., e3e$ 1" m WIM\M“ “L 20 Novenber 2002 T(J8E CLAVPI NG ASSEt dgLY The
present |nve \m cted to nethods and apparatuses fos cl anping

eyl i ddrical wor kpl,,,@,g(es sad nore particularly, to 5 nmethods arid

appar at usesn\]‘! and retaining cylindrical wor kp| @@V%}H}Pé

orbi tal MM ns ~aCXCROUND o= Tx~ =NV~rrrzorr

wel di ng equi | S often utilized to weld tubing 10 and pi ping, used I n
fluid handling aﬁ rocessang systens, For exanple) U.S. Pat. Nv. 5,136,13

to Henway et al. (herein incorppat egltvseisisRpee)) and U S Pat. No.
4.za3,686 to Henway et al. (herelin incorporate E'?'gby ref erence) both disclose

orbital welding ﬁ}spareﬂmesmfﬁwxlmlm ﬂgreptpdl to Gfethqdmlﬂad awpadepkeses. The
15 appar at %?Sdﬂm%gkgr tu%g?{&ln raﬁ g}&qmig A %ems for

wel di ng snal Ing 1n c y ‘con |ne paces 84 and ' 6B6
pat enes i Sethess anﬂmmmﬁsngoammm Rof yedhvingyaimimerdi ning the,

tubes to bg, %ﬂ%@sdéﬁh ﬁq:ag]gw&ggﬁgt%%%gaﬁe tube cl anpi ng assenbly

di scl osed therein is a g€énerally sci seor pe cl anp) wherein each tube
is held in place between a novable clanp armand a stationary clanp arm A

tube is nounted in each pair fRbxGddmpSeE rashakvdpeynware in end-to-end
abutting relat~.on. Once the tubes have been so secured) they orbital weld

head i s inserte@® bhtdl 356 VeiHANE | eEWIPTERadScrifian Pblklaﬁﬁytmmeltih@ihmml ng
25 oper afj QRS pidgt ed YReA . ARCn N dRd Bla %:P@éerss@péltﬁrykggns ¢Bf- The

pr esent |nvent|on I's directed to i nprovenents iIs the tube clanplng assenbl y
di scl osed ekammlien Hnﬁi |P|4tet1|f$er551-?rﬁ L3¢ gubenearedi ab dbersdsi ies. , Wen

wel di ng cyllhe%ﬁ ke W}}(Qé%c‘ef hQn¥os ki eges Lm% 28, 88 rt%dbgzlnr]aév gpd

axially aligne tRat the end of the first workpiete abuts t end of
t he secondawer {isiveée  inrsRreEatEd neyh FPAeTaNcehgbetl diadioes dybditalt veldgneci sion

of radial abLouREks tAM wetdindCa Aldid 52 dubly AP WorkphR egla:ﬁ eNg assenbl i es.
Accordingly, there exists a néed for a tube clanping asse y capabl e of

ensur i ng-o38PPATRSHERS (HACAPS FHSFAIM SHRRREBAT HiYe dttaRtrdr CnaRBPRE a7 Al
addi ti onal wpi e EhRlY @RaRétiel BibMgS n CNlcsklPEcneisaPERaddPe THDE 134

and ‘686 patents disclose a tube clamping aseembly for receiving and
retaining the tubes to be welded during welding operations. fThe
tube clamping agsembly disclosed therein is a generally scissors-

20 type clamp, wherein each tube is held in place between a movable
clamp arm and a statiomary clamp arm. A tube is mounted in each
pair of arms such that they are in end-to-end abutting relation.
Once the tubes have been so secured, the orbital weld head is
inserted into the tube clamping assembly to carry out the welding

25 opexations, and the.:ubes are welded at their abutting deint. The
present invention is directed to improvements in the tube ¢lamping
assembly disclosed therein and in other similar tube clamping
assemblies.

When welding eylindrical workpieces, the workpisces must be

30 radially and axially aligned such that the end of the first
workpiece abuts the and of the saecond workpiece. However,
manufacturing tolerances limit the precision of radial alignment
that can be attained in most tube clamping assemblies. Accordingly,
there exists a need for a tube clamping assembly capable of ensuring

35 precise radial alignment between the tubular workpieces, An
additional problem cften arising with existing scissors-type tube

clamping assemblies is that the fixed clamp arms, which are



~clanping a9senblias is that the fixed clanp arns) which are 20 Novenber
2002 2 typically nade integral with the bass, are hoC renovabl e.

Accordi ngly, when the fixed clanp ains are danaged, the entire fixture may
have to be replaced. Thus there is a need or a tube cl anpj ' Vi ng
removabl e clanp arns, particularly renovable 5 stati ona??b(r:}?%\%‘?{%%?sd&” In
order to ensure proper alignnent. of the<-tubes to be wel ded, axi al )
novenent of the (iia arns shoul d be mnimzed. It has been found that the
clanp arns MEFFHAY e AMISFEe0t REdFYe $3F nd=el Repiregovtblehe cyl i ndri cal

wor kpi ecea. adheraiegry eheofcreheidadicaingl aOns 2R NREAT CB] dRefkd he outside
di aneter of .t he tube rglg}éetragsfer into an axi al forCe conponent which

causes the Et¥RMFeaPH% f3are TRURAGPH yTEYhEbstR vigr @ merfedenta rmpeshift -

the tubes apranpifq ddERe!lhiBiihg DEdroveBIES cBXf RRmb Olnadel a1l S
Furthernore, it has b(ien found that shrinkage of tpﬁg w%l drj gln%ﬁ%% aﬁ'eng

wel dyng naySerisnaay 1A A fovement of the clanp ai ms, The inward novement

may cause the arps dx@epi filandiird p3sPetiBOigiaac e dnbeLchday LN Ghasmy Ng
assenbly, whi.ch can ingﬁ%% E‘he wel d head rqtor rotation. Accordingly, there
g {£0¢ of

is a need of“&h BPYN% LR RS EHE B%imHimimbiashentt dfast heere| anp

arms in botfounHethavrahe Elathp OabingAindly ZQadX i 31 alry QRilkiva AS, dérlc‘ir%al ly, eaah
orce ~suCh so

set of cla ar S d clanp the workpiece with sufficient
as to secu?@li‘}‘pg‘%ﬁ?ﬁbevﬁhk’ggﬁféitﬁmgﬁcﬁ% at¥ dearyicehpf tthegraddalng
vel di ng apetiaimpdns . for@ks apdfPtie obkfidePaianeler ok 868, 866 L9y 8590EY..Lt al .,
hereby 25 incorpor at eg Py reference) discloses one such apparatus fox

a

gri ppi ng and PefRiHiAg FK6r KPPSRE i PAFH SRUERT IR0, cliRcdERe toxfitdeng

col | et s mayourgerghovi Gie Subfix envemont a0t spAfnithebeinmeapi e s60khAL and

t he tube, Y. W he tube ta shift with the collet, Accordingly,
there is a%gg %"?ééa%fl ﬁ%%%l%orrtﬂ'f’ﬁﬁe B RB T hay TGS ReTRETE ol 4 e h2fiHRER

ensur es adetpuatetipdi shsinkhgeontt &bk wdtivgeina Gheingowékiwnangay keusalbe.

SUI ~SARY; £F; [ EEs TAVELS [ n{jon.is a tube danping
assenbl ylvvnlincﬁas alr? g%ggd%%tcg%ﬁé%}égé ?L' égelﬁzjé%lrg TRAGSRE 4R of she
tubes to bethgep¥rd tohntrdhenp\alidie/ vrayl beeaiele ildebyltises)ampiayi des an

ar r angement s ko] §, M 89 %1 AlpaT0VAILRLL Phb B |45, and has a 20
Novenber 20%;2; -3 }toi | et \x/hi chpeansur es shé‘)ﬁec?grnot%gg%ntt%s?l% “contact' between

the toil et A8axNglXer Wigrects .2 pBed f9ar an Gyrardement hipxp Lisiaringi rheent i on

provi des faxia j i I S i aon ortion,
wherein the fli ]r'??gd;gn???ﬁ ?gé/aédijgﬂgt%gh&? g’ﬁg%i% %@e%ﬁ%f"&wgﬁéti on to

ensuze pPBFeiat AnreccdPisgnment of the tubes to be wel ded. using the
‘adj ust abl e feat Ur8519), tdien S BB ol CllOMoReE & tadl Alnglignment of
t he workpi eces can be attained. The invention
with sufficient force such so ag to securely grip the workpiece
therein to avoid any shifting during welding operations. For
example, U.S. Pat. No. 4,868,367 to Benway et al., hereby
25 incorporated by reference, discloses one such apparatus for gripping
and retaining a workpiece within a collet. However, existing
collets may not provide sufficient contact points between the collet
and the tube, thereby allowing the tube to shift with the collet.
Accordingly, there is a need for a tube clamping assembly having a
30 collet which ensures adeqguate points of contact between the collet

and the tube.

