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FOR FORM NG FLARED TUBE ENDS BACKGROUND OF THE
WOR®GSOSKIRE [ 0001] Fl exi ble and rigid tubi ng nmAgT/82004/021839

formed ends for use in coupling the tube to a fitting

or to another tube. Flexible tubing my, for exanple,

have flared ends to be joined to a flexible or rigid

tube or fitting. A flared tube nmay be joined wthout

a bushing and/or a nut. The inner dianmeter of the

flare may be sized to accept and be joined to the

outer dianeter of a tube or fitting. The end of rigid

tubing may be forned into a flare or flange. [0002] In

the case of flexible tubing, the ends may be forned

into flares usin "cold flare" tools or heated flare
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tube end into a flare. Heated flare tools may unevenly

heat the end of a tube and may use a flare form

inserted into the tube to forma flare. Shaped tube

end flares made by these nethods ma due to the

el astic rrermBﬁC‘d%/GRﬁyNDk@F TF&@ISééQSLéREpe at

normal operating tenperatures and pressures. In the

case of rigid tubing, the ends may be forned, for

[o86Mp| BexibiehAd fr Ig&ﬂﬁﬂﬁin@)may haeésurrrﬂedr@hdsrf@r use in coupling

appar atus. SUWMARY OF THE DI SCLOSURE [ 0003] An

tbﬁéube dpya Ettheaprim@anether tubenobilexdile tupingngnay, ferapgample,
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rhay eetjbingd Withotih el fshideafd/ex abiut. Thbdnnert diameter of the flare
flare-formng die V\nthaflareformn%gortlon
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BRI EF DESCRI PTI ON OF THE DRAW NGS [0004] These and

f eat ures nt ages of, the ent
(B0 1 Bt e e PG B8 Bigsenbr e gates using
“Eél@rﬂatr@etcfo% bPHbAGdNRraithel, délélqrdr@‘técﬂﬁ ek d;ﬂ'éssure alone to
exenpl ary enbodi nent thereof, as illustrate
shape a tube end into a flare. Heated flare tools may unevenly heat the end
of a tube and may use a flare form inserted into the tube to form a flare.
Shaped tube end flares made by these methods may, due to the elastic
memory of the tube, lose their shape at normal operating temperatures and
pressures. In the case of rigid tubing, the ends may be formed, for example,

into flanges by a pressure molding apparatus.
SUMMARY OF THE DISCLOSURE

[0003] An exemplary embodiment of a method for forming a flare in the
end of a flexible tube comprises heating the end of the flexible tube to a
near-melted state, inserting the end of the flexible tube into a flare-forming die
with a flare forming portion, and pressing a mandrel into the end of the flexible

tube, thereby pressure forming a flare in the end of the flexible tube.



acconpanyi ng drawi ngs, in which: [0005] FIG 1
illustrates a cross-sectional view of an exenplary

wo basmearzend of a flexible tube and mati ng endP@f/U82004/021839
fitting. [0006] FIG 2 illustrates an exenmplary flare
formng systemfor formng flares in the ends of
flexible tubing. [0007] FIG 3 illustrates a

apparatus.  E006H ErCR RO T DRAN RS O P onal

vi ew of an exenplary clanping portion of an exenplary
tube receptacle of a flare formng die. [0009] FIG _ 5A .
[6004]sThase and whesteatwesiantadvariages obiiedpeapiol yill readily

u r tacl e r [ r rato ; :
05oappreseof ofer s "R In, dfie SR SRR ML Tdiouing otpiled
desenptiin & exeeRreaipyaryubmbodbaent dhbreoindsnihdteted ninathe

flare formng position, [0011] FIG 6 illustrates an
aggemprAypIENORg iR WMMET of a flare forming die with
exenpl ary tube receptacle |ock out devices. [0012]

FIG 7 illustrates a cross-sectional view of an

[ FrBy1 dzediesacrosssectivnativielv off araeganplary dared end of
mandr el press. DETAI LED DESCRI PTI ON OF THE DI SCLOSURE
a\ﬁbxmi@s;uﬁ@mggnam erd @& f¥n839 3 [0013] In the
follow ng detail ed description and in the several

figures of the drawing, like elenents are identified
[0606] FiBe2 ilkfstatrsan exempiary flar@ Gdrmjing\sysiepr &g $ooming flares
formed flared tube end may be used in coupling a

i thecends ot figwbleiuRindibe, pipe or fitting. FIG 1
illustrates an exenplary enbodinment of a flexible

tube 1 with a flared end 2 to be fitted to a mating _
[PB07]i BIG33 ilisiratesta mayssheeqiional diew olameaxemplaryi flare forming
threads 5 on the mating portion 3 to secure the
aPPRfAtHY. The inner profile 6 of the flared end 2 of

the flexible tube 1 may be fornmed to conformto the
profile of the outer surface 7 of the mating end 8 of
[00@8]nef IiCht ltustriates 3. croke-sectianal) Wewudeamxepeplary clamping

p%?tliéencgfs gn exemplary tube receptacle of a flare forming die.

