé@s @ ghegstock. It comes in

vaﬁousj{gl%}(%gegséss\é‘ h\évr%lagleg g@e% g‘l‘g\ﬂﬁﬁ wp d Hgs[eg %Iﬁ%‘ ]éhee:rlgﬁacﬁlﬁ{ea [(milled) to

the @ ;@1ﬁ95£0 enabl e novenent of the morkplece into
ppcﬂa space 36 of the rotor. The outer peri phery 34

of the rotor 30 is forned as an external

(0040) EeorcasheafddriusheninelulagpicEUnEbAETst i i Rlsciripady conductive,
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axis 18fr@faﬁ€e {oSthe Biabit eslmioPe hﬂneledmdeabgetahe 2gis. [HOURGr Hrhas an annular, C-

electrode 42 is f dto th
chapednet oo i e oo R S B, 3 e
R

can be pRREd firividding bhtheanudkpgited he sane el ectric potentia
as, the rotor 30. As the rotor 30 rotates around a
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moverﬂ@?l'?g the %‘;ﬂ_e&é’lnfohtﬁe ot sla8938bf fﬂé@oﬂbﬁt Dlie @ﬁeﬂmphﬂy 34 of the
I NSu ator I gs and 3) which is prefer

rotor 3Drioformed es amextemal geat.aThe epviernplasar e te T g‘k%)“%ééhes with the idler
revent skin e t

sars 5 A TSI, ARSI 06k S0t i

romnoﬁgQﬂﬁ%1§aﬁﬂkﬁ@@ﬂMwﬂﬁeg&g@n gas to aid in the welding
process, as is known. [0044] The insert 14 has an

002) B 5 i A R T o o
extena§6a ﬁlz;f{n&%? Errdth thd Hﬁe{)ﬁ%}%hé@ 480 fh SRS I0) ik tHeheork@pare 36. The

ps to position and %w de the rotor on
electrdd@siris ellfeouncalo,t adridoctivalwith, apfet thg isamg glectrip@oistial asofhﬁ gagor 30. As
acircular, C

the rofgr p@ Eqtatsh argpgqlla 2 eq%%:) feI % {rgé Qf i3 a % SHRdnd Rofkpiece to

effect welding of the workpiece, in a manner known in the art.

[0043] The rotor 30 has an insulator 31 (Figs. 1 and 3), which is preferably made from a ceramic
material. The insulator 31 helps to prevent skin effect arcing between the electrode 42 and the
rotor 30. The rotor may also have notches (not shown) for receiving argon gas to aid in the

welding process, as is known.

[0044] The insert 14 has an inner major side surface 44 (Fig. 5) facing the rotor 30. The insert
14 includes a boss 50 on its inner major side surface 44. The boss 50 is a portion of the rotor 30
that helps to position and guide the rotor on the insert 14 for rotation about the axis 18. The boss
50 has a circular, C-shaped configuration when viewed in a direction along the axis 18, as in

Fig. 2.



Fig. 2.[0045] The configuration of the boss 50 is
sel ected to maxim ze operability of the weld head in
WO esalsse2 use. The boss 50 coul d have differ enPCT/US2004/025763
configurations in accordance with the present
invention. A first enbodinent is shown in Figs. 1-5.
Al ternative enbodi nents are shown in Figs. 7 and
16-19, and are di scussed bel ow. [0046] The boss in the
enbodi ment illustrated in Figs. 1-5 has a trape20|da

configuration (when viewed in_cross-section, in
[0045] Flhgc ogﬁgurﬁﬁ@n f>§ theboss Ahis selseipd Bumakinuse qme'ﬂ}bal&gﬁ the weld head in
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ner nmj or side surface sert 1
mventiona pefist eabodimehi igshiawn mrFigd. d€5.i Ali¢tmales dntrogimentsiare shown in
de. surfaces and 56 that extend obliquely

out.er sj
Figs. 7@@9\/!7&1?19 f‘%ar@ﬁ]éscgiﬁeflg €8%s2 and the inner najor side

surface 44 of the insert 14. [0047] In the illustrated
[0046] eIMsﬂSMn the REbS ARG HIkRHES DFigaNds R ¥R Qx%aladonﬁgmatlon
about a forty-five degree angle to the end surface 5
(when yirveddn eress-Sentien, asdp &ig- §)-dEhsiareaeidalapniipuragemincludes a planar end
surfacefeg}r)ﬁgjc %R 8}9#8%8%?188‘2’%‘?%?}2* sﬁg l?rfgcegé%gg}ée 1%96%140 The

trapez@d@le;oﬁﬁgﬁraﬁ@a 280 {nkludes mherf i d‘m@rtshie shiftes SHBRAS 6shad extend
surface 44 of the insert 14. The rotor 30 includes a

obliquefy bstreeen the endeguriger ¥hand the igenmaior gide switacg 44 ofghe megrt 14.

track 60 is a portion of the insert 14 and thus a
[0047] PQthd BRysPited BELYRIEND BRAiIJ A ROR! Ak S6RR®NES AhbBRh forty-five
guide the rotor for rotation about the workpiece
degreegpgleitn gle(ﬁndtsma”aweﬂjaﬂdaa dhe fﬁh@ majecidorfaas 44. i othed eanhodiments,

. - sh d cg gur ati on IS the sane as the
thlsané,i-escﬂg]glj?f&f ?Igtf?‘g%ﬁg? P#E“poss 50 on the insert
14. [0049] In the enbodinent illustrated in Figs. 1-5,

[0048] tTie oterGk Ha a Raforaider saprRZ:Os TidHi g, 59 Hdirg tha inmeAmlaydieiile surface 44 of
viewed in cross-section, as in Fig. 5). The track 60

the inspi 14efThpsefon30 @cwgmgroeﬁ@o@mcﬂcaﬁe)@m@ mB#OF $ide purfase 58. The track
60 is a&{(}?ﬁon {t“t Qg%eﬂ? ﬂ 91'1(1 @g% é%g%ﬂ)lﬁso e wel g'rhgf {ha %@?‘% rP%fsruon and
gulde the dototB @ for Sotdors aljd‘uaﬂreavcﬁl@plawjolﬁﬁlﬂglﬁthaewﬂdﬂﬂad The track 60 has a

bl lLy bet h d f 6 dt
cirouls h P PR BESE B DB TEGEBH 87 FOUB6Y CPPIGBIOn Ofthe boss 50 on
the insklthUst rat ed enbodi ment, the track side surfaces 64 and

66 extend at about forty five degree angles to the end

surface 62 and to the nmajor side surface 58. In other
[0049] dmntthelembodimentiiHigirated in Figs. 1-5, the track 60 has a trapezoidal configuration

(when viewed in cross-section, as in Fig. 5). The track 60 is defined by a planar end surface 62
on the rotor that extends parallel to the major side surface 58 of the rotor 30. The track 60 is
further defined by inner and outer side surfaces 64 and 66 that extend obliquely between the end

surface 62 and the major side surface 58 of the rotor 30.