SUMMARY OF THE INVENTION
The present invention is a tube clamping assembly which has an
35 adjustable base to enable vadial alignment of the tubes to be
welded, has removable/replaceable side plates, provides an

arrangement for limiting axial movement of the clamp arms, and hag a



I ncludes a tube clanpi ng assenbly conprising a first portion having a base
and a clanpi~rig device carried on the base, and a second 10 portion having
a base and a cl anpi ng device carried on the base. The first and second
portions are coupled to each other such that the portion be, adj ed
rel ati ve each other, The present invention also incl udesagﬁg%;\(%ﬂg‘?&@np .
arnms that may be renopvably attached to t¥e base, thereby allowing themto
be’15 rem)vedllfor repair or replacenent. In this manner, when the conponent
i s damaged T hyWHRES EPHTPEGSHATEFLTE BPIRTA PR FRGAEE Feseeen taeemelles unit .
In this enbad maatworncbh&em\(ertﬁci:@npfa&i&uiéﬂl?,C&@B&-Q%:ﬁs.%ﬁ@@léioﬁo”pri s=.Ng a
base) and a first vabl e ¢l armand a first stationary clanmp arm
coupled to ?nggﬁﬁg&fro? iﬁlﬁbé?% BAYEICY | SR aF i ROTE1G0 3881 B cteceRdr ebet ween.
The tube clguypiag, aseeed] ¥hé UffBer pr@Aps iiseadAustascoNd 1 gRMAD LR ClARgar m
and a secgndﬁgtationar%/ cl ar’rgE arm coupled to the base fox gripping a .
cyl i ndri cAIPKSFRPi B 8 THE BER T EATIAkhaT 8 AT} ATc5R% tyhes Jo PReveldadi onary
cl anp ar ns Usingetiw alljystolpl Aarused be haseredntThevautesgNtipreaygnt i on al so
utilizes am E%gnaglenent of _over| appi, and interlocki~tg arc shields to

|
prevent axia VERERTERS- Of heh % 8 Ilggﬁ% PR Podfcasd: dfedprerdonThi s

i nventive ancaogesrentulnd Rlahzeg phaeblyoapridiagPh et $deive!whdiggd
during wel dj ggfoper ti al so ensures that_the workpieces zemain in

I ans, . an
30 abutting FeratTndnT P RENFES SAOTRSS fRITE P37r ARY #8698 Frent, t he

i nvent i ono igpraitnmveh@npbage ansenilymeimgpasicegcariiagedn anki e .Cl anpi ng

and | ocki ndBeARE 87 I HOREES R ERE OB hAPHPLS 45 FALACHE SR i r ot and

and | ocki nd neans
second pai rehef pettdiope nopydbe i Gissted 3pldtival éach bhkeor esent i nvention

utilizes a toil hayi a, haol ygonal,. preferabl exagonal ., mhape when in
the gripping poglﬁ g#&%ﬁl Jé&te(# e aérs 7 a"r?&gﬁeenst %ﬂg’(ﬂ’% ac%ﬁ~'ﬁ‘§‘r‘%n1t5?t
cont act 28 YNow erevevalii0attaphet foithe ase, Glerebpaldovery dhamaicebe when t he

tube is {8 J=Sodd N ' i |.e » cqndi ti on. These
cont act ibgifr?{né"ésgl gﬁﬁ%paag?%p?%g%& 'hgyg]i%(htqﬁr e c?%di‘%lgenr IE%GI dity, and
t hereby . rFompetard fhcdahaed ¢tf vay tieerenzited dnsbead aft baving twecphtate

clamped. 5.9 Lm] .eeg;’x)ﬁqi MED s [T ol INGRL | A GQURIJ;138S; & LRt for

cl anping a cylindri cal vvorﬁpl ece, the collet conprising a pair of clanp
parts each BayPing &seewiy cumrristnchdapraed and @nfaxps oppudsienglaipdesmof t he
wor kpi ece, gac d ALS | h J. I, | ygon in
si de.vi ew, a‘t%heg| 0 :;%/'Efg?] %.%I ng gtﬂrﬂggg?%ngés‘%légs@pﬁe%asgrél%ug;?%ﬁg? g

enbodi nefl FYdindnieal nyekpiere shereheseestbedTht e ctlaimping Reswibly and ot her

-features angl edvA AL Rl 3 tIRcRE G3FBb1e clamp arm and a second stationary
clamp arm coupled to the base for gripping a cylindrical woxkpiece
therebetwean, wherain at least one of the stationary clamp arms is
removably coupled to the base.

25 The present invention also utilizes an arrangement of
overlapping and interlocking are shields to praevent axial movement
of the clamp arms in both axial directions. This inventive
arrangement minimizes pinching or ¢lamping of the weld head during
welding operations, and also ensures that the workpieces remain in

30 abutting relationship to ensure proper welds. 1In tyis embodiment,
the invention is a tube clamping assembly comprising a base, a first
clamping device carried on the base, a second clamping device
carried on the bass, and locking means for limiting the outward
axlal movement of the first and second pair of clamping devices.

35 Finally, the present invention utilizes a collet having a
polygonal, praferably hexagonal, shape when in the gripping

position. This collet arrangement ensures a minimum of contact



device will becone apparent fromthe follow ng detail ed description, with
Yeference to the acconpanyir_g draw ngs and clains, which forma part of
the specification. |5 HRI EF DESCRI PT~-O-T OF THE DRRWN® Fig. 1 is a

perspective view of the tube clanping assenbly of the px inve
shown in the gripping position; Fig. 2 is an expl oded pe??S'QEY?'UB &Wof )
the tube clanpi ng assenbly of Fig. L; ZO4Tig 3is atop view of the tube
cl'anpi ng as ly of  Fi shown es, maunt.ed therein; Fig.
~is a frorR°ei\rI|?eV\?nofthfhg"l1 ute gﬁrﬁ‘?“gera‘g%%{l? SRy in Ex EwAmRL h a

pai r of tubemioaht e mauem.mn;clersnge coniStidnsi dfhekkersri¥act Ngoilndle cl anpi ng

assenbly of_.El g.. h of. .tubes nmpunted therein; Fig. 6
is a detail®¢F gg"s&s%%?l bnncrtea entthal gh’fg)‘“ﬁ 18RI GHLOEfIFY sangjthergby s a front

view o~ a tm'b\émam thisechanza td:ampengzbassenﬁmlvy am‘teEI gt hfhs B&WVR ) bifpddne

xel ease pgsj nt_view of the tube sad tube clanpin
asaenbzy %f g r8le f%gogjf% ohe&(‘) J'f”ﬁe’%’ Bvabl e &f Hins 8?#;5 E"’f 2R HENng .
position; I%yg;a@rirc&lawcbmnbceu &he odolillee édn{pewixfgnﬁl m:aammlm)s pdrdEi 9. . 1,
shown wthea‘chuljl)a %% an oxbrtal nagda cg% 35 Frg 10 is detarl front
view of a tUBe ahd Phe TEBR TIAAST MF=REEE M5 S IRIeFPRposing S‘ﬁeg ofy thejg g
front vi ewwskkpiel, teaatatceamrmfmn:emﬁg tgr&eefanll@ sha&!édl\byqrmgrazooz

- 5¢l anpi ng _a |, f th ent Jinventiaq ig. 12 is a detail
front view sﬁi%pb h % arr irﬁn‘? ld’rgc’f‘qbavl‘r@?aabtoﬁ&?s‘i Gt% #49%fpi x~g areas. S
DETAl S~ED DESCRmaﬂ@bs Aas:hbesimbSBMntrsnoflm uﬁfezr,tmha:tauwsc&hmuw

moly 1Q tionh f_cl 12, 14, 16, 18
For 07 amyiig mibaePb B b iR AR aBY Raclfnded B8 Hbaseatne 2

t herein foﬂemqirmgltmomabmpaaent rﬁe‘lom ra'kmfblrugujngmaumnecﬂlae(sﬁ:&miw 5).
The wel d | c b fo1§he, tubs The tube
l QJi@ﬁ f&eggﬁé’@ q.l: %hé Q.@ Er%bsgéa%%@td% Lfggsz ﬂm? cl l:.rﬁ/, fﬂé nf@jrna? yn

cl anpi ng assenbly 10 Includes a IS genera
tap view, ®@FH 9ihechederecifilentdanng 3,1 forned therein for recel vi ng an

orbital yeld head 33 (Fig.gfer gggcﬁ%fo@gr_.sﬂ%r%&“p&fg solid coastruct~on

to lead stability to the tube clanmping 1.5 asse A pair of first
clamp arms 12) Z49ar® il‘oéaP%‘(?PeﬁtW?e"B?‘ﬂ@fo\‘-hq nebga@emsmg asdersblyabt of

second cl anReaFEeht, uikfénawn lacat ad %%@lw Sie3bfe of the base 3o.
The first stationary clanp arm 14 is general rrgz y fixed to the base