[0009] FIG. 5A illustrates a cross-sectional view of an exemplary tube

receptacle and mandrel in a preparatory position.

[0010] FIG. 5B illustrates a cross-sectional view of an exemplary tube

receptacle and mandrel in a flare forming position.

[0011] FIG. 6 illustrates an exemplary bottom die half of a flare forming die

with exemplary tube receptacle lock out devices.

[0012] FIG. 7 illustrates a cross-sectional view of an exemplary embodiment

of a mandrel arranged in a mandrel press.

DETAILED DESCRIPTION OF THE DISCLOSURE



so that the inner dianmeter 9 of the flexible tube 3

mat ches the inner dianeter 10 of the mating portion 3
wob@seoke interior surface 11 of the fl exi bl eP€TD82004/021839

meets the interior surface 32 of the mating portion 3,

whi ch may provide surface continuity along the

|nter|or surfaces of the fitting and may reduce the
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enbodi ment of a conpression flare formng systemis
illustrated in FIG 2. The exenplary flare form ng
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the heating structure 21. [0016] The heating structure
21 has a heater receptacle 23 adapted to receive a
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URFSFmRERESEs RECON RGeS Rékible tube by contact around its entire
circumference in preparation for pressure forming a flare in the tube end. The
heater has heating elements (not shown), a heating structure 21 and a
controller 22. The heating elements are in thermal contact with the heating
structure 21 and may comprise, for example, a plurality of electrically-powered,
barrel-shaped resistive heating elements inserted into heat transfer chambers
(not shown) in the heating structure 21. An exemnplary resistive heating element
suitable for the porpose has flat ends and is about 5/8 inch diameter and about
4 inches long. The controller 22 controls the heating elements to bring the
heating structure 21 to a desired temperature. Other suitable heating

arrangements could alternatively be used to heat the heating structure. Other



25, 26, 23, 27 adapted for receiving and heating tubes
Wi th respective dianeters of 1/4 inch, 3/8 inch, '/2

w0 p@k/00B38% i nch and 1 inch. The heating struckCr/ESD4/021839
may conprise alum numw th & nickel -pol ymer coati ng.
The nickel -polymer coating may hel p prevent the tube
fromsticking to the surface of the heater receptacle
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@@@Mmslrfgom%é‘eﬂm@gn@xctwémct ure may alternatively be
enpl oyed, for exanple Teflon or PTFE. [0017] The end

of a tube to be shaped in a flare form ng apparatus 40
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flare to be forned. WO 2005/ 007389 PCT/ US2004/ 021839
5 The tube end may be heated algng a le Ih&thlo
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R R 62T B8 i S e 27 i P e
URRSrRH contdbt &itAtR@IABY surface 231 of the heater receptacles around
the circumference of the tube along the length of the tube inside the heater
receptacle. This contact heating will provide uniform heating of the entire
circumference of the tube throughout the area of the tube to be flared. Uniform

heating may result in more consistent fiares.

[0018] A tube inserted into a tube receptacle may be inserted up fo a
tube-stop 232 at the end of the receptacle 23. The tube-stop 232 may be at
a depth such that the heater-will heat the desired length of the tube end for the
forming process. This may ensure that the end of the tube will be heated to the
desired temperature along a consistent, predictable and desired length. The

tube may be heated along a length at least as long as the flare to be formed.



whereby the force of a mandrel being pressed into the
end of a tube to be forned is transferred |argely

wo eovgioe1ssd nal |y to the tubing, causing the tubRCT/US2004/021839
col l apse in an accordion-|like manner, instead of being
transferred nostly radially outward to formthe end
of the tube into a flare. In an exenplary enbodi nent
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tospreeéihi esllapséngpef titeutubepwallor to inserting the tubing
to be flared. The tubing should be left in the heater
receptacle for a time sufficient to heat the tube to
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leﬁmﬁraﬁﬂéqwiﬂzalewheanehmgmplrﬁecﬂdhelsnaﬁenlabﬂtg@pnsmgéhe tube.
T R R R o AN T R
copletap| dsFRAreR) pliable and susceptible to being reshaped. Suitable
flexible tubing to be pre-heated for forming flared connectors may comprise, for
example, plastic materials such as PFA (perfluoroalkoxy), FEP (fluoroethyl
propylene) or PVDF (polyvinyldene fluoride). The suitable temperature range
for pre-heating flexible tubing prior to compression forming of a flare may be
about 480-520 deg. Fahrenheit for PFA, 320-440 deg. Fahrenheit for FEP,
and/or about 240-300 deg. Fahrenheit for PVDF.

