WD 20051007389 PCT/ US2004/ 021839 1 METHOD AND APPARATUS FOR FORM NG
FLARED TUBE ENDS BACKGROUND OF THE DI SCLOSURE [ 0001] Fl exible and
rigid tubigg)na% have formed ends for use in coupling the tube to a
fitting or W'RH8ENer tube. Flexible fubing may, f or PEXENE2183%have
flared ends to be joined to a flexible or rigid tube or fitting. A
flared tube may be joined without a bushing and/or a nut. The inner
dianeter of the flare nmay be sized to accept and be joined to the
outer diameter of a tube or fitting. The end of rigid tubing may be
formed into a flare or flange. [0002] In the case of flexible tubing,
the ends may be forned into flares using "cold flare" tools or
heated flare tools. Cold flare tools use pressure alone to shape a
tube end into a flare. Heated flare tools may unevenly heat the end
of a tube and nmay use a flare forminserted into the tube to forma
flare. Shapediil@DINP APRARATIHESIEOR Y QRHIAG MeARBD TURE/ENDGe to the
elastic mnmenory of the tube, lose their shape at normal operating
tenperatures and pressures. in the case of rigid tubing, the ends
may be formed, for exanple, into flanges by a pressure nol ding

apparatus. SUWARY OF T npl ary enbodi nment
of a nethod for form ngggcﬁb}%w&htﬁggﬁ%cﬁsgﬁﬁl exi bl e tube
conprises heating the end of " the flexible tube to a near-nelted
state, ins i he end. of. the flexible tube intg a flare-formng
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advant ages rody bépiredwthbutdbidhirlg drsha nut. The inner diameter of the flare

may be sized to accept and be joined fo the outer diameter of a tube or fitting.

The end of rigid tubing may be formed into a flare or flange.

[0002] In the case of flexible tubing, the ends may be formed into flares using
“cold flare” tools or heated flare tools. Cold flare tools use pressure alone to
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.



be appreciated by persons skilled in the art fromthe foll ow ng
detailed description of an exenplary enbodi nent thereof, as
illustrated in the acconpanying draw ngs, in which: [0005] FIG 1

i | 1ustrateVARYEBE sectional view of an exenpl ary fPEVEHOUAYSYF a
flexi ble tube and mating end of a fitking. [0006] FIG 2 illustrates
an exenplary flare formng systemfor formng flares in the ends of
flexible tubing. [0007] FIG 3 illustrates a cross-sectional view of

an exenplary flare forBRig DeppRIFFIQN.OF OBBIRANGIGR il lustrates a

cross-sectional view of an exenplary clanping portion of an
exenpl ary tube receptacle of a flare formng die. [0009] FIG b5A
i |1 ustrat es[0804) Obsssand dthoafeaturevandf advanteyesylitae inventive wilt esadjit acl e

and mandrel,in _a pt rat or osi.tion. . ]0010] FI.G i.llustrates a
cr oss-secti%%élpp(ﬁ%ﬁi‘?cgpyaﬂerégl%ﬁﬁlfﬂ My ﬁjﬁea%rfkjé‘éﬁ?%gagwéﬁﬁjg?@%& el in
a flare fordasegptimsiof i am.exbMPRY embGdinferit| husbf, adelirratedempliiss y
bottomdie half of a flare forn‘i,r‘g die with exenplary tube

recept acl e FCEERPENYING AlAYRES: MWHID] FIG 7 illustrates a

cross-sectional view of an exenplary enbodi nent of a mandrel
arranged in_a mandrel press. DETAI LED DESCRI PTI ON OF THE DI SCLOSURE
WO 2005100798851PCHH- Udherdwtesa gass-septipng viaw ofanaxemplary taieh§ndet ai | ed

description, 16 i BRYGPend drQUiifiy. of the drawing, like elenents

are identified wth |1 ke ref'erence nunerals. [0014] A conpression
formed flared tube end may be used in coupling a flexible tube to a

t ube, pipe I i i r "ﬁ?f%% nt of
a flexible l?g%ée) ﬁ@wﬁgﬁusgﬁaﬁsaalrne%egﬁ%ﬂ%r%sf%lgrﬁ?qe%ﬂt%é@grl\ %Yog I nggre
portion 3. iAtheuends ofdigxible tpbiogi ded to mate with threads 5 on the

mat i ng

[0007] FIG. 3 illustrates a cross-sectional view of an exemplary flare forming

apparatus.

[0008] FIG. 4 illustrates a cross-sectional view of an exemplary clamping

portion of an 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



portion 3 to secure the fitting. 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 the mating portion 3.
The flexi b YGI&B3¥ay be sel ected so that the innerPh B8y of
the flexible tube 3 matches the inneP dianeter 10 of the mating
portion 3 where the interior surface 11 of the flexible tube neets
the interior surface 12 of the mating portion 3, which may provide
surface conf00A3l inythelfolinyving detailededassriptionrand de Sreoteverpé figyres P&@eand may
reduce the L kel &ho I f bk il | an exenpl ary
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radi us. [0015] An exenpl ary enbodi nent of a conpression flare formng

systemis jllustrated in FI.G 2..Th enpl | ar e " system

conpri ses all-ol%gféaf CO'EBfegﬁ@“éO‘r"PeQrféaf?‘gf?‘&énﬁﬁaﬁéﬁét"ﬁégl{)%‘@%@b@ﬁegt er

20 is a configxle et &F amiiveh pipenbf @ttingy PiEat s ifuseatesarobxanpiangxi ]E)I e
e arat.ion for

tube by contact around its entire . circu r e. in.pr

pressure foPAPREMENt T ge’f'ﬂe_tﬂl‘ﬁe ﬁﬁ’ﬁg aeﬂc?derg ?ﬂ‘g%ﬂgﬁ'{*@gd ﬁ‘gg Wi ng
el ements (NYiGNIWA nues MRt b& Brovidel &b Wite Jlthandads 5amtheohating 22.
The heating elenents are in thernal contact with the heaté Do

st ruct ur e2l pastian Sy seawip thesdling.of helparppefied pf the dlared ensk
el ectri cal lﬁ’éxﬁ:‘?é’ﬁ[)@q’ma)b?é ’f(ﬁ}nﬁgh@e@rﬁoﬁrﬁﬁi thé bitFildFahd HBGerlRRRAYS

