; e3él DDEFLG* vHEHTI W1 The present invention is directed to nethods and
rappar atuses for clanping cylindrical workpieces, sad snore partmmmmmum

S met hods and apparatuses for clanping and retaining cylindrical mmm,
during orbital welding operations. BACKGROUND OF THE | NVENTI ON Or bi §iglesar €
Vel di ng equi pnent is often utilized to weld tubing 10 and pi pi '

n ed in -
fl.uid handling and processing systems. nor exanple) U.S. Pat. ﬂ”’ﬁﬂmg’ﬁmmmm
to Benway et al. (herein incorporated by reference), and U S b
4,233,686 to Eenway et al, therfigk tigarRerAiseinby reference? both *dsmt ose

orbital welding apparatuses for welding a pair of tubular workpieces. The
15 appar at uses diRecPEREANT: FRYDLHOREE BEFeREER| §P dretbedtc4nd ARPRsE BwResf Or

wel di ng smabk & AMPRhe cyi1ubhAA1Nwehi@iekys CaRA! Msd ﬁ&@&%ﬁn@*}% ¢34 and ' 6B6
patents discl ose a tube cl anpi ng assenbly-for recelving and'retaining the
t ubes to H&HBIUHeENFARRAFERAGH RET cP@rBINDAEY MteiRinske cxlmndiingl assenbl y .

di scl osed tBek®idtasSadGNeiMilthY w38 ISpetBeidHie 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 of arms such that they are in end-to-end

abutting relation. Once the tdibgRerdmmveoPeasr Mvmeco ed) the orbital weld
head is inserted into the tglbe cl anmpi ng assenply to carry out_the welding

z5 operations, &F3tEHe aFGpEEtupg %@iag‘g“%ﬁst AEtSe ubtiErAgEpyrht . tuphag
present igeaatpiPingSusid eat ErhibondmEay eENbsodddsihe syubemg| appi ng assenbl y
di sclosed therein and in other simlar tube clanping assenblies Wen

wel di ng cyerAtRY%aF  Sorfidhir s 5+ 13 1abr kD BEREY #Est bdh8PRimadi al Iy and

axi al ly al iigesshaidebd thatetéinesr, Ghdt bes.f ba6] Noar kpiag¢esfltat Sedlts epd Of
the second workpi ece. However manufacturing tolerances limt the precision
of radial &t gHifRFREntIRACTRATRYSE BY rrafpERrcen hork dtehese| erhitay widing| i es.
Accor di ngl YppafiriResXfdk Webdiiged pdiir af tuial&t ABRkHRcasserEey capabl e of
ensuring, 35 Erem se radi al ail gnme,nt bet ween the tubul ar workpi eces, Art
addi ti ortdl 2PPRTATHTES I TAFLEPTE LR Tt AR SRR YS 81 ERe5PE- 4] S¥stemse £8F anpi ng
assenbl i es wesdidiptemblle dibmetkC kBPIhAEABc1068LE coAt ened spaces. The r134

and '686 patents disclose a tube clamping assembly for recaiving and
retaining the tubes to be welded during welding operations. The
tube clamping agsembly disc¢losed 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 relatiom.
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.tubes are welded at their abutting joeint. The
present invention is directed to improvements in the tube clamping
agsembly disclosed therein and in other similar tube c¢lamping
assemblies.

When welding e¢ylindri¢al workpieces, the workpieces must be

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

35 precise radial aligament between the tubular workpieces. An
additional problem often arising with exiskting scissors-type tube

clamping assemblies is that the fixed clamp arms, which are



..a_, typically made integral with the base, Accordingly) Wen the fixed

. clamp arms fixture may have to be replaced. Thus clanpi ng devi ce having
renovabl e clanp 5 stationary clanp arns. In order to ensure proper
alignment of the tubes to be welded typically made integral with the

base, are not renovable. Accordingly,whepn, the fixed clanp arns are danaged,-
the entire fixture may have to be replaced Thus there is a need for a tube
o) 2Pl ng eyt ;ﬁdb%shm B BB )criQ3h ddeC ULl l’né e FEIRY In order to
ensure prop ment tubes to de axi a m)verrent of the
clanp ar ns rondihdie, nvhﬁnnthecﬁlpipdrﬁ@mbe%wsfumdawmd t Rige @ngipe ar s Ay
flare axialdyrgud Wahdhiydbb! S0 e MEUAN0 st B NHILLER! cpOL kithCES.  The -
reaction of ﬁ ke anpi hg forces upon the outsi aneter of the
t ube may trqi-ﬁsptna |d¢vecer»aaxmmlremevthé=c@mnms WA cudrmsles renevadlanp ar ns
to f Tare qQ rd novenent may shift the tubes apart so that
their but% eng%'ggrzé, ong%yrval n contact Furthernore; it has been found

t hat shrinkage ofn tchréeme:IOdE‘jﬁmmt p¥RRETnAliTBRETh ¢ InEle cabise trs e ek,
moverent of . Lhe &l @ra%san%mqahavwmq SRNSHBY nfiRYniGRRSE FhBaldilal O Pi NCh
or clanp upon the wel 8 y the- clanping assenbly, which can inpair the
wel d head risupd thatatherclapeciamgi W flaxharéally guiaedly urdfgar r angenent
for limti rtqahgf‘ngwfakhmﬁmmgi idippelagp afﬂ@réibéi%%é heel ApARE and
outward 20 axi directions. Finally, each set of cFE‘B arnms shoul d cl anp

t he wor kpp edempind) foutes cpenttheopresidgcpianster thot% B| WAYy EF pngfise

wor kpi ece tfhepeln Ma@vﬁr‘éeaé%p%t‘lbxfxé WAgcHl Wah8de Wak 0éehpORENsA kb OfiSsraFOT
exanple, U S Pat. No 4, 866,367 to Benway et al., hereby 25 |ncorporat ed by

reference. WHt¥eTdSes She OSHERF daﬁ‘ﬁé?’%{’cnﬁs‘“?yoihb‘?‘i ppe n"dméﬁdaﬁ‘aé't aPfi ¥ ta

wor kpi ece WiHeRiNp@t et @bh@tare HoWRVREer QX Sdrtage onphehsezmaye Naft RESHed
sufficient contact points between the toilet and t ;ledt ube, thereby allow ng

the tube t oFWHAf Fh% FRTIRR9E o7l &P R0 At RYF 08RG TRY, GBS or a tube
cl anpi ng18ssRAblYmdiaieRg oF She tlbhptarnii ch*nenWaea wletdAt enayobai= Of
contact between the toilet and the tubg %V%d%THE | NVENTI ON The
present i nveif POR® % RIPTHET PRI TRP™ g%r'f’r?‘ ¢ SHUE™Sd] ust abl e
base to enaddsembag) a.!hlahlcgmrmmamf thhe:ewbesdtmdoe weladddn. has

r enovabl e/re{)ﬁo gf‘ o e hde Qg?%%e)g OVI easrrglqgae;l@n% Qz\t%f%ﬁ Llllé’l‘ltl ng

axi al noven® "hak col énsures
sufficient peiant &o@émdﬁ&td@&het&ﬂ@mohitﬂcun ardtht the woviesl eoé souvyred

parti cul arI 33- 8resent invention provides for a split base having a first
portion &rqd eBOREFPEPE1 on, wherein the first portion is adjustion
relative the secwmdaﬂypOéatahoaet mferbane apmo papulddilaty dhegwmpteod t he

t ubes to be I ‘He gth@ema%g&stsgbgse ok %&E_—E %frj.{:hﬁmpc\rg?l&n, ce

i nvention, pP¥ wWhi ch ensures sufficl e poi nt's of “contact'
bet ween t he th;aielmt car:drolih enyo ki tsogsiuving yedirg wparafaonshe Beresent