[0020] The heating structure 21 may be brought up to the specified
temperature prior to inserting the tubing to be flared. The tubing should be left
in the heater receptacle for a time sufficient to heat the tube to the desired

temperature. A desired time of heating may be at least about a minimum of



for which the tube end is being forned, and the
mat eri al and consi stency of material conprising the
W@ 298/007389 f or m cont act heating may result in aPCT/US2004/021839
substantial reduction in "hoé time" (the tine during
whi ch the tube end tenperature is elevated) over
non-uni form heating net hods, although this my depend
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aifficisachéAddriry tadTEFire6 the heb it td fhetﬂweffbﬁrhfhg apparatus to
form ng position. The two hal ves may be presse

adievenpropsy flar@dernioger ated | ever 45. In an exenplary
enbodi nent, the |ever 45 translates rotational notion
of the lever 45 into linear notion of the top half 43

[@io2eh tGAr‘f }aﬁérﬁpfaﬁy i egformhing éﬁpémtunomcdnhﬁrigebbe tube receptacle

receptacle to receive or renpve a tube en 023] Th
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G GETRoABR By GEBATRoIes Co . 11 2GGMTeRETaE torming die 42
EErhpisRO846P %8 BAIf 48 and a bottom die half 44. The two halves 43, 44
may be pressed together to secure the tube by a clamp in the clamping portion
of the tube receptacle and to arrange the flare forming portion in the flare
forming position. The two halves may be pressed together by a hand-operaied
lever 45. In an exemplary embodiment, the lever 45 translates rotational
motion of the lever 45 into linear motion of the top half 43 of the flare forming

die 42 to open the tube receptacle to receive or remove a tube end.

[0023] The tube forming apparatus 40 may comprise a plurality of tube
receptacles 41, 46-49 formed in the flare forming die 42. The plurality of tube
receptacles may be sized and shaped for forming the ends of tubes with sizes

and shapes corresponding to the sizes and shapes of heater receptacles on



a tube end heater. A lever 50 may al so be provided to
operate the mandrel press through its stroke distance

W 200800M38€ss a tube end to forma flare. |n anPCT/US2004/021839
exenpl ary enbodi nent, the | ever translates rotational
notion of the lever to I|inear notion of the mandrel
press and mandrel to push the mandrel into the t ube
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prassing hiee mdmirel into the ex@apbaueenbodi ment il lustrated

in FIG 4, the tube clanping portion 61 of a tube
receptacle may have cut-outs 64 which provi de space
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tenperature for fl areformn t the tube portion
enx@mple bytrhevareanigfige lever 45 (FIG 2), the narrower, clamping portion

of the tube receptacle compresses the tube and secures it in place against
forces applied by the mandrel when the mandrel is pressed into the tube. In
an exemplary embodiment illustrated in FIG. 4, the tube clamping portion 61
of a tube receptacle may have cut-outs 64 which provide space into which the
tube may bulge or deform while under the clamping forces, in order to help
prevent damage to the tube. The tube end inserted into the apparatus for
forming may have been heated along a length of the tube end such that the
portion of the tube in the clamping portion has not been heated to the desired
temperature for flare forming so that the tube portion held in the clamping

portion of the receptacle will not become permanently deformed.



portion of the receptacle will not becone permanently
def ormed. WO 2005/ 007389 PCT/ US2004/ 021839 8 [0026]

wo pooshersexenpl ary enbodi ment of FIG 3, the flBCBEUS2004/021839
form ng apparatus may conprg se a plurality of
mandrel s 51, 53-56. The mandrels may each conprise a
collar 57. The mandrels may be arranged in a mandr el
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t he nrggrels may have substantial heat capacity and
material with good thermal conductivity. This
may i nprove cooling of the tube end during flare
formati on and nmay reduce the tinme required to keep
[0027 Jnbrair examplagy sebodiment, the frlﬁrterf@rmihgr@e aod or thg mandrels

osition reduce t ti rref
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the mandrels may _conprise stalnless steel
which may be desirable in some applications. In an exemplary embodiment,
the flare forming die and/or the mandrels may have substantial heat capacity
and comprise material with good thermal conductivity. This may improve
cooling of the tube end during flare formation and may reduce the time required
to keep the mandrels pressed forward in the flare forming position reduce the
time for the end of the tube to reach a state where it will retain its flared form.
In an exemplary embodiment, the flare forming die and the mandrels may

comprise stainless steel.