[0050] In the illustrated embodiment, the track side surfaces 64 and 66 extend at about forty-five
degree angles to the end surface 62 and to the major side surface 58. In other embodiments, this
angle could be different from forty-five degrees. In the illustrated embodiment, therefore, the
angle of the track side surfaces 64 and 66 corresponds to the angle of the boss side surfaces 54

and 56, and the overall cross-sectional configuration of the track corresponds to the cross-



angle could be different fromforty-five degrees. In
the illustrated enbodi nent, therefore, the angle of

wao b®spisgek side surfaces 64 and 66 correspondsPCDUSI904/025763
angl e of the boss side surfaces 54 and 56, and the
overal |l cross-sectional configuration of the track
corresponds to the crosssectional configuration of the
boss 50 on the insert 14. In other enbodi nents, as
descri bed bel ow, the angles could be different, and

e GRS ROTATREE ) 9 e A OBl o
below,ttH@ﬂléébQ:ohﬁﬂQi diffefent, Bed eidleditsspaiienéeds abt ﬁd&essgfyo ove.

aresult, the outer side surfaces 54 and 56 of the
s 56 are spaced apart by a distance that ter
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oth of the side

&S on one or
apart bstarcﬁam that 1ﬁgztéat56thaﬁ thendistmosedbebfecnfthe dide surGeres 64 4nd 66 of the

soord Bl R 5o LRSS bR bR OR i

surface:sojré aﬁh%GQﬁtﬂ%bcﬁb 96 o iHclifeR @6 of the rotor track 60
es on the outer side surface 56 of the insert boss

50. As aresult, the boss 50 on the insert 14 supports
[0052] tHe inntroide30rites 64 of the rasar traoks0irides pp theianerids qurface 54 of the

insert l%qffé%ﬁ o{[‘ ?}-? § tr%g%ag SR Sy tace SE %tf\ﬁ%er?to"r R}gcl{ ﬁtz fhls &Otﬁg 85&‘ ﬁﬁg surface 56

posiTi ons ro

of the Indght Bbds)500 A dresiilf) 316 Bosd 40 ofi thel inedrt I aupportkitepatoe 38 6or rotation
of the rotor is concentric with the work opening 16 of
relative frethe iies6Ftt . The engagenent between the insert boss 50
and the rotor track 60 thereby supports the el ectrode

[0053] 412hg é}{fgé&gé}ft !thQve'th 1ﬁ§eﬁ'ﬁws§50 BAd the r6BPEESESD ﬂﬁ’o f)&@tlons the rotor

uring wel ding of e wor kpi ece. [0054
30 radmﬂy@h thenmem 14,40 rtmeinev\esﬂqmphmh Fogofabe rodertis p«vncanmrmé? the work

opnills IR P Ta o SRR U8 s o

thereby Qﬁ@foﬁs e Abctfodb |42‘&81I IﬁtdﬁGn R04 emdila patl, Q6taeded BR&he axis 18, during
ting engagenent of the nmetal rotor 30 on the netal

weldirigrgiéhe workpgaceat es a path for current to flow fromthe
insert to the rotor. As a result, the rotor 30 is al so

0050 51 Y 5L TR Bl o SPaph Sk 8 by i

conne@ﬁfmftﬁroaé? aﬁﬁhnﬁisein it @lge Pidcee2@eAs a 2Rubythe alssw 14ts dtuflill welding
potenti al .

potential.

[0055] The abutting engagement of the metal rotor 30 on the metal insert 14 creates a path for
current to flow from the insert to the rotor. As a result, the rotor 30 is also at full welding
potential. So also is the electrode 42, which is fixed to the rotor 30. The metal idler gears 24 and
the metal drive gear 22 are also at full potential.

[0056] The weld head 10 further includes a brush 70 (Figs. 1, 4 and 8-9). The brush 70 urges the
rotor 30 in an axial direction against the insert 14 (the rotor is thus a “side load” rotor). The
brush 70 can also help to conduct electricity to the rotor 30. A weld head in accordance with the
present invention can include an alternative brush design, as shown for example in Figs. 10-15

below and described with reference to those Figures.



[0056] The weld head 10 further includes a brush 70
(Figs. 1, 4 and 8-9). The brush 70 urges the rotor 30
WO poodt1ssst al direction against the insert 14 (PEEUSIDO025763
is thus a "side load" rotor). The brush 70 can al so
hel p to conduct electricity to the rotor 30. A weld
head i n accordance with the present invention can
i nclude an alternative brush design, as shown for
exanple in Figs. 10- 15 bel ow and described with

reference to those ures [ 57%@5 gemflc bru%
[0057] 7thetspagific bmShﬂQsﬂtl%tA% Sﬁfﬂeﬁﬂﬁgs § ig a,08¢-piegR meHbsE having a
generaﬂgn s B?@¥f E%h%&%ﬁﬁghﬁ%oﬂkvﬁ&?ﬁ%@e@ in S B@i?ﬁqg 9, hThe brush 70 is

ation en Vi In plan as in Fi

made fidrtiah eltricallyraoeiuctivrmatal. eTlect shapdcpniguraet isgentered on the axis
nmetal . The C-shaped configuration is centered on the

18.  axis 18. [0058] The brush 70 has a C shaped outer
portion 74 and a C shaped inner portion 76. The outer

[0058] pﬁ{éﬁrﬁﬂl Tén&fa @Jaﬁaﬂbat&tbr bb&®ni7a 0@ @kigped andr portibndés The outer
arns 78. The outer brush Eﬁ;rt ion 74 incl udes
portlorea4 of §0 baushtlies ireprpplae andanelpeas twe amps 7| Lot oigEprugfgprtion 74
nechanlc nne ti
includgstw e@f)%%% t%ﬁee of ?{épor :;7?) EOI%@CJE" r us%lw]ml b&ﬁl%ﬁon of the

brush 7@{3V[fﬁ(ﬂhdﬁs@m@,nnul ar configuration that is concent ric
with the outer portion 74 but lies in a different

10059) | Ficokeerigten (hel WaPBR e FRRED 9%%?&%%2 oBaiopghis

e Foht §iingands 82 extend
concerilﬂ@w@{l%l{ﬁp g%r%os???gﬁhﬂ%gq%?ﬁéﬁeﬁ%{ i The br ush S70 exten

betwedrsamgisiatendaacctitie ¢uter andlighdn padions 74 end Aaapf the brush 70. The spring
d bet r ot,or O and the first cover 28.

di
arms Sﬂlf?zg?%ﬁ’&iﬂt%m% hell?g%?slti BP’[}E 70 is in contact

with the rotor 30. The outer portion 74 of the brush

[0060] 7®hd §rub1'i‘ 70 K Hsathbled fhtht keld hdad 1060 et itA8 dlsprbmdmwvaeg the rotor 30
arms 82 of the brush 70 resiliency_urge the in

and thp Girsticover28. dhetiprer BPTHoR TRijha brash This 1 F?@ﬁcta%}ﬁbﬁii e gafor 30. The

o a5 RS HORE Srhlef eabt ancplis 2 o

brush 00 résileendlp fuk geoth8 frRer ﬁéhlbnl 176 of the hrashcaway[ {006 tHje fitlsecdver 2% The
of the s?rlng ar ns. as transmtte hro

inner pastion 7608 tedHeg g dise T REMFBEBIEN] b T DI ARy HgLFRBRpis the
force Wth@ é‘}r‘;@ Arﬂé%@tmt%"thil%Q&C' fically, this force tends to

rotor track 60 into firm engagenment wth the
|nsert boss 50, as shown in Fig. 6. As a result,
[0061] phiys fared of the spring arms 82, as transmitfed through the rotor 30, tends to urge the

rotor into firm engagement with the insert 14. Specifically, this force tends to urge the rotor
track 60 into firm engagement with the insert boss 50, as shown in Fig. 6. As aresult, physical
contact is maintained between the rotor 30 and the insert 14, thus minimizing the possibility of

arcing within the weld head 10.

