17 March 2005 WO 02/ 24373 PCT/ US01/ 28819 SWAGED TUBE FhFThAG S684-AR AND

DI E BACKGROUND OF THE | NVENTION This invention relates generally to swage
machi nes and nore particularly to collars and dies used to retain tubes in
such machi nes during the swaging process. Swagi ng in\é%%\éiesaﬁztsglfegttaperi Ing of
a rod or MAMB@47¥uch as by forging, 5 hamering, or sq 881% may al so
For exanpl e’ a 11101 ng. LUSL as & coupling.. may be joi ned (o the exter or
For exanple, a fitting, just as & c&ép , _ _

of a tube by any of tHWASERIABEFHETIHC €6k él,qﬁ%erl ng or squeezing. In
general , th)é fi%/ti ng i s pIEaced on the outside of the rod or tube and then
swaged into place, preferably substantially where |located. Swaging is a
comon pr aBACEEGROGNDITF B OYVENTIOM t i ngs to tubes. A plurality of tubes may
be joi ned together by \Aﬁym(;:mt h§ei rm;;i tLi&;%nZE;ﬂrgctg;h?}ns t hat havgebeen
swaged to either orThizotient atef genbrellyitu s gdmswagl ng nay

er?ormed al wa machi. nes, ar use% to,.autonate and facilitate the
Brocess oqug{v%}éarll)lnté’aéﬁafsl "191? idlﬁauﬁegpoare?ﬂgg’.esﬂ% Frachings dypmgthe < aqi ng machi nes

i s avai | abwegingfrstess.ncl ude means for retaining one or 15 nore dies. Adie
retains the fitting and tube in place during the swag: ng proc;ars]s. :Nt_hoﬁhe
of ‘the. fitting wharaong ovaed ol o AEPRYIE, bl BB BB, et be. Thi s

i s achi evédmarmigeer sayeezingt iangse ineolysitejeining tigetheraf thyo mnrllabhnmsl i ke, t_onbe
fixed positrsut At SRl dhuih 8RR, SRERK ol R MSIE e Ty "
al ternati \ﬂéﬂlﬁ;ﬁﬁﬁerm@éiewmqfﬂ@l@mtmnt Qﬁfﬂmﬁig;ﬂamnteahgortsg?m;xg.?h 22 ext)ﬁgder.
This isr rg?g?i ' ﬁ@gﬂ . L nst ances,

fitting iggﬁéé’gﬁej[erﬁt agpfta%tg%%u QF{S%L\L}@%B% e %’rqaggilﬁ%ntrsr"ﬁ%fm{t%e two within a
di e or setplags, prfeaably substingiallyowhesslasaledt Swaging itigeonmeeusadtice focapt ure t he tube

e : inalievisss) . ocap e tu
Such oand? g BrbRE bl A bEy bR 8ol Wb el B AT L AR he " Lbe and

resi des i ditting connections that have been swaged to either or both ends of the tubes.

Although swaging may be performed manually, swage machines are
used to automate and facilitate the process of swaging a fitting to a tube, A wide
array of swaging machines is available. Most include means for retaining one or

15 more dies. A die retains the fitting and tube in place during the swaging process.
With the fitting and tube in place in the die, pressure is applied to the exterior of the
fitting where it is in contact with the exterior of the tube. This is achieved either by
rotating the piece, tube, rod, or the like, to be worked or by rotating swaging devices
about the piece that remains in a fixed position. The pressure applied to a tube work

20 piece may alternatively be made from the interior of the tube by way of an expander.

This is referred to as internal roller swaging.

In most instances, the fitting is larger than the tube, Given the
proximity of the two within a die or set of dies, it is necessary to include imeans to
capture the tube within the die to keep it fixed in place during the swaging process.

