WO 2005/ 007389 PCT/ US2004/ 021839 1 METHOD AND APPARATUS FOR FORM NG FLARED
TUBE ENDS BACKGROUND OF THE DI SCLOSURE [ 0001] Fl exible and rigid tubing nmay
have formed ends for use in coupling the tube to a fitting or to another
tube. Flexible tubing may, for exanple, have flared ends to be joined to a
flexible orVPPYM"#¥be or fitting. A flared tube mayfBESIBYREEP without a
bushi ng and/or a nut. The inner dianeter of the flare nay 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 fornmed 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. Shaped tube end flares
made by these nethods may, due to the elastic nenory of the tube, lose their

shape at norma ating te ures and ressures. In the case of rigid
tubi ng, the enh@%pr%ipﬁy W?&A{-ﬁ%fﬁﬁ%w ALARED 'IrHﬁEeEé\u?ﬁ/ a pressure
nol di ng apparatus. SUMVARY OF THE DI SCLOSURE [ 0003] An exenpl ary enbodi nent of

a method for formng a flare in the end of a flexible tube conprises heating
the end of the flexible tube to a near-nelted state, inserting the end of the

flexible tube into a fl agLek6ROUND @Fq-HE/\Dtch@gumge form ng portion, and
pressing a nmandrel into the end of the flexible tube, thereby pressure

forming a flare in the end of the flexible tube. WD 2005/ 007389
PCT/ US2004/ gad@ﬁgFle%b@@rﬁ: ngfﬁmdp ﬂ_wla?NaQ: foTHgd ch\‘%e[lﬂggf}&lln-ﬁhese and ot her

features and advantages of The invention wl appr eci ated by
per sons ski |th%alhent0tm§tﬂa9torft¢mpth¢étulzﬂ |6lﬁa<rhlg tul@ma.m@d for example,

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 diameter of the flare
may 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 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.



description of an exenplary enbodi nent thereof, as illustrated in the
acconpanyi ng drawi ngs, in which: [0005] FIG | illustrates a cross-sectional
View of an exenplary flared end of a flexible tube and mating end of a
fitting. [0006] FIG 2 illustrates an exenplary flare form ng system for
form ng fl avegos/eomsp he ends of fl exible tubing. (000B&TEEM4/031884 | ustrates a
cross-sectional view of an exenplary ¥lare formng apparatus. 100081 FIG 4
illustrates a cross-sectional view of an exenplary clanping portion of an

exenpl ary tube receptacle of a flare formng die. [00091 FIG 5A illustrates a
cross-sectional view OBRIFF PESTRIPTION ORTHE BRAWINGEe and nmandrel in a
preparatory position. [0010] FIG 5B illustrates a cross-sectional view of an

exenpl ary tube receptacle and mandrel in a flare formng position. [0011]
FIG 6 illugdooay a?nea@aﬁd@fﬁ@lrféraxurbs)éﬁd)émh@ge@bfth@ﬁnv@na‘dramréaqnm ng die with

exenpl ary tube receptacle |ock out devices. [00121 FIG, 7 jllustrates a
cross-secti Qﬁaﬂpp\r/‘?“é%eébeaHeréQ%?rﬁk'H?‘!/ ine s @rt thg ffollpwing detailed r anged in a
mandrel pregg v dfERh %%HBHD 'éﬂ}bdaszMEthQPe%@L%HﬁiFstM@dZG}O%907389

PCT/ US2004/ 0218 3 [0013] he follow ng detalled description and in the

several fi gaﬁ@mﬁﬂymaé!ra\uﬂawmghwm ke el ements are identified with |ike
reference nunerals. [0014] A conpression fornmed flared tube end may be used in
coupling a flexible tube to a tube, pipe or fittin FIG 1 illustrates an
exenpl ary E085HIFHSt illestrates 2 esossrsectionskyview of antexeriplary arededd®ft o be fitted to

a mating pQ"ﬂEhQI%t@be AndHatid ﬁﬁd’?ﬁlﬁntﬁﬁ vided to mate with threads 5 on the

mating portion to secure ittrn The inner profile 6 of the flared end
2 of the flexible tube 1 may be forned to conformto the profile of the outer

surface 7 [0006] FIG. 2 illustrates an exemplary flare forming system for forming flares
in the ends of flexible tubing.

[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



of the mating end 8 of the mating portion 3. The flexible tube my be selected
so that the inner dianeter 9 of the flexible tube 3 matches the inner 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 corW®0$/40y38al ong the interior surfaces of thectushemgssand nay reduce

the Ilikelihood of |eaks or fitting failure. In an exenplary enbodi nent, the
flare is at a 45 degree angle with a 0.060 inch radius. [0015] An exenplary
enbodi ment of a conpression flare formng systemis illustrated in FIG 2.

The exenpl a{go1B] amme‘ﬁanming de;erﬂemdemptmri aelinahdeavieeal figd@s afithea fl are form ng
apparatus 4 The ter ter which unifornly heats the end
of a flexi bag" gt@eoéegﬁq Seﬁ,“? l%ngfﬁqgmﬁlﬁ@eéﬁa{e'nge NUNPEf er ence in preparation

for pressure formng a flare in the tube end. The heater has heating el enents

(not shown) ting structure nd a controller 22. The heating el ements
are in thermq‘d:dﬁtca resisian fPHEe%é%[Fﬁ?H{fe end My Bedised imRRHRYEY 2conpri se, for

exanpl e, a péwtigltibe t@fa Qut%Ct;f;b&@P |f}tm@0V\$rG?‘—‘d1 .u&%feglarslaﬁ@ﬂaafyem stive heating
el enment s |nserted into heat transfer chanmbers (not_shown) i1n'the heating

structure 28MDAMEREeA dpyibledubed iwith amitaed AR & teherfitteddRABHING fort he por pose
has flat engdstigng, 14 nﬂpﬂ%aﬁﬁg p'rdlﬁdéd%%é%th%%aﬂ?%”&n thé rhadnges | ong. The