30, and the firSigmpR iR anceppded mersPecsipe v‘ﬂtealb‘PSI thet tubredlanpimbe base
such assembly of Fig. 1;

20 Fig. 3 is a top view of the tube clamping aseembly of Fig. 1.,
shown with a pair of tubes mounted therein;

Fig. 4 is a front view of the tube clamping assembly of Fig.
1, shown with a pair of tube mounted therein; '
Fig. 5 is a side view of the tube clamplng assembly of Pig. 1,

25 shown with a pair of tubes mounted therein;

Fig., 6 is a detail cross section taken along line €-6 of Fig.
5;

Fig. 7 is a front view of a tube and the tube clamping
assembly of Fig. 1, shown in the release position;

30 Fig. 8 is a front view of the tube and tube clamping assembly
of Fig. 7, with one of the movable clamp arms in the gripping
position;

Fig. 9 is a front view of the tube clamping agssembly of Fig..
1, shown with a tube and an orbital weld head;

35 Fig. 10 is a detail front view of a tube and the tube clamping

assembly of Fig. 1;

Fig. 11 is a front view of an alternate embodiment of the tube



.20 that zt can rotate around pan-head screw 32. Simlarly) the second

Statienary clanp a~cm 18 is generally zig~.dly fixed to the base 30, and
t he seco~xd novable clanp arm 16 is p~.votably attached to the ' base 30
sucks that i.t can rotate around pan-head screw 34 (Fig. bk OF
clanmp arns together farns a rel easabl e cl anpi ng devi ce 23@%9%Be{)?b%oul d
be understood that there exists a vride-%ariety of clanping devices that

may be used wi thout departing fromthe scope of the present invention, and
such cl anpiTig™BERe G8&sTRYY PACIAFIRT ARt abyareddRs BAdt can clanp and rel ease

a.cylindrical worigni ereis kagdta0h #htClaiPRéiBiglne ]aé):ar?g@'me;lg J?Sché‘

cl anpi ng sqﬂlrfacert%? or cla%rlgg area 36, which in the illustrated

enbodi ment 1EAE°EH SHve AP i A¥¥4%e clanp arns. The cl anpi ng suxface 36
may be shaped as a sem -circld) sem-ellipse, half a hexagon) or other

regul ar irregul ar shapes. Th ~.J.St le clanmp arm 12 is pivotable
to a gri gsg)i ng position (Fig. 8) %E&hg;% R%%ggﬁ%i ng suxfaaa 36 of the 3S

~.rst novabl e Clranpesy mhidaiin alggnadznivhh tire elsiingtasushboga o36s0f the
first stat it?nar e_E’cl anp..ar ol4hso asﬁ%o %rgg a tube zQ rherebetweea. The

first movabre BIAT- arm 18 7% "af b SFovabhcEt) 3™ 0 My efbets 82 -6
rel ease posiléanming ¢Rpgy 32 qdhdtimil Cdwkphedss,zBud!ls aBOturdsi PPEG2bY t he

any posi't Se AT EIT ALY e FRPo DA 100 AP RO OHECHeamSS rfidevi co. and
the novald &) cl aips eeld jednlk riat ftomnedpyedthieoatiute ify RaSht | N okl RS LEBEL 1N
Fig. 7 to in.th l.ease jti.an 7.1 that is required is that the
clanp ar rrsmr?eeléellgseeglf%m%ur]ggarsl p%ﬁ(‘)y é%sa?cfﬁiugf"én %%ﬁfaé)et‘%t 3§ FTFIRLB t he
tube to bereeymngadiaxrin peertied, awti chchwips ben apewiny 3shdnby wheraln NOVenent
of the tub . g1 ngl.y, byl t fiJgst vable cla rmilzZ in
Fig. 107 f@ﬁ'}g&t%(rg%ﬁé taﬁecéﬂl}?lagqgé&gng%pdg!g%i on,g'agn)d i Eﬁ’% %a§es%°afgg? clanmp
armis al sbeiof sldid gopasxuqtosnticodendstebilty) t4 hhesatendiamiall e cl amp

arm 16 i t wee i PRING itian,and a_rel.eas osition. Zn
bot h Fi g%. ggyég'ﬁjl&?e?&t\ﬁg i\%agFe ¢ sgrrf)f)aa rn£ ﬁ% f‘g’ ﬁ'ﬁ! fhe ]T°ﬁf‘€§/cp8ﬁeﬂ”$osi tion.
15 Each cl skfe @&fntheypbasavi mashisedic s sevond clam38rhoaal etk adeacent the
cl anpi ng SYLLAGRS o364 gppsﬁ\eksgsisé sfé'ﬁgeb%y &g, t Iegk%@% surfaces as they

resiliently engage the pera.phery of ubés. asi gn- and the
resilient RBAMR 8%Bfl4 i TIREYBLHY Harthtdired thethabpest3oof and BhePat . No.

4, 868. 369, eheseRYviMGOLRRRRESH DY 120p{RheEBN e radd R
4,973, 823, herebyvi ncorporpgt ed by lr e?erencrg] E;%h of%ﬁgengévsaeb%é%l anp

arena 12° FR2aRe <8n FOSRFY SFORIY PRRr IgAde STy 3fpy Aimelamly, athreparatde

actuating peaiondQy A3mbhadm TBVEs 1A ARIQCE AL ATy HITBEIVRED R 41 PPi Ng
and rel ease §05| tions. In 25 the present enbodi nent the actuating neans 40,

6.2 are caffAct¥aPPiRFalSHRri ERVPTRE Jfr i Ve 2hiy tperhed g shethe first
novabl e cl aage aoMedeh Whht fie cdfSRtabe hldehi®ipahchany) satkdhaualriyhesovenent
of the secon@brm\iabelé ﬁl anp arm 16 h? substantially identical. The Cam
act uating 38SMBY 90 SHATR FIBE PICARTDISATYT MTeEFable clayrigg épvice 30
mount ed 28r 29) vaet.al TEEKenEd beabnddrstbod | tiet erevexdéts eiaarRkiate 44 1S
encl osed be ween t he .bage 30 and .t he \‘/”aglbe cla gr m/£12 . .T'he novabl e
clanp arm T2 TRIAELHEECE sgf?@mﬁ%\}f P EREHEY cﬁ‘&n?ﬁ%g%& 79 AT8H eI EF R r ew 47
is passed birchtgbrédmeopevintgodt aaddsuch thangdde darites aiavethdiu@etdiey base
30. The shqul der .screw 47 helps ta retain the,35. nmovable arml2 on the
base, and SErassu Bt (fn alP gt FEIShES A SRR AR PR pin 48 on
t he cam pl at e 4%¥eckxdfente dampeaxrsy 1z hriduglie,t he Hasshagietp e Buata 6. 20
Novernjer362992cféﬁbing area 36, which in the illustrated embodiment is a cut-
out formed in the clamp arms. The clamping surface 36 may be shaped
. as a semi-circle, semi-ellipse, half a hexagon, or other regular or
irregular shapes. The first movable clamp arm 12 is pivotable to a
gripping position (Fig. 8), wherein the clamping surfaca 36 of the
35 first movable clamp arm 12 is aligned with the clamping surface 36
of the first stationmary clamp arm 14 so ag to grip a tube 20

therebetween. The firxast movable clamp arm 12 is also movable to a



?he cam plate 44 also has an outwardly extending flange 54. Wien it is

. desired to nove the novable clanp arm 12 to the rel ease position. the
flange 50 is pushed dowz~wardly, or clockw se as shown in Fag. 8) which
causes the camplate 44 to rotate around the 5 shoul der ®cNeverAbdr 2603 t he
camplate 44 rotates, the campin 48 ° engages the clanp arm Z2 at the edge
of the L-shaped opening 46, and therebye‘urgi ng the clanp arm 12 to the