| nvent i on PLOYIAGS O 3SR s RARE30R b kil 4 hupOridaBy and a second

Al
portion, wher el r?the f1rst porti on is adjustable relative the second portion
to ensurezsg)nampomadﬁ@llbva¥$@THEMu SistlRses LINEs SHeR B@Pﬂ\‘éﬁ%dfc’Wh@P e

adj ustabl e feat o8 888 Lt AVE Tt bOTLetRT Gfdwades Adikakt Blg gnrrent of
t he wor kpi ecgg1 %ﬁigg&a&tgﬁmﬁ% Tﬁﬂe1 i nvention incl udeg a tube cla | ng

assenbly comptlssisngen Tt BrOVISRt PORFIRATAT GORFATHSEOLHTS Bete SR Ty SatVAtce
carried on tHg GaS@ub&Ndner&8CADtwing the tube to shift with the collet.
Accordingly, there is a need for a tube clamping’assembly having a
30 collet which ensures adeguate points of contact between the collet

and the tube.

SUMMARY OF THE INVENTION
The present invention is a tube clamping assembly which has an
as adjustable base to enable wadial alignment of the tubes to be

welded, has removable/replaceable side plates, provides an

arrangement for limiting axial movement of the clamp arme, and hasg a



10 portion having a base and s cl anpi ng device carried on the base. The
first and second portions axe coupled to each other such Chat the portions
may be adjusted rel-ative each other. The present invention also includes
stationary clanp arnms that nay be renpvably attached to the base, thereby
allowing Chemto be |5 renoved for repalg or replacenent. In this manner,
when the conponent is damaged it may be Tepaired instead of having to

replace the.&ntdr t kD nventlonlsat

cl anpi ng asggntﬁtyggﬁ%phz\#%g gl&%félge% hgﬁ{&( FJIL- rcg DY AISFESS ThB %‘:Il‘irlrﬁ&nd a
first stati®tthtpecventpiased.cotipieedarts chber lyasthe @rregqntppnvgztaoﬂo
cylindrical pdiilRk es ghglglegegggaeegaw_‘gae tﬂggt%&ggé%l%tn@sgesn%l Xflf urt her

conprises a second novable cl'anp arm and a secon ionar anp arm
coupled to E?Félﬁasé"hI‘GF“grtFBpﬁﬁtaPWPP%dﬁ adiuatebkpinedet tvecthbdciavend,

wherei n ab dHAbn ONF efbuddBroiat EQMlYafig@ﬁBn@rJthhé LBOPVARPLY &éi‘é@' ed to

t he base.. 25 The present invention also utilizes an arrangenent
over| appi nd’sifg FH SFTBHIADAY E8ACUSPE GFdthy BreFaRFeRnvertion, lmeemmt of the

clanp arns jidaiRotdn @xhele dier e6d WBRSH1aIhi Scah”ﬂ@'%tt'té{?ne%r r aRQeTRRLL IR M zes

pi nching or, clanping of the weld head during wel ding operations, and al so
ensur es t hathctHdefud I’éB’P%GéémPJé?SaFFﬁqﬁﬁlB(F%BmﬂnB‘ga ridirat i pardhop heoiemsur e

proper wel dp sabl i 5 EIUGRlLcd MALHIMEBE ) beod LHES, GLaRl N0 asserbl y

conpri si n a base) a first c device carried on the base, a second
cl anpi ng? eRﬂrc?é"’&a*W’l*é%l E'O‘?af?\émﬁaSéﬂaaﬂﬂlgl gevdaegcpEmiedf o thenbaseng t he

outward aximle FRYSTRAE &fcohfGpdritisis ard &Rpoad tBaéic}PEtﬁéﬁ@HEHQ:lrQ%V' ces.
35 Finally,_.the 1gresent inpvention utilizes a collet having a polygonal,

preferabl y TExBIoHA"" SHape HHEAtFH LAREYE PG R5si tion This col l et

arrangenent ensuries paesdntl m&ﬁ.oﬁmfsacmcludéh RRAFLchaeP diaGpt 4R enier
m nal ., maxi nrum t ol er ance

di anet er when ghe tube S |n #‘mﬂl‘é
condi tion. "f¥ed8 I¥vak y BbFRAne s?‘br’f FiRasfHt Ié}’ﬁrﬁe}’e’éé@“’t% them %@ &2 hol di ng
rigidityss Mobbermyrepmnm aepnm,r@hancenfgﬁst hendedtheuien BRYVeE after it
has been cl anped. 5 t hi s_enbodi nen the invention conprises a_collet
for clanpi iy ROBSHY ﬁdr?f’ﬁpe%tkb‘?%cb@ r?*?‘?é""&%l‘l’\ftteﬁ%ﬁﬁr fayiRg &0 FePLaceH cl anp
parts each tfmvengiz& chinp swrdrdscensdaphait, teheeriga&e;leapglangu@_ des of the
wor kpi ece, each, cl ang rface hei n ner al | %&ega ed as halt_a polygon in

A

si de view, THREPP rd‘tml’gés 283 28 3o "gEIRSuSI Yteh 8F M
enbodi ment sarxdf at h&stnvwmnargarceadeaeml émqbladlctoc tm ade hesrebhippang ot her

feat ures g th nt dev becone a rent fromthe

fol | owi ngad"gfg ?@ICP ge‘s'f?:‘?l ot F%ﬁth S?’%“Fe’f er en% 5 ?]r‘?@'pé‘&%(?ﬁgg‘ﬁiﬁyng dr awi ngs

‘and cl ai ns, fumheh dopm geepar tewhdt drerabpe cilhing atrimoand %saﬁlrﬂFsiﬁﬂGRhm'l ON OF

THE DRAW NG§ Shec i n assenbl y of
n?‘ éoﬁglfledpgg e L.)(e EXL‘# g{:;r}%l tlgﬂnd P Tq:

t he present 1 on own inthe grip Ui expl oded
perspecti vethnrehﬁweetnhewttq;ben citairpaatg oag sdbhy s@ﬁtﬁrgryu;lamp arms is

removably coupled to the base.

25 The present invention also utilizes an arrangement of
overlapping and interlocking arce shields to prevent axial movement
of the clamp arma in both axial directions. This inventive
arrangement minimizes pinching or clamping of the weld head during
welding operatiens, and also ensures that the workpieces remain in

30 abutting relationship to ensure proper welds. In cyis embodiment,
the invention is a tube clamping assembly comprising a bagse, a first
clamping device ¢arried on the base, a second clamping device
carried on the base, and locking means for limiting the outward
axial movement of the first and second pair of clamping devices.