25 Such means is a tight-fit annular insert that is placed around the tube and resides in a

recess in the die. The insert is generally made of a non-metallic material, such as

-1-



recess in the die. The insert is generally made of a nofy el &l bbss material
such as -1 17 March 2005 nylon. The nylon insert wedges the tube in place
within the die. For internal roller swaging, a set of opposing die halves
is used to position the fitting and tube. Each half includes a

hal f-annul ar nylon insert. The tube and fitting are placed in one of the
hal ves and then cl anped in place when the second die half is mated to the

first. |hylBRTheedn 88¢eHELEMH: tbatn fIR withiRe 8BSk intdrBal kiREequate to retain
the tube in place during the swaging process. Specifically, because the

insert i §¥aRitke? 8 oborrosing de halkesiit i tonorisipn e fittgerat Peifagh t o provi de
adequat engt ABRERG HhRAM 1L 108 thsbil €he hibd GhPHSinS MR Pl081 iRLAESRBe AS a result,
t he tube_rotates and/ or_ noves axially dur|¢é§ the process. In addition, the

anount  obal¥gsaaH e clegpeddn gloe whey thgsefpndlic hpdf iymated i the &t gependent  on
i ndi vidual die tolerances and die wear when using the nylon inserts. It is
therefore often necessary for an_operator to hold the tube in place to

prevent rotation 58 besh daterminedihatihe nyipRinsert is pradedupt o telpinths ency of the

aut onat egbs WAkl Gurid RS Bing E{ioﬂésm%&ﬁﬁciaﬁ'ﬁ befatdeakddhisest idkideicky to perform
ot her tasks, and increases the vyield of defeqtigf parts. Therefore, what
i s needediSseslagicgpaieriahdt offea fails 19 prawids peavatelampiag foxsrqlidhthet hat retain the

t ube andrifdrbisd Heging pidkes A edhltCRE hibk RititesHubioR ghoSbRgiatg duridMVARY OF THE

| NVENTI ON Accordi ng.to ogne aspect. of the present Laﬁﬁn,lonh there is
provi ded™s Presiiig8 aPFiHOm M BHPIA ClABBBAAITGS FsERcIaw v %@;‘eaﬁ%rk piece in a
swage neghcidnt dd18dividss Qb raG@RRAd &k RGar vheh Qbih@the hloRasabl i pl aceabl e on

the work, pjece wherein the collar IR% udes a first clanping section and a
second ciSdRR5FIRTg OSER RSB tTGE AP YT BRAREPCERY a die insertabl e

i nto therstMRg andBEdN fdQemdd el 1BnitsNkd dfHéiBgy 3f theRhtkmPic® S@apidgot and a col | ar
recess in a die face thereof, wherein the collar recess is configured to

hol d t hePRBsHARMEHES diePPeraEbTHIH i RGCHR BAdrkapd frraies thfe present

i nvent i ofieldtdf@Efctive park DNdr&tBR, Wha B Redtd i dis WRtdin-AbNatdfafd eCe in a swage
machi ne, the nethod conprisin the,s}egs_of: a phﬁ{n a .collar about the
wor k pi efrgangement that relaingfe fube andtitting in plac with certainty during Swaging.

SUMMARY OF THE INVENTION

According to one aspect of the present invention, there is provided a
swage die and collar assembly for retaining a work piece in a swage machine, the
assembly comprising: a collar releasably placeable on the work piece wherein the
collar includes a first clamping section and a second clamping section hingedly
connected together; and a die insertable into the swage machine, the die including a
work piece slot and a collar recess in a die face thereof, wherein the collar recess is

configured to hold the coliar therein.

According to another aspect of the present invention, there is
provided a method for swaging a work piece in a swage machine, the method
comprising the steps of: applying a collar about the work piece at a selectable
position wherein the collar includes a first clamping section and a second clamping
section hingedly connected together; tightening the collar about the work piece;
inserting the collar and the work piece in a collar recess and a work piece slot
respectively of a die; and inserting the die with the collar and the work piece into the

swage machine.