rel ease poaition~ Further rotation of the cam e, mpves t he novabl e cl anp
arm 12 to FHeapg| P3pisheh Fégi tDofuch SR8 iF Fﬁg%%é “/.n°ltngf’r3r°é°e51e)?‘éase

position, iQe tembirlesePedcRsbes Wekeathouby Heeupiasedodainseetid lreledsnp ar ns
Z2, 14, or the just-wel ded tubes e ed fromthe c afms I n

k4 i sition 2 ic %er{nuge may pe re veéagms h ) | :
order to nBYE-tERR FoRBKIRPSIFLIOM 2B WG ERR SYPT PBNG" go BN " The S | ange 50
and cam pl g fedftyg MR 160V afhdl thd RevasuabEsm] ackwiend ootz det inovdd as sHeown in
Fig. 7, and the cam_plate 44 i5 engages. a carpm ng suxface 51 in,ihe clamp -
axm 1Z ( Bi @9516}9“'%]35&{%3%1%?@83 ?%’é’ Fr‘?)\}é’b:;; ec’iegﬁ%s% r%sgt.”f’\'o ﬁ]le
gri ppi ng pegid kenredliend ik ther Ghbpfiang oS rebeaseFthgir §¥)p ttheacl anpi ng
surfaces 36 of the clanp arns 12, #ﬁ engagﬁ’bopgo%i te n§°ivd SorOfintsQ?tetd"be 20
to securel yudfdcdert dearet £0025 tHre30PRY SUF ot -0f “T AE HOVADr e Ccl"anp- arth 20 and
the cam pl ghe-rAREy ideS ad&smakahall bgonnialentanest ceEfsche badei n detail in U S,
pat. No. 5,7.36,134. As shown, best in i.ziqg. Z t.he base ' u a first
portion 52AGFRFIANERL0ABS RACEFUIP §%.thlangl¥%‘r Jevars ge%"c‘?n(?%% i{]ig%nglg%ch have
a cut-oufy 70511eerids- end Fullly giengpadiitgoed apd s thos dtasel the edsiive 25 an
orbital weld held therein. The firs S t] vabl £
rel ative eéE‘hr}ﬁt REfC 48 TS tr(?tf%%lsaeopggja%]ggét frsgﬁ‘? gaz?%r't lgé]t% Sggﬁdélmgn%)?ing
devi ce. Rekpidp aradjaudsnmsmabla Havpeeh regrignivg(posdLiomandi pecstliedns in t he
pl ane of .one of the ¢~ Losl, | tidi | esgnts LAvaption to
enabl e pre@PEEFRdi a.ﬁcn ﬁ%rﬁéﬁt 7oafl§eéj'3gh%é‘gbce¢sa&%éféég‘?$ a%?“ hex screws, 56,
58 are pasgermhy kpenghvsatpair of holes 60 the f7.rst portion 52 and are
t hreadabl y receiyved i,n the s HORe @ 4ur8Sors ROVEL i3 Fhskre®, the holes
60 are I’ ger tﬁﬁﬁht%leam%u er %%?;h%é’fg&gdg? %??e st:croews 56, 58 such that when
the screws aapesdnaosienedpmping Burfcepot torPBYidnFlsserhid tfof? i%9R 54 are
movabl e 35 gel atslué?aé)erle gr@fege£ési%9ﬁlw€n§éd’esEh@-%r§€&%¥}do@(}fﬁe‘ ons are

A& a rel at the h

| ocated in esire I've position, ex screws are tight ened eo
as to coupltgbamd Chiwmidiesige andetiy rosilsEny RALVER Rd the B 2ARBRHIFEF T2 8.

O LT Ons 541 Bl Ay g geh BidiChec [ hbUs) 58 otk My SccRpseadsaongCr evs
are tightened he tirst and second portion 54 are pressed_agai nst each

ot hef suzh refiatenceat ansh &l S§ FeesNDr Ay 8231 AFERY (HFRFRATERSE DX shown in
~'1g. 5 1t }gfg;’__é _portion 52 has a notch 62 and the second portion 54 has
a groove 64 to closely receive the notch 62. The notch ar;%ﬁgroove
arrangement is igschuelbdheurtvabhatciere wife 12¢ BT RESRFYREY r st portion

and t he~aecQud. P&t bPMd¥eslle "Ry DesepardiedctiMtingmdane 4o oundiing poed s 66.
xn this manner the split 10 68 between fhe first rtion a@gthe §gcond
be RRR R FOT

portion is Hi% pesaFiphed &M YePErn SR IHPRRRA P F USRS BTt 022" Hovever, if
so desirgg, iNgr st t e AIR¥n ) @16 addtuetidowaaiha o dkee ofant hetusadng 30, and
may be desirable, for_exanple) i.f_ groundi. 0 r ~

general |y iassgBRliasd TRe & ﬁgutrﬁea"r‘glp?fr%igga% ?e‘%oﬁégéz&?agi‘ggﬁlﬁf“%ns such
that a tubeympi1besi1d by deseribeds herminhble,chiripugh ik mayrinenkeof ithet

stationary clanmp arm~. h.is general] i_al j it e 22 held
by the secofftf® v"‘a"d’l%lﬁl P2t ig %gna&?%%g%%%ifak%?%?%#ar 3%@##2 arm?7.8.

In order to,ARGeNRY iasbedilys )0 artcibdesray cige Phatmtdd (BHashi 2 Ecittdtafpi ng

device 263)0 nz\osdntggdfgrhgipc?txal movement about shoulder screw 47. The cam plate

44 1s enclosed between the base 30 and the movable clamp arm 12 .

The movable clamp arm 12 includes a gomewhat L-ghaped opening 46, A
shoulder screw 47 is passed through the opening 46 and is threadedly
received in the base 30. The shoulder screw 47 helps to retain the

35 mavable arm 12 on the base, and guides the pivot action of the

movable arm 12. A cam pin 48 on the cam plate 44" extends outwardly

through the L-shaped opening 46.



20 screwa~96) 5B | oosened such that the first and second portions nmay be
-adjusted to align the tubes. However, a preferable nethod to achieve
alignnmezt is to first | oosen the hex screws) and then pass a single tube

t hrough both sets of clanp arnms. The arns are then cl anpryNdQ¥fmbep2002 tube
by shifting the novable arns to the 25 gripping position, thereby "
self-aligning" the first se~ of arns ard-the second Set of arns. The hex
secrews 56, 59 may then be tightened down to i mmobilize the first and second
portions rel ati V@et g3 RAREDI4eRLERAAS tHe CLFYRFGRY t BT MRS (TRERIDH S enpved.
Assuni ng t h@bkn tihe ikUBSsiired Sid abgbtenangbabye, cliahp Casdi 15t S @heOfe1aaaP ar ns
is 30 now aligned with the second set of arns. xhis al ig{;‘g‘ent ma)gabe
carried outoBFEam nBREEAaPIR IS99t RRITBeY SPERRTSEY | ATt FORCTORI RS SRAID
assenbl i a9 ;1,0r0f, hewpi@sesisdsNyedichfrplate IR cakGRthReafamai egk out in the
fiold should the clanp assenblz subsequent I%/ r%gui re realignpent. 35 The.
first stalisbAskdeXcFary &/m PF FBe JeRPA ey i(TPCarSA 1 FRRFFOPHhe Bash 30,
and the firShadey 2Rk ecXamdPendnt a8 Zhb Seddevet adbeyLapedashehong e, base 30
such that it can rotate around pan-head 20 Novenber 2002 g screw 32.
Similarly) thRESRYE SERPRERE | CHIAPYAT AAFUFRT BRIPE5 08 Ay r_?ﬁ’%‘ﬁ fixed to

the base 3Qqraiihd Be $he cORG1FREaRves ClIRMRcAEel 61dnp Riw Qlzabb )ttt ached to
the base 30 such that it can rotate around _ghogl d screxv 34. Pan-head screws
*