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

position. This collet arrangement ensureg a minimum of contact



20 Big. 3 is atop view of the tube clanping assenbly of Fig. 7., shown

‘W th a pair og tubes nounted therein; Fig. 4 is a front view of the tube
cl anpi ng assenbly of Fig. z) shown with a pair of tube nmounted therein;
Fig. Sis a side view of the tube clanping assenbly of Fig. 1. 25 shown
with a pair of tubes nounted therein; Fig. 6 is a detail cross section
taken along line 6-6 of fig. 5 Fig. 7is a front view of a tube and the
tube cl anpi pgiassenting ofbdiodred a:SHON hed 6. 8LG2SE ROsLLign; 3D Fig. 6
is afront view of the tube and tube cl anpy ngﬁgstg'leb%bﬁ/ of “Ft d"&n“/'"\)w'th one
of the novaPt®RelarfF FANEmY tekrragee pyinddtigsi t Theve Edrgacd poinasfront vi ew
of the tubesd-ANPENL1S RN e WneFlebrevurl noAUD WY type ghd an orbital .
wel d head; 35 Fig. 10§.iss 2 detall front viaw )g? %!Q?B’bghaﬁﬁ&t%é“f%a '
cl anpi ng asBEEHPLFe ofherFhance, fay g-he7tubg §ogndveoptteyi dwol bewmlclanpudt.
enbodi ment £ thhe dndRimentd ShANRILBE RHSEMYN0f & RS TP LA tion;
"and Fig. 12 is a detail front view show f\%ﬂrt ﬁe zfrrajhgé;me%1 C&Fg%/ﬁg’ 8

hexagonal t®drerisadi Hgrkniess: UheDeidietErrMESEP T BN AL helsmpsprowe | n
Figs. 1-2, &b h%&f&igﬂ@gs‘?@@%ma@%@a% LRy gﬁ%‘é}}ip%ﬂ rfd&iQP cAds a sat

of clanmp arnms 12, 1 or clanping a pair of I cal worKpi eces,
such as tubE¥kpdessy erekh 13" SUrkarelinedny eeneriddy shapsdets haBdtai ng

junction adodibkn 0 s2de v-lﬂé@_, V@’Jedpjaﬁ}.‘rﬁﬁ hivoﬁagré?qgggt tsfigagfe?ié ting point a4

of the tubes. The tube clanping asse I¥ i ncludes a O that is
gener al | ¥9r ect anfRAERS | PLhegperhaskimentifd of fdiey dacendhon pari fepGibédramsd

therein foxcv.2red WeradiaN Lubbirdr wedh-agacha33additdgedor ThHE 30 shoul d
b4 of solid C(instructi on to lead stability to the ??J%e cla |%§&it5 assenbly

10. R pair VP rEtllcParreappRavest fupmafle |f9ddpwudaotetdndedideacaiptie, base
30, and a paith péfrenedd<hAdbRPaling IEradtifyd Q6AtQAIRY, WhiOPPRSKt § Side
of the bass_30. gh%fi rst,fﬁtat,i onary clanp aim14 is.generally rigidly
fixed to tHEHal , B LRS- ¥ st novabl e clanp arm 12 is pivotably
attacheditso the base such BRrthaESCHIFTAON 0Pt @LE DRAVINGG pan- head screw 3Z.

Simlarly, the sgcon tationary clamp arm 1B is generally rigidly fixed to
t he base 30, andg’tsﬁe s %@naefﬁﬁ%ﬂ‘ée g;lgéﬁp" ch¢ 1'6‘hgs°1p?i"9b‘?%ﬁlsﬁe’%}{]tya8ﬁed to
the base 3(imuphesdmat ihterrasdn raoaheirtRungippind1@agisernew 34 (Fig. 3). Each
pair of clanp ar t gget her f rré?ga rel easabl e, c ing device 25 26, ZB.

bl e cla
It shoul d be underst ot tHaf RETPBESS LY oWty 9ar58 HuRsy cpmRigeng
devi ces t hatsseaplpefugdbg. w;t hout departing fromthe scope of the present
inventio and s I in Vi ce y..l.nclude .any a rat ys_t hat can
cl anp angor el easg"c% éy?gﬁidrt ?%gﬁ'e\"\'o? ﬁ%gc%?b%ggwpﬁf‘gta}?ég‘g’f‘a]é’nﬁga@r% t2, 14,
'16. 18 has shavhawiing saidf af et 3sonowitadpilegedxes 36, which in the
illustrated enbogjment.is out f b the clamp arng. The cl anping
surface 36 may bﬁejigs'hgpé% aagr%%é’rlngwco% gﬁg,éugsn‘fmaénpg‘?gpéaé,seﬁlyf °g Kt€xagon, or
ot her regul¥ar sbewn Widhuk araishehesbdheuhkedtthaoedaxbl e clanp arm 12 i s

pi votable to a ggippin OS] FiLO.wn8) jn_the cl [ surface 36
0 the 35 First %ﬁblsegﬁ&a%&%%egz&?smgl %u&\r‘%ggfﬁptlﬁ?tﬁ?&e"élfal?nﬁ?gpg"gsd’face 36
of the fRPFsthoshavidhar yait afiptehen taundedaghereingrip a tube z0 t her ebet ween. -

The tires novabl g;£] 3MRs & Bedidl i APV aBong 1%ne 6-6 of rig.
51
Fig. 7 is a front viaw of a tube and the tube clamping
assembly of Fig. 1, shown in the release position;

30 Fig., & 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 clampling 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

agssembly of Fig. 1;

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



rel ease position (Fig. 7) such that the tubs a0 is not gripped by the
+clanping surfaces 36. It should be understood that the rel ease position is
any position in which the tube may be renoved fromthe cl anpi ng device) and
t he novabl e clanp arm need not be noved to the 5 position illustrated in
Fig. 7 to be in the release position. ALl " that is required is that the
clanp arns release their grip to a suffi®ient degree so as to allow the
tube to be renmoved or irlser%]q:q_f whi ch naé%/, be acconplished by axial novenent
of the tub& *RRES GFRTITY ThePBoRTTBR BFPre™ i ¥ novable clanp arm 12 in
Fig. 10 7 ill usthigt e$2 tiveafddtayl opent poisit slowingnthel Aridtigeme@dabe thwe cl anp
armis alsQ.LR :Hﬁ E ee%_stg%ﬁ%%i Szi:é)a'}' Simlarly, the second novable clanmp
arm 16 i s Novabl e befween gripping position and a rel ease position. In
both Figs. 7 and e, the novable clanp arm 16 is in the fully open position.
15 Each ¢f anp arm nmay have ”aChiDTBFﬂ: t?zé?!iuﬁ'fﬁms 38 | ocated adjacent thg
cl anpi ng surfaces 36 to provide Ibility to the clanp surfaces as they
resiliently engdgebeste spevi gineFygof 1t he thebadwe Ikampine sisgamislyd 10 het
resilient ts [ § Sod j e U.S Fat. No.

s 66, 367, “herchy T hcay sararel T S5 i sl A a2, f

4,973, 923) charming Bresdrpof ayddndnicedf eyrknéecescagdrhofs thbeamdmbke, cl anp ar ns
12) 16 axe,j e t o] I ) . r.at t uating
means 40, f[‘ggt glt Q?r%\r};eell%ﬂh%c;tggo%@;tseét arE?l }rén eat(:% \%/tééej%lg? H’Zﬁ%rgfgpﬁngg’é%d rel ease
posi tiond 5] n Xhet weld Jesnhtisefprnsdnehithe ROUsS i OARE ’8a0s 4R, tllsar e cam
actuating i I g r,at,) f e;fi bl e
clanp arm %gﬁe ggamg-e[ggr%ggﬁ ih%rlgi %Egeiluggv;@ aaIB%“ﬁé]olﬁght}}ti el%m%/ezltﬁén \%lf t he
second novABFEANGVARP v FPHE 616y sk AAFRIAaF |3n PReHEECEY foThed damreiot uati ng

assenbly 4@ok NcdddosnA anadmkal e h&i05: @ige%)Whi ok bs:80oMBHALRd for
pi vot al novenent about shoul der screw 47. The cam gl ate 44 is encl osed
¥

bet ween t h&82bak #0384 HARSEFRELABT N a8t E¥pPErifY| &0 thehabspedaspdng| anp arm 12
i ncl udes; sa,594mMAL0 L- 3hapad cepenishg Amah o] dar . 5E1Wasd by Aassed