[0062] The engagement of the brush 70 with the rotor 30 also provides another flow path for
electric current to flow to the rotor and thence to the electrode 42. This results because the brush
70 is made from an electrically conductive material, such as copper, and is at the same electric
potential as the insert 14. The brush 70 could, alternatively, be made from a non-conductive
material. Were the brush 70 made from a non-conductive material, the brush would still help the

rotor 30 to maintain physical and electrical contact with the insert 14. If the insert 14 were not
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contact is maintained between the rotor 30 and the
insert 14, thus mnimzing the possibility of arcing
wowdosiossshe wel d head 10. [ 0062] The engageneneCDUS1004025763
brush 70 with the rotor al so provides another flow
path for electric current to flowto the rotor and
thence to the electrode 42. This results because the
brush 70 is made froman electrically conductive
mat erial, such as copper, and is at the sane electric
otential as the insert 14. The brush 70 coul d,
metallig) then et brueht Y0 wheldmeerbtorheanetalliede prayida peurtent faw@aihaor the rotor
30 Were the brush 70 made from a non-conductive material,
" the brush would still help the rotor 30 to maintain
physi cal and electrical contact with the insert 14. If
[0063] tWeeh Itlfee»fzéld héad/\m 13 operated] dalt iscgentiaed. tThe partsisfithé @veld head 10,
wou] d, need e neta ide a current fl|o

includpgithe ingert L4 hesriondd. %’@%ﬂ%ﬁf Wes 4 TRl Jiisidesirable that
this exﬁglgsé@rflxg&ca&%%e 1oRor 36 baesh thd iReRaut s of the weld

I'ncluding the 1nsert and the rotor 30, are
heated and, as a result, expand. It is desirable that
[0064] tlﬁhesccmﬂ;gamszpm nf fhetinscaiboss Sthand efitbe rgor tr@ktﬁonmnunlszée possibility

of bindfGE G fhedptof RO SlegPoirt L LR FRIN: A Bdrs RS SLR! B g 10 are

in an L@Exﬁﬁnﬂgd Bchdpiort 3@h6WhH & Fig05 Woth the s ahd 0111361' side surfaces 64 and 66
Specifically, when the parts of the weld head 10 are

of the raforrackidase Horatasbivih ﬁhedﬁs%bossﬁ §0n 1f the mtex 30sthersatier expands
more thg} th'e {ﬂs%['tC]%n gﬁq%l?ﬂg r69 ‘rf]ﬁ’ glg ﬁ P%Q/Sfﬁﬁl}aﬁlg%qn vard ?él ttwt%efo élbe insert
boss SDfastshewﬂdli Big. 80 Onhesreaiftties s1ée($lﬁfﬂd6s trbarel Ghafithe lTEck 60 remains in

contao&mméﬁw}]?@i hese,s0-iEthe Rescianeus o gis sugoedd. sibptor §0 and it
groove S(Qalﬁgglcc)) | aF ({?1?1 2 iectRindRralty] oatﬁéﬁ)u@‘i 8)3‘£Ldtvéi§a§)lfate§a{181—-1n the

contact wth the insert boss 50~in
111ustrsttbrbemhmhn$hbhm thetsamesindans latbtmtly a6d npWhely @lnmaclsﬁdaaﬂthe rotor),

it r e 60 a SQ v rdly (in a direction
becausﬁaﬂ%zﬁl%‘&o e e ea@ftémq%ez ‘well as laterally- in the
illustrated enbodi nent, by the sane anmounts laterally

[0065] an%&m&t B¢ 50@Ad ﬁ@qﬁcﬁlﬁdela@fsmte@enmmh le oiteg auselsafegrees, the
the 45 degree angl e of the trapezoid. 065] If the

relative ﬁg@unts b yertical anddorirmntal mevenwot wawldshedié%”er\ﬁm o5 gxample, a larger

h e t

e G818 s R o ROt et Bl BB Byt woud
prov1dE%EeM&ﬂﬁﬂl fovambireletiveoghdiababvesdntt As theumie amjrcmched 90°,

side surface 44 and thg fimgl ed side sur E aces %
howevigg pinfling would become more likely. In contrast, a smaller angle etween the nner
major side surface 44 and the angled surfaces 54 and 56 would provide reduced axial movement
relative to radial movement. As the angle approached 0°, however, there would be an increased
tendency for the track 60 to jump off the boss 50. The forty-five degree angle is presently
preferred because it provides a mean, in effect, between minimizing binding and minimizing

axial movement.

[0066] The upward (axial) movement of the rotor 30 is tolerated in order to accommodate the
lateral movement that inevitably comes with heating and expansion. The amount of upward
movement is desirably minimized, however, to avoid moving the electrode 42 too far axially
relative to the workpiece. Although the 45° angle produced by a trapezoidal shape is illustrated
as the preferred embodiment, it should be understood that other angles may be optimal in
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provi de greater axial novenent relative to radial
nmovenent. As the angl e approached 90, however, binding
wowwsdigsezonme nore |ikely. In contrast, a snal PEF/USINGHE25763
bet ween the inner major side surface 44 and the angl ed
surfaces 54 and 56 woul d provide reduced axia
novenent relative to radial novenent. As the angle
approached 0, however, there would be an increased
tendency for the track 60 to junp off the boss 50. The
forty-five degree angle is presently preferred because =
particylgr applcations, deperding on weldihead size ped aglior. iihei prepent invention is
d XI al novenent. [0066] The
1ntend9&&ér§gw§5§éamsﬂ%@ﬁ%% ‘'of the rotor 30 is tolerated
in order to accomodate the | ateral novenent that
[0067] | T, tvhbh ;hecrotoiego ‘expdmdhbedauﬁgoﬁimdtl@g }ﬂm”mtomrdoes'l'ﬂit& move (or
i.s..desirabl

reconf?%’aé\}%fp%fnog ﬁ'aa %ﬁﬁ”ﬁ%ﬁéwedles et thegprer 9 Htedss%w but instead
contmﬁé'é t@lrid)é ffe%iyac{lbﬁ%thé ShsER Bo¥BIK pT il 19 b&gcﬁaﬁ%ﬁaqﬁack 60 of the

angl e produced a trapezoidal shape 1s i1l
presenamvmteoqxim apt lsud deboe ﬂmmtorﬁt) rslhsup thelragled dafesuifacks 54 and 56
be optimal inparticular

°fthe§f5%?zoif{§[1 tﬁgngﬂaera’é’ﬁ%g%g on vel d head size and ot her

factors. The present invention is intended to

[0068] ewtenfas®torl30 expadsmbe tradh 60moveéHQGidlly dtiwsird, WK fiddethe axis 18.
rotor 30 expands because of heatin the rotor does

If this grpangigpaverpio sauoie cRgAsEMentRIGWE sprages the altem@rpqmigﬁiar to the
d1rect1|8f2gt? g)g%hﬁgh e letOII.')q}eW&ﬁg 91[)? chqtuggd o'ﬁ@xye Veilt‘df:allg Pc]})exganswn

continues to ri ree ongthe In
could, a6 a rdsu#t, ¢veapripcaak bimling lﬁatwacguﬂha rgtot 3(aaid thOimgerttine
present invention does not bind, because the rotor 30

10069] { PR TEARRaHN PIEr G G A HEECo Ge FrOGREPAHE ROt D are selected so

that thE %r@é gé’&rﬁé@@jﬁf&lal te;a;ﬁmglbﬁ%k tr@%fme%eﬁeit%@lok YesAls Wakhical

romthe axis . his expansi on were to cause
movemm abn@égmtw EhlSta\HgWs mﬁmwlqmthgmrp@uﬂpm bingng torprovide too

s Gt BRI SOPBIR I, (2121, Yo

a result, eventually cause blnding bet ween the rotor

[0070] SSbatfd:aﬂh,ethé asgapingkdrfadd @A tHdyrotdrSORNE S40E tHerbbsm(l) @ﬂ& not
e.configuration of the track 60 and the bogss

peme@&uéaétt% or Bl el e therlarestinnof expansion %fdhwtqraafhsrefore fhe expansion
of the ﬁ%&%%ﬂams% 5 &Pmﬁtﬁ@l Q«ﬁf'ﬁ(gsi‘%gﬁx @Ee #%,th‘grlk(?ltal component
t i's al lows Tor

verti cal nt al so of e roto
and a ‘@rq:mrhsa)mporwht ofresulanbfores. tAsatestigthaptdrd Opnowsds dispdaced)
vertically as well as horizontally. This enables the rotor 30 to move to a position in which it does

not bind on the insert boss 50.