controller 22 controls the eatlng‘?e enents to bring the heafing structure 21

to a desireBoRighpde seeure theittieg. Ihe inasr erofilef phipe flaredawgiezrehth@ coul d

al ter nat | vehidheisihp bBFdtinddfs cifdim RAnS brifd 8tfe offbPEalP72005/ 007389
PCT/ US2004/ 021839 sult heat 1 ng I ncl ude a bl anket-style

heating el effgh? ma@ma:mﬁ)%géﬁhﬁ@wqﬂnep%am Bnghefiexitie tube may besgee®d The heati ng

structure 24q dﬂaﬁtha N\%?H?Jmét@f@@fttﬁ&h@xn@@tu%@aboﬁwgﬁhéé)th%%r\d%me?ert ube end for
contact heatin heat | ng structur&@p@%é nprise a plurality of heater

recept acl es? (28&?? matingrporbien & whee theti C%é"étﬁéﬂﬁ ﬂﬁi"bq #ber ecei vi ng and
heating t hemgadshéfintbhitiesurfabe 2 droth8 MhatfigasBriicH 8; whithaRay provide

surface continuity along the interior surfaces of the fitting and may reduce the
likelihoad of leaks or fitting failure. In an exemplary embodiment, the flare is
at a 45 degree angle with a 0.060 inch radius,

[0015] An exemplary embodiment of a compression flare forming system is
illustrated 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



exenpl ary enbodi nent, the heating structure nmay have heater receptacles 24,
25, 26, 23, 27 adapted for receiving and heating tubes with respective
dianeters of 1/4 inch, 3/8 inch, 4 inch, 3/4 inch and 1 inch. The heating
structure 21 may conprise alumnumw th a nickel -pol yner coating. The

ni ckel - pol woevosmoasd ng may hel p prevent the tube fropesus2edsiongsst o the surface
of the heater receptacle and may preuvent the contam nation of the tube end

t hrough oxidation of the alum num Oher suitable coatings for a heating
structure may alternatively be enployed, for exanple Teflon or PTFE. [0017]

The end of auitable heatime efehdtes mdy mclubar£ Hiarket-sgleaReatingt Hlentéht may be
inserted into a heater receptacle 23-27 to be heated prior to the tube end

bei ng f or mERCOMARSSARke bepting s¥¥styred i nt o a proper!y-sized receptacl e may
expand upon heating and be held firmy in place in the receptacle. The tube

may be uniform% in contactwith the inner surface 231 of the heater
recept acl es[®18Lihbe heatingstructurer?dhanabeater iepentaclpd3 adanted torfecaiengt h of the tube

i nsi de the ~Lhi : ' | izde uni form

heati ng of ?ﬁ%ﬁfﬁ?? Fﬁc&@?a?ghg t@ﬁén@eeclg%‘mlﬁﬁtgtrpgg? ?ﬁ%&glg%ogﬁ{rggﬁag area of the
tube to be PluElitPf hepfier weaptaples2d-AG kech heatanreceptacleonay kavaddptadent f1 ares.
[0018] A tu L OSRE i u r ﬂg%}é ' rt up to a

t ube- st op 2@2 r%t th%%g%&%%&@aﬂee %@eﬁﬁg@%ﬁ%g{ telatau ég?'lsé’t olg 32 may be at a
dept h such exemplanyembodinenhitihe helating strustiireimsy havg Heategreécepfacienddt ube end for the

form ng progg,s% 4 %Xgﬁgrs]y geégglﬂ.}a LhE h%gﬁ“p‘ffé%’fegf‘g’l@ﬂ@s&\%ﬁ‘}&ebe heated to

the desired’'terperature stent, sired | ength.
The tube ndigmptersefit&dinah,o®§ iech, &nipch, ¥4 iheknand Asndhondhedeating fl are to be

formed. WO g0 Q%Bﬁ%y% gyﬁg%&%ﬁﬁ&f a%i%gg%%wﬁ%r%pggyr@e heated al ong a

| ength | onger than t | 'en are or sone tubing, the
t ubi ng may brickebackarer goatingenayt ielpprevand thegtubeg fromesticklng tocthesurfadgee area to be

frared and §ie REBERIELR &d FAAB/ G thPeorkéinbid Patthe fitRting 0 % beyond the
area to be tlared. |In sonme tubing sizes an
through oxidation of the aluminum. Other suitable coatings for a heating

structure may alternatively be employed, for example Teflon or PTFE.

[0017] 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 to be flared. Uniform

heating may result in more consistent flares.

[0018] A tube inserted info a tube receptacle may be inserted up to a
tube-stop 232 at the end of the receptacle 23. The tube-stop 232 may be at
adepth 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.



wal I thicknesses, heating beyond the area to be flared may result in a problem
whereby the force of a mandrel being pressed into the end of a tube to be
formed is transferred largely longitudinally to the tubing, causing the tube
to collapse in an accordion-like manner, instead of being transferred nostly
radi al |y oweeosoorasd f orm t he end of the tube into a PCHU&004l021830 exenpl ary
enbodi nent using 114 inch tubing wit® a wall thickness of about 0.047 inches,
for exanple, the tube may be heated to a distance of no nore than about 0.047

i nches beyond the length of the tube end to be flared. The di stance beyond

whi ch t he t Tihetube ehema'wbé ieatedyloreya lepgthiangtr than trayiedtthefitiediaret he di anet er of

t he tubing,, the nat co I’IS t he t he thickness of the tube

wal |s and Pr?éﬁ?rm?&:.’g&fﬁ%e {hgﬂ: @%hfﬂ#t‘?#gat'%@' ted, and the
Formod i ntorf Lot o mmy b hoaLad Lo b rorner 2?%?2“9%‘,?3‘@3‘&“" Che el ting.