position wherein the collar includes a first clanping seetygenapgdsa second
clanping section hingedly connected together; tightening the collar about
the work piece; inserting the collar and the work piece in a collar recess
and a work piece slot respectively of a die; and inserting the die with
the collar and the work piece into the swage machine. -2 17 March 2005 The
above-nentioned need is net by an enbodi nent of the present invention,

whi ch provides a difge 88l ntiéled A8AEREWDy BlendbBlifleht A ehedrdstie and its
fitting in place in a swage machi ne. The assenbly includes a collar

rel easab|uventmna‘e@a%p@wéﬁsqﬁ@a&dwpléarpﬁsmlﬁﬁareanm@a fupandtiibl e i nto the swage

machi ne. ffhe u%l%ce m@%lvﬂéia‘ﬁacﬁm 1K 2REREK indies AB6lifrfAlbRr recess in a die
face of the d co recess is configured to retain the collar that

inturn Pkw@blmmé'eﬁ Wik giece and agy lesgpiplele énto thy gwageandchine Thedisdes a fir st

cl anpi ng iRARES PRoRDEEsISEMA 'ﬂ@oi‘l‘a‘r%@ésr&ga &i%%c'e%ﬁth% gt Tﬁ’er &llarcONnect ed toget her
during the swagi ng process. For curved work pieces, the collar includes in
one of i fseFareshgreherrtainds collatthain e ineevpipdobiont eptek pigsyed portion of
the work 1Rt 89Rr 1naﬂ§es%%r§t%l‘an{pﬁfg%§§mﬁﬂgd & %orﬁfﬂldré}fmg’@?{tldﬂefhﬁfdrehex agonal shape.
Wen a fitting is to be swaged to the wo iece, a fitting recess is
formed i fonoR@ediiogetherdBring thesvagisAressss: EPTGHWﬁsWPﬂ%HWCﬁﬁ theeeplie used to fix
the posi {cReOh ohd6F 1GThdedh e seMRddto aRioBEH IR Brelpatipg a final
fitting. 17 March 2005 5 WO 02/24373 PCT/ US01/28819 The present invention
and its &biarpagiEeolhercolinacssssiasd thecellagmay bpetlprasonalshaceMietipon readi ng
the f0||Qﬁhﬁ@1Q@Q@h%ﬁﬂd@ﬁ§€hbﬂﬁ%§£zﬁmﬂn REecsA RIEMALAG GLaleThe W th reference
to the acconpanylng raw ngs OF THE DRAW NGS The subj ect

mat t er t Hsddption adpmpaelit la%m@mewﬁdx@rfﬁ tsapesttiopaf thecpllasep he Wik nt ed out and

di sti nct hjechpdrBBfadin) 4 fiR1 f@Ag! udi ng part of the specification. The
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i nvention, however, may be best understood by ref erenceﬁm&rgﬁzbglow ng
description taken in conjunction with the acconpanying drawng figures in
which: Figure 1 is a perspective view of a first enbodi nent of the die and
10 collar assenbly of the present invention, showing one of a mrror-inage
pair of WOLI243zhd a tube with fitting and collar ther E6RUSH§Ee 2 is a top
view of the die section of Figure 1 with the tube, fitting and collar in
place. Figure 3 is a perspective view of the collar of the first enbodi nent
of 15 the present invention shown partially open. Figure 4 is a

perspective vi ew Ofp 2,36 ﬂ%ngémgiitg?d%gnt%es Mé?thghxgorﬁﬂ%u 6@bingr assenbly of

the present invention, show ng one mrror-inmage pair of dies and a
t ube wi t happarent ypgn reading Bk fdiowing deteides descriglinnandthe eppgnded glaipisew of the die

section ofwﬂﬁir%&egom@g&m%‘&?ﬁggmwfn 20 fitting and collar in place. Figure

6 is a perspective view 0 coll'ar of the second enbodi nent of the
present invention shown partially open and with chanfer to accept short-
straight-length tube for swaging. -3 17 March 2005 WO 02/24373

PCT/ USOL/ mgmaf«g@!@m PON OF THE | NVENTI ON Referring to the
drawi ngs wherein identical reference nunerals denote the same el enents,
Figur®es 1 and 2 i | Fhsiubistienagier hatdtreghrded ante potrtian ispedientsly 10 that may be
used in a.svagi ' : [ weh. as be 12, and a
Fitting 1R ERonandBE PO e R o e O T 08 That 1
conbi nat i dwesiop.dowevermiay be bestundprsiond by jeferdnergo the ollewingLdsecrighon ng swagi ng.