32, 34 are SAL%SPEPNPRRIGH D BonaRR WaR g - 7 PgePe 3§85 REEHFRCh t he
first seipGhea¢ufe k3)td Peawistdebicnsepansiaed Mftvasnmnbhbeli, armspecti vely,
to the base. A shoul der sc 70 _hol ds .each etati.ona |.anp._ arm 14, 18
attached td4t heF FREeIWF v #gevg[ FBP%] BBY Ffaf Vi At r‘fégnéﬁmﬁea"‘r"@noved in
ordex to be repain egderbntdienele nakaklplchagd arhntortergtipplegiove t he 10
first stationary cla rmil th an- d rew 32 .arid.,the shoul der
screw 70 arpé’sil'é%\/eagg'[ﬁﬁ‘én%ﬁ?& 5’%‘? gg@r%lv%%gfﬁo%ﬁgl?‘)nv 4 H2 PP st novable arm
iz to the heagtéptllbcRivse Biresriowecis simoe imdiger ewsand2yhed gam Hlakredd
renmoted, _both the first, statigonar nd_.t h i v la .ms may be
renoved 7 GWRERE l?agﬁ‘f'm"f’ﬁes%raﬁrrﬁgl%l g‘?o%&éadg%%nl‘ﬂrr%mlr)% 32#% gé'gﬁrlhqts 0 xenove
t he second aeicaop aoes ) ndSblenciampsarmiAfAere Hhk @rbppédhg tiesitiamp arns
becomes faylty,, dammogd 1 OLIETM S o D diRCLQoihgPi-EhEEPIsRCEERNL )

t hey may bteuhre}e(rrji)lelee}%%a %’lpggﬁ?g%lgéceﬁe (}I‘%e’ rl,epj acerrentplpgrt is attached by

t he shoul deshesclamps aam$ d2pakt [Fogads OPBWFItE FIReSs She-NenhitRY 28st2 he ori gi nal

part 20 desgrl.befl 3hoye . éﬁ Sheen iheFbshrat0n tetkd @BPasULESad a0k t he
clanp arns) or nore generam:,% clanp parts 12) 14, 16, 18) preferably

gener al | §0fangxthe FaTeRERFEN ANH it 8t REEATHIEARA EOTIREAEAYR F85°782E <M n the

gripping poéeit%ii?nﬁ]n Thys dahe &b amp1#4,83436 of each clanp armis generally 25
shaped as ha a hexagon) and the cl argg arns are preferably symetrical. =n
®

th-.s manner, vah§ &howprkestnia Fdgs hetb® 28Fs 3¢ ARCHIISECR IITSHREVEIBY t he

clanpi ns asgenhhya RGNS 96t dbn QI NiheOf 1:GRNART sedbity @BStHANeahavihe tube
to be gripped Is relative~.y large, the slaﬁts 3(18 flex sufficgen%elrel,so as to
al | ow ei ght a paitnedt G0, cBift SBE~BtF3bat RELRT HATDHIT 5Bi Y C4r EH¥ 38 ThfFiVRe t ube

20. In the B esENtaWa0d HEAt chdraehie AXeStivbgyhindeedind pbrcions acte 67, ' 69)
71, 73, 75, 77, 79, 81 around tha pex'.i pher}[1 e{etg§ ttube 2q:.° tgv\et\{l?g, t he
arms may be"RHde r SRIAEHVS FRAB M R 281 B $3RM S ARIVTSPEY on B P on
other than thabishonvics. Firglative ddusshetts imaywdhditendbas Gueh 38 t hat

they do not |ntersect, any of the contact, poi, IS, £5 t cont act
points 67, BYELEECRY M5 ﬁ’é'd pﬁﬁ?% %4 g’i’%ﬁ’l%ewgeont%'gpt ap%g?’tn?‘,s a‘gal?r;gdt ghcont act

points 75, ¥He pHaWént iiAvaitisht es ratkle poecisrenedial2dlidovenhet 2BO2 -1 O

there are only sic contact points betweep,t Sqaaid B Denerald y
hexagor sa9 §*&faped %arlirpﬁé G areas sgg.? : eart%gt#eg%e areong sl gts at any of

the contact hppes BbSthd lerst pershmubd drd &fexhbeadadipaeetvehiiRoWrsi x points
of contact ]csg'cl:o;dh%c.!*:@{c%e§£. eﬂe&io%l L{J%g Tshat:hé $oles 60 are larger than

the outer diametexr of the screws 56, 58 such that when the screws

are loosened, the first portiom 52 and second portion 54 are movable
35 relative one another. Once the first and second portions are

located in their desired relative position, the hex screws are

tightened go as to couple and immobilize the first 52 and second



5 the woxkpiece to be gripped will normally have a tol erance range for " '
.its-outer dianeter, and the arns should be flexible enough, through the
slot's or-other nmeans, to accept the |argest tube within the tol exanee range
arid still provide a mninmmof six points of contact. X} (Qblehbehages of
the C anping areas are al so possible, pref erably form ng other polygon
shapes. for exanple, a triangle, square?-pentagon and ot her pol ygon shapes,
regul ar or irregular) nay be generally forned bg the cl osed clanp ai ns.
However, i powtisnsf o4 redatineodaremtbenc H13refEasratie P9l fgonORe® mean obt use
angl e 15 WD, Jne 20 B6ERe S 062 rikDe Brubiitel Posliehr of seubodidmal . the
junctlon bet ween adj a es of the polygon 76"are curved areas to aid
in the retegiment eiCh neké:@t sgabe@aébémc‘:tlheﬂ/\éPaFm PREYERE dat#Fig’Svel di ng
oper ations, ghal f of the hexagon is preferably cut at an offset from 20
the center € tubul ar workpiece to be gripped within the collet. ' For |
exanpl e, Swi t h r eBestenvoein FiBi gy, the firstcemitdrnol2 228y3 ine§FhcHl andy r kpi ece
S L epreseOhed Abnditsdy slRaf Wbeso e % BableieraEAROLn hibsehapl ng
area of clanp armi own as point 8, and the cenCer of the half
hexagon of sz he Theanysiciigand @Fo0Ye (AFE2RFRARPE arnlPchudes pReRKBRR e po~. nt C.

The remai ni,p ?:h@%fa' l'f:ék%egifx BACk; Pex 2808 dPEn@atR 6L aTRI PErtakAneed nahown z.n
phantom Tn e illustrated enbodinent, the ceri Cer of each hexago

of f set ~. nba ehrtreeﬂutélrlroas%whfér%?ﬁ‘{nﬁéns FOFEEtbve T &hpe IATROFt HPY 65 e"ct to

the centgr ¢pfydige) i KPEELR Portith ShdmMS Sdvema. pbitibhiafednipedd 9. 12 axe
greatly exaggerate or 30 ease of illustration, and the centers o each

hexagon ar dabéfaldy ¥ &ppe \fx R G WES] BRe e t HEYREYUi ~EdSUse, such as

0.01 incheg fi,rgdon@hee Fpedi reenhaymecmﬁatdatn &he iRl eloOknE NEasRagh,
hexagon enabl s the cl amp alns to grlg%a tube that has a relatively small

di anet er. Ehén“%%?éodetsér%'g@brﬁ’ﬁﬁp siti BITUnERE FeRYRATE BF® £86R- 35

clanp arm nay ? Ae@‘gllﬁslssh@WBeldntdFlega.gﬁ&HeOfgfsm 52 drdbeebend g art
outer dianeter at

| ower end of e, tol erance rang and at |ea Si X
i s O R PSP GOAS dniRn 20 botp g, Bhpdirshdpven < Biafh 45k
pref erabl y anih@.d engdeh seaeaﬁiazgl cheaamp &he 1he¥agtanem.§.yac¢ae¢igﬂ.hy egluahedo t he

di aneter of the | argest tub i Ci pa sed with't anmpi ng
assenbl yt “hER 3 $UPE 2 PEIY tt %b’@caf“gr?gtv%]?ijﬁ r?EF'PPe 0l Ie‘gr agge&lrlange fox the

wor kpi eces seéén&ils'iﬁtlﬁﬁﬁdye@l’dmpe&rm Ascl atmpnge:arteagcmapah abigeretabty
regul ar pol ygons may us that_c de of the
pol ygon i s“ﬁ%e?%ﬁ“&ﬂ?iﬂdaﬂbﬁ?*’b&ﬁé? ctlémﬂ‘fég F‘é’%ﬁe ofgn %‘F’S’é tube in

t he tol ei@rg@ee{,@l’rﬁye s Neoebtadisich a:measth%fw laadfmned portaocg®imagt , and
the clanp ar be adapted.to _receiv, ffere | the 10
‘col l eta na;?ebéd?‘f%éflc?‘f’aﬁggﬂn WEERE RS et’g"“ﬁg\‘/fh gf;e&‘%agﬁag\s&g?&dl tfering
shapes or sichgéve lanigitientmbmner fitdte lcbaanplthg lmxeasrqyfs,t#red sheneppss 2

| nventi on mﬁﬁg ARaPLed, LR SRECLYE bUDOSR! aflhd f CEUNARS 203 chLn MY DE

mo

changed to % I'ng we ran ng condrtion-. It shov.ld be understood
Chat the clasppad dweas ahd euel bYsGhJStMGPFUBRYaBB%\PémFraSP f8eused in any
type of Serf{b' %%%91 &Yl + BT E GAk DD @681 S0 RERs an
asserrbly ogr SPI es erein the clanp arns are generall par al | el

to the basear@m:hasaespp@m oD ar@spefHeCEeRECFYVR 176 b2 BRY P uPf1 i ze t he

clanmping ar &3 of NS td@Ne{FdtJand Beacchd Btﬁor@n‘aeﬂam@t t he
novabl e 20 c’lg%t n%lér %gmg = glli]tt\oe}sjﬁt\'gg%tded to thgnst at ronaigégcl a; nﬁﬂar m 14. As

best shown %m eﬁr—'gsotlle& iqﬁetbﬂtfa-na}%ﬁb‘?’ﬁd“aé’s%ﬁafblﬂ‘? 1oyPdo IMEFTRISS a set

of arc shi e'%k%ﬁ: BRe t’%“%eah tehea st aha &R4S, afuet berst agp oar BFampxBemaris shi el ds
aid in shielding the welding arc fromther s‘era,ﬂ(!)r S, £yes: However, the arc

shi el ds AAynen sdigrad With SER prFond set of a et may De

carried out after manufacturing and before distribution of the clamp
assemblies 10 of the present invention, or may also be carried out
in the field should the clamp assembly subsequently reguire
realignment.