[0028] In the exemplary embodiment of FIG. 3, a ram 64 transfers force (for
example force applied through the lever 50 in FIG. 2) laterally through ram rods
65 to the mandrel press 60. Force could alternately be applied to the ram 64

by a hydraulic system or electrical motor system. The ram rods 65 are guided



[0028] In the exenplary enbodinment of FIG 3, a ram 64
transfers force (for exanple force applied through

wo b@sleser 50 in FIG 2) laterally through ranPeDts2006621839
to the mandrel press 60. Forge could alternately be
applied to the ram64 by a hydraulic system or
el ectrical notor system The ramrods 65 are gui ded WO
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sufficient to push the nmandrel into the end of a tube
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o wpye diteregt flarefpiamarisiansas i@ given megygmant of thesmandrel

@ss??@fr@k&ng% &é’?ﬁgﬁ?% 534wilM dv.e'flgéf Qahg%iitgﬁﬁ%l%oved by the

I stance nov ress auring a stro

preesgralring3a stpke niftHeairlandselBld maty initialyhstayguedras the mandrel
ress i s no

ed,, in the event that the tube.is placed ..
fseis e ghe rvedh 2t Be ol i plaEs StrieS B Fgheiional
§lBYe %%Pﬁﬁrﬁsﬁh@%ﬁr‘iﬁ%gﬁﬁéi* EbmMPFS s TRY fanttel bressiRoves until
front face of the mandrel press 60 contacts the collar

the frartdace ohthecmandrel psgss A eniacts theeadllat 87 alT hewy, dasscollar

o inefis SR 1aRrorein o, 1RO fag 3 i, BEngfEl i Engves the
nahdTd)dntd thed@nd ofigebe 6 o9n GOflared TRe diaeé SoMmiing die 42,
53-56 may all| be desjigned together so that each

mandrel press 6Gandmansivels Y1e3tédnarall be desigpeditageingepo that
&&eH MdRdrBE 51 d?géﬁg@%é\;@:}oﬁ@fde%@é idihcd i order to form the

. appropriate si tubing 1n eac ube receptac
ddsivegt sttape GfT29¢ fontherapprepridiarsizedtbbigigrieeach tube receptacle
%{)I)@ﬁ ated in FIGS 5A and 58, a pre- heated tube end
] éi aced in a tube receptacle. The tube end 80
extends into the flare formng portion of a tube

receptacle. The tube end 80 may extend
[0029] In an exemplary embodiment illustrated in FIGS 5A and 5B, a pre-

heated tube end 80 is placed in a tube receptacle. The tube end 80 extends
into the flare forming portion of a tube receptacle. The tube end 80 may extend
a short distance beyond the end of the flare forming portion prior to forming the
flare (FIG. 5A). A tube stop 71 may be provided io stop the tube at the desired
flare-forming location. The tube stop may be provided, for example, by the
transitional slope portion 71 of a mandrel 51. In FIG. 5A, the tube 81 has been
inserted into the tube receptacle 47 until the tube end 80 abuts the transitional
slope portion of the mandrel 51. The mandrel 51 is at the desired position to
provide the tube stop at the desired position when the tube forming apparatus

is arranged in a preparatory position. The fop die half 43 may be raised to



a short distance beyond the end of the flare formng
portion prior to formng the flare (FIG 5A). A tube

W@ e@p/0rBsay be provided to stop the tube at tPEI/US2004/021839
desired flare-formng |ocatipon. The tube stop may be
provi ded, for exanple, by the transitional slope
portion 71 of a mandrel In FIG 5A, the tube 81

05530 6500 0 GRS, B e o

isf pladid imetherdsiredl. poditormendrnep dislhals 48%&@@@16%?&?‘ thereby
position to provide the tube stop at the desired

gagpingineiHba in the ¢lapwing pattiop Qab@fathatﬂage fcrrsmag dien gsiter the

s 7RA] A3 AR HaliaRar At FBellRus ot 8 tbe

&ag froht thietubssecéptaglel he end of the tube into the tube
receptacle. After the tube 1is placed in the desired

position, the top die half 43 may be | owered, thereby

FIORDR T e 408 h e G R OB bRl g e
priofilehafl the wayersroupifeeshdeof eiflaré & be If@rlmﬁmﬂ NThetfRiréféening
the tube receptac|le. [0030] The profile 63 of

engd;qugmésm&sﬁ%n FH@P brated tuhe angtR0 adlesiredsteokedstance
?i‘@:ld’ B} td %)lﬂfmés'%etpg"ﬂuﬁ eﬁars‘%lmifo%ﬁs nlré’{ggélﬁbeforhaﬁ% C}ube

ar e- or m ng résse
|srh€dd i goldzEn Bgdinst hiee éatdarﬁOmtlstnfrthd mandksd foy ﬂ'teanmnplng