The di e iﬂﬁkﬁg%&j&c{igﬁﬁgg@e5%_8191%%2111%?1’61“&%%&5“}1& ess 22, and a tube sl ot

24 in a die retainin ttifng recess 20 and the tube slot 24
may be sized to accommopdate the particul ar di nensions_ of the fitting 14
and the tube 12. THigUEJIi BPerspective Viey ofip frst gmbodiment of the die and

10 collar assembly of the present invention, showing one of a mirror-image pair of dies

and a tube with fitting and collar thereon.

Figure 2 is a top view of the die section of Figure 1 with the tube,

fitting and collar in place.

Figure 3 is a perspective «iew of the collar of the first embodiment of

15 the present invention shown partiaily open.

Figure 4 is a perspective view of a second embodiment of the die and
collar assembly of the present invention, showing one of a mirror-image pair of dies

and a tube with fitting and collar thereon.

Figure 5 is a top view of the die section of Figure 4 with the tube,
20 fitting and collar in place.

Figure 6 is a perspective view of the collar of the second embodiment
of the present invention shown partially open and with chamfer to accept short-

straight-length tube for swaging.



a configuration that mnimzes the opportunity for it teg;®phéh»dshin the
collar recess 22 10 when the swagi ng operation occurs. Although many
rotation-prevention configurations are possible, one approach is to form
the collar recess 22 in a hex shape. For that shape, the collar 18 could
al so be W@L¥2¥#Epe, as shown in Figures 1 and 3. O c8GTH8N28§Rer types of
"anti-rotation" features nmay formpart of the collar 18 and/or'the recess
22. One exaﬁgp be the introduction of a set screw. 15 Wth conti nuing

I
ref erence™ Aﬁ?@&%ﬁgC@P@O@TQg%WB}T@SS 22 has di nmensions exceedi ng

the outer dinmensions of the collar 18. There may be a slight gap between
the sidewal | s of tKefcEmg e fupngswheein ifgntcplacleispeemens e t he collar is

in place ig shfi@elnbiarighes s PAllustdiBe it digahd-GaRr RemPH H RASY i nsertion and
removal of the collar 18 when applied to,the tube 12 as_shown in Figure 1.

However, (HXPe BSH M &sWagng BEching thavags 2 arkgiece,Suthss P h7#9&% gni fi cant fore
and aft mzvegeal T8¢ akdsblf 00 maltded 8 dien 6 brites collirel 8 ¥t inbobRkienl6 and the col | ar
18 may be faqrned_ of _any nmterial suitable for swagli ng work pieces. The die
16 and colfap he&badgyanifitingld inplae dyringswepine| the digaiades afitting ych as st eel .-

Ei t her or rfedsh0,GRANARQREs22 MY a albk Soitatih ¥ 8k Yetdifind A 2¢cat ed of 25 ot her
suitable materials including, but not limted to, Alum num stainless

steel, Titanium i.ckel alloys. .The | ar, 18 own in Figure 3
Thotudes & first obERg et e spe st A S st BB FRIE ot | on 30. The
first cl ampipagicdacimaniorSofaieditiingel4 aseihotble t1. Fhpicoifr s&kiformrd B0 are connect ed
t ogether b hi nge, 32.. .The second -4 .17 Mar.ch. 2005 02/ 24373

pC Usor/ S5t et firiduts PERFSGuTH S SRS WG 0P B8 2 a col | ar ol asp
or cobl ar whet tt veiping bpdtatim oacurL Mhbiigh nfaay totafidn-prehenticmpt ure bolt 34 i ncl udes
a bolt bod 6 and a bolt head 38. .Th | t. bod .1 s, designed to fit

Wi ohin o CORPSPEEE 6% PRLl Sedarprndt o rad HUSC 00 S5 Tho col Lar sl ot
40 i ncl udespe. eltoihai shgpeptho Bgr Hcodlgalst B¢ healdhapb, ok Bieyvwnah Figlveatd 38 resides 5

when a wor k. piece i i sposed, bet ween, sections,. 28 and. 30. The bolt head 38
maybe o) Bt BeTaPria oo Ph et ORI R S TR HIREPIREN 1 ght ened

onto the piddgs réedss 22. One example may be the introduction of a set screw.