3s The first stationary clamp arm 14 is generally zigidly fixed
to the base 30, and the first movable clamp arm 12 is pivotably

attached to the base 30 such that it can xotate around pan-head



25 means for limting the relative axial novenent of the clanp arns in both
the axially inward and axially outward directions. Mvenent is the axially
inward direction is defined herein ae axial novenent of the clanp arns
toward the Weld joint or abutting point 24 of the tubes, vene in
the axially outward direction is defined _as 30 axi al mve&ﬂ?@%ﬁ?r 2@% t he
weld joint 24. the second novabl e cl anmp #rm | 6~has a.bracket 84 |ocated on
it's distal e Qe ed_.extends axi.ally inwardl bri dgi ng the gap
bet ween theseés%go%g' rrlé\%]g%ll%%rlgf ais %?cn?nan "’fthlé’n%f:? §¥/§% | t8 A%np arm The
bracket 84 dmeraliowipadidl Yizxd endiimgbhbange ot thens2on8tmshanedelsp
closely recgive .t f 1 no I ¥ arm 12 on its axially~outwaxd side.
In this nan%emr,gstgsgpé‘r’é%%éty %%gggﬁ%lc%g&ﬁebaﬁ% HbISER Hp g’r rfént bYettter, and
t her eby i npetaodasieuddisdziey Ut waen-hea2(Osdevwe dmor 3200k pddssvarmih af the
novabl e ¢ ay, ebatj 0 ol.he The fir vabl e cla arm has_a
cut - anway %%eon "t ?)ﬁrtles‘\égfi/ge't ?2 %’F’a%%f‘e“%o%? ga'ggg,[)set%h%gcﬁﬂnﬁa 'ylﬁorti on
87 bei ng | cudl sHe orecond sexi of |armeutéraftl, siedpectfivehy, ftor she naa¥abl en cl anp arm
ia. lz~ thi r he, .5 66, .Is; I to_slide wthin the
cut - anay po%oggﬁggf’cé%ﬁ ?r?ghz?i&ng?%rg%rt ééloor%qgge%?an o &?t hl\e,gr aﬁﬁ%&ﬁﬁet& anp
arm The finhet basatdicorandy thé asmataemrydclmy armpaserbeplraneveiB ihogRieed on its
distal end._T pl e_extends .axial |y i nwaxdly, bridging the gap
bet ween t hetoFPrgs’?&%tq g%cl‘, 8%%%£€F§hp°%arr$ﬁ]ffegﬁ Oﬁgnag%fet RIS SR i onary

cl anp az¥nfi8st Thertpbmany 88anmarm tut tiheiipadhdxar retkw beraianewbi ch is shaped
to receive WPt stat] clamp arm 18. In this
manner , theﬁgpg%%plﬁg%c? d gge ?@%g%e'r ,ﬁ?ngﬂgé%dﬁf e%cr? wa%mﬁ?é‘péi‘ré%j?‘&nary
cl anp ar ns figrhiTevehie admaparte Shprhadetrusti nap destenoved. Tloaceparer pl ate

88 thus 15 fl-agks;Any; a%ioahty deRVAdS BOMERRO!2:0t 8 3LRLLPDRR Y@ M8 Thus,
it is seen that when the coupling assenbly Is In the gripping position, the

novabl e cl FHFSEITRYaEI® L3TR| TSt BHE LRSSt Heohr sk dES84 Fheasameo bl ock

the cl anps grgtedise Ry WeOBRFHiRG HE: QU ¥@HoTk Yuhed BEcdlie SRRL QEmP ! A, €1 8A
bl ocks the stationary clanp arns .20 fromshifting a:tial'ly inwardly.

seen in Fi g& Shigqumaer A8 W@LPEoHHSFYATE AKPE ARPE%R faRE o gamaede| @fp ar m
in each ar n-pabeneries®\ier ha@piotgkapAkyAdilademetite tRyakhe val 28R @igTs 12, 26
are | ocated ially outwardly of the respectjve stationary clanmp alns |4,
1B Thr ougFEERPE TVARTo! e FAPLHTSIERT ARG Cld Aibisneh b EhearaTBdeRent of
25 al | cl anerawssanidspinl Gekedsdrewbini RhEawimal nalide@Cis @RS, ofifd@naDuakke cl anp

arnms axe_J ocate ially outwardly of the stationary clanmp arns, and
t her eby %%odcﬁfcfﬁé‘?%fg?‘f%nary clanp arns fromflaring outwardly. The

"stationary cl anpasiishewiarie Forated the aldmp apewr dbyoDfent haampvakle 6 anp

arnms, and via t' he spacer _plate. 88 Dblock.the 30_noyab cla r from
shiftrng axXicafl %ezlleﬁ\?vg ’(:II?.aRH'PPearé? n%spnggl &g'a+$aﬁﬁg%r§g?%\ﬁ§nggﬁ%iygg°ﬁg nuch
as desi red = heasgdn wbars whe tdwablehelaapnemdo2nats $biim oHe fippixgy tion
relative one her,. =t .shoul d _be_under that the arrangenent of

i nterl ocki rﬁfsg?gg%'hi gﬁé %5, ! éﬂpagre i gguo?tsggg?aﬁgﬂp ey gse greggb‘gglgd. That

is, the 25 shepadion helf tehbesgmrrer a8B thayclaer crrmshers erefekadllat i onary cl anp -

arm and tNgmREerkah . CAdT8is PhahBEACKE-ALILHE Jo LRI VIRYAH .0l AR BLM
surthernore,” the spacer nmay be [ocated on one of the novable clanp 20
Novenber 2@Eszommodated by the clamping assembly, and several points of contact
are ensured. When the tube to be gripped is relatively large, the
slots 38 flex sufficliently so as to allow eight points of contact
30 between‘the gripping areas 36 and the tube 20. In the present
embodiment, there are elght points of contact 67, 69, 71, 73, 75,
77, 79, 81 around the periphery of the tube 20. However, the arms
may be constructed guch that the slots 36 are located in position
other than that shown in Fig. 10. The slots may be located such
35 that they do not intersect any of the contact points. In this case,
the contact points 67, 69 are combined into a single contact point,

as are the contact points 75, 77. Thus, in an alternate embodiment



-~3‘arns, and the bracket may be nounted on one of the stationary clanp
arms.” I n yet another enbodi nent, the stationary clanp arns aze al so coupl ed
by a bracket and t3.ange to prevent axially outward novenent. zn this
enbodi nent) each novable clanp armis coupled to the 5r i

stationary clanp armby a tongue-and-grpqye arrangenent.Eﬁ%ﬁg%éﬁ%erzoo2 .
t ongue- ari d-groove arrangenent ald9 ~.n %Fniting the axi al novenent o~ the

cl'anp arns j.n . ho Lal _directions.. The, pre~arred farm of the present |
i nventi on h%’{s]e"%e%% %éb'%r"flﬁ‘eﬁr’%% c&e?"?—ﬁﬁee TWesRi B3R (thBe FrdsEhe armsEaldaur e

iri mnd ithéiegbetilovetatas phigpiobvious aé! emheh aert aidaopsrfier fed

enbodi nent s i (o ble_features a ad~tant.ages, wll becone
appar ent togﬁ%gggﬁ%f %élrg%ﬁc%ggéinr Gt PR T ﬁeﬁxacF“?g be fée’l‘\iﬁ}énﬁ’é‘?“giﬁoo? - 14
What is cl adlbod §5¢ peinys tdbeortlaghping tas sk yt coppetad Bgbe A frhsstis,