t hr ough thg'openi ng 46 and is? thré\iaqlceﬁlﬂl(ihp received in the bgide 30. The

shoul der s&i@%y 7 the|3ser I r 8RA| $ rrhE 5 9RAPALFEMEr AT 160 therdase) and

gui des theipkyda 8gtdiPRpPésilthhes (M 3kl eredbiRel oA CAR Pidkedge il chle, cam pl ate
49 extends gut war dl¥ t.hr ough ﬁlhe L,-zhgped openi rlg A6. ?he cam™pl ate 44
al so has af8TR REPdtYy WExBETRFRAGY F1A A0 S e Wkenthe Ppee 38si 3%Y th® nove t he
nmovabl e cl gnpstaroviEld elahe arel EAYe PDSIthbDN attdxehelll 66 3ReShhdeS spetshed
downwar or ¢l aockw se _as _sho - in Fi e) . whi ch, cayses .t he cam pl ate
9Q to rgiya%tgaﬁr%uﬁant‘f? age sﬁf@ﬂ?%anéé?aeﬁsg%w *t R ’gﬁ#ﬁir At iic‘?’glt at es,
the cam pi ptédBiengggenphernc ianps genedd 1yt rididledijeecaftd BRe lragBaped openi ng
46, and thereby urging the a arm to t l.ease siLtio Furt her
rotation ofar’?hée/hecé%c% af“gv?r]%c)e\/eeg??'??eaﬁ%\%ébf'% pgﬁaén%’lgrﬁﬁgfé rt°hgh?ul |y open
position, &ssghiuvsucm Yhiag. i cabnratiager stosnd papokedd sorewl 04t tedgt ube 20 to be
wel ded may pl aced. bet ween the c 1 4, . ox Lhe just-we| ded

t ubes may E;'Jég? rﬁa)l\%egffcrq'g t%é“scF%?%%g?n% n (%Flc]%arga?ge rrctt%\?gp e SV EbI e

cl anp ca®h t26. t P gk pgliowdd goss vpferstopfcthak athpere Sexizgnd < anvpl wraedy odr e
moved in tRYGOUNY QkE] K ASE nll GE b0 witRowtD Q¥arcAn | fom end3fogd1e cam
plate 44 15 gngages a camm ngmslﬂrface SZwli not'hew% a?ngga%r%ml.%he?gi %éehg). Thi s
action urgéé Fhe RFSIERT EEFRIMFRar AL 21T LR GRI PPHiees povi tadhvdeviton in the
grippi ng pQpphifs( Ehée Bh)cldtp ShRIRILELSHIdAERSr 1301 OforiBeedd 2N arnms 12,
14 engage opposite sides of the tube 20 to securely hold it in E:)l ace. the
operation of theEdfvahIRecrAfp aFm 33 atfd the 1afRHPat e RART i & 8 oci at ed

conponent§ d,S claRingbesk Be dalrdich i che 51103athl. ebod fent3ds 2Asushown best
in Fig. 2, the base 30 includes a first portion 52 and a second portjon 54.

The first AYE SeEWIdiPoS R EREE hayaPe LATRISG: SYkface s #aY RuB82PRs bei ng

al i gned SO AS al Qeddl-QS8t e, 86@i 681 BBseaNnAI R M xayoh d Rebhdrheéqilae dhe first
and second portions are novabl e rel ative eafh ot her. so as to enabl e

adj ust ment SSEGIRHF PHBR %I afT FG=HeVICCBPLRET AR FE™ 4 G& tHERE*RYF Fud

di rections ddipPind Wasdti®@CHFONS 8) N wHeeepl 2ahe dfampivey chridva 86 afpLBENB) S
utilized wth the present invention t napl reci radial _alig nt o
the 30 tagne o8 %%"Parh%!ahaé“% %crté\?vs?s gg)ig ggtetpﬁggscegmf%rgoﬁ‘g‘ﬁ aﬁ'i':epg'z;‘?mr3 0]
hol es 60 t hef fthestfinsor stamich2riamdany @rtihteadadd foretei seviben2¢ he second
portion 54._ .As_shown in ki Qe | 68,80 | af 1 oyt er

di anet er of”feﬁgggg‘?eg\'/\‘é 5%‘,3 gépsstu% ‘?ﬂ}gt ljmgnaﬁgzscrg\%o ar gg?%%ggngd, t he
first portion 52 and second portion 54 are novable 35 rel ati ve one anot her.
once the first and second portions are located in their desired relative
position, the hex screws are tightened so as to couple and inmobilize the
first 52 arid second



-g-portion 54 relative each other, illustrated in Fig, 6. Once the screws

. are Lightened) the first and second portion 54 are pressed agai nst each

ot her such that frictional forces prevent relative novenent. 5 As shown in

Fig) 5) the first portion 52 has a notch 62 and the second portion 54 has a
groove 64 to closely receive the notch_g2. The notch and groove arrangenent
is included such that the split 68 between the first portion and the second

portion ne i t o 108 e HURGLNG o PPS LS 6 thi s manner
the split ?gl%gtebg%v\%g%ﬁt e°f Hr)s;éqg%rtl 8n and G'Illjt{]eC)secé%cﬁ %f)lr :agng'\l;s shifted

|l ateral |y the cdanping shefadesciar i Ay WeuldRe upgrnsfeed tbptstheasierre the
split 68 ng, s8ohaLd | 'aﬁ E&B&'@;B:@%Wﬁfﬂhecﬂé tBe hRS8e 3!:@:\109@&] ARy e

desirabl e, "Tor exanple groundi ng posts are not used eneral ly is
desired t ochanRingt dAViERy sﬁnC‘SEh%r‘i‘H"’é’&?oﬁHa‘ﬁm aFy ’tFGFt‘i’?fn§es‘i}%‘fF Ratthe t ube 20

hel d by tshsoéicri%h m\aéleéa@céa' QAT grmlt% 880 Rge fﬂe‘lSiseStp%Ei@fb%ry £lanp ai-m
14 is generally coaxially.alig with a tube 22 held by the second novabl e

cl anp arm &34 %‘?Fé“é‘ééo‘r?dt§%tat"ih6n%t1ra§}‘1’c?€"rf"pr§+?ﬂsf8thﬁ"t’f BFHRECt® acconpl i sh

this, a tubgesy.he dueved el uitdy a1eackhne! QbR 6 bdeyinRed6)r Z8seaudl,t he hex
r 20 screws 56, 58 | oosened such that, the first afnd se nd portions may he

adj ust ed t 8high gAY thfe 2w LehpRubyeiXiad BIEMEREIA 8:to achi eve

al i gnment  hscdQihi1p! th@op%%ritme HeKheS ELEYE ,moaildlet thli\n;p&Sﬁ ® Shnglg tubs
t hrough both sets of clanp arns. The arns are  then gl anped %}? or. the

t ube by 1§h|7f%41rﬁkjt5h@5nﬁb%1tﬂ‘@1&r9&9“t5°ﬁlﬁé°‘?5 g Phihy® g5erei BiF, SLHR eby ~

sel f-alignkpg"ist Bad |1Exs{:h§%lﬂiss'i|i:85it1.on mﬁileseﬂmdesmd ebvabls. The
hex screws 56, 58 may 't hen tg htened down to | e tkrl?g first and
second por FF8R "“F@I’a%lll\?e"“‘?"& (‘YF?féra P PASLE ‘i’réal“ §2Then be
removed. ‘Apssiding.t hai bbte H:Lgbe 7 @ndte,arhbétmeanbld rt:ulemp talve 1§ rist isetheof
clanmp arns is, 30 now allgned with the second set of arns. This alignnent
may be car FPEW G8ER RYAF Finuf act uring and before distribution of the clanp
assenbl iys 10 ofgatheclampsesnt map\teivei machined mags adselows o4rkomdedut in the