15 * With confinuing reference to Figures 1-3, the collar recess 22 has
dimensions exceeding the outer dimensions of the collar 18. There may be a slight
gap between the sidewalls of the collar recess 22 and the collar 18 when the coliar is
in place in the collar recess 22. The slight gap permits easy insertion and removal of
the collar 18 when applied to the tube 12 as shown in Figure 1. However, that gap is

20 not to be so large as to permit significant fore and aft movement of the collar 18 in the
die 16.

The die 16 and the collar 18 may be formed of any material suitable for
swaging work pieces. The die 16 and collar 18 may both be made of a similar
material, such as steel. Either or both components may alternatively be fabricated of

25 other suitable materials including, but not limited to, Aluminum, stainless steel,
Titanium, or Nickel alloys. The collar 18 shown in Figure 3 includes a first clamping
section 28 and a second clamping section 30. The first clamping section 28 and the

second clamping section 30 are connected together by a hinge 32. The second
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the work piece remains fixed in place. The hinge 32 proy fgscppgasy neans
for keeping sections 28 and 30 together while naking insertion and renoval
of the work piece sinple. The collar nay alternatively be fornmed of two
separate sections not 10 hingedly connected together. Instead, the two
separ at eV8d¥243%hs may be coupl ed together by al t er naPCHESUEEHEr  at t achment
nmeans, such as a set of threaded bolts and correspondi ng nuts, anong ot her
common attachnent options. The die-and-collar assenbly 10 of Figures 1-3
enabl es sdempiag sepicac@rizshidenin agoliofore pioderclasg prtellrgeleineudzs ai nto a swagi ng

machi ne. l:z[pr‘?tJ, Bor@'ﬁa caﬁ;ﬁf‘e thR 3R {eRb& %oﬁﬁ&ﬁ@% aheebo Hella 385 gH0T the nyl on

i nsertion n part |cu prevents work™ piece rotation and fore and aft
nmovenent btﬂthddE3@\1§|dkSI$l|6é®eﬁtMﬂhlnélcplﬂﬁT siatf’@svfthquﬁelempmsecmf?@ an oper at or

manual |y bl gy &(J&ljgﬁ)t lﬁ?{nklu@és?&ﬁmh%}p Exlxgggf"a ‘iHsﬂ i HELANRE fegREr ation. In

addi tion, prior to insertion of the work
pi eced | nwtlm \Ehl'bplt@ is d’lhp;oscﬂhm‘;ﬁelf $et3f!qnﬁég aﬂés?@eﬁhq bolhgad38maytteng of the type

to be swag &%’g opﬁz%e g]ﬁl Igﬁ%%l gqlééﬂg sﬁcﬂ%ra%ﬂénq {efdd®nRARd frbfS 49N the tube 12.

The col | ar ace on the tube 12.° This procedure
may be coﬂlphﬂ@tled%prqmmﬁ'@edmmhpmtﬁn@ﬂgwpr%mpﬁgﬁsbm%& The fitting to

be swaged;a ﬂg %{élﬁor}s YR Endle { ert}l%r AR n%@lng?ﬂseﬁﬁn iﬂgﬁé}ﬂo\’af‘of iRl e are then

inserted I'n € appropri a e recesses in t ie face 26. The swage
machi ne rrarycetShmie Bbe opller meyaltcraiiyelyibe formpdoltwp peperategedtignamot appr opri at e

pOSI | Vi Pxﬁgedglcc% e@{e&o %Qa%tcﬁ 1 %%Jﬁb\é’&tﬁ E&n(;n% nﬁ?b&% fewbe 12 is assured.

SenS| e process to O dié tol érance variations is
al so el rﬁ-ouaah&s(dy alemetinsedinrtychigntafears, glqhéssasft@ thrgadsdipalierd for retaining a

wor k pi ecgone%%pa @t#%ﬁl@n% &Q@ﬁméﬁaaﬁa Q)g asStraight length. However, it

may . not be s pl eces "short" straight |engths in
relation to the location of the fittin to 30 be, swaged. Figures 4-6
illustrate a secon8hehiten-ooltassembly @ obfiguesic sniblehief¥h -5 17 March 2005 WO