porti oxi JN A LSt cl L evi-Ge_sh d to receive a first

cylindri cgﬁeﬂ\ﬁogﬁ%f%gégt%ogrbgr%:' ﬁg %llgegoﬂ'%&gb’r?ﬁv&nah%q}ieﬁﬁn?f FaEFhFor

cl anpi ng deitisceutdragésmeter; exel Lhe sargac simphldybe rileiktisle \wREY eERrddy@I €i N,
sai d wor kpigce ' I j.n e end_facing.rel ationship along a
common | ongﬁ%ug}%g!: ggxf&sh%gf S%nfdn?r%naérlgﬁ% gzlhep?%tr S e'gg’tei YERiE &ht g

| ongi t udi nefiolaxanrenergandt s llnpsaiidecd avipingn dEveDepoised def i rst and
sai d second. jpoLti ons being adjustably coupled to each other such that said
first arid second cylindrical workpieces may be radially and a:cially
aligned W th eadthgrherapesadtl ther slamgrAdg seeenchporls®pobeinig,sel f al i gni ng
by i ndepen yiea W e wo .t ransverse radial directions
of said coﬁ%ﬁe%%ﬂaigeg?fﬁégﬁ% gagigg&i %Fatpg%l' gnitﬁernfx%@lgai% SRoPRifeces. 2.
The tube clSsMpFhgPasERIAs prdfotdrnipnlygamaheres saieduldy o jorelyubar,i Aeludes a
first basejgobahainaldsvakd 5LER0LINAE AubNEhdesyg 3ee0nd pase member
and wherein said first and second portions are joined at their respective
base menmber¥efsrrefhambqdiment Adch g des 9 iileyPolyaorafonmt aherbeine saigle

cl ampi ng ¢leiis OfheAkesd AR5 aRle. fh aTherddbe RlAMLIL3SGMALY g, ol aim 1
wherein said first portion_and said second portion ara coupled by a

fast ener paYBEL ThPBEHENS 8FIRAENE S31488r 0§ Sheaprl vaRR et ede yourwedi axedsi n sai d
second por to0gid Gn The dedbgr nadPi NG rasearhl yboik eh@id&&iﬂgﬂqgfw each

cl anpi ng device includes a pair of clanp arnms each having "a“cl anpi ng
surface, afy*oheEti*nf PeEXI%8fAe of said clanap arns ita each clanping
device i s novablmchr g cgrifPhegaRASLE iftardhanel Busakdat|R¥PLOE YT f aces
may grip.a lindrical workpiece therebetween) to a release position where
sai d cyl?%&%cﬁﬁm\%r%}pi‘é‘&t LABtYSFFP PR EByPS FEAPRIh MR Saefamddet. ' 6.
‘The tube clraepépgpleyiwienofesdrahtd Xonhes.ei, earh cehd¥PbA% 9YiLa1Lac! udes a

st.ati onary cl armand a rz~qvabl e.c| a rm
' >/worggg%ce 91 reprxesent 8 at point JUJ %he center of the half hexagon

of the clamping area of clamp arm 12 is shown as point B, and the
center of the half hexagon of the clamping area of the clamp arm 14

2§ is shown as point C. The remaining outline of each hexagon for each
clamping area is shown in phantom. In the illustrated embodiment,
the center of each hexagon is offset in a direction away from the
respective clamp arm with respect to the center of the workpiece A.
The dimensions illustrated in Fig. 12 are greatly exaggerated for

30 ease of illustration, and the centers of each hexagon are offset an
appropriate dimension for the regquired use, such as 0.01 inches in
one embodiment. The offset of the center of the each hexagon
enables the clamp arms to grip a tube that has a relatively small
diameter. When moved to the gripping position, the hexagons of each

35 clamp arm may * overlap” as shown in Fig. 12 teo grip a tube having
an outer diameter at the lower end of the tolerapce range, and at

least gix pointe of contact are guaranteed.



20 Novenber 2002 - 15 7. ~'he tube clanping assenbly of claim®6 wherein
. each novable clanp is pivotably attached to a base nenber. 8. The tube
cl annpi ng assenbly of claim6 wherein each novable clanp armis pivotably

attached to its respective stationary clamp arm 9. The 30RevEMBEPROG2
assenbly of claim6 wherein each stationary clazx~p armis zexnovably
coupled to a base nenber. 10. The tube” 9 arrtpl ng assenbly of claimG

wherein each stationar s, r attac a pbase nber .. 11.
The tube cl anpi ﬁ@""'a%%reﬁﬁf%/“g?l‘é'l g}’ﬁ ]f'rﬁglé efyﬁa?élsd ?l?gs%hﬁol?et’ﬁagﬁ%d sai d
second por ki Ndhgehasguaihepeathestiantep of osellpreagagereavitiotgmed 1@ beThe

t'ube cl anpi ng assenply f claiml wherein ong of said portigQns has a
not ch, and“f#f “3tReti%f %‘?ﬁlﬁgpﬁsﬁr‘é?\% ﬁ'&it ésgrglb Ry eg %e ERRT R,

€cerve said
notch. 13. jfhehe! WbfaxtnaBPidige afce thk yworkpdomism As \dhemessledsaaﬁiasserrbl yis
shaped to receive an orbltal hel d he therein f

q_r wel di ngk‘%up
cyl i ndri CaF*3RRiREI 2kaas ARARE; ¢ s%“a’-‘ é'nfﬁ%' AFRA LS TRY stef}be & arrpl ng
assenbl y ofngd @l 13 HelUlélRh €PND2E8E Nd € @obidal inehbikessy ebatted to

wel d said pair, of | indrical I kpi eces, tu cl anping assenbly of
cl ai m 2 wh&F¥h t?aﬁ"%e FARBeTSF %%\ID ®f #‘?ﬁes "%‘eohﬂ gtrll1 P&e aﬁr@ a‘ﬂ? sai d

second portion efehclampend acess st mamd:evmrreﬂnnsa dOl:lﬁt'f oend theeckdnp~ed so
as to closel gﬁgg{gg%%gg};gﬁgo mer%%Qfen@mﬁ[étub&e@ew' Ngeassenbly for

an orbital @ COMmpristn mpi ng device for
hol di ng 1 ktbIisdtaciay neér intdrcheorded wteh tChbl@IsnhaVlr&BOCLMPeﬁbe#ﬂ 2602 - 16 a

second cl agg#%q_&gg\éﬁeg%géﬁ)gglzgg ng.8 aﬁgorpﬂmgp |t3,gr E:faﬂll %rmaﬁcg t herei a;

said first devi ces nal nt ai ne aced relation to
each ot her therpresent iinvgntirnondy thel aganted deF?Péﬂfeeb‘é‘t%ﬁeeﬁ differing

sizes, or may be changed to adapt to differing welding conditions.
Tt should be understoed that the ¢lamping areas and collets

15 described above may be used in any type of assembly used to clamp
cylindrical workpieces. For example, an assembly for gripping tubes
wherein the clamp arms are geneérally parallel to the base 30, as
opposed to perpendicular to the base, may utilize the clamping areas
of the present invention (Fig. 11). 1In this embodiment, the movable

20 clamp arm 12 way be mounted to the stationary clamp arm 14.