field shoul d.the clam assenbl ubs nt t. 35 The
first stat iagi’lﬁﬁ}"tc]: B s +AFRYE, SPE f‘{ aﬁ&ngjrjs;;% ]ynvrl?%ILEle |xe§%% gc?@gbash 30)
and the fi rcsamﬁrmbh&schanuaearr Al st Yy emml yheameacﬂ:iatyt of ttthe base 30
such t hat |t can n-h Wy L¥ e
second st at’ Bﬁ%ry r% af af% ?@e ég%glﬂae gltgﬁrtluggjdﬂq'= %l xeglngmilﬁe %1%562 30,
and t he sedsntherzuahecr cEarp Sar Patl.6Nps 48§t ¥ yherebuchedrrerated bvuse 30
such.thaf it .can rotat 0 ouId Yol 4 NHREASLSCEEUS 32, 34 are
passed t °rou -t wavcgU\é/t/%lsﬁﬁtel‘ﬁ1 % .'8%‘\/' %1 rgﬁg gttg%h the\&%i rst set of
arnms 12, 1ztefeaem3het he second set of arms 16, se, respectively, to the base.
A shoul der screy, 8 BPIdls RAGRIS! Ahdnalnt €4 AT #dNibdepdBefiiached Lo the
base 30, and the's |onary clanp arhs may be removed is order to be
repaired. nEithatéchedr Grvabepl dved. sepArdrdertiarirg mnfest 4l 18 Fhatspove
stationary dﬁleTEp oacrlm;gél,u;nhﬁemenf@édgﬁﬂp@%%daaehéa% Sehged. senew 70

e

are renove shoul der screw 47 coupling the first novable arm1Z to the
base muses athsophesentBRaGiMER She RFESRF G SRS 49 4R025P FAMADVHEE ™ Bot h t he

first statignamyiand e stihstur@oyablopefdtasn @ETEEe NEysbemdvabby efl afpom t he
base. The sane 15 procedure may be carrjed o¥ %brmve t he sef ?‘d cl anp
%ﬁ?ﬁ’ggr

arms 16) 182TW A2t'Hid H&rﬂfé‘r"n’?efd hrieiSret fe REOITEE ?
damaged, OrsgdoRdOhdRBIE SELanp &eede ofs sepstiantiejilyaddmenral ¢ heyemw be

removed and/ or replaced. The,r acenent | 4204 hed houl der
screws and PRRPEhLSH 28EPRLY A% ’fék’s“g arrﬁann%&g%t% 4t‘lhe %% gl hal %lg%hsig

descri bedoahee ed AfoS BavsLdlnmbveghent Gabohhesipludder Acess 436 Ofhet pam ¢dlakp ar ns)

or nore general I yP{%‘-{ngB "’%%Blé’{?n%%ie :I_,‘ﬁ Jcﬁthgrn%trﬁﬁf@'c!(aﬁ?%%ﬁ\aﬂy forma

hexagon whef? t1fe® 50s I'h the gripping position. Thus,
the clanp agpd maoavie eaﬁ:hp clrange dnnludesgeresmaihat gsslﬁmple@wa@nﬁaﬁ ah

hexagon) and the cl a . are Y, b CAd -aphNi d R Sed@ager .
Variations PROPHRETtY) b si%z ascsgeﬁl [:)er%?%oun%yogat el(%bb the ¢l anp? ngtt v
assenbly, apecsirearsi tpe”mis a0 cofbacthonidere 3sueved’ Eneetabr W6 be

gripped i re' tively .lar t add @¥eSuifvbl Ci@AbhYoS@nas to all ow
ei ght poi 'rs?t oﬁf%c hgtg\/\%eh/tg{iue 93% ppi nas%r eas 36 anod the tube 20.

In the presexatra)ﬂni)adn rmnt Atdwrmraﬁé @ Ghe 01 REateoftd (HiteRdt wrvawly 71,
73, 75, 77, h of the tube 20. However, the arns
may be const uc‘f :ﬁ‘e Qg?é glsgo?£y38 are located in position other
than that shown in Flg | O. The slots may be | ocated such 35 that they do
not intersect any of the contact points. In this case, the contact points
67, 69 are conbined into a single contact point, as are the contact points
75, 77. Thus, in an alternate enmbodi nent




-10 there are only six contact points between the tube and the generally

_ hexagonal | y-shaped gripping areas 36_ Wien there are n4 slots at any of the
contact points, the arnms should be flexible enough to allow six points of
contact for the | argest expected tube. That is, 5 the workpiece to be
gripped will normally have a tol erance range for its, outer diameter, and .
the arns should be flexible enough, through the slots or other neans, to

accept the largest tube.wthin e | er aGa .t . St royi de a-
m ni nrum of Air g’g‘r*nf%'“ &1‘:’1‘%%%461%{.& P%Qd%hg‘rl S ‘33’22&8?’9?%'% (k:#%nr% %g areas are
al so possi lthen ipr éfedeilryd fuor movey the eavapbe y3amp Arapda , tof bhe ajedrpée, a
triangle, square pe n o] e LUl L ul ar,
may be gen@gﬁﬁﬁ? i O?l%%’ig:ﬁ%eo %?%%gggdc?égﬁﬂphaz?fn@. s"JI’EIO\[;:\/everiilgen%([;ls B?éev?grred
enbodi nent ieakiw.sisdewkifcht bruses| Yopogah caate 4t bt XFatampoand Ihgi th the
adj acent gsi I.n further, p i t JRCH, bet ween ~
adj acent %isgggldoﬁ’r £ 55%3}75/9&? %%; %ﬁ‘gﬁcaﬁrg%ﬂ rg?géaess't gﬁ%iaéﬂi I%}ir?%g retention
of inert gasgsyababe ¢laepweidilagy shateddarshghacktihapedpeeninnds, awch hal f
of the hexagoh.ls BLELPLAD! ot bl adil 18t PERS HerliaUTp8RLiNR COMLREaP! L he
t ubul ar workpr ece e gripped wthin the collet. ™ For exanple, with
reference trotEiipn 92)theheamaince wived Wipl Fonpbleaflampy Rk pRete thg
represent e%uﬂ %%Iegt SielBe GRNLAIwnOin t1g. MRl f theagem dfset fesi¢hanpi ng area
of clarrp-arm& I's shown as point B, and the Center of the half hexagon of
the cl anpé ngearuse 8P thdecyadsdanay 2a Pacpd ReRYAPP &8 pHiaTP EWSTAR: r enai ni ng
outline of gaﬁ% &%éaﬂ@%_ggidﬁa@&g REP A0 r&hRRdA BrorONg dlam?t'@‘@\tﬂ-gm In the
d*enbodi ment

illustrate the center of each hexagon is offset in a direction
away from the rédapesdex dochetiep the MOXRRYE FoRTRAF™M Y The TERPERS of the

wor kpi ece g,osgbfﬁ,ﬁl RBOSI19RSe 1d0 HSd @heshatd 4 Gre lbvadeigraat | y exagger at ed
for 30 eas€ of illustration, and the centers of each hexagon are offset an
appr opr i at eognherrlioshwise diIRetiefuiatcthUYTIn Fi8h bs 2BA0FaY AR 3ER he
enbodi Ment .. iRgeoff oty bberaceniennofnd Beagaabmexagon. emableast he cl anp
arms to grip a tube that has a re#ativel§ spal | diﬁa%re??}gr. When noved to the
gri ppi ng paStEPBHEIERet e BINHHE BT R 38 &7 458 & POSRT e ap” as
shown i n Fiyhenlén tuheOgiibpand Wesibiad rigiqn soutdre dlapdtersuttatdre 36oner end