poi nt of th@ %&Fa{%ﬂn?gg beyong qq{gawn&?ﬂgsp@pé%l%g& d be heated to a
near - el tedwélttmcfenmengéalﬂﬁ bmdmreasto BeCTERé ey besawfntaem@ﬁlempl iable and

susceptible to bejng reshap ed itable flexible b|n pre-heated for
formng flaf e@bm?ef@f‘i?r%f W”@Eﬁlﬂﬁ?'ﬂgé’msﬁﬁﬁ’ '”t‘é%ﬁn °fi') 3’emat erials such

as PFA (perfolHéd RatdfRrered IEr%Bly(l&hgma.ﬁaty*wlthe Ribitigy baking v tiddlo (pol yvi nyl dene

fluoride). The sujtable tenperature ra,n re-heating erX| bl e tubing

prior to co‘?PH?%%esI"oﬁ" fAsERdiRy-lke raannes s ﬁﬁ@ Og@eﬁ‘ébt@;ﬂs@i@@ mo#l¥deg. Fahrenheit

for PFA, 39%Qdithodard kel énd & thEakbe infnd/fafe. ah\obﬁ exdfipldf0 deg.
Fahrenheit for PVDF. [0020] The heating structure &%Bbe brought up to the

speci fi ed Q’E‘PﬁS’é’F‘ﬁ’ﬂttHSE‘ng’I"B}Chﬁ@'ﬂwﬁk%WﬂUthK’éesﬁ@B?WtP dPPered. The tubing

shoul d be |gféxaniple ftrm%tube?fta@rbeheéte@f@erduaaﬁwofaotﬂdﬁ@thaﬁtaﬁomlo&m? to heat the
tube to the desired t enper at ur e. desired tinme_of I ng may be at | east

about a mi HF%WOWWGBQW(WMUWW@'@1§%@)d'5@"9?|P?FSF‘ seconds or
llonger. TheyHigH W8 tuBA8REARHM & gRBsapditRiohMhay Rpehd 8n tMiameter of

the tubing, the material comprising the tubing, the thickness of the tube walls

and the temperature to which the end of the tube was heated, and the desire

fo prevent collapsing of the tube wall.

[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 forforming 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, 390440 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



depend on the thickness of the walls of the tubing being used, the application
for which the tube end is being forned, and the material and consi stency of
mat erial conprising the tube. Uniformcontact heating may result in a
substantial reduction in "hot tinme" (the tinme during which the tube end

t enper at ur avo mowdomsat ed) over non-uni f orm heati ng mepbpdsoosdbisipough this may
depend on application-specific paramesers. (0021] After the tube end to be
formed has been heated, the tube end nmay be renoved fromthe heater
receptacle 23 and transferred to a flare formng apparatus 40. The heater 20

and the fl arpifyQebbiss @rpnaﬁgért Uﬁwe‘l@rgawenlaﬁrat%raaﬂqmﬁ’e ﬂﬁ‘eﬂeaﬁ??ﬁa?t her so that a
tube renoved fromthe heater will retain suff|C|ent heat urlngtransfer from

t he heater t‘!?pﬁﬂ‘éof‘It%@*B?srﬁQf&‘ea‘ﬁ?JﬁrOém?st“Q'@ﬂ elngysagde ey applisationar e f or i ng.

[0022] An exgrmh»anmémla@ efner.ybaag?&meaaﬁbethé%afwmh&eénﬁstéﬁ@@fr eceptacle 41,
a mandrel and a mandre press (not shown in 2). The tubeé receptacle 41

may conpri senaetalaermprising the eanwnéomwteﬁwera@n@nrn@y gesul Bha The tube

receptacl e %b%ﬁtl@ereﬁ%tmﬁdm' hott t’Hé"r(?hef %Q‘dﬂ'uﬁn%'%lé'@ th%hﬁ’bé leage formng die
may conprise a plurality of parts. 2, e exe flare formng die

42" conpri sé@mﬁefﬁéﬁemdﬁmdﬂ0\@naﬁ@néOFBHﬁﬁMﬁW@O%ﬁﬁhwhtmﬁ@an hal ves 43, 44
maybe pressq)q3 LRPEhH B ﬁaPﬁnt e by a clanp in the clanping portion
of the tube receptaCF@'égﬁfsgé{gfﬁrangeéFﬁe flare formng portion in the flare
form ng position. The two hal ves may be pressed together by a hand-operated

| ever 45. ot ati onal

noti on of tﬂe@éver P% gﬁ@@f}ﬁgﬁ?ﬁ%ﬁ%ﬁeg ﬁ%éﬁoegnﬁé;?b@ﬁ]?(g% the flare
formng di efemgved)fromehhetha@terubeept@rd@Qﬁeandetraneferredetb\aaﬂ@ne fosninge a tube end.

[ 0023] The t n Pr?a% L f tube
recept acl es 33?52&&459@]‘3% ét{ﬁan Hagra%ar %nh%ﬁ ﬁ% 461Ihéey urality of tube
recept acl es ampgﬁtbn%arz@&haﬂmrmdbﬁ(ﬁ tube réroovei! rfrgnt the heathr wilf ret'tajlbes with sizes

and shapes <Ak ERAALAhd P rairARSnalidh 5 HRER Bimg 3Bl RIEP! acl es on VO

2005/ 007389

achieve proper flare forming.

[0022] An exemplary tube forming apparatus 40 comprises a tube receptacle
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 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-operated
lever 45. [n 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