inserted into heat transfer chanbers not shovlvn in the heatin
@

structure 2afthematingensl &plthe suitisg poromaat iatex Amaydgiselesied 19 orthe
porpose hasf t&i\ﬁttthg e Bﬁ‘?neétér RO n&itfte td&%@ (ﬂb@ﬂ;@é Bk ifed dakewr 4

i nches | ong. e contro r 22 controls the heating elenents to bring

the heatint efthacealing Eortieny3 avhgessthedetetienpisiage 47 F the FRPIGHPRabI e
heating ar AL S | 4 [ i d geheat i ng
structure. @%gﬁ%%%ﬁ%%ggg@%&%g 4%&%%9%%%3?% g*t())r}eeheat I ng
el ement s mesuriaoe bardioulty Bloag Kt intstign surfaees of the Efirgant mavieddeiB8si ng
t he heating. t yr i T ' : is@
heater r ecg@g@%é ogéeeagéioprg"x g@g%%heéggig\'}}?&hﬂ%&érﬁ%thﬁéﬁt, e Rbis

at a 45 degree angle with a 0.060 inch radius.

[0015] An exemplary embodiment of a compression flare forming system is
ilustrated in FIG. 2. The exemplary flare forming system comprises a heater
20 and a flare forming apparatus 40. The heater 20 is a contact heater which
uniformly heats the end of a flexible 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
(notshown) in the heating structure 21. An exemplary 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



a tube end for contact heating. The heating structure 21 nmay conprise
a plurality of heater receptacles 23-27. Each heater receptacle may
be adapted for receiving and heating the ends of tubes of different
di anet ers. WORY&f073¥enpl ary enbodi ment, the heating B{YURWHPASHay
have heater receptacles 24, 25, 26, 423 27 adapted for rece|V|ng and
heating tubes with respective di aneters of 1/4 inch, 3/8 inch, '/2
inch, 3/4 inch and 1 inch. The heatin structure 21 nmay conprise
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[6017] The end of a tube to be shaped in a flare forming apparatus 40 may be
inserted into a heater receptacle 23-27 to be heated prior to the tube end being
formed. The tube end inserted into a properly-sized receptacle may expand
upon heating and be held firmly in place in the receptacle. The tube may be
uniformly in contactwith the inner 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 fo be flared. Uniform

heating may result in more consistent flares.

[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 heaterwill 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.



The tube end may be heated along a | ength |longer than the | ength of
the flare to be fornmed. For sone tubing, the tubing maybe heated to
a length extendin 10 to 15% beyond the area to be flared and may
heated to X‘V@Wﬁ’f’ﬂ of up to at |east about 30 %beyB%UStzplémQ?sé’a to
be flared. In sone tubing sizes and >wal | thicknesses, heati ng beyond
the area to be flared may result in a problem V\/nereby the force of a
mandr el bei ng pressed into the end of a tube to i
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[0019] The end of a tube to formed into a flare may be heated to a
temperature just below the melting point of the material comprising the tube.
The material should be heated to a near-melted state where the tube end is
completely softened, 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 (fluorcethyl
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, 390-440 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 fo the desired

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



in the heater receptacle for a tine sufficient to heat the tube to
the desired tenperature. A desired tinme of heating nay be at |east
about a m ni nrum of WD 2005/ 007389 PCT/ US2004/ 021839 6 thirty seconds
or |onger. WH@0Y08738et tenperature and tine for heatiFgl¥ay+*4&8end on
the thickness of the walls of the tubfng being used, the application
for which the tube end is being formed, and the material and

consi stency of material conprising the tube. Uniform contact heating
may result ithirtg sesuimst@mbngdr. rideuetgebteniperatiretantitime’ fof thieetind may dur i ng
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proper flar Q,ebgﬁdrb,mg I[cgggrzgpeﬁrc@éﬁmét@;rsy tube form ng apparatus 40
conprises a tube receptac e 41, a mandrel and a mandrel press (not

showmn in FIG 2). The tube recept acle 41 may conprise a clanping
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45 into linear notion of the top half 43 of the flare form ng

[0022] An exemplary tube forming apparatus 40 comprises a tube recsptacle
41, a mandrel and a mandrel press (not shown in FIG. 2). The tube receptacle
41 may comprise a clamping portion and a tube end forming portion. The tube
receptacle 41 may be formed in a flare forming die 42. The flare forming die
may comprise a plurality of parts. In FIG. 2, the exemplary flare forming die 42
comprises a top die half 43 and a bottom die half 44. The two halves 43, 44
may be pressed together fo 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-operated
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



die 42 to open the tube receptacle to receive or renpve a tube end.
- [0023] The tube form ng apparatus 40 nmay conprise a plurality of tube

receptacl eg 4 L 649formed|ntheflareformng die
plurality 8?0%9?608 recept acl es may be_sized and shap%%lT/?%?O‘“P%)‘?% ng

the ends of tubes with sizes and shaﬁes corresponding to the sizes
and shapes of heater receptacles on CvO 2005/ 007389 PCT/ US2004/ 021839
7 a tube end heater A lever 50 may al so be provided to operate the
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appar at us 40ubsoensttodedomndd iafioea fidrer mi ng die 42 with a plurality of
tube receptacles 41, 46-49. The tube receptacles nmay conprise a
cl anping portion 61 and a flare formng portion 62. The flare
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clanping portion 61 may be snaller than the er dianeter of a tube
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pressing the mandrel into the end of a tube.

[0025] The diameter of a tube receptacle 47 at the clamping portion 61 may
be smaller than the outer diameter of a fube o be received in the receptacle.
it may be, for example, about 8 to 10 percent smaller than the outside diameter
of the tube. When the two flare forming die portions are closed together, for
example by movement of the 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 info 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 {o 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.