[0071] Typically the rotor 30 expands more than the insert 14 because the rotor absorbs more
heat during the welding process. If the insert 14 were to expand more than the rotor 30, the
relative radial positions of the boss 50 and track 60 would not be as shown in Fig. 6, but would
be reversed--that is, the center of the boss 50 on the insert would be located radially outward of
the center of the track 60 on the rotor. In this case, the outer side surface 56 of the insert boss 50
would be in engagement with the outer side surface 66 of the rotor track 60, establishing and
maintaining electrical contact between the insert 14 and the rotor 30, without binding of the rotor

on the insert.
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much initial clearance between the rotor and the

insert 14. [0070] Specifically, the engagi ng surfaces
w®2006018862 rotor 30 and 54 of the boss 50 are POL/US2004/025763

perpendicular to or parallel to the direction of

expansi on of the rotor. Therefore, the expansion of

the rotor 30 and its engagenent with the insert boss

50 produces both a horizontal conponent and a verti cal

conmponent of resultant force. As a result, the rotor

30 noves (is displaced) vertically as vveII as
[0072] KBt aro gammbaty conhie slestvedst €kandbe porkniccgGtays caumedmdien the rotor 30

expancgdgtl% (#i r[ﬁ?%e%v gt oug g%} 2 atncg gqu%s)%gtaﬁ%ﬁe g étﬂpﬁf’dsthe insert
boss 50.n& v¢ld Bedd Hadri @Uﬁﬁgﬁlhﬁrz{cﬁt mrcoaﬁssm,r f&ﬂds‘rﬂéﬁaﬁtﬁﬁﬂa gap) between

during the wel ding process. If the insert 14 wer
the roterasnghibe sete besidn 2v9id binding: His pressace & sieh o €ap st @Pan that the rotor

does nﬁ’!ﬁcﬁhlt éo?l@ éalf}lgi’%ﬂﬁglt%%vmogg? g&:g ahd BaEcPle %Uﬁg%é%ft&tﬂh@%nay result.

e reversed- t
center of the boss 50 on the insert would be | ocated
[0073] rHuitwlss sndmdckavodfigirationes of ding presenf inviatian prefer@ly bavetrivedesigned-in

n t casg, the out e 56 of
clearaie dhérelidhus b 1P 17 Ay A e R PR o more
accuraﬁ:‘ Vdﬁdﬁlgr 86 eibnAintch@rdnet 0dn bd @fkinded beshsdiNesbion S free to move
maintai ning el ectrical contact between the insert

amallymh@ntj expands rdvily3bus sgeommadatingenpasion witheutriading.on
the insert.[0072] The arc gap between the el ectrode 42

[0074] %‘&aﬁ%%h@@&{%%@e%‘fw% o§§§6 & &l 1%15}8 'ﬂhé et 'Em%E’the tgack 60,

s as SCrl even arance
the bog3ra@d €l trdvkthaeematihg surfices thaﬂptot/ide area%ntacb assmbfly ]Ale contact.

. wel d head having_a rectang r track, i n contrast,
Maxingziag $heJuparaifee 0 %néa&bi)e%@ﬁ AotoR 35 b the 1ot Pt this manner,

prov1db§‘§eq{el- e ROFRal B X%ﬂ A Windi e;_ REareBRRE HEre@ices UaH 1Gding. It

can [ean th rotor does hot turn
shoulddmnmdanstqod dhdt yhemankbindieg weclk frawreof the grasetduanéive is applicable to a

rode t1oning,m 0073] The b d
Weldh?? F&ﬁf‘%&ﬁ"%ﬁsﬂﬁﬁ&f ‘%ﬁﬁélesfeseng |nv15nt| gn 0% An

preferably have no designed-in clearance. Therefore,

[0075] tHIE! PilluStrit6s a fdréibn 0P b wWelEkeal| 18Y iPiccbfanédiith a s8condRifbodiment of
can provide for nore accurate wel ding. The designed-in

the invehterr andke wald hsad &04, thapasisionp o€ hgdess 3l the traek a1§ revegsed.
Specnﬁtacglcl:g%l\{r% lélg%ijlt #&a{ %af‘ggg Eéldﬁ@ﬁcﬂ%%r Eﬁgﬁ @64 %hfl%gﬁ;esljotor 30ahasa

t Binding
trapezﬁ&ﬂ&i@ﬁS@a‘tﬁatQ@ réceyed ait thenrack. T]iEEettgagﬁrn&ﬂ off $heshags 5@ oftthe rotor

configuration of the track 60, the bgss and_ the
308 in e NP O hetnsre aposidess s 5@%%6&%\78 © e dusedomhi mgsgement

also mBRtaif P& N cdl boRaG BRFA%h the rotor 30a and the insert 14a, even when the parts

are heated and expand unevenly, as described above.

[0076] Figs. 10 and 11 illustrate an alternative one-piece brush/spring or brush 90. The brush 90
is formed as one piece from an electrically conductive material, such as metal. The brush has an

overall C-shaped configuration when viewed in plan as in Fig. 10.

[0077] The brush has an inner portion, or brush portion 92, and an outer portion, or spring
p p P
portion 94. The inner portion 92 of the brush 90 lies in one plane. An inner peripheral edge
portion of the inner portion 92 of the brush 90 may be bent upward as shown at 96 to form a rim

to strengthen the inner portion.
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Maxi m zing the surface area of contact between the
rotor 30 and the insert 14, in this manner, provides
whedosm18sel ectri cal contact and al so m ni mM zes MERDS2004/025763

because it reduces unit loading. It should be

understood that the non-binding track feature of the
present invention is applicable to a weld head that

uses a plastic insert with a netal rotor. [0075] Fig.

7 illustrates a portion of a weld head 10a in

accordance with a second enbodi nent qof the_invention.
[0078] | Tworadiadly projeetipgriabs 9% 10En @sgrmer 8%10832%151 g outenpertiopg4. The

ouer LR RS s B a0 i LB uffnganeors

inner poetond2tandpieat ek ttatl flonsthe $59a taba &B. The spiwg aretw$ 100 ardwesilient and thus
track. Th@egg@gemsnt of the boss 50a of the rotor 30a

help tojppsitiqn the a of the insert 14a positions the rotor
relative to the insert. This engagenent al so maintains

[0079] CHRUrfshOR) is GOMEHH thE MleWEIRAd D f FIL 0fin BlRe aftheiigsh 70. When the

insert 14a, even when the parts are heated and expand

brush Yfhiswesempleddis threwelditsed 1 Qe ner @dreth rarten Saafthe brush is in contact
with tigsbi0P 56,3 s o FA IR Y BRR 8635 AR BB RY el 100, is in

or med ‘as "one

contacEWRE the f&rél doye£28) dTied brush P®helps @l posHioahhamtoreXOalxial e described
brush has an overall K C shaped configgrat'on Wgen . .

above,yrrgspadinfocopfagh Wil theinsergy 14, ppd alsp pyopt eﬁr?e'gl%Y etk Tepglectricity to the

I nner portion, or brush portion 92, and an outer

portion, or spring portion 94. The inner portion 92 of

the brush 90 lies in one plane. An inner periphera

[0080] ekige 1pa@nd il Billustratetem alternetivipond:pioce WRslyspringeorreshi 190 The brush

1101s Ehefge RoriehEEpR s NS b ud Pl oR. The brst
110 haBaRb®&hil MWHsHaBSE c A figueition Wien vVvVWRId iAldnl 30n §25. Wt h the

outer portion 94. e outer portion 94 is forned as

four arcuate spring arns 100 that are bent, out of the )
[0081] pFhetuslf | ¥0kasiagsaeraiy flot Baindpdy pertiondi 2 dayisg dnner apq pier major

. { tahs ael ' i b .
st i 316115 AL A P S 68 g i v
fasten@@pesingsobkeuring thwebrue 0 themsderl 04.0Thébgsh 110 13 gsbeatdecbin the weld

the brush 70. \When_t he_br IS assenbled in the .
hoad 10 i Eid s mu o FERo L LpLIBH PFSREY Gribyangrehetament with the
rotor 33! 48 bh&g}ﬁo%&lﬁ a6 nWl%flﬁnttﬁhewél‘atlﬁﬁd 30 is at ie: sRle dMbtric potential as

portion of the brush 90, 1.e., the group of spring
the insartrtd,. 100, is in contact with the first cover 28. The
brush 90 helps to position the rotor 30 axially as

[0082] d'ﬁ?ectgrlugle 910 further includes one or more spring fingers 120. The spring fingers 120

are resilient members that are formed as one piece with the main body portion 112 of the brush

rotor.