7 a tube end heater. A lever 50 may al so be provided to operate the mandrel
press through its stroke distance to conpress a tube end to forma flare. In
an exenplary enbodi ment, the | ever translates rotational notion of the |ever
to linear notion of the mandrel press and mandrel to push the mandrel into
the tube &val20u0088 fornmed into a flare. [0024] FI G PGIUS20048218¥t es a Ccross
section of an exenplary enbodi nent of7a flare form ng apparatus 40. The flare
form ng apparatus 40 conprises a flare formng die 42 with a plurality of
tube receptacles 41, 46-49. The tube receptacles nmay conprise a clanping
portion 61 amtuba dntjeheate‘r.omiwaj may also 62 prov‘ﬂed ttbbaeretefthenha’rgir@ortion 62 of a
tube receptacle f.or,_exa A ave a nf or to the outer

di aneter of ¥® ??tg?%'gpgsﬁtéo S5t 'bdef?ﬁngiea?Et”cﬁe&Pif%g’"a F%t 08"40 conprises a
][randrgl (\% vuxempmrpémbbbmweﬁe tﬁ@}ﬁv@ﬂ;ﬁér;bﬂati@rotdﬂbﬁallm%h aptied lek/@rtaffa flar e3to be
or me I C e 7 of t uts itting as
shown in FI Cﬂ"eﬁ '\4'8{3@‘ %{%'Pr% grell BW@%@"%U‘E‘PEWP bgﬂ%@af‘&f@%ﬂ]@ge into the end
of a tube. [tﬁsgéﬁdﬂ')l"béﬁfrﬁéaaﬁqﬁ)raﬂarea tube receptacle 47 at the clanping portion

61 may be smaller than the outer dianmeter of a tube to be received in the
receptacle. It may be, for exanple, about 8 to 10 percent smaller than the

out 51 de. di 2B FIG!3 MradsheuroWbeRio 6 hherhbiafyRrwahat ofa arag! 1 ons ar e
cl osed toget f | ever4s (FIG 2), the

for exgw novenent o
narrower, clfainggrpaatus Jhetﬂaéetqu aprante M0 casgsises feflarehe t ube and
secures |t 'fBrnmh@% agammsa pldraﬁty‘eo‘f P rb@ftdiest 416 J5pdir etheWag the mandrel is

pressed into the tube. In an exenplary enbodinment illustrated in FIG 4, the
t ube cl anpi HEcapiaalasEMAYEPMPERe A CRIMMNGRORNE] @nd a fiane fermied RATtoid s 64 whi ch

provi de spa%elﬂawfdﬂmngkpdrm 62 H’P§ tG%Vre@Hﬂ)tQ@Ie%aydﬁfr%&HﬂnWé' hgva/gder the
clanmping forces, i1n order to hel prevent damage he fube. The tube end

i nserted i ntpéoﬂlmowfgrﬂamqﬁief%ﬁer digngten §f ﬁé&ar%&/ﬁe lff%ﬁdher‘teeﬂFr&I ong a |ength

of the tubeg @mﬁngf rétb@&o &a—ﬁprmratmaﬁurerfmtm 4 proflieis2 dofinmirgt®i Ng portion has
not been heated 10 the desired

the inner profi le of a flare to be formed (which may match a profile 7 of the

outside of a mating fitting 3 as shown in FIG. 1) and a mandrel press 60 for

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 tube to 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 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.



tenperature for flare formng so that the tube portion held in the clanping
portion of the receptacle will not becone permanently defornmed. WO 2005/ 007389
PCT/ US2004/ 021839 s [0026] In the exenplary enbodiment of FIG 3, the flare
form ng apparatus nay conprise a plurality of mandrels 51, 53-56. The

mandr el s n&%0 2985418738 onpri se a col l ar 57. The mandr el BCTES2004621839r anged in a
mandrel press. The «collar may transfer pressure applied against the mandrel
fromthe mandrel press to force the mandrel into a tube to be flared. In the
exenplary enbodinment of FIG 3, a mandrel 51 is rigidly affixed to the

mandrel preggozeP. In thd BREmpBAKMYcimant 2f FIE.S, Sy fidte forriinyg Sshafiuspri ngs 58 in

recesses 59 in the ,mandrel press 60. The mandrels nay each be nounted so that
a transitiofaY CUNRSE 3 eluraliphotmagdrels &l SAdhdr Hie mandielsy@ay $adbsi ti oned to act

as a tube SE@ﬂpﬁéf&EébliaF@ﬂTﬂéﬁaﬁdﬁ@s Ab@‘;arrﬁn%ééhﬁ alnParldfel bedk Ethe as di scussed

further below wth respect to FIGS nd I n an exenpl ar?/ enbodi nent,
y

the spring RelAiTRaY transfen REssWR pPRisdi aghipakirer mangieldran the magdigl v af fi xed one

i nch mandre ' i ' 314 el 53, 0.100
inch for a' b}'%&ifg?ﬁ%ﬂ%ﬁ@gﬂﬁrggﬂg%%ﬁﬁﬁiR%?f[?rr@dé ﬂgh?%ﬁﬁﬁgﬁér el 55 and

0. 200 i nch eawodimeniof HEh3, svmaadrel 554 rigiplyasfixed tnthgimandsehpress $0enbodi ment , t he
flare form i 1 é@d?ﬂ_ ' | & jch is inertwith
respect to tﬁﬁhﬁieé}n"%’@f?%?étggﬁ{m SI ﬁgﬁ":‘ﬁte flsgﬁﬁ%r%asi?lﬂ e gé}%ﬁ’é[.g‘ﬂgée formed. This
may prevent Maodehpiesa b0 omhemandels mapeaditieshounigd sethaba traagiiosal n sone

apPpl 1 cat i Ongiopd Bortn ORLEH AP Sy pobilindd B2t b8 Hisatual  and/ or e

mandrel s may have substanti a ) conprise naterial wth good
t her mal conwhen Ingeting theghend ofeatubertr bn/kared @s|diseysasd futikertbelow Witid during flare

formati on a t] ' Qﬁmﬁi, S pressed
forward in {bﬁgg‘?IY%'fI?g#ggﬁ“ﬁg%@?ﬁ%ﬁwﬁéﬁ%@%gﬂﬁ??E or t F\e? end -of the tube
to reach a Bweadelswmay Positiongd forwardaefna rigiglyf affxesdoneineh mandrelrblexenpl ary
enbodi ment , gikPRcdd G Cod®nthdDrof L% /Meh hARdRBE G0 MRH for a % inch

mandrel 56, 0.150 inch for a 3/8 inch mandrel 55 and 0.200 inch for a 1/4 inch

mandre] 54,

[0027] In an exemplary embodiment, the flare forming die and orthe 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
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 altemately be applied to the ram 64
by a hydraulic system or electrical mator system. The ram rods 65 are guided