forces applied by the mandrel when the mandrel is pressed into the
tube. In an exenplary enbodinent illustrated in FIG 4, the tube
clanping portion 61 of a tube receptacle may have cut-outs 64 which
provi de spRO3583%whi ch the tube may bul ge or def of WM& ¥ der
the clanmping forces, in order to hel prevent damage to the tube.
The tube end inserted into the apparatus for form ng nmay have been
heated al ong a | ength of the tube end such that the portion of the
t ube in the[0d2&8hpn the @aemtplany endndingnt bEEIG. Be tiedtire forining appsiatusd
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collar 57. dhkasBreice! heMundil Mié aNARR foNb@ MRAAT ¢ RS @KEmplaRe
collar may transfer pressure applied against the mandrel fromthe

mandrel  pr@@§odientniddCr he manpld! is Agidly affed o the mandral aress%04 n t he
exenpl ary P HamBRs 9&5%5@@ AndiRiEdRlsoRdgs 58 ih kétiedbas St tneed to
the mandrel press 60. O her n%lrel S 53-58 are spring-nounted on
springs 58 Mmandietrres®80.50h¢ mandels marrach bepneusiedst thattransiional s may
each be nou b it | 7 ch
mandr ol 15 Sogapifion 18 bt Badl ARFAE| @Rfnery bRRRARAT HBras e BACN | ng
t he end of whenipeertiog the dridafedybats i fiocerd g8 distusseddurthss belawwiithh

mounted | S e ot IeR 8A R o8 in AR S AR Uib IR F QhringininRl | 00

i nch mandr enasdrelsdnsy arsidsnest fawas(ofi sndiidly dftiedaordy inch meandredridr el 53,
0,300 I §ndi 4% 08 e T0E5 Sl By pthd Pk A G R T
exenpl ary embodtelis, 0,150 rechffora &8 firmhmargireli56 aad 8.200tich foemdiddénicd  may

conprise materi which is inert with respect to the materi al
conpri sing T%‘%&r&l 54.

[0027] In an exemplary embodiment, the flare forming die and or the mandrels
may comprise material which is inert with respect to the material comprising the
flexible tube end to be formed. This may prevent contamination of the tube
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
o keep the mandrels pressed forwafd 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 motar system. The ram rods 65 are guided



flexible tube end to be formed. This may prevent contam nation of the
tube which may be desirable in sonme applications. In an exenplary
enbodi nent the flare formng die and/or the mandrel s

subst ant i alvorfa% f"mé%?pam ty and conprise material w tWTw8%4/92I]|@P mal

conductivity. This may inprove coolifg of the tube end during flare
formation and may reduce the time required to keep the mandrels

pressed forward in the flare form ng position reduce the tinme for
the end of tfh@Ugfmb@ldefbﬁfi%wmhaﬁ guide slrughuse 87.i In fiarg formisg atha mandref | ar ed

form In a r§§§?§mb9é&/th ’E:g mdl%tﬁrtfl%shtfgjsgt&{) B\rlsrhﬂtﬁgm%ﬂre?fﬂfbtﬁ@e

mandrel s ma nprise st ess stee e exe
enbodi nment ca‘ndFdf @tul& indhe mmeﬁtacbrmtmfc&msthé beated ¢fidof themﬁ:ﬂr@ p‘Ubr ce

applied thr | ever 50 ods
5510t he. madiipient BeaEit® op Machihted At BED e Y BB RIRR o he
ra(rjn 625 by ahé\wh‘ ofithe mbayﬁ’/dqemppro h&aﬁstam;alto notven nsyslre o fonetrr\]e am |
rods are 2005/007389 P S 004/.021839 . 9 gui des
66 t hrough & gﬁgla\é\%ougpgrd FiFe: '?‘HY p?’b‘ij %etslggc{irﬂ}?gﬁtgpg press
is nmoved t hro@tt@thapébfrmé(ﬁa:drt@b@ﬂmes uﬁd ﬂh§ U@ﬂﬁedﬁ@aﬂmbfthbmbé&mibr el

i nt ot he of a tube e re t o defor he heated end of
Lhe tune andhespinartioniag elS plrBdeR @ SERert i aur s R BT e . of

the tube totd ﬁfoﬂéé‘lﬁé@hﬁﬂér@-forhﬁﬁg @&dn@‘sf@ﬁsegxaeabﬁovemtaﬁaéWnu@le
di stance to nove_a nandr el formthe lare, the flare form ng

di st ance, mRYESSi F?r@rxaa@&emw%ﬁ 5t pl @?Vf@%?am%sfﬁaﬁ 'ﬁgvedd?yt% shape
of the flargrds dfind arsffsfée anfe %dF&P%Bh@a‘%’n%@tsté%ﬂb&fasttH@ gl st op.

The spring nounting of the nmandrels of ferent "size causes

di fferent nRR$Sds 810Ved indhe e flatdha fobpaSr plagest agaipstdne franeiianal or a

gi ven ”Dve””é‘l'&be ?}Brt:bﬁ eTlﬁ'@&ﬂrn@'% R f@o’?nprgﬁras%@mﬁh@rel $r88s FRVEY Lﬁ‘kl! 51
will nove sane di stance nove sa%quﬂbcgidess duri ngga stroke. The

mandrel 53 fmyfrqnﬁfacea)ﬁfgﬁ rgangrelgues heipdlar 5pr dhen.itke paliged, in
the event thathhe d MQQat’e?al %r@é@ﬂoﬁﬂﬁé %ﬁ b e Haﬁ&.%! bh@Mdves %é)pe
portion. The sprin npress as the mandrel press noves until
mandrel info the en of the tube to form a flare. The ﬂare forming die 42,
mandrel press 60 and mandrels 51, 53-56 may all be designed together so that
each mandre! 51, 53-56 moves the desired distance in order to form the
desired shape of flare for the appropriate sized tubing in each tube receptacle

41, 46-49,

[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 shortdistance beyond the end of the flare forming portion prior to forming the
flare (FIG. 5A). Atube stop 71 may be provided fo 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
slopeA portion of the mandrel 51. The mandrel 51 is at the desired paosition 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 fo



the front face of the mandrel press 60 contacts the collar 57. Then,
the collar 57 transfers the lateral forces fromthe ramto the
mandrel and noves the mandrel into the end of the tube to forma
flare. The™AAFEPEr ni ng die 42, rrandrel press 60 fd"HENEPRER 51,
53-56 may all be designed together sd® hat each mandrel 51, 53-56
noves the desired distance in order to formthe desired shape of
flare for the appropriate sized tubing in each tube receptacle

41, 46- 49, [(fé@ﬁ?telfﬁﬁe&mgé&%ﬁw aF edusoiortpa iubp reaeptacie. cftar thefuss 5A
and 5B, a prt@praE&ﬁh%EéQﬁ%dﬁ)GQttxéﬁ the F@ﬁ&ﬁ&kﬂ&%ﬁ&éﬁ@&%&%ﬂ%@s The

tube end 80 extends intot [ are ort
recept acl e. clampingibe tubedn 8@ dmypisg peridn 6h0fsthe)ﬁaredmrmuamwe bierdhel t he

S A tube 20g A 0885 e By BG it BTt eirefayi R e

flare-form regdtfronﬁhémbe réteptacibe stop may be provided, for exanple,
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

t ube end 80[@0301 Fhe bx@f"temmﬁtﬁelf@?@fermﬁg@bﬂloﬁaﬁheQIbeQécéd%lé‘ﬁ%dlﬁéﬂ 51.