110. The spring fingers 120 are tabs that are bent outward from the main body portion 112 of the
brush 110 to form L-shaped projections on the outer side surface 116 of the brush, as shown. In
the illustrated embodiment, three spring fingers 120 are provided. Forming the spring fingers
120 as part of the brush 110 simplifies manufacturing. It also simplifies assembly, because

separate small springs can be difficult to handle and assemble.

[0083] The brush 110 is usable in the weld head 10 of Fig. 1 in place of the brush 70. When the
brush 110 is assembled in the weld head 10, the main body portion 112 of the brush is in contact
with the rotor 30. The spring fingers 120 of the brush 110 are in contact with the first cover 28.
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above, urges it into contact with the insert 14, and
al so provides a flow path for electricity to the

WO 2106/0188p0D080] Figs. and illustrate an alter naPCwES2004/025763
one- pi ece brush/spring or brush 110. The brush 0 is
formed as one piece froman electrically conductive
material, such as netal. The brush 110 has an overal
U shaped configuration when viewed in plan as in Fig.
12. [008 ] The brush 110 has a generally flat main

The bral | D posivi ey rorig i a6 JeP ey PG s ity fepiact with
the insBfY2Narllfs @D videPa BBHS Al By \é‘le&t’i‘lcft%% f#8@btopPeni ngs for

securing the brush to'the insert 14. The brush O is
assenbled in the weld head so that the inner mjo
[0084] sFige l¢antldddllustvptendn aligmabive BRslvspring dasign mﬁlgdmg abrush 130 and a

plurahggs es%gzirlrrg tsPWntgﬂlgfl H’gq% dl%% is E}Ext ﬁay 811? né rlm electncally

condu@tbleanitefd], aghlabenetdls Thé bivh 1B@B&&]n W&&lﬂﬂ&ﬁhpeﬂlﬁnﬁguraﬂon when

further |ncludes one or nore fln ers 120. The
vieweds By plagyas Indgjgr 2. 1By bapsh 130d1ap P ends fgigporpgnings for
I . .
socur PTBeATo HiEnREE MdthiiiSoTe ?%#%%“5??‘%"5@2 P10 o hat it s

in abu'amg ehgagerrmnt with dhe 1otom30h &herbiush 80 wheo msseorblal infthe weld head 10 is

to for L- sha proj ections on the outer side
mthe%%ﬁq ?%nﬁﬂﬁwﬁ?a %?%A'as shown. In the illustrated

enbodi nent , three spring fingers 120 are provided.

[0085] FH{tHb Nfistried Shibbitncht bOEES mﬁdas medetbr@sfh %)Hﬁgblmaﬁe provided.
O sinplifies manufacturing. | so_ si i fi

The blasts sprbigy 133 @reed;wsgcblwwaenethg hﬂJrSh 1§9 raqug@ gafrroper 28. The brush

S S L B REP L e OR12 B ve

the briish@wak Yt #H. ﬁrWUbﬂeﬂ. hﬁlebi’rwﬁlm% ik argad ﬁﬁﬁbh%enmnt Wigh the rotor 30,
wel d head 10, the main body portion 2 of the brush is

and trangmats ghefprceafithe Pl sr5ings L3l e 18i9Fi ng fingers 120
of the brush 0 are in contact wwth the first cover

[0086] 28he fb‘f‘cebtg Qb&sﬁ‘ \@/;l)xﬁ}fgst@Z RS td 1%?6 ttﬁh%ofdi’@@ﬁnt%@irﬁf‘én%hééfnent with

as descrl urges It o contact with 't
the 1nsertsld{ tSpmﬁcdbd ﬂa’s ﬁcmcepteDds tdesgfathe frater p:atkhﬁ(r ipto ﬁrm engagement with

N R VRO NERANE 0 N TRE R -

14, thds"iﬁi_nk&ﬁi Be Boaslid 3 RitRBin4h@lveldheall 16epar at e
springs 2. "The brash 130 is forned as one piece from -

an electrically conductive material, such_as netal

[0087] TAe discusspd amwyeiveith mierense taFiesU-Sresparsienaf thg aetar Wihout having to
provﬂéqgcpmuch initial clearance between the rotor and the insert 14, is obtained with the track

and boss configuration shown in the first embodiment. Alternative embodiments are possible.
The particular configuration that is selected for a given weld head is chosen on the basis of
predicted expansion. Figs. 16-19 illustrate a few of the many possible alternative configurations

for the insert boss and the rotor track.

[0088] An example of this is shown in Fig. 16, which illustrates a weld head 140 that includes a
track 142 and a boss 144 each having a round (arcuate or otherwise curved) profile. The track
142 has a curved surface 146 that abuttingly engages a curved outer surface 148 on the boss 144.

The radii of curvature of the two curved surfaces 146 and 148 are different, to minimize binding

14



viewed in plan as in Fig. 12. The brash 130 has two

ends 134 wth fastener openings for securing the brash
wao oooshesssnsert 14. The brash 130 is assenbl ed POT/Uk®04/025763

weld head so that it is in abutting engagenent with

the rotor 30. The brash 130 when assenbled in the weld

head 10 is at the sanme electric potential as the

insert 14. [0085] In the illustrated enbodi ment of

Figs. 14 and 15, three brash springs 132 are provided.

The brash springs 132 are dis ed bet ween e. br
and to pHoWARQIPFelD ﬁmqvgtaxeélv&n thimserhuhgh therfotgp ngg 3@}?%603‘156 of
heat resilient nenbers that act between the first cover 28
“and the brash 130 to urge the brash away fromthe

first cover. The brash 130 is urged into engagenent
[0089] mﬁrhmmmwfaoema@gamch othes ﬁh@ wadkwrfaoe orthsfrotonend the boss

surtacg s Oy D SR g oIk TP gt iy GGt oed not be
the saﬁ'lb LENRNGADSITEAN Mth@bésl%e (InEE kst ehbo@prat 440va) thy trapdofal or
force tends to urge the rotor track 60 into firm
manglelﬂlgmé‘ugnmowof thettraek isidenticabersimilay, topgndzsoaafey with, the
conﬁggrr%lop ﬁg e gé ?%\fh X s&tr%ﬁ ﬁ:%fnoq,l%&)ﬁé &@%Bmﬁaggig&gbf{i {r%;?eg]pidal track
150 with @iréganpuldribbss 152, sedhdwindadig Q7; <[)10:ﬁ8 E@m&&aﬁbtﬁ@ﬁmetdngular track

above with reference to Fi ans on of the
154 Wib B GHCWRE DRSS BRI FiBrISv] BeniosSihlg FHORIAY inplde Gurves that vary
contingéltfsg}? gde ﬁfakéﬂ%ﬁ@ o}ﬁ 'S’JIR:r 180fs bhg infsRtd 14, is

e tr 0ss configuration shown
in the first enbodi rrent Alternatlve enbodi nents are