conprise stainless steel. [0028] In the exenplary enbodinent of FIG 3, a ram
64 transfers force (for exanple force applied through the lever 50 in FIG 2)
| aterally through ramrods 65 to the mandrel press 60. Force could
alternately be applied to the ram64 by a hydraulic systemor electrical

not or syst & 200e73s%am rods 65 are gui ded WO 2005/ 00 7839us2@#01082004/ 021839 9

t hrough guides 66 through a guide stracture 67. In flare formng, the mandre
press |I's noved through a stroke distance sufficient to push the nmandrel into
the end of a tube in the receptacle, to deformthe heated end of the tube and

put sufflCltafHugngeiaéyB@tméugH@ e@t@etiurel 67 ommeek RRdingf themaridrdle to form a
flare in the end of the tub he ap proerate di.stance to, nove a nmandrel to

formthe fIRIpESiS mﬁgthhg}ughpapr%%stapgqsg icient tgpyshthe mandesh E‘Fﬂf}{?\g on the size

of the tubi ngq it mnﬁ@pec@btamemfaem thenbied BraTBinanshd iy i r ed | ocat i on
of the tube stop The spring nmounti t he. mandrel s of d|fferent si ze

causes di ffe?”gfﬁe"ﬁﬁ’r?é?lé'ﬁ§” thghagied. Qﬁfqr\‘“@?éﬁq O?thﬁltl@eft@rfﬁ'i%a aiedBances for a

gi ven novemapg efd of thE B ARl appPSpiiake didtaliced AIBRE 8 miMifPeltB istthe 51 Wi |1 rove
t he same di stance noved bythe "press during a stroke, The mandrel 53 may

initially stii@je$nflaeformingdisience mapdiffardepandipg eitheisizerqiéhedyling t hat the tube
I's placed agpiftsshapf8fthé A8%!td b@ﬂﬁhedéh&m%deﬂrefdu&aamo%ﬁnémae%p% may conpress

as the mandrel press noves until he front face of mandrel press 60
contacts t hehegpringmeyntingieétie mandralsaf diferentsizacaysrrdifferentigandsgler al f orces from

Lhe Tam €0t B Rnt ARG baFod s hlchydrbr Rt he Lube to form

a flare. The ormn press 60 and mandrels 51, 53-56 may

al | be desi @ress. Ferrample, randrel 54 adlmonertior samexdistanee Beverhidie t he desir ed
distance in ééé‘?{unhﬁ alSRORY! Aife nfLihd) 89 n?}j@ﬁalgfste{)} Oﬁftiftﬁé ridh@reRPPr OPri at e

si zed tubln I n each tube recep tac I n an exenpl ary
enmbodi nent iPressgs maved, lnﬁhtFle@thatath@Ifl@B is plapedbagaipsittbel trappiionshd 80 is pl aced

in a tube reRRIBAioR: TRE SNy RAfcSpresd KRS mandrel press moves until
the front face of the mandrel press 60 contacts the collar 57. Then, the collar
57 transfers the lateral forces from the ram to the mandrel and moves the
mandrel into the end 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 mandrel 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, 4649.

[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). A tube stop 71 may be provided to 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. InFIG. 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 top die half 43 may be raised to



into the flare formng portion of a tube receptacle. The tube end 80 may
extend a short distance beyond the end of the flare formng portion prior to
forming the flare (FIG 5A). A tube stop 71 nmay be provided to stop the tube
at the desired flare-formng |ocation. The tube stop nmay be provided, for
exanpl e, bwdienotsgensi ti onal sl ope portion 71 of a PelEh2esH/0d839 | n FI G 5A,
the tube 81 has been inserted into tte 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 f orfatiftgtediseatingtitHs end of theltalintd the tubePeipldchd. OAflerpisiubeon. The top die
hal f 43 may .be r%] s%i to E\éﬁ 20(%.5/ 0?17389 P IthZOO /021839  10,facilitate

i nserting t HePBAF Bhe Aesitedmositiopqthedep dig hall #3 maybedpweredstheleby he tube is
placed in tVtﬂarﬂ;ﬁﬁgméfﬁjﬁmmﬂé@é’mphb@oﬁ@ﬁfﬂibﬂhbﬂékféﬁni]ff??ﬂiebﬁﬁbﬂh@f ed, thereby

clanping the tube in the clanpi portion 61 of the are forming die. After
the flare if&rg 53?1@1?,""&'1?(40951? laé]gmﬁmbfa rajgsr 9dasiliptegamoying the Wg%ate renovi ng

t he tube e%dfffomgmetgéggptggg_ept acle. [0030] The profile 63 of the
flare-formng portion of the tube receptacle has the profile of the outer

circunference of the flare to be fornmed. The flare-formng nmandrel 51 is

dint ' 72 (FIG 5B) t
pressed i nt qoddug ThERFAf 4ttt Kinfind iRRldneftne titRlBeelitadansaine 72 ( ) to

é It
conpress the tube end 81 Into e | are form Tﬁetube is held in

pl ace agai ndrofigef theewtersirowmfersnceef thedarednbe Ermeg. The flaredamming portion 61 of
the tube reGridnslse res%bqﬂ%rtﬂfe'hlegtea:fu@eﬁd ABOGF R strloRe gﬂgﬁm% ofile of the
t he o be and may be

I nner-circunference o are t orne y esigned to match

the profil e 72 (biG. PRHosampegssihe ubeend Bt infathe desireddareifprmofhalibeh. the flare
bei ng for W%-héﬁg@bggdgag;amt% RRdr&%motidh & efﬁﬁfgogﬁﬂb%ﬁéin he tubing, the

t ube thickness peritence a 10-20% reduction Its pre-Torned
t hi ckness. [Dg&iop§1oHbe fubereerptasnie 4 hel el pigfie 73 ¢f¢he magdie! isthetiefile ube end may

LS ne s SRS e SRR b Ml eceptact e 47
- 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 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 receptaclie 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 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.