The mandr el at the desired n.to ovide the tuhe stop
at the desi Ip ep%g?et?‘ﬁ?f%ﬁ‘?léwfﬁfrﬁ'éc%) ‘Iéeé“ﬁ?ltﬁ %fog'ﬂﬁ‘érgf‘%ﬁareﬁ%m&?q anged

in a prepar aigtpl BOB freQRd ifibané apatdl ebaaintl 86% dexreletrbid §isEné WO
20051007389ﬁgﬁ_]'éu 004/ 021839 10 facilitate inserting the end of the
b

tube into t (@ Eppress the tube gnd § Hptothg,desired flaredermy The tube

desi red posigt hddin pla@e tagﬁmglﬂ @enatshal 48otRYof A8e h@awafeﬁ(b thB fpkbing
cl anping the tube In ortion 61 of the Iareformn
Gi o/ AT Cer DREONS oftes ke reseisie 4 d heaTin S i mAse AR o

facilitate bﬁmﬁdégc?di%fé#élﬂée ofthe flak & Eehﬁnﬁékpﬁnd gfaﬁﬂfeekfés@ne(ﬁ @3301

The profile 63 of the flare-formng portion of ceptacle

has the pr&®Riohdhgprofilee? gfitherend ﬁfc@ﬂwérféﬁm@ &ﬁth A»far|vdvich. the flgee
formed. Theph@ftmb@idhihded®HE flateth hehPfifes RidhbOnt AbifiSaieed tube

end 80 a desired stroke distance
tube thickness may experience a 10-20% reduction from its pre-formed
thickness. Due to the forming of the flare, the length of the tube end may
decrease such that the tube end 80 is recessed within the tube receptacle 47

after the flare if formed (FIG. 5B).

[0031] The mandrel is pressed into the tube end with a pressure sufficient to
compression form the end of the tube into a flare. In an exemplary
embodiment, the mandrel may be pressed forward into the fube 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 reformthe
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.



72 (FIG 513) to conpress the tube end 81 into the desired flare
form The tube 1is held in place against the lateral notion of the
mandrel by the clanping portion 61 of the tube receptacle 47. The
profile 73VEr20¢H&3andrel is the profile of the inng‘FI"éqz?"élﬂﬁfF%rence
of the flare to be farmed and may be 'designed to match the profile 7
of the end of a flare fitting 3 (FIG 1) for which. the flare being
formed is intended to be mated. In the flared region of the tubing,
the tube t pa32h&he prerbeatingecinabioed withibe posgsurediata fooning Mamcraate

pre-formed _thi.ckness. e he formi f f .engt h of
t he tube engo%éerﬁd@%rgﬁg@gciﬁzg{q ﬁ%tsrhtgh%gtaﬁge%g%& ré@éelesof ﬁoggrggrgsgd

wi thin the temgeramesraicbelodder pafibdy oftime. fThapeesstireffommeetilafds rGay 513) .

[ 0031] The ndrel. i,s pressed i.nto the tub n i th r.e

ST o ent (RANCERIEMREBP G BGFIRrRE b ST g edleodh SRS, |,
anbexgrm'har xgoldeﬁhﬁéd ferds of meainfﬂﬁﬂécﬁﬂ\qrfwnm&smf?ﬁﬁmlédfT(HYWLUJG’W 3 t Ihe
tube by hand pressure on a |ever unti am action | ocks t mandr e
in place infeAEdangheatfomedRgniseaPressian Gl*'ﬁ?%r‘f%\ﬁ%ﬁ mayirgveﬁteqogh?!h pl ace

Wi th suffi cipporhed sifaped whehdeatel RftembbReureghova] Br éampis Z00adegd. f or a
time sufficient for the flared tube end to cool sufficj ntl%?for t he

flare to refaimtheicase of BFAeGER AL, fanfxamRied PESSYEOINEHEIE M3 pl ace

in the flargdqofmdien RASI ishaped af @yp@cbﬂﬁp&ﬁﬁﬂ#@nﬂfer@tﬁrés?%ﬁheﬁjﬁwt a
mnute or sixty five seconds, for exanple. The mandrel may be held

in place wi excagdingA0@alegfeasbout ten to fifteen pounds, for exanple,
al though this may depend on application-specific paraneters. WO
20051007389 PCT/ US2004/ 021839 11 [0032] The pre-heating, conbi ned
wi th the pr 881 e Theaflaref ormedidn rthy tebieatreay bayesiast ewer %ﬁ@r &9ehhi ch

onger per i SR aprefbe i ANGRRier BRE ey SEREH PlofleTorP i '
shapes at hihghauter farp dnrsr wiresmienencedp theinger tupingi @Gyﬂé‘relﬁqeneﬂi%an
col d formed fl ad68inREr (eahird i8R ERAnBebrHRAT fisiah 18 LR BRGndibRhes. Col d
of a fitting with which the tubing is to be mated to achieve a fight fit and seal.
The slope or profile of the flare may be formed to match the outer profile of the
end of a fitting with which the tube is to be mated. The inner tubing
circumference may be chosen to match the inner circumference of the fitting
with which the tubing is to be mated. By carefully matching the outer flare
circumference, slope profile and inner tubing circumference 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 fitlings
with which flared tubing is to be mated has been fully molded fo 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 ﬁtﬁng
and/or tube fiare 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



formed and heat - f orned/ non-conpression fornmed flares may revert to
their pre-formed shapes when heated to tenperatures above, for
exanpl e 200 de In the case of PFA, FEP, PVDF, for exa

pressure fYYPﬁ%%O‘FP%r es may tend to retain their shz;\EFS:érgJ 204k ?cal

operating tenperatures, sometinmes efteeding 200 degrees. [0033] The
flare formed in the tubing may have an outer flare inner
circunference, an inner tubing circunference and an inner sl oped

profile f r obeiuenn theitdre andfiging mndmayi havaret deash sbout PO-9%isHFaFe t ubi ng
ci rcunfer en%ﬁ%arg-gn%nt Bﬁ@.ﬁen@%ﬁa’%%‘ﬁﬁ?‘ﬁ-r g:umc erence can bef or rre_d to

match the ou circu ting with which the tubing is
to be mated to achieve a tight fit and seal. The slope or profile of

the flare or med match th Il f of a
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size and profile | are form ngq’& paratus can create ggtched
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flare connBibes.dslogkioshdedeasifateas geother fherreeeptacies Way PePHY i ngs.
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reduce turbulent flow wt 'stem and reduce the
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FIG. 8, a lock-out device comprises a lock-out structure with an elongated
aperture 92. The lock-out structure 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 aperture 92 or held in a position in front of the entrance 95 of a
tube receptacle 46 by a screw 94. The lock-out device illustrated in FIG. 6
may be mounted, for example, on one half the flare forming die which may be
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 mandre} 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.