PR B of e bp 3 eePBRE 41,5 0%e b0 Houmandrel fing srofile
éﬂﬁe':mﬁé?fcﬁf‘cuﬁ%l'éﬂheoéf Méeﬂé@rtgrtﬁi fo?f%neﬁ%h& h@dgpb{aesgned to

portion 61 of the tube receptacle 4
atdhhiderpratileel of dhe mct)obalﬂaee flibﬁng RdFIG. 1) for which.the flare

ARG IaEEHDERREESo Hiah, 7 fud BB (QEOE HuHOf e
tubar hidknbss ngay & éﬁenb)e Bon 0% hreduibiort | fedre itHeir8Formed
formed i s intende be mated. In the flared region

tbfckﬂw -t ent9, lhqq@rmlug@fttheJlaﬁ@s%wemﬁpgﬁkaéﬁh%m gnd may
e el Bl Rnd B0E Red PR MU QR rackHacle 47

ee‘t‘ajlhmﬂarejiétﬁmrem(l%lm:tﬁmhat the tube end 80 is
recessed within the tube receptacle 47 after the
flare if formed (FIG 5B). [0031] The mandrel is

[D08+P THel AR prea8e8Mtovtht futfe BRE S £ pRadduré sEfficient to
compression form the end of the tube into a flare. In an exemplary
embodiment, the mandrel may be pressed forward into the tube by hand
pressure on a lever until cam action locks the mandrel in place in the flare
forming position. The mandrel is held in place with sufficient force to reform the
tube end into a flare and for a time sufficient for the flared tube end to cool
sufficiently for the flare to retain its reformed shape. The mandrel may be held
in place in the flare forming position for a time period of at least about a minute
or sixty five seconds, for example. The mandrel may be held in place with a
force of about ten to fifteen pounds, for example, although this may depend on

application-specific parameters.



conpression formthe end of the tube into a flare. In
an exenplary enbodi nent, the mandrel may be pressed

wo or0da0389 Nt o t he tube by hand pressure on a PEWER2004/021839
until cam action | ocks the mandrel in place in the
flare formng position. The mandrel is held in place
with sufficient force to reformthe tube end into a

(oh2F PN, EPubifisd FhT b offtbifey groate
darfsitemd fisrap vhidinenoi@nber| siapesbet reldder ramjea@f dperating
the flare form ng position for a tinme period of at

teeparatypes and foi leoger Pefiods ofttime. e @é%‘«éﬁmg fofrped flares may

FRAG stllSe T B tiaFer B BulEs SnitePloper Beligad'af tme than
did Mferpbdt flaresmay Héepénthatinomephiprassion- fsnﬂe'dfﬂa:res Cold
paraneters. WD 2005/ 007389 PCT/ USZOO4/ 821839
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tbpemaer figret mlr@ercancurrefsrerw@nf@tﬁhﬁegneé @@hcrrgumence The
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SHTR st e Shmiperick RaR bedb Rt cdnalif she 8RS diBmference
df@flﬂﬁﬁg%ﬂpwmcﬁf $ROEbitisan bienneatedstocasdeys aftighEF f adnseal.
the outer flare inner circunference to

-Em:'bﬂﬁge & PEqfite of the-tareThray b fprered t@rrgatc:lﬁl}gp outer profile of the
éfd %‘l"ﬁ% %[tﬁrﬁti%ﬁ‘?%ﬁ‘é?fm'é”ﬁﬁ)et & '?@ rhﬁfﬁoomﬁ‘ie lnnclar tubing

circuntere of afittin W|th tubi n
dieubhteraricednty mmm ® magm thiei mnamdrcwaferend’dwef the fitting

RO Rt 4l YRSkl e el SRS IRl e
diR@intfERSdeS Gpd PromEeshd HieritimiRg dirlir@rence with the outer
circumference, tube end profile and inner circumference of a flare with which
the flared tubing is to be mated, a tight seal may be formed. Where the fittings
with which flared tubing is to be mated has been fully molded to a consistent
size and profile, the flare forming apparatus can create matched flare
connections which consistently mate with the molded fittings. The tight fit may
provide a smooth through-bore in the connection, reduce turbulent flow within
the system and may reduce the likelihood of leaks or fitting failures. The
matched flare fitting may also prevent “cold flowing” (deformation of a fifting
and/or tube flare from over tightening due to poor interface on an unmatched
flare) and reduce or eliminate “entrapment areas” (gaps at the flareffitting