[0090] p@ﬁmir pb’entieimembfalatibmﬂetr%kmﬁd lgusestar@wen iaFig. 9, which is a matrix
el ect ed

lhstrmepit o ¢ ERGHEPBY O PPRRe DG TricquprubBfs Shiyfhes. The
left coql[rnﬁ BewBibEsiBR S hihiRa@ddsEbNMAE infr 6ia8 birGAe i ki tosé Gfofthe track,
the insert boss and the rotor track. [0088] An exanp
and thetot shogvsmsghﬂ@ mnﬁgvrmo@s farghe gpieeside purfase phthedoss Wé?fdhe track. A
I ud es

pote R Qoo T 1500 gh Bl e st e B i

contac'fhﬁattﬂr&ﬁi@eié?eab@fab& dngune of stislfraeenicgbad hwsulabiitatliahgloyement.
engages a curved outer surface 148 on the boss 144.

radii ,of curyatu the t ur ur f.aces
[0091] aﬁae preseny iy egtien ’éraéﬂ{‘ bfeotomrrﬁo é)r‘blfax StQ W&? Gapled

orbital WELd" }%ﬁ&r aﬁc?to'@ﬂi@al %1@héa)ds At bfeoth&SBEded WG el tBéniQfe® Other

expands Tateral because of heat. [0089] The two
variatious ﬁquessmlbatF oewqag:ée dlactnacitdogld Het foemed erck membenetbenthan the one

111ustrate<(ie 1r Ot ?her

by the attached claims.

tfle 1nser? Such changes and modifications are intended to be covered

15



surface on the insert) could be non-mating surfaces.
That is, the track configuration need not be the sane
wa@sgooshessennfi gurati on of the boss. (In the firBCT/US2004/025763
enbodi nent above, the trapezoidal or triangular
configuration of the track is identical or simlar to,
and so mates with, the configuration of the boss.) An
exanpl e of this would be the conbination of a
trapezoidal track 150 with a rectangul ar boss 152, as
shown in Fig. 17, or the conbination of a rectangul ar
Having desskibadiheviiivantiancyve elgitsr boss 156, as seen in Fi g.
18. O her possible profiles include curves that vary
conti nuously, such as parabolic or hyperbolic profiles
or. an Anedbhitil eveldif)Pardbisteavingct wordkpce opertimgfolr irerebying a
tracks and bosses are seen in Fig. 19, which is a

workpigee {9 ke Weldgds sait 3nRarabitsROMBH ST e i nfinite nunmber of

possi béﬁxeﬁfb%f'év‘?ﬁg apdqeonbi nations of profiles. The
| eft col unm shows” possi’bl e configurations for the

i nner siater mtatdtde en odid nrembspalpup An afiss daisl ot cRITyiag@n electrode for
.the tap,shows.possihl e conf.iqurationsg for the outer
rotatiogy 3&%‘“@@? %’8\@%6 Ce_toﬂ?gm_f)'%goswnlnd angrorgnlgc? ﬁ’fﬁq?.l’ A preferred
profi | &g it MAtdLNbdss raeived al $aid ahck éfvatd meabeges
surface contact rather than |ine contact, that

pr oducsaid eptpranddiesphavingrpudesigned-ax plgrrapes aeisingeoniigured to
result of radial. t 00 nt
o S i TRy PR B RERSEDY
heads, to water cooled orbital weld heads, and to

orbital weld heads that, use ot her fo&lged ool i ng )
t échni Ab@RParesis 8f sgderthin Jug haeiysibe Gpatigugion of said rotor and

said b?%jﬁg#lﬁes 108 &if}:ﬁ&!@nﬁ'ﬁ% aﬁfr.ofg? qﬁfgétg%er e?%%m Rk pdis1dRIof said rotor.

€ one 11l ustrated, . an the insert.
Such changes and nodifications are intended to be

covered by the attached. cl.ai ng. Havi ng.descri bed th .

" Bvont PO PP S SR HPIGHD] FUEULTHA POt ERAgEp g aces of said
rotor 4HAVea{tGnBmWEY KRinBGE al? REGE Binsvese ELGHE WtiB EncdirihRFERb &C&id first

to be wel ded, said apparatus conprising: a nenber
directivawif naylizl mhovenient af sagt wiory ot at abl e on sai d nenber about

an axis, said rotor carrying an electrode for rotation

around t he workpi ece opening to weld a workpi ece

t her ei A HPhdtsQk @6t fBAN in@aith Dossreireehd itretengughny sirfaces of said
track of said nenber; said rotor and boss. having no

rotor afeistaishmember extendrah Ae anglpat foalydlycdsarerytalattyete said axis.

5. An apparatus as set forth in claim 3 wherein the amount of axial movement of
said rotor is determined as a function of an angle at the interface between said interengaging

surfaces of said rotor and said member.

6. An apparatus as set forth in claim 1 wherein at least one of said boss and said

track has a trapezoidal configuration.

7. An apparatus as set forth in claim 4 wherein both said boss and said track have a

trapezoidal configuration.
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acconmmodat e expansi on of said rotor w thout binding on
said nenber. 2. An apparatus as set forth in claim1l
wob@s©e18861 he configuration of said rotor and seCTURINS$025763

produces axi al displacenent of said rotor in response

to radi al expansion of said rotor. 3. An apparatus as

set forth in claim1l wherein said interengagi ng

surfaces of said rotor and said nenber extend at an

angl e transverse to said axis and transverse to said

first direction of radial novenent, of,said rotor.

AppAR 2DBRIAHS e sat TG} PIAIR. L PARIeidHRRse R seid jack each have an

mnumg@&ﬁﬁ%@gﬁglng surfaces of said rotor and said nenber

extend at an angle of forty five degrees relative to

said axis. . An apparatus as set forth in claim3

erein the anmount ,of .axi al. epent of.said rotor.i

42t o1 iR GHDH NS A Tt SqrHOR COAmL T SoTSHTiSHgA TRPbFringprush that
exerts RRIMABHI SrbAd 1A CERD GRMHNGuSHBEAE BImRll a§ahdhieey or and

said menber. 6. An apparatus as set forth in claiml

wherein at | east one of said boss and said track has a

t ezqQi fi | ON.q.: L. .

£ SE0R” Rh9BparfiiRs I Rliaifo P RRRAIEhYRNA%ASkid rotar are made
from HéxEand dré 8B ednatleaio boighiisltab o4id SactARpARPBIIEK.US as

set forth in claim1l wherein said boss and said track
each have an arcuate configuration. 9. An apparatus as

sef, f o;@%:&géeﬁaﬁﬁs al 8¢ forf il it Pﬁﬂ?’i@f &ging%lsgn s &lal %prrfng/brush that

spring hat exerts a side |oa r ot
exertsazidt lopt omgpidratel sdié spring/mustebeing famed ps e phiralit) of Bieces.

apparatus as set forth in claim9 wherein said nenber

and said rotor are made fromnetal and are at the sane

el eCt r WG PRIBRE hatet RGISAI Faifel ArthePEITRH MBS Micalidmindf cover for

apparatus as set forth in claim1l furthher conprising a
coveringsaifl refpr.i ng/ brush that exerts a side load on said

rotor, said spring/brush being formed as a plurality

of pieces. 12. An apparatus as set forth in claim1l

f ug.t heAnGepRaiuS b gt FortH acldidM NAkBeCerisinra BerPspring/brush that

said rotor. 13. An apparatus as set forth in claim
exertsfasideriepd e agid radpin spid sm@bm@bathg/hgwpgﬁ spid ppica laminate cover and

said rotor.