bet ween the tube and fitting and nmay have at | east about 90-95%
surface engagenent between the flare and fitting. (0034] In a tube
end forn‘igg aqpo)ﬁaratus with a plurality of different- shagzed t ube
recept acl 40 20HW7BAt rance to the tube receptacl es mEGTHEKYRBIFYed
with a lock out device. The | ock outd device may prevent inserting a
tube into a tube receptacle that is not to be used. In a

manuf acturing environnent, it nay be desirable to shape the ends of
a nunber ofTHd drel ofi tlzedetsdumGﬁhextamdsentotaﬁecessh’ﬁﬂ intowhe meadreli83.ng t he

th t I P th
o o SRR Ll h Al A A s B Rl e gies, 1
in place tcﬁ&qr&heﬁhe&ha@dﬁ@f@ltuntﬂﬁﬂmrwaitim‘eme eotds/532 mesdtathezendube

into an roper|y-si ece

manuf act ur %&%?‘Ft 56"%5%? tfﬁ?l?? sqr ‘Bgﬁsfaﬂgrﬂéeasege?%g%{p%ﬁeasﬁeﬁgand

ef fici ency.arinhedlsoomit Gay heRdmRE3 domeld Bﬁtheax)rspém@:tsutroﬁ fdthpt @d to be
selectively placed in front of at |east a ti F@ r?p”lance to
a tube recé&“ﬁ@%ﬂl slepenpl BrdnR#Ids! W%(ﬂséﬁﬁ‘g’e S?qpu‘é’{“?'h iR G 6,
a | ock-out Z&Qé@ i§ &6@%%&&%p@sxh&?kﬁﬁubce%%ezbuﬂ@t ma;tﬂse!@ng @hm@gat ed
aperture 9 The | ock-out Structure 9

i n
posi tion cEthatdee sefsceav fRiraesogt m&eéhqnﬁ% Vﬁ;j@gw@é gggf BY h§ scr ew
94 arrangedn, ﬁd?érgﬁ&é% .g%@eeérww%gma s'ﬂ%k&'td fBrrA afafd hitdlendoff r ont
of the entrance

tube receptacle 46 by a screw 94. The
| ock-out deafaxible tub@stm@n@emﬁlam @b@lm%ytwwqﬁw&@1 ot 8Bl e,

on one hal fpr&ﬂ%& ihtfe frélfe'gk 992 9¥ Sootf DQBO e@eThé E@t IJHQQ bomodioe hal f

44. A | ock evi ce may se any er sui tab structure
whi ch can bhehcliameter balt aaqhtf@ reepss 582 H@Yrb@@eqmt@@r)ét 0. %Q}blsd}es wide.

Spring- 1 oaded Jm %ﬁka?vg(a%@ g@éqﬂaﬁbgfleéénﬂ@w.a%té}%f% Bo:g;kla@meat the

proper di stance y nounted mandr el in FIG 3)
using a selistawedaveliedby the FF&'GTG"P@SISIQH@UQ astgken exerrpl ary

enbodi ment of a mandrel 53 arranged in a mandrel press 60. The
mandrel 53 is spring nounted on a spring 58 arranged in a recess 59
in the mandeeds] pitdssnéerstmod thatrtbe ebsvesdasciibed hubodimenisepresaerelyhe

spring 58 IIIEISfC SAVROFRT %s&BQsBé'élﬁce%go% rﬁ&t%h:&#ﬁa{’%‘f‘és@ntpnncaples
of the present invention. Other arrangements may readily be devised in
accordance with these principles by those skilled in the art without departing

from the scope and spirit of the invention.



tending to push the mandrel away. A set screw or bolt 601 is screwed
into the mandrel press 60, and may beqgcrewed into the bottom of the
mandrel press. WO 2005/ 007389 PCT/ U82004/ 021839 13 The and of the
set screw 601 extends Into a recess 532 into the mandrel 53. The
recess may be in the formof a slot.CONMSEonpressive force of the
spring 58 pushes the mandrel out until the rear wall of the recess
532 neets the e%atg’fdgi g5€t screw 601. The set screw 601 and the
recess 532 are siz arranged so that the mandrel 53 is held in
the proper position so that a transitional slope of the mandrel nmay
act as a tube stop S
position. The rgces%ﬁsﬁgg féﬁ%nﬁ%a flgrre‘?ﬁ%m eﬁgﬁg%gﬁ%%g&éﬁtg? 'Ih%gﬂsem%et
screw 601 does nmvwh@@ heater f:cprbmsmgaa pluetlityt i gontacldutisg ecaptacies;
mandrel press i h r

the end of a f eX| ggthtgu ng%ﬁea%ggggtﬁp %%Ph%oggrgng B}%?ﬁthé} ﬁ?dtlng
screw 601 dﬁceﬂtﬂctesnay protrude into the recess 532 by about 0.100

i nches. The bol

5as oy beca bt egd%géf?eoﬂe tfelgsf?hvt\;/l@ J@E‘%’?e%ﬁ FB s?di'é’b%Snt%@t%%stﬁe
| engt h equ&hd wtth @tsurf@a% pf theeodiaghtkaating mcepmletﬁmunqoaamsnttrh @wcndnfgt@mee
travel |l ed €ﬂg%drel press during a stroke. [0036] It is

under st ood t*hat t above-descri bed enbodi ments are nerely
illustrative of ramevinbiheiandef Hecaxitlectubefron the sertacitieatingralyuatepr esent

principles of Hg@rtmgqﬁeeﬂéatw\éﬁ&bf /8- ﬂe%%bfrnﬁ@gasmahﬁmg% LA LY

be devised in accordance Wt hese principle hose 'ed 1n
the art w tfm@mg die pampiisigg aflaenforneg sedipe; and spirit of the

i nvention. i o}

flare in an end o@ gﬁwem %Ideé}aﬁéf%g‘ﬁgx'b@ tuﬂe 'rﬁb'g%% mvﬁi‘gl ng goqﬁmgn(ge

conpri si ngbaclsmping an ynhsfatesorarie Ofﬁb%lﬂfW@e t@@@ﬁla@eh@be heated end;

pressing a mandrel into the end of the flexible tube, thereby pressure

forming a flare in the end of the flexible tube.