interface). A pressure formed flare connection may provide full engagement



ci rcunference may be chosen to match the inner
circunference of the fitting wth which the tubing is
wo eooso0738¢ ed. By carefully matchi ng the outer PCHDS2004/021839
ci rcunference, slope profilegzand inner tubing
circunference with the outer circunference, tube end
profile and inner circunference of a flare with which

k528 el 01 S s
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e and profile, the flare form ng apparatus can
create mat ched flare connections which consistently
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reduce the Tikelihood of I'eaks or fitting failures.
dutedeviee.c hEhe fock eut dtatllCﬁgﬂﬁﬁWTﬁV%rﬁ ippexiagt a tgbednto a tube

fl o ng" f

{43 el 7S RO hRUsBlh. T bbb et Shvitgthef, iy be
a&@u@%héd@h@erﬂfwbe@mr@f liké-siFeaaubes ené bﬁsﬁﬂfetother
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Eubes ansciabletetlte @hgrises éi"'léd?l@éht sFUcErd Retrobheaslongated
si zed receptacles. Prior to formng the ends of the

apgriie 92e The loakseutdgeituciue %rm@)a beldt iReplaendp & pasaition

é’gtg%%t @}Ce gﬁtr%ﬂl Ra vgél:ae'ﬁ{ V' P %c?‘%‘g 4:1,?) \geé]tSCﬂ%‘N 9 arranged

ihipugho td dpertarsop Wrdeldivep pasition ilfrant ithe @dnma@ce 95 of a
manuf act ur i ngﬁerrors and _Esult in an i.nc

operacen@da fBRLASEreR Hoc kb IRCkieYS @%V'ﬁ%\)}lﬁk%i%‘?q’ In FIG. 6
ﬁ\@?tbreq‘lf\BHﬁfédaq'&pé%%l% ?Fr‘ oﬁ@ Igfith¥ flbYe RIrAHRSG didwhicAthay be

east a portio
the bottom die half 44. A lock-out device may comprise any other suitable

structure which can block the entrance to a tube receptacle.

[0035] Spring-loaded mandrels (53-56 in FIG. 3) may be held in place at the
proper distance forward of the rigidly mounted mandrel (51 in FIG. 3) using a
set screw or bolt. FIG. 7 illustrates an exemplary embodiment of a mandrel 53
arranged in a mandrel press 60. The mandrel 53 is spring mounted on a spring
58 arranged in a recess 59 in the mandrel press 60 and a recess 531 in the
mandrel 53. The spring 58 is compressed and puts a force on the mandrel
tending to push the mandrel away. A set screw or bolt 601 is screwed into the

mandrel press 60, and may be screwed into the bottom of the mandrel press.



entrance to a tube receptacle. In an exenplary

enbodi nent illustrated in FIG 6, a |ock-out device
w@eoopi0s8s a | ock-out structure with an el ongaP@dusS2004/021839

aperture 92. The | ock-out stygucture 91 may be held in

place in a position outside the entrance 93 to a tube

receptacle 47 by a screw 94 arranged through the

FPhit o8 v st sgre L oieBButorE riresp P2 ik ald Gypnarer 53
THerdcRek 194 beaN ke fdrhl bs4 Rt edhbrtonSiesSive MRS the spring
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recess rmof a slot. The conpressive
dlsianeemrfaveHQdWrthagnamﬁebpmésiwm astigkel out unti |
the rear wall of the recess 532 neets the end of the
set screw 601. The set screw 601 and the recess 532

[@DSGE' £ 2§ uABErstBbd apgetheSabdvrties ditbdtpagibRdirhnisSafkemérely
int proper position so that a transitional slope

iistrative phinerrassitle saecifiagmpodimentsvipchmay reﬂ@sleahamr@mples
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862 phepein MoBEFRRCGHE aRaRhb s, B, TE80R;BEGeRSed i
afb@;@ﬁdémie WwRBtthese pfinoipteswsy thosk diiiled iedbesarb@ihest dégarting
mandrel press is noved forward through a stroke to
frasp ihe sePRe @ndSRIFECHAR 1BYeNte | exi bl e tube. In an
exenpl ary enbodi nent, the set screw 601 or bolt may



protrude into the recess 532 by about 0.100 inches.
The bolt may be a 0.190 inch dianeter bolt and the
WO e@s®873882 may be a sl ot about 0.200 i nches wWdEUS2008e21839
sl ot may have a |length equalyg o at |east the dianeter
of the bolt plus the distance travelled by the
mandrel press during a stroke. [0036] It is understood

that the above-descri bed gﬂgﬂgkgents are merely
illustrative of the possi ci fic enbodi nents

whi ch may represent principles of the present

i nvention. O her arrangenents nmay readily be devised
in adbdwmtdacta@meidtis t hese principles by those skilled

in the art without departing fromthe scope and
spirit of the invention. WO 2005/007389