As best shown in Figs 1-3, the tube clamping assembly 10 also
includes a set of arc shields 80, 82 at the distal ends of the clamp
arme. The arc shields aid in shielding the welding arc from the
operator's eyes. However, the arc shields may also act as locking

25 means for limiting the relative axial movement of the clamp arms in
both the axially inward and axially outward directions. Movement in
the axially inward direction is defined herein as axial movement of
the clamp arms toward the weld joint or abutting point 24 of the
tubes, and movement in the axially ocutward direction is defined as

30 axial movement away from the weld joint 24. '

The second movable clamb arm 16 has a bracket 84 located on
its distal end. The bracket 84 extends axially inwardly, bridging
the gap between the second movable clamp axrm and the first movable
clamp arm. The bracket 84 has a downwardly~extending flange portion

35 B6 shaped to closely recelve the first movable clamp arm 12 on its
axially outwaxd side. In this manner, the bracket B4 couples the

movable clamp arms together, and thereby impedes any axially outward



said first and second cl anpi ng devi ces each having a pair of clanp arns for
- independently clanping the first and secoztd workpi eces, respectively,
wher-ein each clanp arzn has a cl anpi ng surface being generally shaped in
side view as half a polygon having at |east six sides, sSyrRoléRbet Peodirst
and second wor kpi eces are held coaxially_aligned with each other by the
tube cl anpi ng assenbly. 17. The tube cF&ﬁﬁing assenbly of claim 17 wherein
said polygon is a regular polygon. 18 . The tube cl anping assenbly of claim
| 8 wher ei rmavamenh ity §oh “§°é’ala¥?1€ié’ﬁ%ﬁ.mi9‘?ﬁ‘?‘ﬁg"% FBe %P“&ﬁ%rng T§’§sé¥&ﬁ‘y of
clai m 17 whehgbie 6AGR Saind nek aTRus tdfagCpodtiohesrDwabtycdiveci medlangeach said
respective clanp arm 20 . The tube‘clan?ing assenbl% of clain1&g wher ei n
the center RFtéaRBehakhe SHEyEERY PEHORsB{ B3 8% 1978 e e FRR ¥4 4Y
respective GuhhpdrdicRl oMamkPEeeR Woeiblsakrhmpesae kil vers thi o didntiak, Warekpi ece

is gripped In said respective clai~~ping, deyice. 21. The tube .cl.anping .
assenbl y Bf£l@ngp nf &l AswRRARdH %%éﬁlilﬁ ”§§ﬁ’cf‘ gY?Fi R RS RRS &f)ri‘ @geguﬁngn a
tol erance rangar& Mr obéniRidt 6 ditheEivabbaicdatplamance range defining a
maxi mum out er di ameter and m ni num out er_di gnet er for each_of a%ai d

wor kpi eces, and ThRrFEFFE SIER* NP HTPSTFY dce2ak FPEEZaRE?TS % zed to
acconmodat e Sakdd X iiBH B iERErexli. ar Heekpiceanglsad @8 nextemln axitadldydi anet er

of said workpieces, such that when wor kpi ece_i.s _gripped b e
respective PHEFAbY. &%ﬁﬁ%g%ﬁr??c%%“@%c es%é’éstofg g%‘é:{)%agra%p%%gg?ﬁrlﬁaces
cont act s ;$aikh WhE k§cRae ddatdbniBaslamp ponMs. TIROpheverfiteha@G02ut-dut 22,
The tube cl anpi ng assenbly of claim 22 erein.,said flex _Ls provided by a
slot in eactP SEFEST|REPEHY “Eart d@eg?apfé\.l\@ﬂ'ﬁee “flibe E‘cfl%tfr%l 35 %’gstg‘r?bl y of
claim 23 whgg@ing saitdosh®t clamp erat el i Mntibdscemirer, ofheopdatd BEhectd des of

each of, said clanping surfaces. 24 he I ' e r of claiml7

wher ei n eac?® & sE%?%f'cF’ﬁ nr‘?&r%%r"‘%gset-sgei géagﬁgﬁg?a{gg%ﬁsaﬁg g%l gast three

poi nts of cgpdcaat ayddthaapreizpeshined dizitency | Mile i pabenarliape et ths. The

tube cl anpin ssenbl y,of, cl,aim [.ei h :Sal i ng surfaces
bg%c oY I%(\;}'vaglé’ ‘n{dﬁrc? %oy*\@feng & §36 sgt1§§é§r6gg$ﬂg

may flexSo | @ three points of contact. I t ube cl anpi ng
assenbly of clai mhds, iin tordelenatiagnwidn hhercapbinskResrntdivngs adpihat us
having an orbjtal weld head. ' Sz ER RYuFRReRBL Yl gl ai ~v 22
in conbi nat PHPRAFEPER 57 B tté?% &?e"iaali_%gﬂtggparﬁsus havi hg ai zgor bi‘rt al weld
Mead. . AN . Ayd bAEcKRE: Al fylasApy. Bpck Ahe appmenanps 423 1 frompflaring

outwardly, and the spacer plate B® blocks the stationary clamp arms

20 from shifting axially inwardly. As seen in Fige. 1 and 3, the
stationary clamp arm and the movable clamp arm in each arm pair are
overlappingly arranged. The movable clamp axms 12, 16 are located
axially outwardly of the respective stationary clamp arms 14, 18.
Through this overlapping/interlocking arrangement, axial movement of

25 all clamp arms is blocked in both axial directions. The movable
clamp arms are located axially outwardly of the stationary clamp
arms, and theraby block the stationary clamp arms from £laring
outwardly. The statiopary clamp arms are located axially inwardly
of the movable clamp arms, and via the spacer plate 88 block the

30 movable clamp arms from shifting axially inwardly. The arms may be
arranged as overlapping as much as dezired so as to ensure that the
arms do not slip out of position relative cne another. '

1t should be understood that the arrangement of interlocking
arc shialds 80, B2 as discussed above may be reversed. That is, the
35 location of the spacer 88 may be on the second stationary clamp arm,
and the bracket 84 may be located on the first movable clamp arm.

Furthermore, the spacer may be located on one of the movable clamp
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linear moveroent in at least two transverse radial directions of said common plane to produce a

coaxial alignment of said workpieces.

2. The tube clamping assembly of claim 1 wherein said first portion includes a first base
member and said second portion includes a second base member and wherein said first and

sccond portions are joined at their respective base members.

3. The tube clamping assembly of claam 1 wherein said clamping devices are releasable.

4, The tube clamping assembly of claim 1 wherein said first portion and said second portion
are coupled by a fastener passed through said first portion and threadedly received in said second

portion.

5. The tube clamping assembly of claim 1 wherein ¢ach clamping device includes a pair of
clarup arms each having a clamping surface, and wherein at least one of said clamp arms in each
clamping device is movable from a gripping position wherein said clamping surfaces may grip a
cylindrical workpiece therebetween, to a release position where said cylindrical workpiece is not

gripped by said clamping surfaces.

6. The tube clamping device of claim 5 wherein cach elamping device includes a stationary

clamp arm and a movable clamp arm.
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coupled to a base member.

10.  The tube clamping assembly of claim 6 wherein each stationary clamp arm is rigidly

attached to a base member.

11.  The tubc clamping assembly of claim 1 wherein said first portion and said second portion .

are shaped so as to closely engage each other.

12.  The tube clamping asse:_nbly of claim 11 wherein one of said portions has a notch, and

the other of said portions has a groove shaped to receive said notch.

13, The tube clamping assembly of claim 1 wherein said assembly is shaped to receive an
orbital weld head therein for welding a pair of cylindrical workpieces held in said clamping

devices.

14, The tube 'clamping assembly of claim 13 further comprising an orbital weld head located

to weld said pair of cylindrical workpieces.

15.  The tube clamping assembly of claim 2 wherein said base of said first portion and said
base of said second portion each have a cut-out and wherein said cut-outs are aligned so as to

closely receive a weld head therein.

16. A tube clamping assembly for an orbital welding apparatus, comprising;

a first clamping device for holding a first cylindrical workpiece therein;
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has a clamping surface being generally shaped in side view as half a polygon having at least six

sides, such that the first and second workpieces are held coaxially aligned with each other by the

tube clamping assembly.
17.  The tube clamping assembly of ¢laim 17 wherein said polygon is a regular polygon.
18. The tube clamping assembly of claim 18 wherein said polygon is a hexagon.

19. The tube clamping assembly of claim 17 wherein each said clamp surface is removably

received in each said respective clamp arm.

20.  The tube clamping assembly of claim 17 wherein the center of cach half polygon is offset
from the center of said respective cylindrical workpiece when said respective cylindrical

workpiece is gripped in said respective clamping device.

21. The tube clamping assembly of claim 17 wherein each of said cylindrical workpieces has
a tolerance range for its outer djameter, said tolerance range defining a maximum outer diameter
and minimum outer diameter for each of said workpieces, and wherein each clamping surface
can flex and is sized to accommodate said maximum outer diameter and said minimum outer
diameter of said workpieces, such that when a workpiece is gripped between a respective pair of
clamping surfaces, each side of said clamping surfaces contacts said workpiece in at least a

point.
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23. The tube clamping assembly of claim 23 wherein said slot is located in the center of one

of the sides of each of said ¢lamping surfaces.

24. The tube clamping assembly of claim 17 wherein each of said clamping surfaces is

shaped to ensure at least three points of contact with a respective said cylindrical workpiece.

25. The tube clamping assembly of claim 25 wherein each of said clamping surfaces may

flex so as to allow said three points of contact,

26. The tube clamping assembly of claim 17 in combination with an orbital welding’ .

apparatus having an orbital weld head.

27. The tube clamping assembly of claim 22 in combination with an orbital welding

apparatus having an orbital weld head.