2. 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.

3. The method of Claim 1, comprising inserting the end of the flexible
tube into the flare-forming die up to a tube stop.
4. The method of Claim 3, wherein the tube stop comprises a

transitional slope of the mandrel.

5. The method of Claim 1, comprising:
pressing the mandrel into the end of the flexible tube up to a flare forming
position, thereby pressure forming a flare in the end of the flexible tube in one

pressure forming action.

6. The method of Claim 5, comprising:
leaving the mandrel in the flare forming position for a time sufficient to form

a flare that will retain a flared shape.



inserting the end of the tube into one of the plurality of contact
heating receptacles; heating the end pf the flexible tube to a
near-nelted state by contacting the end with a surface of the
contact heat i ng’r eceghaéaihed gurldiman cemprisiegci rcunf erence of the
tube end; renovidaginkBe&RIn@El el H1:6Xi4 t
heati ng structure; mbl ngertrl]ng thg1e eagtéeg'l ep\%%ﬁ;t;fyﬁ%ﬁ} %Q%a% gE%bS'Xty
into a fIaﬁ@CCfn@Sm ng die, the flare formng die conprising a flare
form ng portion; holding the heated end of the flexible tube in place
inthe flare-form ng die by clanping an unheated portion of the
fl exi bl e tube afjacedhemathateefi@amehdomppsiegsi ng a mandrel into the
end of the flexphl rguﬁapm t'éeﬁgrgy hE r bE | @A nd
of the fl exibl eth Lé m% mg %%%cgltkgf%\?\%e@e%n t elnﬂaﬁ hr%e?
t he end of pidiiE ¢f|tbe<ﬂ@16énat@fmeart @utar prefie ofreffittied adepled te berfit¢dioghe end
heating t hgr 8RGQbtilset ube for a period of at |east about thirty
seconds. 3. The nethod of Caim1l, conprising inserting the end of
the flexible tube into the flare-formng die up to a tube stop. 4.
The method of Chaim R, Whf R} 4 #8q ShBr £ AL ising:
transitional slope of Sthe mamgbrr P@ ?1 i %P%éfﬁ%% @ompnsmg
conpri si ng: preésii%@ertmmmrélheﬁm@trvﬁéfeewdh@f pluFadityf Pfe%brba@ haatieg up
to a flaredapiiRg emsmth% helafi®d SOMadd ?&se&ﬁa&mg%w h@a&@a o & Ltk he
end of the flexible tube in one pressure formng action

met hod of @F@i”ﬁf?@m%@ﬁ@??m ﬁfdhelwl ng the mandrel in the flare
formng positio

5 ﬂEFérfoﬂmegrdr?e AtLGihG a&Hm for bAIBN mr{_) rﬂ{e%téo%mdm blthe

retain a flared sh od o conpri si ng
flexible tube adjacent the heated end of the tube; and

a mandrel.

10.  The flare forming system of Claim 9, wherein the heater comprises a

heating element in thermal contact with the heater structure and a



| eaving the mandrel in the flare formng position for at |east about
sixty seconds. 8. The nethod of Caimgl, conprising: pressure
formng a flare in the end of the flexible tube, wherein an inner
profile of the ftorfradentt corml dine badtng geoentl ®© béatdhé ihehiengtradam ®dat o
be fitted to thg ,%q,t '%E erX| ble tube. 9. A systemfor fornming a
flared end of a ? exXi b €, conprising: a heater conprising a
heater structure wth a pl ural ity of contact heating receptacles
each with a heating f.ace C i Nt j

ci rcunference o?l‘an Zﬁé ﬂg% foﬁrg{ng%g&%ﬁ] 6#(?%@8‘5%‘5'%1% e p%rp?lﬁc%éoﬁjﬁagda
clanp for cl anphegtingneaettades dopprisasoreatifig tr¢r@pta‘CIeexadabEdtfubee®d/jir@cent
the heated end t ; r 10. The flare formng
system of d ai Iéjréh%OfS%g O’E%R&n 'E%ctg!r)r%srl ses a heating elenment in
thermal contact with the heater structure and a 16 controller to
control the heatjng -he

desired terrpera?ure q}ﬁ%ﬁ%g&r?\f@r% etcr)‘?ﬁ%c ﬁgﬁé%t@nﬁ%‘ﬁ t’g Bale” E??mwﬂe?'% in
the plurality oforopifesca tubedetapipde ceppashes ckanmngsesrtlheaandng flare
receptacl es ada for.receiving a plurality of sizes of ends of

fl exi bl e tubes. fb&@ﬁi\g#@l%. are formng systemof Caim9, wherein the
flare formng die conprises a tube receptacle corrpri sing a cl anpi ng
& ai m'9, wher ei 1t he PTARS on 8m SPCil, ilhdn B Rt g
a bottom di e hatdmpilisesta foprdis halhang albpttm@iﬁe balbehich émrepa atraisy ofltdbe
The flare form Fé%eﬁﬁéélteg.m of Caim$9, conprising:

14. The flare forming system of Claim 9, comprising:

a plurality of mandrels.

15. The flare forming system of Claim 9, comprising:

a plurality of mandrels arranged on a mandrel press.

186. The flare forming system of Claim 15, comprising:

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

17. The flare forming system of Claim 16, comprising:

a second mandrel, rigidly mounted on the mandre! press.