02/24373 Mé%&lﬁe&%&@@meﬁ@ﬁm&\@g\%agmg%@&n@fltsmﬁaﬁattes&ﬁer ai ght | ength.
A second di e-and-col | ar assenbly may be used |n a swa%l(ng machine to

swaghb a sHoPlempissesiatedsyittspel e eceTien I partigylgr. 1t prevents wo

piece rotation and fore and aft movement of the work piece. It eliminates the need to
have an operator manually hold the work piece in place during the swaging operation.
In addition, a "dummy" fitting may be employed prior to insertion of the work piece
in the die 16. The dummy fitting, essentially a fitting of the type to be swaged, may

20 be placed in the appropriate position on the tube 12. The collar 18 may then be fixed
in place on the tube 12. This procedure may be completed prior to initiating the
swaging process. The fitting to be swaged and the tube 12 with the collar 18 fixed m
place are then inserted into the appropriate recesses in the die face 26. The swage
machine may then be operated and with the collar 18 in the appropriate position,

25 accurate setback of the fitting 14 on the tube 12 is assured. Sensitiyity of the process

to roller wear and die tolerance variations is also eliminated.

The assembly 10 of Figures 1-3 is suitable for retaining a work piece
such as tube 12 that has a "long" straight length. However, it may not be suitable for
- work pieces having "short" straight lengths in relation to the location of the fitting to

30 be swaged. Figures 4-6 illustrate a second embodiment of the present invention
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a fitting 14. The assenbly 50 includes a die 54 and a ceof Murctbfodshat in
conbination retain the tube 52 and fitting 14 in place during swagi ng. The
die includes a fitting 5 recess 58, a collar recess 60, and a chanfered
tube slot 62 and an optional expander port 64 in a die retaining face 66.
The fittWRERBEess 58 may be sized to accommpdat e t he PERUSYIEEHAr

di nensions of the fitting 14. The chanfered tube slot 62 allows for the
insertion of tubes having very short straight sections into the die 54

wi t hout i mptable faorkricessiphebert staighidengthod tspondiiiic-andisella asserly 59 s not hel d in

the die S4ny E@%e&iinea s@%gﬂ%%ac@ﬁn%%éw‘l@é y&%ﬂ%ﬁ'&é sucﬁ‘!is E&veﬂ%ﬂ@ﬂ dnfsertion of an

expander 68 it the Is to be expanded in the re ion where the

fitting 1afitimedd [Fac poeehled nchlss %@Pﬁéﬁndﬁeﬁoﬂéf %@M‘r@@om ingtiogonf i gur ati on

that m ni ORRE [ PTH diM ihdid Rgingo! I ar recess 60
when t he ggtv\a/gﬁ?lﬁmgszer ati 6 ?éﬁ%%%gﬁréﬂgtsv‘;a@ng éf:drgcsz)%at i %n prevention

conh@uraﬁcéﬁﬁé&@ﬂé @@ﬁﬁslﬁﬂaénd@)ﬁ@meﬁﬁfﬁ?ﬁ'fb@ﬁﬂptﬁéﬂdtaéop g} pEdeio| | ar recess 60
in a hex shapem s et ssbape, the collar 56 could also be hex shape, as
shown in EI gur esﬁl 4r§n§ﬂ% The collar recess 60 has di mensions exceeding

t he outer dinensions of the collar 56. There maé ﬁﬁa sli ght gap between
the sidewal |'s of tA&eBiEngmeess Bamybesrediadoromuodys hgpabgifhen the col lar is

in place gfehiighsd0ihe BhingN4.I BRREMMBA bbSotd2ibls ©Ale PREAdIE easy insertion
and renoval of the collar 56 when agllled t the tube 52 as shown in

Fi gure 4. Mbeiisyiag very short sgaightsectipnsantp ﬂ?%‘d"l PubigRechAn O ¢ sjgni fi cant

forei@nd géﬁmﬂmmambtszqﬁatisf&enﬁmlm%dﬁ@m m'hédﬂesmn@yﬁéoméiﬁ&pdne 54 and the
collar 56 may be formed of material sujtab aﬁg swaging wor k pi eces.
§

The die 58 @wamabmeation@éawarﬁatﬁ% I%ew%%?léfob&%? ddpfhzse&lf@ét erial, such as

steel . Ei {hak tehinbelhicospreaeats my alternatively be fabricated of ot her
suitable materials including, but not limted to, Alum num stainless