' 14.  An orbital welding apparatus having a workpiece opening for receiving a
workpiece to be welded, said apparatus comprising:

a member;

a rotor supported on said member for rotation relative to said member about an
axis, said rotor carrying an electrode rotatable around the workpiece opening to weld a
workpiece therein;

said rotor upon heating being expandable in a first direction radially away from
said axis;

radial expansion of said rotor in the first direction producing axial movement of

said rotor in a direction away from said member.
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exerts a side load on said rotor, said spring/brush
acting between said mca | am nate cover and said

WO 2106/0188620. An orbital wel di ng apparatus havi nBCHUS2004/025763
wor kpi ece opening for receiving a workpi ece to be
wel ded, said apparatus conprising: a nenber; a rotor
supported on said nenber for rotation relative to said
menber about an axis, said rotor carrying an el ectrode
rotatable around t he workpi ece opening to weld a

ce therein; said r tor upon heating bein
ng FRpaT#fus s fef Sirtg i [Grivheaein apidyneker apd il rotor have

intere gﬁg fifSoes 'El’ii’a@I b&dp e%@%h%‘saﬁf rotét tG‘ 1&51? 1% B84 IEﬂré&lton away

I Fection prod u0|ng axi al novenent o
from samdrre@nbaym zespynst tordsd exbansich ef sdié rotémummﬁwaahgjs as
set forth in claimwherein said nenber and said rotor
have i nterengagi ng surfaces that cooperate to cause

SH.d I &k BpparfudBVRt forthdh lclaihn S%e‘flelﬂ I8 GhtbRAANRY s SLfrfa‘EQ of said
said nenber in response to radial ansi on gf sa

membergng saidgeior Asettfages of @apmuhbp@manm sl membemﬂrsaldnotor
cl ai m wherein said interengagi ng surfaces of said
menber and said rotor are surfaces of trapezoida

pUr ti oAs afarstad gh sTeL0PRIn @M I @iveherélh @4id rdt6r hd¥h trapezoidal track
paratus as set forth in claimwherein said rotor has

and Sa‘él m?fﬁbeéﬂ’éﬁ a Hepezoidak bessdhai ditgineidiraperridalsrackapezoi dal
boss that fits in said trapezoidal track. 18. An
apparatus as set forth in claim15 wherein the anount
off8. axi A appavenent seoforthdh dlaimtlSrwleseid @iecinoune df @dalanovement of
the interface between sajd

f
sid ro T IG5 PP B0 e R gHos oY P Asamgaging

surfaceg%fsﬁarg@p%@gay@n@&b&et forth in claim14 wherein said
rotor and said nenber have interengagi ng arcuate

surfaces. 20 An apparat us as set forth in claim14

e PR Befon Soh 1 et R s 5 nBner e

interenfg@EIAR ﬁrca§te @ﬂﬁadéb ece.

20.  An apparatus as set forth in claim 14 further comprising a metal spring/brush that

exerts a side load on said rotor, said spring/brush being formed as one piece.

21.  An apparatus as set forth in claim 20 wherein said member and said rotor are

made from metal and are at the same electric potential as said metal spring/brush.

22.  An apparatus as set forth in claim 14 further comprising a mica laminate cover for

covering said rotor.

23.  Anapparatus as set forth in claim 22 further comprising a metal spring/brush that
exerts a side load on said rotor against said member, said spring/brush being at the same electric
potential as said member, said spring/brush engaging said cover and acting between said cover

and said rotor.
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2 . An apparatus as set forth in claim20 wherein said
menber and said rotor are made fromnetal and are at
W0 b@soese2 el ectric potential as said netal PCT/US2004/025763

spring/ brush. 22. An apparatus as set forth in claim

14 further conprising a mca |am nate cover for

covering said rotor. 23. An apparatus as set forth in
claim 22 further conprising a netal spring/brush that
exerts a side |oad on said rotor agai nst said nmenber,

id spr h being af the sa el ectric potentlal
32 578 rbfparelarergns o & SRS PPAINE SeecoVaE 2
workp@&%%twe?&db% S8 & and said rotor.24. An

orbital wel 8 ng appar atu \% ng a wor kpi ece openi ng
for remmban;g a wor kp| ece to be wel ded, said apparatus

conprisin support on sai,.d nber
oo P e R i B SR e S50 B S
axis, safBicfor’c@ir9ingGalelattBde Aatehle ﬁfdhﬁd hd WorRpRBS spe%ﬁ@tedna@ 8

wor kpi ece opening to weld a workpi ece therein; said
Workplﬁ(@ttbﬁrempon heating bei ng expandable in a fi rst

direc S and

sai d edBebP i tekefuBng ERLIRYE ifH e BB fhnraliftly A0 from
said axizpoperate to produce axial novenent of said rotor in a

directiqQn away, from said nenber in response to radi al

movensHe 1P i g Bemper hpvinganterqngegiag ﬁl@'é%qea fhat coppepgte to
produc@RPRA AbvEinds o &lia %&61119 ebhidH éﬂ/% %%51 ' n?%r(iin response to radial
I nterengagli ng surfaces of said tor an sal d nme r
movement efisdidabtonm thedirs direaiimver se to said axi s and
transverse to said first direction of radial novenent
of said rotor. 26. An apparatus as set forth in claim

28, whareiaslsths saiHE ROAGIM %Elfeﬁf:s%ﬁi ﬁ’xfter&%agmg%{lﬁﬁces of said
and sai d nmenber extend at an angle of fort

rotor amiee@rdemsmbm atindet e angle trawsvierse toFid Ais alpcbmm'mse trssagfirst
erein the anount of axi al novenent

d1reot1o&of§%‘qlg}rp%‘{eg}e gtssc?\,}? ' ned as a function of the angle

bet ween sai d interengagi ng surfaces of said

26.  An apparatus as set forth in claim 25 wherein said interengaging surfaces of said

rotor and said member extend at an angle of forty five degrees relative to said axis.

27.  Anapparatus as set forth in claim 25 wherein the amount of axial movement of
said rotor is determined as a function of the angle between said interengaging surfaces of said

rotor and said member.

28.  An apparatus as set forth in claim 24 wherein said member has a boss that is
received in a track in said rotor, at least one of said boss and said track having a trapezoidal

configuration.

29.  An apparatus as set forth in claim 28 wherein said boss and said track each have a

trapezoidal configuration.

30.  An apparatus as set forth in claim 24 wherein said member has an arcuate boss

that is received in an arcuate track in said rotor.
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rotor and said nmenber. 28. An apparatus as set forth
in claim24 wherein said nenber has a boss that is
WO emeiysse2 in a track in said rotor, at |east oOPEI/U82004/025763

sai d boss and said track having a trapezoida

configuration. 29. An apparatus as set forth in claim

28 wherein said boss and said track each have a

trapezoi dal configuration. 30. An apparatus as set

forth in claim?24 wherein said nmenber has an arcuate

boss that is received in an arcuate track in said

rotor.31. An apparatus as set forth in claim24

f3r.t heAn epaRitus hd\@t SorfBin@laisi4 REhE ddatprishdla RHET &3ind/brush that

side |oad on said rotor, said spring/brush bel ng
exerts f §idedopdan ssitkrofpresaid STging/hans shelising farmed a%omanecteort h in

cl aimwherein said nenber and said rotor are nmade from

netal and are at the sanme electric potential as said

a¥2. sai An apfardtus @y sen @it iH ehim 3 1. wiithein Biid mddrtSer afid S84 rotor are
| ai m 24 further conprising a mca |am nate

made %%é?et?lc?fﬂg@@vaé hymeflertieopepntiabas saih angaishmetal spring/byash.

forth in claim33 further conprising a netal

spring/brush that exerts a side | oad on said rotor

éai nsAn sppagatneasyet forthan dlasp 24rigrther esmphising @ raica ldnate cover for
coverin&IB & I ectric potential as said nenber, said

ré‘%?ailqﬁﬁ)%rush engagi ng said cover and act i ng bet ween

sai d cover and said rotor. 35. An orbital welding

Vggfaratus havi ng a workpi ece opening for receiving a

k pi At epnratatescasset fouth, in shuuu 33 fpdheacomprsing talmsetaigspnag/brush that

exerts g@ﬁr&p?d'ad oh saﬂtrg{oa%ggﬁ% 516% esrgI 9 grée}glbgﬁbgléqfhgae} s 3he same electric

ve to s
potentiebas spidngedberesAd birdfibrich @igafing sait @bRe ahB AcYdS KddvE&Esaid cover

opening to wel d a workpi ece therein; said rotor being
and saidyafendabl e upon heating in a first di recti on radially
away from sai d axis;

35.  An orbital welding apparatus having a workpiece opening for receiving a

workpiece to be welded, said apparatus comprising: |

a member;

a rotor supported on said member for rotation relative to said member about an
axis, said rotor carrying an electrode rotatable around the workpiece opening to weld a
workpiece therein;

said rotor being expandable upon heating in a first direction radially away from
said axis;

said rotor being movable axially relative to said member, the axial position of said

rotor relative to said member being determined as a function of the temperature of said rotor.