18. The flare forming system of Claim 9, wherein:
the heater comprises a plurality of contact heating receptacles adapted to

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



a plurality of mandrels. 15. The flare formng systemof Caim?9,
conprising: a plurality of mandrels 3 ranged on a mandrel press. 16.
The flare form ng systemof C aim 15, gorrpri sing: at least a first
mandr el spring m)unt ed on the mandrel press. 17. The flare form' ng

systemof Caim rising: a second ed on
The mandr el pr it Terd g AR arBorRER A RS Polips ettt 0o %4’ &
t he heat er rezonpriesbie tabedl intied ;blbballtyfofeﬁé’dlfmtshzé&earﬁd ng recept acl es
adapted to rec |ve (ﬂd‘ nta erX|rt£J6 tubes Hfa&'l% Ef||t
specific sizes; ff“arﬂ B8 'FIOQFeO faoFPHJi qfinga raf@él%e Ty

tube r ecepmcﬂue@h@d@fpheddrbl@ hsm@eu@ptédiew folreing Ulzess Innthbh@nqsl mfrfa%xiule/
of specifigc,size is one of a plurality of mandrels

arranged i {Pgs W&ﬁérpgﬁrgwgfe%’“??ﬁ@eﬁl urality of mandrels being adapted

for formng flares in the ends of flexible tubes in the plurality of
specific sizes. are formn f Gdaim18, conprising:
a first mandrel %prlﬂ?ﬁﬁﬂ ﬁ?gan%w%%é ﬁé{q 4P WHENGnd a2 second
mandrel, rigi dayirstpantied sping meurntadndn ee paewsl prdés adde sétandenératreli ng
system of C|$1I m 19 erein rtg{;@ first mandrel and the second nandrel

are each i FOPSSRMNIS R GERAY Y P™S5Ssi ti ons when, the nandrel press
is in a preparatory position. 21. The flare form ng systemof Caim
19, wherein the_firs ndrel and .the con ndr.e

Ui ough reapect e 1 158 BREIPIIng SETHLaa™ oham eI rolist BPATELER |
nmoved t hrough athkl scend Memdrrg B¢ reaklie in P3pediive thbarse poditiang iy, e of
Cl aim 13, corrpnm&gatu rece | ock-out. 23. A flexible tube

b eh R T o ouP AN fretd B PREA P osiOR, o 1.

21. The flare forming system of Claim 19, 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.

22. The flare forming system of Claim 13, comprising a tube receptacle

lock-out.

23. A flexible tube with a flared end formed by the method of Claim 1.
24, The flexible tube of Claim 23, wherein an inner profile of the flared
end matches an outer profile of a fitting adapted to be fitted to the end of the

flexible tube.

25. The flexible tube of Claim 23, wherein the flexible tube comprises
one of PFA, PVDF or FEP.



24. The flexible tube of Caim23, wherein an inner profile of the
flared end matches an outer profile ofga fitting adapted to be

fitted to the end of the erX|bIetube 25. The flexible tube of
Claim 23, wherein the flexible tube conprises one of PFA PVDF or

FEP. 18 26. A Q@t hog‘ $&hoé ?Jr%rﬁ%‘;a%aa T‘lér%ril?ah@ &9 Eﬂg«& e c mprsmg
tube, conprising’ provi eating stru fure conp

plurality of copitoatdingheaheatgwg stm@qmeacdm;srjsingwsaerpturai@/ tdﬁeccmtrctt dfeationgpe
into one o; tegg Isurallty of contact heating receptacles; heating
the end of Th 19 exi ble tube to a near-nelted state by contacting the
end with a surf msertiof theeewdrfaicbe hiett iong ofetheppbuclity anf oeomtbchrheating r e
Ci rcunferepe%% % Ihe tube end; placing the heated end into a first
portion of € receptacle in a first portion of a flare form ng
di e; bringi ng aheﬁmgrttie pod of the flekibleheibe dbe neece]attaatbmté by aorgectimgdhe

portion of .t 0g, Ll arg.d of eggntgh e!a%g? (ﬁ% {z'lh e ar% gntf?g'?fr%%n%grenc? ed

t hereby cl anpi'ng %an dnhea por I on e tu acen
end in a cbhhpitulee @t ti on of the tube receptacle; pressi ng a mandrel

into the end of %F‘iﬂg thg)ﬂe? &d bitPSito %rﬁéfgérﬁ%éoorfrg ﬂg)e rec&?\r el 4 P%t

end of the flexl or a period o Icien 0 cool The
end of thep@rﬁlbeof@ﬂaredelsmm@dle-terrperature wi t hdrawi ng t he mandrel and

separating the E@ﬂﬁlﬁ%ggﬁgéw?%mﬁ e t%g rg %ch%gm déeecioh[j%% ?f the

second portion O orm ng I €mov e Fend
t ube from flére f@ﬂnam@dtbommlmfgtprellfcn'mlr@pos‘me, umetdh:actlamﬁpnamyn onlecadéd @Bdréioms

coated wt B DC RS} Ghellsd din SRS, Nk DAL RREREEGE.
any one of C aipesgnge r@@qdrmmpenmendw thefiéxide tuble; t he
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.

27. The method of any one of Claims 1 o 8, wherein the surface of the

contact heating receptacles is coated with a nickel-polymer or Teflon® or PTFE.

28. The system of any one of Claims 9 to 22, wherein the surface of the

contact heating receptacles is coated with a nickel-polymer or Teflon® or PTFE.

29. The method of any one of Claims 1 to 8, wherein the flare formed in
the end of the tube has an outer flare inner circumference; wherein the outer flare
inner circumference matches the outer circumference of a fitting with which the end

of the tube is to be mated.

30. The method of any one of Claims 1 to 8, wherein the flare formed in
the end of the tube has a profile matching the outer profile of the end of a fitting with
which the tube is to be mated.



contact heating receptacles is coated with a nickel -pol yner or
Teflon(r) or PTFE. 29. The nethod of agy one of Claims 1 to 8,
wherein the flare formed in the end of the tube has an outer flare
i nner circunfer&hce; Théerathiau ¢oftemyauneerf Cﬂdirasé toiSnmbpereain theutdre famed in

mat ches th r.enc .fi h

the tube i %3 pe! et EHE S5 W8 ulig blshRierthis MR SR 0T gy
wher ei n t heirdunderente matthesrihe trimer eiruﬂmtiérenmaoft allﬁﬁmga\stha/vlmcmfhel tebing is
mat chi ng t ebeoME profile of the end of a fitting with which the

tube is to na ed 19 31. The nmethod of any one of Clains 1 to 8,
wherein the flare formed in the end of the tube has an inner tubing

circunt erence; g@ereh? m&#&&qﬂy oqt@hé]vﬁl orf"émefélﬁ%e ﬂ%tf {]noe%blét?l?e

i nner circunference 0O

mat ed. 32. effthef thet hibd lods arﬁgabefthldumsersmmclt (3 B:dumb@rfr@m at ;brefdnhqad dube

formed in ?’ %r@ﬁ{zé?e tube has a tube thickness which is reduced
froma pre of e hi ckness by 10-20% 33. The nethod of any of
Clainms 1 to 8 or 29 to 32, wherein the flexible tube conprises one

of PFA,PVDF orsfEP. 134 emb% OFYaR! &%[F]C‘PgimQQW]g%%%{%ﬁvﬁepﬁgééeo%?b?érhe

wherein the flexible tu conprrses one o

met hod of @balcmmbrlsefamteerPF@orﬁ’MDstrrF@P.hoI ding the mandrel in place
to reformthe tube end into a flare and for a time sufficient for
the flared tube end to cool sufficiently for the flare to retain its
refornmed shape.386. Frsystemof eny bbChinmg9 do PP ar 88, whereinftha fikkibleititbe

t ube, corrp&#n%r%g? Oﬂ?gﬁgpgrpggmgkgbng a heater structure with a
ac

plurality of ‘con receptacl es each with a heating surface
for contacting and heating an entire circunference of an end of the

tube; 35. The method of Claim 1, further comprising:

holding the mandrel in place 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.