PCT/ UB2004p081R38d fat f&tm\hysa it i %nclsﬁti”@lda' ﬁex@le fube,

nmethod for formng a flare™in an end of a flexib
t ube, compnipingsi ng: heating the end of the flexi bI e

tube to a near-nelted state erti eat ed end

of cHeSatng i e of it fofbi’ th%?%af'lﬁﬁ%]’ﬂgﬁ%Jj glatgine

flar emfseﬂmme%eaté@aﬁa I@tﬁ&ﬂ@qﬁk%ﬁeirﬂé @ff@@eﬂ@frﬁmgmne the
é)ressmgaman rel into the end of the flexible tu

arerfening diestnnaprisiog mﬂageéormlag@qrtm he end of the

heat | Py st & mngrel us e Bir % AlBiofe lleC iferBl Bospure
@i & FIpe iis tfe endbatte feablertgbéhe end unifornmy

around its circunference. 3. The nmethod of Caim 1,
wherein the heating the end of the flexible tube to a

near 5ol t egndl At BPICIART 1N S@heh W HRBHng hbNend of the

t ube r a perio east about thirty cond
The niebiibie tabeGba meir—mekbeqb state mgmmrsemodntag;t hehtag ¢he end

conpri s lural,jt cont act heati ng receptacles;
angp um{‘orgnly groun% { c}/rcumference g P

3. The method of Claim 1, wherein the heating the end of the
flexible tube to a near melted state comprises heating the end of the

tube for a period of at least about thirty seconds.

4, The method of Claim 1, comprising:

providing a heater comprising a plurality of contact heating receptacles;
and

inseriing the end of the tube into one of the plurality of contact heating

receptacles.

5. The method of Claim 1, comprising:

clamping the tube in a clamping portion of the flare-forming die.

6. The method of Claim 1, comprising inserting the end of the

flexible tube into the tube receptacie up to a tube stop.



inserting the end of the tube into one of the

plurality of contact heating receptacles. 5. The
woretsoar3sd Cl aim 1, conprising: clanping the tPOPRUSI00&021839

cl anpi ng portion of the flarg-formng die. 6. The

met hod of Claim1l, conprising inserting the end of the

flexible tube into the tube receptacle up to a tube

st op. _WWO 2005/ 00738 / US2004/ 021839 15 7. The .
et hofl- of GRS MEGOU AL LR thaReisH dpeuBsPPogYeises a
Lr ansighefghardighe opthel fgngRAdr el - 8. The method of

aim conprising: pressing the mandrel into the end
of the flexible tube up to a flare formng position,

thereQy pressure fqormng a,flare in the end of the
flexiBle t @_met@pg-pg]g%@ HoBOBPrENg m 8, conpri si ng:

| eavi AN I FTata !

2t mERenTy SRLMAreplclng (ol MOTRNRPRUBL I [Pg fare
fdrenirglpesitipe, thaeby phessuee farthiog adiase intBe endrgfthesflexiple tube.

| eaving the mandrel in the flare form ng position for
at | east about sixty seconds. 11. The nethod of Claim

1, cogpri SirAg:mehes B ClaihPBNEd@paAsiigare in the end of
the flexible tube, wherein an inner ™ profile of the

f | ar eleayinghihe mandigl &y therflsre (fermaingapasiian foy aalimptseidficient to

B2 R et i ot pleslafone o o 11 et bl tube,

conprising: a heater; a flare formng die; and a
mandrel . 13. The flare form ng systemof Caim 12,
wher ef @ t héhadaetbpd of Shpim 8eOMPESIRGact heat i ng

r ecepfeGidy RAARLAGtel A theHakQ Fing PUSRh for at least about sixty

seconds.

11.  The method of Claim 1, comprising:
pressure forming a flare in the end of the flexible tube, wherein an inner
profile of the flare matches an outer profile of a fitting adapted to be fitted to the

end of the flexible tube.

12. A system for forming a flared end of a flexible tube, comprising:
a heater,
a flare forming die; and

a mandrel.

13. The flare forming system of Claim 12, wherein the heater
comprises a contact heating receptacle adapted for uniformly contact

heating the circumference of the end of a flexible tube.