S PR E RN M TV R T
first cl aamioﬂgnt}(fﬁmi 10 BpiK QrithiA thetchitar rez €8 60 eVhed taérmaggags)ﬁmﬁomn 72 are connected
ol T 1 abtt BuPEs Fdred SR mEaon o TRer He bR g gl 1°° 11 @

isto form the collar recess 60 in a hex shape. For that shape, the collar 56 could also

be hex shape, as shown in Figures 4 and 6. The collar recess 60 has dimensions

exceeding the outer dimensions of the collar 56. There may be a slight gap between

the sidewalls of the collar recess 60 and the collar 56 when the collar is in place in the

20 collar recess 60. The slight gap permits easy insertion and removal of the collar 56
when applied to the tube 52 as shown in Figure 4. However, that gap is not to be so

large as to permit significant fore and aft movement of the collar 56 in the die 54.

The die 54 and the collar 56 may be formed of any material suvitable for
swaging work pieces, The die 54 and collar 56 may both be made of a similar
25 material, such as steel. Either or both components may alternatively be fabricated of
other snitable materials including, but not limited to, Aluminum, stainless steel,
Titanium, or Nickel alloys. The collar 56 shown in Figure 6 includes a first clamping
section 70 and a second clamping section 72. The first clamping section 70 and the
second clamping section 72 are connected together by a hinge 74. The second

30 clamping section 72 includes in a collar face a collar clasp or collar retainer such as a
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17 March 2005 WO 02/ 24373 PCT/ US01/ 28819 capture bolt 7?7%L%ghgg@§ure bol t
76 includes a bolt body 78 and a bolt head 80. The bol ody 'S
designed to fit within a collar slot substantially the same as the
arrangenent and cl anpi ng nechani smof collar 18 of Fi%yre 3. The hinge 74
provi desWaP2@HBEY, neans for keeping sections 70 and 72 PCEGEPMERPwhi | e nmaki ng
5 insertion and renoval of the work piece sinple. In order to accommbdate
the curve of the tube 52, the second cl anping section 72 includes a

chanf er oraptae bet768 The erpiurasbolngé inciudes a Hojbadycigada bolt kpad B Tgrve. The

di e and- cgbl flay38 acilibta B Qlienfi NENIFaBeiliEl BOsaRGINE Pl acement of a

wor k pi ece having a short stralg ength, such as tube 52, into a 10

swagi ng mac#rigament pnd cripingmeackaismind cpifao bt efifiguash olicdinge7hi t h use of the
nylon in l.ON. LA socidns PS S¥EAL S el Al QRLAPd fore and aft
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clai ms.  the type to be swaged, may be placed in the appropriate position on the tube 52. The

collar 56 may then be fixed in place on the tube 52. This procedure may be
completed prior to initiating the swaging process. The fitting to be swaged and the
tube 52 with the collar 56 fixed in place are then inserted into the appropriate recesses
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Sensitivity of the process to roller wear and die tolerance variations is also eliminated.

The foregoing has described an improved die-and-collar assembly.
While specific embodiments of the present invention have been described, it will be
25 apparent to those skilled in the art that various modifications thereto can be made
without departing from the spirit and scope of the invention as defined in the

appended claims.



-7 17 March 2005 CLAIMS: 1. A swage die and coll ar asse@phnu&F?mﬁﬁtalnlng a
work piece in a swage nmachi ne, the assenbly conprising: a co

rel easably placeable on the work piece wherein said collar includes a
first clanping section and a second cl anpi ng section hingedly connected
together; and a die insertable into the swage machine, said die including a
work piece slot and a collar recess in a die face thereof, wherein said
col lar r&&88dSis configured to hold said collar therein. 2. The assenbly
of claim 1l wherein said second cl anping section includes a clanping bolt
for releasably clanping said collar about the work piece, wherein said

cl anpi ng bol t 1j oi ns‘\%B@dlﬁiaﬁ“%@ﬂéq%WWOSWH%PSG&FE%%OM cl anpi ng

secti on. S§ae}@ﬁh@§§§ﬂg§Mmghmﬁ{ﬁhﬁgl wherein the work piece is a curved work
pi ece and sald secon section of said collar includes a chanfered