[ 0031] The mandrel is pressed into the tube end with a pressure sufficient to
conpression formthe end of the tube into a flare. In an exenplary

enbodi ment, the nmandrel may be pressed forward into the tube by hand pressure
on a lever until camaction | ocks the mandrel in place in the flare formng
position. Mmoomeedsel is held in place with sufficientTtispo@mis® reformthe
tube end into a flare and for a tinmegufficient for the flared tube end to
cool sufficiently for the flare to retain its refornmed shape. The nandrel may
be held in place in the flare formng position for a tine period of at |east

about a m nybe32)oThedrdiheafing, ComBined dih thePreBURMRAIrEforrhing NMEyUigaté may be held in

place with a force_of about ten to fifteen pounds, for exanple, although this
may depend GNSigiPl flaresi whick gl thelr Hharasmat &t Yidafganen of RpPHEo0
PCT[ US20041Q¢h8a8tdréO2dl ol g ;]fél'ri%@éf' tieh. ﬁ@h@?ﬁ% fotchdd Aives pagssure flare

formng may create consi stent ares whic old their shapes at a w der range

of oper at i ndetairdhipieskanesat higher teaperabigandyer opay reriods eftimetha pressure for med
flares may doff Rirfled eirds %fﬁ@%ﬁfo%e&)h&he&msr@w&{ riHeasnABs feuig | onger peri ods

of time than cold forned ares or heat-ftorned/ non-conpression forned flares.

Col d for medomed ansbheatdermeadinesrcomprgnsioadpaied taree mayirayasktontigir revert to their
re-formed g%ﬂﬁale 200 deg. F
Ion t he case%%@K&%W&%ﬁgﬁﬁp@g&g%?@égféfgxﬁl?m ares nmay gt end
to retain tHeilntheeaseof RFA; FEPCRYDBfer exampte. prasgwiedommeskiarenmey i mes  exceedi ng
200 degr ees ot Rhaifoh | Haped B HRftal Bpbiind Wahpbtatipk, RBKBHABs Out er flare

I nner circunterence, an inn I'ng clrcunterence and an 1 nner sl oped
profile fromexceadingtii0cdedrées-e i nner circunference to the inner tubing
circunference. The outerflare inner circunference can befornmed to match the
outer circunference of a fitting with which the tubing is to be mated to
achi eve a tilQfd3]f iTheafarestomined imhibestubipg roay hrve idne ovler tflaee iNngfe may bef or med

to match th%ir&Hﬁf‘éFe%?,fdgl iinHF tubiRG cirdafier8hicePand dnlinitd sipbd plifleGFont he tube i's to
be mated. The 1 nner tubi ng
the auter flare inner circumference to the inner tubing circumference. The

outer flare inner circumference can be formed to match the outer circumference
of a fitting with which the tubing is to be mated to achieve a tight 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 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 fiﬁing
and/or tube ftare 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



circunference may be chosen to match the inner circunference of the fitting
with which the tubing is to be mated. By carefully matching the outer flare
ci rcunference, slope profile and inner tubing circunference Wth the outer

ci rcunference, tube end profile and inner circunference of a flare with which
the flaredWOBISAE38% to be mated, a tight seal may bECTERewoRIsd\her e t he
fittings wth which flared tubing is2to be nated has been fully nolded to a
consistent size and profile, the flare form ng apparatus can create natched
Rare connections which consistently mate with the nolded fittings.

Theti ght fi t ioeyweeprthy italse ang TRt ant mauighvebdtrneast abbinco®x05Mestirface, reduce
turbulent flow wthi t he tem (_c[lmay reduce the |Ike|lh00d of | eaks or
fitting fai €1PAEM eﬂt,Be éﬁ%gafﬁaa&g "9t ting may al so prevent "cold fl owi ng"
(deformation of a fitting and/or tube flare fromever tightening due to poor
I nterface on_an n Lched flare) and reduce or elimnate "entrapnent areas”

(gaps at t hd043 ll @@nﬁ&rmmstaepwa@é)mthApblr%@gquéferw&apqqta% connecti on may
provi de ful |rec%'ﬂ%&§”ﬁ8%n¥?@u?&l@5%él@3§%%eﬁ@é /9%/ bRRAE3WithlzAoliet ween the tube

and fitting and nmay have at |east about 90-95% surface _ eng agfrrent bet ween t he
flare and f Pt dewice. (dbadgck o devise reayoPrewamtiinggringpatehaiptaAttibey plurality of

different- Sl?é’dé?ﬁcfeutﬁﬁt is h@?ﬁm@tﬁeﬁs Ind Hﬁn@@&tﬁﬁﬁ@@n\h&nmﬁt itpgy Beecept acl es may

be provided w out device. The out device may prevent inserting
a tube i nt odasitagledo Sh&%tb@&ad%of@mmbpgofh@ 3'?@’ tybesengiaftar thepthiinuf act uri ng

envi ronnent withbut WigiRe di'l’?ér'sﬁz%@'r@c Packi2nSior K iRty @ dhgswiagy of |ike-sized

tubes one after the ot her, wthout using the other sized receptacles. Prior
to formng tuhesdhellpckfout devicas faeeachohthe|ciier e repenipdesmaybeddbh of the ot her

tube recept gchigs fBa}SrngntpHﬁ opér@ntd?'f:%ﬁ?:n%@v&feﬁﬁf’“élaaﬂg %Ot%'bat:% df om
i nadvertent|y placing a tube into an inproperly-sized tube receptacle. This

may reduce (mRToRasltsiFediyberaceptaciandihis mayueducemanyfaciuinges®rs #idoper at i ng
ef ficiency. rdluk Rcdir Rtfeads i G&rﬁhp emrm&y SR locﬁ-o‘éﬂ &é\ﬁéé’ﬁwﬁy domplisd to be
selectively placed 1n front 'of | east ]p tion of

a structure adapted to be selectively placed in front of at least a portlon of the

entrance to a tube receptacle. In an exemplary embadiment illustrated in

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 (6§3-56 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 63. 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 enbodinment illustrated in FIG
6, a |lock-out device conprises a |ock-out structure with an el ongat ed

aperture 92. The | ock-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

t hr ough t hW03sPa788%9e 92 or held In a position in fr®@wustoos/42e83ent rance 95 of a
tube receptacle 46 by a screw 94. Thes | ock-out device illustrated in FIG 6
may be nounted, for exanple, on one half the flare form ng die which may be
the bottomdie half 44. A | ock-out device may conprise any other suitable
struct ure Wiheénd-efithblseticrenG0¢ BkicAdCRt Drozesd BB hAE handeel 58.0035]