of the tol erance range) and, at | east si X .ROj n re. guar ant eed.
11 Further Pefiduh ’,“Z'tlﬁe ?“gnej’lgﬁg%fpgﬁ%ﬁ%s%%e opétﬁq{% hgetaégn&has a length
equal to thedirarettendoit theplaegedsthet apeathen cifptliethovablee cyammd awht h t he
cl anpi ng_asse ; that_is he | a=gen i r. | §alerance
range foFotﬁbdr%gk?ﬁ“‘egiﬁe Bils‘éaa‘f\tsacggs%é:ésté%#P?%%n%g?%ﬁ'asrr%?sné&ng?egg shaped as
general |y regpaiaripat.ggoms:.ney. Be1d&ad4a.1n that case, the length of a Bide
of the polygon is prefgrably t eq the ;dianRiel afrsthsdeabgest
tube in the tol eginsché’wﬁa?ﬁ;é. i’%ﬁéégélgn%?%ggagreeas 36 may %el For %d in a
col | et, andsz hmdck asgroasrmormagn s . adest brstoanddeirord diortEmeseci GaNet s
therein. The I(%_écg)y.ﬁotlstg@ycugg?&g% 25 (quggeag_i%h;yh sgogrg QoS clbieh PUr&dedlp ar eas
S n [

of differina Hapes or sizes. s mahner) the clanping areas of the

present izsvenmtdzbitanywedd kaldpteerein. r o A sEuPRsk S8F°wf PPETINY ¥1%es or may

be changed p 1QL Fd o0 Dehatebdifages Qndbid QRSustrenshold dhdeub
under st ood &ﬁ‘é%qt%h%e%ﬁ%al%i{\agﬁar%gs and cgl lets 15 glggécr,inbed above umatey be

used in anyclemengf degisenb|RPlasEe fBIHISIRR P PRI ESTEARBP kidi-&c S For
exanpl e, an ;ass8hY §PknOMdIRRALNGE bHbES wheldinp taresL] ANpealizadavih
general ly parallel to the base 30, gi opposed t%/%er?endi cyloafr t&o t he base,
may utilize tbhernsanpi HyeakieRs torend e;ﬂ‘jégﬁﬁ TR AP OTTCR o 2T, In this
embodi meni, 1,hEs NMOKARL & 20 Kd:ARBréIs 42, mayadee paBesdl edkdught dgpadt add onary
clamp arm 14. As best shown in Figs _1-3, the.tub | appi .S.e y Z4 al so
i ncl udes a $eLedféofpe s"}ﬁréFc%“ééﬁ"gSr’i 8¢ PRE % |r§?§7bqgng£éeo?e?%’zl gF%lrrp ar ns.
The arc shi gledsnd@igbrko® B! dighbre inedigi. ng, ahe olem therspBrgesrtifneyes.

However, the arc shields may also agt,2%d,06Kifddn that vhen the screus

are loosened, the first portion 52 and second portion 54 are movable
35 relative one snother. oOnce the first and second portions are
located in their desired relative position, the hex screws are

tightened sc as to couple and immobilize the firat 52 and sacond



25 means for limting the relative axial novenment of the clanp ains in both
the axially inward and axially outward directions. Mvenent in the axially
inward direction is defined herein as axial novenment of the clanp arns
toward the weld joint or abutting point 24 of the tubes) and novenent in
the axially outward direction is defi neds_as 30 axi al novenent away fromthe

weld joint 24. the second novable Canp 'arm| 6 has a bracket 84 | ocated on
its distal end, The bracket ed extends L.ally iLnwardly. bridging the gap
bet ween thé""'g'éﬁc(’)’“nsdg ﬁ/egﬁngeclegrcr% %?’ﬁran%&tuﬁ%r SeRst? r‘r'r'g'gabﬁ ‘e é?g%pcg‘arm The
bracket 84 shaswa adtawmgrtdhyd exhentlireg drddangecrpoptrioinn3$s Brespogeaddt 0
closely receive the first novable cl.anp .ar on its axial side. In this
nmanner, th@%f’%ﬁﬁ(éf‘ﬂéf%ﬁpﬁu@ l;lhaé‘.' fBva ﬁogg%:ljizoﬁﬁe% ﬁgvf%‘gé?%?fveand t her eby
I npedes anywaxmnaltd.y outward ~12 novenent of the novable clanp arns

rel ati ve one anather. The 1{,{ rsg6rg¥eagi§“c£gmo%rgi t}‘%g Qg%tétﬁéa%\@glngort i on. 87-
) I ng

to recei ve the f%afl °ewnp6Pt he™cut =away portion ocated on
t he axi al | yheusedond pixdéonfsd hesfd gerbovmvabte cdbaeiy aeceild. the rddteB manner,

the 5 flan 86, s _enabled to slide wthi 3 ' 87 during
cl osure orggpe%hﬁgn%?cqief?g r°r°r§$/a e %‘%m}#g %%%ng%%e%fmwgfgé%%&%@nary cl anp
arm 14 has salspasebeplenetidS fligetatredt b and tliessatorgnhortiibe spataptpl ate 88

ext ends axi.al | rg.%ge{?ﬁryghb:rﬂédgl— : &Qi#}%ﬁsb@ém?@ &?gﬁ#ﬁg%p%atésbgg@ry

clanmp arm P2 S econd”statro clanmp aim has a
cut - out B0 sBobemetherecifirahipoltion shdpde secandcpdutdon FroEbhfeRl on the
second st atl eNAIM,CE AL Me' RanbéhokBlfud AR, | NEbuBLE € 338,40 s as a
spacer, an fStr€s that the sta ionary clanp arns renai’n Spaced apart a
pr edet er ni Weditkdt sheamplihesSpagdre ghaticedg8orhgbe I6.ddlecifs thnybasei 301 y

| nvard mvg@ﬁ%,@fmt@&i Lt OBLYe:RhERe ThtSgr dinanly $86E; thal nihen khe

coupling asse I's'1n the gripping position, the novable cla arns are
coupl ed t oget herIthgengralpy abk desepds 50 oaligs HleoékrathE2 candhpeaents 542 | 16

f flay, : thee td |
rom aﬁ %%rgﬁc%x}/%!’sgé}y £h@R0a thSe SRAGEIS QJ£E§3 88.r-bt aekanid@rah@td.qnagy clanp

arms 20 ing axially inwardly. seen in Figs. 1 and 3, the
st ati onary soBanipe FAnsridat ROAFYVEAT® aTRi) AF rHERATHdYh AR Y raldgred

over | appi ng);yyal raRgesh nEhg WPab! &cohdMovabI® cldnp SBmaie shacated axial ly
outwardly of the respective stationary clanmp alns 14, 18. Through this

over | appi ngrecAn@rataskonRsYartammyene e, okt FARDFeNBFOBH L5 SR A &HBS ar s

| s bl ocked g3 QQ%@@&& i cHid @ekhONSmpTAE daP¥ablze, ClANMEdiiR A&e | ocat ed
axially outwardly, of the stationary clanp arns, and thereby block the

st ati ona?¥y sEFawp i nk8 flosArredh SRy Batweidfy TSt REd steserd Rt iRt aM3Yar ns are