n
facing and sauceilaareé@sthtnlwelge@@ﬁ&fﬁf@%%ﬁ@%ﬁé@@ﬂport. 4. The assenbly
of clai mr{émhwéﬂﬂ@trd&gmgde&wmnw sé%Hﬁd Jl&lﬁ;ﬂﬁg &eu&ﬁﬁﬁ%w@ such that said

collar does not rotate within said collar recess The assenbly of claim
1 wher ei pongigstefl tggeherizmd furt her |ncludes a fitting recess for retaining a

fitting ther eh&el&ngﬂ%ﬁﬁ@mgxmﬁzmﬁé ik NRLRINdRgiewdr k piece is a
tube, said the face further including an expander port for receiving an

expander slphid gicallar ecess i s Sape thsreob el SRpRessPEEe in a swage machi ne,

the net RadhCQRARS hodd HH dog: Bé:&RS of : applying a collar about the work piece
at a selectable position wherein said collar includes a first clanping

section and a second cl anpi ng section hingedly connected together;
2. The assembly of claim 1 wherein said second clamping section

includes a clamping bolt for releasably clamping said collar about the work piece,
wherein said clamping bolt joins said first clamping section and said second

clamping section.

3. The assembly of claim 1 wherein the work piece is a curved work
piece and said second clamping section of said collar includes a chamfered facing

and said dies includes a chamfered work piece port.

4, The assembly of claim 1 further comprising an antirotation feature

such that said collar does not rotate within said collar recess.

5. The assembly of claim 1 wherein said die face further includes a

fitting recess for retaining a fitting therein.

6. The assembly of claim 1 wherein the work piece is a tube, said die

face further including an expander port for receiving an expander therein.

7. A method for swaging a work piece in a swage machine, the
method comprising the steps of:

applying a collar about the work piece at a selectable position wherein
said collar includes a first clamping section and a second clamping section
hingedly connected together;

tightening said collar about the work piece;



tightening said collar about the work piece; 8 17 Marchi2QP8:A 86® ting said
collar and the work piece in a collar recess and a work piece slot,
respectively of a die; and, inserting said die with said collar and the
work piece into the swage nmachine. 8. The nmethod of claim7 further
conprising before the step of applying said collar about the work piece
the step of placing a dumry fitting on the work piece in a selectable

posi tion and HPEERe sbtylrrRgdairarark giteeinintgllaascass 288 PRI PifEnoVi ng sai d

dumy fi i, f@p@ﬂ%lﬁmlylaﬁg to the work piece a fitting to be swaged to
the work piece. 9. The nethod of claim7 further conprising the step of

formng a fi ErtSF"H@g?"&E‘é‘%?‘thﬁalga‘?qﬂf%Hdéh?‘éi%ﬁeﬁ?“%“é@é?\vﬁ%?g therein a fitting
to be swagegnd o the work piece. 10. The nethod of claim7 wherein the work
piece is a tube, further conprising the step of form ng an expander port

in said die face of said die. 11. The nethod of claim 7 further conprising

the step of ferm n%@meﬁb&ﬂf&éun'ﬂuﬁhé‘r@@rﬁpr&ingﬁﬁfcﬁeﬁz@ﬁt@@@f cl anpi ng secti on.
12. The method of claim 11 further conprising the step of formng a

chanf er e@PRIYiBESHsyollan houttheiverk gicpaibe sigp okplpcipgs Ammyfittitken et hod of claim 7

g urther gRRRNK Fikdtdn & adlekibM Jodftioh BeaTer ApdineSal dgetih@sbidf - hexagonal shape.

collar, removing said dummy fitting and supplying to the work piece a fitting to be

swaged to the work piece.

9. The method of claim 7 further comprising the step of forming a
fitting recess in said die face for receiving therein a fitting to be swaged to the

work piece.

10. The method of claim 7 wherein the work piece is a tube, further

comprising the step of forming an expander port in said die face of said die.

11. The method of claim 7 further comprising the step of forming a

chamfer in a face of said second clamping section.

12. The method of claim 11 further comprising the step of forming a
chamfered tube port in said die face of said die.

13. The method of claim 7 further comprising said collar recess and

said collar of hexagonal shape.