Spring-| oadged mandrel s 53 56 | ace at the proper

di stance fo lq,g-aqeaestﬁm@“ bejn E‘P(f?@m?éj%teﬁ%ﬁﬁﬂé‘f’@ss'(@ior? HR%.SP@)Q using a set

screw o(r]I bosg pusﬁbahJmhhhﬂéﬁéﬁt@hm&hmaewgmtﬁé beceseIsaH mBsts tiferd mandrel 53
arranged iIn

press ndr 53 is spring . nounted on a spring
58 arrangedOfah éetrsé'é%‘g§0?$9 Tihg s@h%"rﬁ‘ﬁ%ﬁﬂ épgmee?é‘e%5&16reas'¥e@c@§’s 531 in the

mandr el 53. aridhged Ko hat o% 'n%n@@mlsei?s&% ANghePptbp erapc’;éﬁfo?lesd)mal lae mandr el
tendi ng to push the mandrel @/_@I A set screw or 01 is screwed into the

mandr el pr cEansiignalsiepe af, theemandreliaay a¢tas a iwberian ‘Ghﬁ*'bfhet'ﬁéanﬁndr el press. WD
2005/ 007389pr5’£§é9§29%a%&§%%snt1&r3 ‘fﬂ%ﬁeé’é&g 585 of 16t ﬁ@ib@%ﬁﬁ’é’n&%ﬁ extends into a

recess 532 into the mandrel he recess may be 1n the formof a slot. The

conpr essi vesortagtdiae et scraw 6pt ﬁ"?ﬂj ”05'83%%@@”%“@8 Ofrﬁi’ﬁd?“éﬂsséﬁz agei | the rear wall
of the r ecerﬁ§nc§§l?pré@%ei%~°m6\)%@ f6fVard tﬂf'oubg% s‘fr%ke ﬁ)cfbﬁﬁ"a@@?e in €erkfdf Screw 601 and

the recess 532 are sized arran hat the mandrel 53 is held in the
proper pos@ﬂQﬂp%B’bﬁhdf‘aaexﬁmf?@{?m 'I“eﬁq B'tﬁes%ﬁC"@Weﬁoﬁﬁm@PEIm%y act as a tube

stop when tiiniAothe rdie3s 53 by bibuR0RDBRRNGS Ofils RAfThAY 681a aHag ! ecess 532 or
sl ot may be | ong enough he set screw 601 does not neet the front

wal | of t hdnghediargatesbolt a@d twéecermﬁamav@p@ﬁot.a@omw ingheg¥ide-t hr ough a stroke

to forma fraidutintay meemn@tfn eqlallth @X ieB5tahé diafhetdrbr e BHIEHIN ey enmbodi ment,
the set screw 601 or may
distance travelled by the mandrel press during a stroke.

[0036] It is understood that the above-described embodiments are merely
ilfustrative of the possible specific embodiments which may represent principles
of the present invention. Other arangements 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.



protrude into the recess 532 by about 0.100 inches. The bolt may be a 0. 190
inch dianeter bolt and the recess 532 may be a sl ot about 0.200 inches w de.
The sl ot may have a length equal to at |east the dianeter of the bolt plus the
di stance travell ed by the mandrel press during a stroke. [0036] It is

under stood that the above-described enbodi ments are nerely illg7strati ve of

the possi bl e BERLACEMENESHEET nents whi ch may represent princi pl ¥8’ of the
present invention. Qther arrangenents may readily be devised in accordance

with these principles by those skilled in the art without departing fromthe
scope and spirit of the invention. 1P¥MMSREPLACEMENT SHEET 14 CLAIMS Wat is
claimed is: 1. Anethod for formng a flare in an end of a flexible tube,
conprising: heating the end of the flexible tube to a near-nelted state by
contact wth a cd&f‘ﬁ‘d?i‘:ﬁﬁn%‘&sf ace of a contact heating structure around an
entire circunference of the tube end; inserting the heated end of the

flare formng por tiron: ApPELSEhr JORAG I Br T KBeAcE JFXPR 4o bl o T abe.

t hereby pressure doatpiising: a flare in the end of the flexible tube. 2. The

met hod of Claiml1, rein t i e € f i ube to a

near-nelted state h@\éﬂﬁq ﬁ‘see%ndgcgfﬁp §?%k'ﬁ|gé§t|%nté) E{jﬁ%é}e%d&%usﬁ%tk ?y# l{/fag{r ound its

ci r cunf er encewitB.a ddrdactivghsaafacé oflaacontdct hehtng:strudtire areand @y emliee end of t he

fl exi bl e tube .Ec?l er?ﬁ@é%)ﬂ'ﬁ%ttl?% %L(flte conprises heating the end of the tube
a abou

for a period 8 eas rrty seconds. .
inserting the heated end of the flexible tube into a flare-forming die, the

flare forming die comprising a flare forming portion;
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 contact heating the end

uniformly around its circumference.

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:

provid'ing a heater comprising a plurality of contact heating receptacles;
and .

inserting the end of the tube into one of the piurality 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 flare-forming die up to a tube stop.