36.  An apparatus as set forth in claim 35 wherein said rotor and said member have
interengaging ramp surfaces that cause said rotor to move axially relative to said member in
response to radial expansion of said rotor resulting from an increase in the temperature of said

rotor.
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said rotor being novable axially relative to said
menber, the axial position of said rotor relative to
wa@ aiodomsaber bei ng determned as a function of P€TTES2004/025763
tenperature of said rotor. 36. An apparatus as set
forth in claim35 wherein said rotor and said nenber
have i nterengagi ng ranp surfaces that cause said rotor
to nove axially relative to said nenber in response to
radi al expansion of said rotor resulting from an

increase in the tenperature of said rator. 37. _An
bpar akhePalEes LR 1A o0 SO SR SRP Siteees g formed on
trapez&i0AlfRe@shs T 8aill 9610E shdORAid !eMBe&o! dal portions of said

rotor and said nmenber. 38. An apparatus as set forth
in claim37 wherein said rotor has a trapezoidal track

o0 254 IREL 0Py 2086 RSO it o

and saippanbériss hanaperdidal bowsKinit €eeinopRINtapgzditdl tfaekei vi ng a
wor kpi ece to be wel ded, said apparatus conprising: a
menber; a rotor supported on said nenber for rotation

R Ty ol e R Ayt e e 8 Rectving o
workpispet egweldedyshid appavetuk porepesitgier ei n; and an

el ectrical b%rl nsul ati ng, heat resistant cover

support B8+ sai d menber, said cover being made from a

m ca | ptdiahSpdFRihistid- mélberAor RERBHLALIHEVED saRtmEAbdribout an
in claim39 erein said nenmber is an insert that

axis, said pptor easTydng ah ¢lovimnde apfdtablecramdithe woraagos opeming ta wildg
salg rotor, said insert and said gears and said rotor
Workplgg‘%‘ ﬁigereﬁ%dagdf rommetal. 4 . An apparatus as set forth

i n cl adnsléddridaull tinelatineMbat fsREnBcERE supportedsh sdifl dlember, said
| pads said rotor axjally against said insert, said

cover bging mgdoiom? BcaAgningiganateth netal . 42. An appar at us
as set forth in claim39 wherein said nmica |amnate
material is an alum no-silicate conposition including
pHX as sAn appratiagsses fouthnin 4Bim A0 v pen adid snemsbes & anf iasdrhthat

in aim39 wherein said m | ami.nate nmaterial is,
supporltsaslaC otor ang one or more gears for dgxzzaing srg]d rotor, Sgl% msert and said gears and

said rotor being made from metal.

41.  An apparatus as set forth in claim 40 further comprising a spring/brush that loads

said rotor axially against said insert, said spring/brush being made from metal.

42.  An apparatus as set forth in claim 39 wherein said mica laminate material is an

alumino-silicate composition including potassium or magnesium.
43.  An apparatus as set forth in claim 39 wherein said mica laminate material is rated
at a continuous use temperature in the range of from about 900° F to about 1300° F or more and

holds up to the intense exposure to the welding arc at a close proximity.

44.  An apparatus as set forth in claim 39 wherein said cover substantially covers said

member and said rotor.
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at a continuous use tenperature in the range of from
about 900 F to about 1300 F or nore and holds up to
W b@siomsense exposure to the wel ding arc at a BPCDES2004/025763
proximty. 44. An apparatus as set forth in claim39
wherei n said cover substantially covers said nmenber
and said rotor.45. An apparatus as set forth in claim
39 further conprising a second cover on an opposite
si de of sai d nmenber, said second cover being nmade from
am nat e rrat rial.. 46.. An orbital, wel ding
‘Hm ﬁﬁ;f sgt pickeina 38 5wt qﬁgomaﬂsméééﬁmﬂlg:oger on an
oppos1‘ﬂps’idl%°éf%§ﬁi IB D&, YRl gé?:gnd SRk béipg Ak ¥nf QHRE ﬁlaq%e fhaterial.
nber romnetal; a metal rotor supporte
sal d rrenber for rotation relative to said member about

[ tor car nog an el trode r ot at abl e,

Boundtt wE bR b St AnES WeskGels Goning: Bt eceiving a
Workpiel‘f@foﬂjeﬂvelééﬁ daill @ %ﬁ&aﬁ@@oﬁﬁhﬁn@' ectrode being at the
sanme electric potential as said nenber; and a netal

spri n@/@?@bﬁmmﬂmmﬁ&l, a SI de | oad on said rotor

agai nst . sai d /brush. bei.ng at t
same él'e rrﬁ&o@%gﬁ’ oﬁedé’ln sglg gc}g gqi 0 Zelatyero s (member about
an axmasuiafc&bmr@ﬁlg&&i elécvrodb rd)t@tasleamcsnnﬂ@hmgﬂ@ndée SpbinFRINEI a

Is an insert that_ supports said rotor for rotation
workpiggrotiereith saidaptep ek eid plesiradg bewe. at e samsalesiricpojentisbes said
membefroziﬁdh in claim46 wherein said spring/brush is forned

as one piece. 49. An apparatus as set forth in claim

46 fu ratrheial spung/forlshrtgataxmts:asmamad aheaidaver agdifist said member, said

rln d r ot sai d S ng/ brush engagi ng said
Sprmg/g ﬁ i eg?ﬁt%@?fe’%t %32 ¢ a§‘g d rotor.
50. An apparatus as set forth in cI aim46 wherein said

nmenber and said rotor have no designed-in cl earance
dd arie appafatupasedt foothae cleimdf athereix gradisientbents andngbrt that

b 51. An
Suppor{s Sa@éf’ tof g?rt u%aflﬂn 8?%\1}?%‘ %ricgs[eﬁe fr’rﬁeémg) nfi gurat i gﬁpg; atus

said rotor and

48.  An apparatus as set forth in claim 46 wherein said spring/brush is formed as one

piece.

49.  An apparatus as set forth in claim 46 further comprising a mica laminate cover for
covering said rotor, said spring/brush engaging said cover and acting between said cover and

said rotor.
50.  An apparatus as set forth in claim 46 wherein said member and said rotor have no
designed-in clearance and are configured to accommodate expansion of said rotor without

binding on said member.

51.  Anapparatus as set forth in claim 50 wherein the configuration of said rotor and

said boss produces axial displacement of said rotor in response to radial expansion of said rotor.
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sai d boss produces axial displacenent of said rotor in

response to radi al expansion of said rotor.52. An
wappanses as set forth in claimb51l wherein  PCT/US2004/025763

i nt erengagi ng surfaces of said rotor and said nenber

extend at an angle transverse to said axis and

transverse to the direction of radial expansion of

said rotor. 53. An apparatus as set forth in claim46

wherein said rotor and said nenber have interengagi ng

t ezoidal portions. . . . .. . .
gfp gn appargtus as set iiorth in claim 51 wherein interengaging surfaces of said rotor
and said member extend at an angle transverse to said axis and transverse to the direction of

radial expansion of said rotor.

53.  An apparatus as set forth in claim 46 wherein said rotor and said member have

interengaging trapezoidal portions.
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