1ocated axigl hyyhdtear b ¥a12bntdie BRYAN| endledaP, al PEeraaldly irRchbe pacer
plate 88 bla%%ﬁe?rgealignment is to first loosen the hex screws, and then pass a
;ingle tube through both sets of clamp arms. The arms are then
clamped down on the tube by shifting the movable arms to the
25 gripping position, thereby ® gelf-aligning” the first set of arms
and th; pacond set of arms. The hex screws 56, 58 may then be
tightened down to immobilize the first and second portions relative
to each other, and the single tube may then be removed. Assuming
that the tube is straight and true, the first set of clamp arms is
30 now aligned with the second set of arms. This alignment may be
carried out after manufacturing and before distribution of the clamp
assemblias 10 of the present invention, or may also be carried out
in the field should the clamp assembly subsequently require
realignment.
35 The first stationary clamp arm 14 is generally riglidly fixed
to the basé 30, and the first movable clamp arm 12 is pivotably

atrached to the base 30 such that it can rotate around pan-head



30 novable clanp arns fromshifting axially inwardly. The arns may be
‘arranged as overl apping as nmuch as desired so as to ensure that the arns do
not Blip out of position relative one another. |IC should be understood that
the arrangenent of interlocking arc shields A0) 82 a9 di scussed above nmay
be reversed. That is, the 35 location ofyfhe spacer 88 may be on the second
stationary clanp arm and the bracket B4 may be | ocated on the first

movabl e cl aggyedl By . FuihhesA9! et §e SRACEEITBY .gne of the .
novabl e cl anp .1~ arlms Ji’iagd t he ebr acket naya%‘eacé'r%&ﬂ%gg %"Sne o the

stationary ¥¥EFHLAY FEIidYY Féredutot My baadodi nemt the freconditiovaily cllapp ar ns
are also coupl ad by fAvhrankelcaktel g8 tbqsgrﬁvgaéh LRl dy

ut
novenent. I n this enbodi nent) each m)vabTe clanp armi1s coup?xeldy%qfhe 5
respecti ve ¥MOAPRoMRANACISERY 3t m BN deBdntirevant- gPbare pdgsedgbienisk The

t ongue- ang- gHvaOVEsiady’ aP0eTes! B! 85 drd hidHchi Pk tehes@ghal om\fﬁm, Qf the.
clanp arns in both axial directions. The preferred form of the present

i nvention Y BBENSSFERE rSeheff AT els HAReEEPESHIVALY hdoptkasdasedi dcl osure in

mnd it is hehheypdcidy thahondy iegls stht Simbl 0fManbOadd184 Praf GELSthed to
enbodi nents, to achi eve conparabl e features and advantages, w || becone

appar ent t Fhengage of0 oinfl §aR StAEiPRanynClame aFns may fiphenavedeinmusier- 3
Sept enber  2002¢- rdghir¥atmak st £lndh et rgp1aceaA tmbsrééraepiﬁ%aé%i%b't y
ped to

conpri si ng: a first portion hawing a first clanping device sha
recei ve A9fiizst BYASLARITYC SEATR PP Koo thh dRBripadaferey dacansdtporti on havi ng

a second clgymiagr dRvee eroShaPadmbled ECBhY @hdukReORsLY LY NARLERL; WREKPI ece
therein, said wor pi eces bei n%i clanped in an end to end facing

rel ati onshiPTEFoRR’ 23R 8 FHToM? | Bh§PE REFRATUSExP QP FRBHADN PRER dihep| ane
relative t sawd 3DNgn} udi asd M@xbsed\hBoLHTRUE Bid sk Ne i BnHya R NhedeVi ces;

said first gnd, said,secand portions.beinqg. adjustaply.coupled to each other
such t hat s%lré St PP 5n°§'a§‘80%£ﬁ1(f v ibr?d]f?r%érlegm%rrc’wplgé%ggs%y Tga 4% al 1y and
axi al |y abimreddwre magdeh cotiperd oshite Femoye thrd ssewwndlpg brossisheing sel f

aligning by, ndependant '-ifggrgg] JFOVEIRAL.d .80 do28Rd i & B Ladial

directions of sard combn e to produce a coaxl a ment- ot sa d

wor Kpi eces.arz oFhervwigbeirc ngepiafy repsigbenl agkmeritai ninely whertei memaned fir st
portion inc [ b [ parti.qon i ncludes a
second baseéﬁﬁggﬁge?egalﬁgé%egg:éng%glp ‘gé“}e??gﬁﬁgn% ssl‘gggn dpgét%h%ngh%u?gg?oi ned at
their respettdeve bk eandadr screy, ifithet sAxe DRznesi af tdsserfidipadfpastai m 1
wherein sgi %ﬁqrggpa Ngogevi ces are rel easable. 4. The tube clanping assenbly
of claim1l ereln sard first portion and said second portion arc coupl ed
by a fastener padsethorhrisuhgsdiod tie stamaredh 24nek ttha-¢dameadee.y orecei ved

in said secqnd BRR&+AAy clamp parts 12, 14, 16, 18, preferably generally Eorm
a hexagon when the movable clamp arm 12, 16 is in the gripping
position. Thus the clamp area 36 of each clamp arm is generally
25 shaped a5 half a hexagon, and the clamp arms are preferably
' gymmetrical. TIn this manner, variations in the tube 20 gize can be
accommodated by the clamping assembly, and several points of contact
are ensured. When the tube to be gripped is relatively large, the
slots 38 flex sufficiently Bo as to allow eight points of contact
30 becween’the gripping areas 36 and the tube 20. In the prasent
enbodiment, there are eight points of contact 67, 69, 71, 73, 75,
77, 79, 61 around tha periphery of the tube 20. However, the arms
may be constructed such that the slots 38 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



5. The tube clanping assenbly of claiml wherein each cl anpi ng device
‘includes a pair of clanp arns each having a cl anping surface, and wherein
at | east one of said clanp arns in each clanping device is novable froma
gri pping position wherein said clanping surfaces may grip a cylindrical

wor kpi ece therebetween, to a rel ease posjytion where said cylindrical .
war kpi ece is not gripped by said clanping surfaces. ' 6. The tube cl anping

devi ce of Chpl 2reRQLHi diCRLAPPINRG HAVLCR dICk e tationary clanp
arm and a novabl & ¢l a 4 arm | Sulggﬂ%t ut egé:cheegltg w%‘%%p?@%béﬁe gﬁ’bezra-lXIS 7.
The tube cl¥PPMRPEYsaRtRe BFiRNLRF MRt o Khemdhend wall =0 cllahp 4ts

pivotably aidyaeheshe @omtLaSBoiRHED F e Srmd @oﬁx@%eckﬁéengwg aaRgHbly, of claim

G wherein e%lc‘lh movabl e clanp armis_pivotably attac to Its respective
stati onary TIEHP®HT RPIEES PheCRRFFEE TPt d 258 enisrpediedctban 6Thdfedei n each

stationary eatPriqiidee Std @ADYARPpYA GAUR! Rekra®1 R Hid8 s RAREIN el Qangtheot UbE-
cl anpi ng assenbly of claimG wherein each stationary clanp armis rigidly

attached tot8 BH<E AeRERSeY. 13nd TAe AMBeshuadpPhdlas pyough, ctinfonsi

wher ei n saiwhel k1dds BOr$iaR AdiheSatsl sxReMNANROI A48 ahBSHARRY as to
cl osely engage each other. 12. The tube cl anping ass'enblg of clarm 11
wher ei n onéOGfTEMeI *PLF R8s Has BrIVSEe R FABLTHE °8t Her PointsapPl portions has
a groove shppesed 0 receive said notch. 13. The tube cl anpi ng assenbly of
claim1l wherein st%i d assenbly is shaped to receive an orbjital weld head
therein tor wel df §ra%eF %’%/ tk‘fll?]r‘?d’g?’é%lar\ﬁb? 1Bicef ¥ REFHALS sai d cl anpi ng
devi ces. léreflmHiybeoniiagporigrapseiohystaipes| Ainde ladmgllt el c04HY1LSI Ng an
or bi tal V\B|sd head | ocat ed tg V'\:§| d sa}.i dv\ﬁa#‘r of cylindrical workpieces. 15.
The tube cl*FPFHg PREEETAN J DO CLAIRR-YIThSPEP R s APE s 8T G reartr o i pay
porti on andesgenkradle fifrmadily shearihspordlaan £ash hawever Cuk-out and
receive_a wel d head