14. The flare forming system of Claim 12, wherein the heater
comprises a heater structure, a heating element in thermal contact with

the heater structure comprising a contact heating receptacle, and a



heating the circunference of the end of a flexible

tube. 14. The flare formng systemof Claim12,
wob@sedT3se he heater conprises a heater structBPCEUSH04/021839

heating elenment in thermal cgntact with the heater

structure conprising a contact heating receptacle, and

a WD 2005/ 007389 PCT/ US2004/ 021839 16 controller to

St ucteEnies 1 5onlid) PedEbngeraTaneto heat thadeptaructure to

form Q%e%)féﬁ%?n%feré%h?é m 14, wherein the heater
structure conprises a plur aI ity of contact heating

receptacles. 16. The flare form ng system of Caim 15,

compr 1 Bes o8 THE FartuiBs REagh Klain (B Whermnyfsy heater
pl ur aétmtueé cSpAsSeoh ﬁuﬂ‘éﬁtyoéf édrﬂéét%%uhgt%téﬁgp%laesThe

flare form ng systemof O aim12, wherel are
form ng d| e conprlses a tube recept acl e conprising a

cl anpj nd a ion. 18. Th

{1 ar el Gor hT b e diinde ol SLCRRHE HheRih tispwrafty o
f or m @shtabl l?eélm@%béﬁl%cféslfddﬂﬁﬂléésyhékfh Pl&aseptacles adaped for
receptacles. 19. The flare formn emof Claim

conprieseiMig aplyiality0fi sizeoef endaio ﬂ@«blgdubeme flare
formng systemof Claim112, conprising: a plurality
of mandrels arranged on a mandrel press. 21. The flare

form1ig syshefland fdrringrsydtentoNldisi 1) wiaireinethetiiate forming
first mandrel spring nmounted on the mandrel press.

22. THE GAMpIsesuR MRy raspptasle soneprifing aclameiisr paiting:and a
a SeGpH Jgﬁ.ﬂ%jg?rfl{)hgl dly mounted on the mandrel

pr ess. are formng systemof Caim12,
wherein: the heater conprises a plurality of cont act

neat Wexi re Tt Eemo Sysirm of Pl Spevini Be gz orming

die comprises a plurality of tube receptacles.

19.  The flare forming system of Claim 12, comprising:
a plurality of mandrels.

20.  The flare forming system of Claim 12, comprising:
a plurality of mandrels arranged on a mandrel press.

21.  The flare forming system of Claim 20, comprising:

at least a first mandrel spring mounted on the mandrel press.

22.  The flare forming system of Claim 21, comprising:
a second mandrel, rigidly mounted on the mandrel press.

23.  The flare forming system of Claim 12, wherein:
the heater comprises a plurality of contact heating receptacles adapted

to receive and contact heat flexible tubes in a plurality of specific sizes;



WO 2005/ 007389 PCT/ US2004/ 021839 17 the flare form ng
die conprises a plurality of tube receptacl es adapted

wo eooseeBssye flexible tubes in the plurality of Pepesioni/a21839
sizes; and the mandrel is ong of a plurality of
mandr el s arranged in a nandrel press, the plurality
of mandrel s being adapted for formng flares in the

ends of flexible tubes in the plurality of specific

si zestheliareTREMING:H@ CPBINFISRS SPirality ot t earreﬁeet@cles adapted‘
h
IR o8 hbdhn R O STEURE DA 0 e

on t hihevarahded! ipraresof a5pluriity bf anamdrellsrarr@w@a@imm wiandrel
Claim?24, wherein the first mandre|l _and the secopd

presar ke pikealiBaehmandreds peibgiadantegior e wyng dares e ends of
F8e, LBEs TP Blrdt S cuiisPoly aF 547 Wnor el n e

first mandrel and the second mandrel each nove
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26. The flare forming system of Claim 24, wherein the first mandrel
and the second mandrel each move through respective flare forming
distances when the mandrel press is moved through a flare forming

stroke.

27. The flare forming system of Claim 18, comprising a tube

receptacle lock-out.

28.  Aflexible tube with a flared end formed by the method of Claim 1.
29.  The flexible tube of Claim 28, wherein an inner profile of the
flared end matches an outer profile of a fitting adapted fo be fitled to the

end of the flexible tube.

30. Theflexible tube of Claim 28, wherein the flexible tube comprises
one of PFA, PVDF or FEP.



a flexible tube conprising a pressure fornmed flare
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die. 33. A method for forming a flare in an end of a flexible tube,
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comprising:

heating the end of the flexible tube to a near-melted state;

placing the heated end into a first portion of a tube receptacle in a first
portion of a flare forming die;

bringing a second portion of the tube receptacle in a second portion of
the flare forming die into a flare forming position, thereby clamping the tube in
a clamping portion of the tube receptacle;

pressing a mandrel into the end of the flexible tube;

pressure forming a flare in the end of the flexible tube for a period of
time sufficient to cool the end of the tube to a desired temperature;

withdrawing the mandrel and separating the first portion of the flare
forming die from the second portion of the flare forming die; and

removing the end of the tube from the flare forming die.