36. A system for forming a flared end of a flexible tube, comprising:

a heater comprising a heater structure with a plurality of contact heating
receptacles each with a heating surface for contacting and heating an entire
circumference of an end of the tube;

a flare forming apparatus comprising a flare forming die including a clamp
for clamping an unheated portion of the flexible tube adjacent the heated end of the
tube, a mandrel and a mandrel press; and

wherein the heater and the flare forming apparatus are arranged near each
other so that a tube removed from the heater will retain sufficient heat during

transfer from the heater to the flare forming apparatus.

37. The system of Claim 36, wherein the material of the flare forming die
and the mandrel are made of a material having a heat capacity and thermal

conductivity which allows cooling of the tube end during flare formation.



a flare form ng apparatus conprising a flare formng die including a
clanp for clanping an unheated portiogp of the flexible tube adjacent
the heated end of the tube, a mandrel and a mandrel press; and

wherei n the heaB8r anltetshstem ofr €laindiBfi whergjpptaeanaterialrtoe diareafagmihgndiar

each othe ed fr ro .l L
sufficient Eﬂggqet @g‘b?%%ﬂ?‘%ﬁ%@é lﬁ?'fg)m Fﬁég‘%@g er %trgg\ﬁehél tbggrr@é'ggfeot}ltrﬁ ng
appar at us. €8¢is rade efyst em of C ai m 36, wherein the material of the
flare formng die and the mandrel are nade of a material having a

heat capacity and thermal conductivity which allows cooling of the
t ube end during3®l ar éh¢ sysiemiadlaid@B6, @BereThibe bgsteefariber Graprisess,
wherein the mat gLl f ) i ; r@gp
of is inert w tﬁéé}@gpetéé(;lﬁerﬁtéﬂ{hﬁcg a?réain etﬂlgrer‘rlﬁjél? R@Q§|@@ﬁﬂﬁe%gétr%‘%8’ I'S
made of . 39. The coniseliemcofitralingi the Beatingteieraenis theedidiag beatéusttusture to a
conpri ses: y.heatibin eﬁluﬁgents which are in thermal contact with the
heater structure; an a controller controlling the heating el enents
to heat the heater structure to a desired tenperature. 40. The

system of O ai my§6, W?E?&g{@m@zﬁ%}?iﬂgf)é,%&&ﬁ@a@ﬂ of %@R%ﬁﬁé?%%épﬁ

adapted to receive a p ity o ferent sizes of C{aefi%l e
t ubes. 41. addptegipseeeivoh pllralityrrBéiferahiesizasrof ehds o flexidlef tobes.ng di e
conprises a tube receptacle conprising a clanping portion and a
flare formng portion. 42. The systemof Caim 36, wherein the flare
form ng di e conpti seshasystem ofi daivalb6, wineiein thetlasniodnimghdi¢ combiigds a
forma plu i . : 3| m4l,
conpri si ng@% r%)?/elf?gaﬁl% %ﬁ%ésﬁ%g?@:p@e{)roﬁgbﬁgae edof?{? ﬁ%m&%ﬁé@ press.

44. The flare form ng systemof Caim42, wherein at |east a first

mandrel  of sai g, man %@'sgﬂ%@ec?rﬁﬁlhiﬂg3é‘w%rsﬂ AL ALRCrOTRRGT FL BBRsss 4°-

The systemof Claim
top die half and a bottom die half which form a plurality of tube receptacles.

43. The system of Claim 41, comprising:

a plurality of mandrels arranged on the mandrel press.

44. The flare forming system of Claim 42, wherein at least a first mandrel

of said mandrels is spring mounted on the mandrel press.

45, The system of Claim 36, wherein:

the heater comprises a plurality of contact heating receptacles adapted to
receive and contact heat flexible tubes in a plurality of different sizes;

the flare forming die comprises a plurality of tube receptacles adapted to
receive flexible tubes in the plurality of different sizes; and

the mandrel is one of a plurality of mandrels arranged in a mandrel press,
the plurality of mandrels being adapted for forming flares in the ends of flexible

tubes in the plurality of different sizes.

48. The system of Claim 45, comprising:
a first mandrel spring mounted on the mandrel press and a second mandrel,

rigidly mounted on the mandrel press.



the heater conprises a plurality of contact heating receptacles
adapted to receive and contact heat fliexible tubes in a plurality of
different sizes; the flare formng die conprises a plurality of tube
recept acl es adaft.ed The sysgemi ofClhine®b biveereinbibs first réaredrgl andathietsecorfid

ar ranged | N80 LA G F (ERRCAE b3 cfiPhleos Pl e Inba®isL PRGE S .

for form ngrephmtaryg positiethe ends of flexible tubes in the plurality of
different sizes. 46. The system of Caim45, conprising: a first
mandrel spring nounted on the mandrel press and a second nandrel,
rigidly nounted4®n thiee spsiemedt Qriesd0, @Hereihthe Ting rsyretreinarall thel saicomdt 5,
wher ei nt h %e%?éﬁa%(/& lthr%[}%n P#e&ﬁ%qgge %ﬁxﬂ{éeblséhgese\%ﬁgn ltl% mandrel
respect|ve the man ress I's

pr epar at or lyrep@slmwmi tthhﬁﬁb\res@osmmmstrbk@ aim 46, wherein the first
mandrel and the second nandrel each nove through respective flare
form ng di stances when the mandrel press is noved through a flare
form ng stroke.4%9. Theswyat ehCEim @bacamptBingcoipe redeptack lbckeut.
receptacl e | ock-out.