wherein sai Q;e%Ut' uts, ar.e al i gned SR a8 Lo cllosely
therein. 16~ i‘ﬁeﬁbg c‘?aé‘%f‘?‘l 55573 | f%’r B YGPBI forme vt FPREe S 5REt &t us)
conpri si b wishfitrestdgdaampi aifledevi De af ourdhek dbreFeardd eibodilenndringal
wor kpi ece tj’&%E?ior}é bet eljel%LStatid.§auc:te%t:sshJ'.edaets of ?ﬁh§elpgleygg§r7ézggg curved areas
to aid in the retention of inert gases about the welding joint
during welding operations.
Each half of the hexagon is preferably cut at an offset from
20 the center of the tubular workpiece to be gripped within the collet.
For example, with reference to Fig. 12, the center of a cylindrical
workpiece is represented at point A. The 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
25 is shown as point €., 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 required use, such ag 0.01 inches in
one embodiment. The offset of the center of the each hexagon
enables the clamp armg 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 to grip a tube having
an outer diameter at the lower end of the tolerance range, and at

least six pointe of contact are guaranteed.



- 16 a second clanmping device for holding a second cylindrical workpiece

< therein, said first and second cl anpi ng devi ces nai ntai ned in spaced
relation to each other for receiving an orbital weld held therebetween;
said first and second cl anpi ng devi ces Each having a pair of clanp arns for
i ndependently clanping the first and se¢pnd workpi eces, respectively,
wherein each clanp arm has a cl anpi ng surface being generally shaped in

side view as hal I I NG, AL e RBSLe WaXn SIAES h t first
and second wor kp%uggggp#geﬁre%ggﬂg%xi glljllgizﬁa%fl gﬁéla é\ﬁq?he:fez:g%.%%%g%nblgﬁt he
t ube cl anpisngengiestragl te-therddanqnse ef 4hpi FRFUasS &ivbR yardficépatieosh ¢ Beherein

sai d polyg i Sudn I y ; -thaB€i d URge Gl 20P4 f claim
18 wher ei nc@éﬁ“"po %%néi&é‘pg’lghg%hgﬁ.§ 1t9. The tu%gacggénggﬁg&ggggh%?i of

claim 17 wher tha toderanssi gangeafipr Stef sRAEPLI%ndy diFFutedePd®idern each said
respecti Ve GLANThALR a? Ghaddte ab Uit eCh P B RIS SMY¥n P mal! Bé rusL_zawrw eim

&
the center of eacgﬁll hal f pol ygon 1s offset ?‘Fomthe center of sai
respect i ve &3t Grfe cilbe VORI BEc2 R Yaithe rREPEt iLFePkafrrRbiY ERPYSwr kpi ece

is grippeddlasaidthesBanbiese el amhagrdevie® idlcheTbELdrdRee GaalgRi NY
assenbly of "claim 17 wherein each of said cylindrical workpieces has a
tol erance range B6r c1a™pipgtaeadi HnBeE e arect &F &t SALE Y anbe TEf FHA a

Maxi MM oUtRhs thATBhL 4d23BEa Mok EauIvRUL ST cdeMebeIedsOEn&@ER . OfTheai d
wor kpi eces, and wherei n each cl ancgi n? sur%ace can flex and is sfi zed to
accomodh? €8P MaY PP bEATA YT BreoAht SRR TE AATRPOBT R P di anet er of

sai d wor kpiggesyirgushagdiabyr WHeBs 2 Viar pisegenrer, gthdpedniakeesasact espect i ve
pai r of cl anpi

npi ng surfaces,,each side,of sajd clanping, surfaces contacts
Sai d wor kpitBecPTareat TUABHSR faY e SOSRYHCET (OEE: TheBres o5 SeRitBRber 2002 -
17 22. Theikebe ol aspinegchanesbiy adbpeltai ai P2 riie vel dirgaicandiltdrnt s
provided by a slot. {n each said_clanping_surfaces. ._~JThe tube cl anpi ng
assenbl y ofItcﬁg?‘?ﬁdzgevﬁfgﬁéﬁfmgaF]aatsqu? ‘?qs?“‘P%’tgat‘éaaﬁ nn%hcglggﬁ er of one of
t he si dess afeseatthecohibsve thagli@npbed) isuadpcepe o4 asSenbly ulredctamiampg assenbl y

of claiml7 erel n.eac f said.cl anopi surf i,S Y e at
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cl anpi ng as y of “claim I'n conbination wWth an orbital” wel di ng

appar at us hefvichg mresenbiinakenvisind (Fesnd 21D 7InTHd st efeddrentni hbe avgabds y of

claimZ2,in_.conbi L0 i i i p t ving an orbital

vel d hoad? cRE, S 13 gy RE e Qi g, Ghe S PO iR JEVLLY. A
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operator’'s eyes. However, the arc shields may also act as locking
25 means for limiting the relative axial movement of the clamp axms 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 cutward direction is defined as
30 axial movement away from the weld joint 24. '

The mecond movable clamé arm 16 has a brackat 84 located on
itg distal end. The bracket 84 extends axially inwardly, bridging
the gap between the second movable clamp arm and the first movable
clamp arm. The bracket §4 has a downwardly-extending flange portion

35 86 shaped to closely receive the first movable clamp arm 12 on its
axially outward side. In this manner, the bracket 8¢ couples the

movable clamp arms together, and thereby impedes any axially outward
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when mounted in said clamping devices; said first and said second portions being adjustably

coupled to cach other such that said first and second cylindrical workpieces may be radially and
axially aligned with each other; said first and second portions being self-aligning by independent
linear moveroent in at least two transverse radial dircctions 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 claim 1 wherein said clamping devices are releasable.

4, The tube clamping assembly of claim 1 wherein said first portion and said second portion
arc 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 each clamping device includes a pair of
clamop 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 clamping device includes a stationary

clamp arm and a movable clamp arm.
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attached to its respective stationary clamp arm.

9. The tube clamping assembly of claim 6 wherein each stationary ¢lamp arm is removably

coupled to a base member.

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

attached to 2 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 assembly of claim 11 wherein one of said portious has a notcl, and

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

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

devices.

14.  The tube blamping assembly of claim 13 further comprising an orbital weld head located
to weld said pair of ¢ylindrical workpieces.

15.  The lube 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 alipned so as to

closely receive a weld head therein.

16.  Atube clamping assembly for an orbital welding apparatus, comprising:

a first clamping device for holding a first cylindrical workpiece therein;
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receiving an orbital weld held therebetween;

said first and second clamping devices each having a pair of ¢lamp arms for
independently clamping the first and second workpieces, respectively, wherein each clamp amm
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 claim 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 tubc clamping assembly of claim 17 wherein the center of each half polygon 15 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 minjmum 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, cach side of said clamping surfaces contacts said workpiece in at least a

point.
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said clamping surfaces.

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 clamping 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 ¢lamping assembly of claim 17 in combination with an orbital welding

apparatus having an orbital weld head.

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

apparatus having an orbital weld head. -