4. The method of Claim 1, conprising: providing a heater conprising a
plurality of contact heating receptacles; and inserting the end of the tube
into one of the plurality of contact heating receptacles. 5. The method of
Claim1l, conprising: clanping the tube in a clanping portion of the
flare-form pgpdicemeRT shiBer met hod of Claim 1, conprising inserr2hg the end of
the flexiblle tube Into the flare- for1§1 ng d|e up to a tube stop. REPLACEMENT
SHEET 15 1727 7. The nmethod of Claim®6, wherein the tube stop conprises a

transitional slope OfTHé‘%eﬁﬁﬁiﬂbﬁblalrﬁ 6, Weréletthe duisy sidpacamgrises anpr i si ng:

pressing the mandrel into the end of the flexible tube up to a flare formng
posi tion, to fortinsitianabsiopeetthgmandrelare 1n the end of the flexible tube in
one pressure formng action. 9. The nethod of Claim8, conprising: |eaving the
nmandr el intheflareforrrin ition for ., atime sufficient to forma flare

po

that will retain8a flme@gﬁﬁé tajrg 1, ‘?‘Pf@p’f?&%od of laim8, conprising:
| eavi ng the mandp@ksihg tﬁ@%éﬂd?élﬂntﬁothmeme d1apé flesblef @bealp foeadlareabout si xty
seconds. 11. The nethod of CdaimJl, rlslng gﬁ]%e@; Hlnrgaflareln
the end of tffPfé‘"?Q%Qﬁ'tlﬂ"etquHBafWﬁHP@ﬁf% e e"BP 8 ©R& T are nat ches
an out er prehélpfesslire¥ofrhingiadtioradapted to be fitted to the end of the flexible
tube. 12. A systemfor formng a flared end of a flexible tube, conprising:

9. The method of Claim 8, comprising:

leaving the mandrel in the flare forming position for a time sufficient to

form a flare that will retain a flared shape.

10.  The method of Claim 8, comprising:
leaving the mandrel in the flare forming position 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 comprising a contact heating structure with a contact heating
surface for contacting and heating an entire circumference of an end of the
tube;

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.



a heater conprising a contact heating structure with a contact heating surface
for contacting and heating-an entire circunference of an end of the tube; a
flare formng die; and a mandrel. 13. The flare form ng systemof C aim 12,
wherein the heater conprises a contact heating receptacle adapted for
uniformy contact heating the circunference of the end of a flexible tube.

REPLACEVENT SRERLACBMENTAHEET4. The flare form ng system of C ai'f#712, wherein
the heater conprises a heater structuree, a heating elenment in thermal contact

with the heater structure conprising a contact heating receptacle, and a
controller to contltel The flaeatomng isystemt oft Blaje at2, twergidather heatefuct ure to a

desired tenper at UrcgmphSes THEatbH dHBLIFQ B LB ITHETIPhohAicBhtbdwiher ei n t he

heater structure conprises a plurality of contact heating receptacles. 16.

The flare forning RS 8e@ieM Strueturg saMAsising -poNntact theating (RegpPiacte. 8pd acont act

heating receptacl @engalEPtd StrolBa hbdthgefsifdtit &S h& tRdRddt@stiueture foecei ving a
plurality of sizes of ends of flexible tubes. 17. The flare form ng system of

O aim 12, wherei n%988eq iGePerafii-ng die conprises a tube receptacl e

conprising a clanping portion and a flare formng portion. 18. The flare
r rises a top die

form ng system of aim 12, erein the flare. faorm die co
unit and a bottom1g: e ﬂ]'?ﬁ t%'a(/%m??fﬁ“'?gof’mt%[“ &) Glpim i 14 "@%’?'Ub e Yt acl es. 10.
The fl are form ngssyctuesonipricesia plutdlity afeoptactieating rexeplacleal i ty of mandrel s.

16.  The flare forming system of Claim 15, wherein the plurality of
contact heating receptacles comprises heating receptacles adapted for
receiving a plurality of sizes of ends of flexible tubes.

17.  The flare forming system of Claim 12, wherein the flare forming
die comprises a tube receptacle comprising a clamping portion and a

flare forming portion.

18.  The flare forming system of Claim 12, wherein the flare forming
die comprises a top die unit and a bottom die unit which form 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.



20. The flare form ng systemof Claim12, conprising: a plurality of mandrels
arranged on a nmandrel press. -21. The flare form ng system of C ai m 20,
conprising: at least a first mandrel spring nounted on the mandrel press. 22.
The flare form ng systemof Claim2l, conprising: a second mandrel, rigidly
mount ed on the mandrel press. REPLACEMENT SHEET 17 1727 23. The flare form ng

system of C aiREPLZEMBENESKEET: t he heater conprises a plurality 16# contact
heati ng receptacles adapted to receive and contact heat flexible tubes in a

plurality of specific sizes; the flare formng die conprises a plurality of
tube receptacl es aZfpt gde flare foaviag systérh ekClalne 12, uweinn the plurality of

specific sizes; a p&nﬂ; g%aégy s arranged in
apnandrel press, qﬂﬁhggﬁe ura rf:,lesh?l&ﬂﬁféﬁ%ﬁa@g}é%ﬂdr&é‘%ﬂ£% or pfgdrm ng flares
in the ends oﬁo repewiami éomta@é@atfﬂﬁﬁhﬂﬁetupwmnlterylltbpf spesificrsizessi zes. 24. The

flare form ng systiganefe fgrﬁhé"li%?bonfb%@ié ﬂhﬁﬁty o@tmfbbrrééem:ﬂa f&ar i ng nount ed

on the mandrel press and a second nmandrel, figidly nounted on the nandrel
press. 25. Th¥ @F@Y%W’G‘P'%Mséwg‘@é’m@fwQfl%i’?ﬁf?ﬂ'ze%ﬁ@?e| n the first mandrel

anddt hle second nManHE @handfd? i€3RE of B PIAERE 6f MmaAdrelsbar l@@ lrﬁ)@?rhémd?éls Whetn thfe
mandrel press is i rator Qsi t are formng systemo

C ai m 24, wheP&SH tF‘ﬁBUF&]"SPCE {J%/%Ee'" #&PF%J°'38€'EJH%ﬂ?FﬁﬁH‘#B? B%ﬁ:qr’} nove t hrough
respective fl 8exblé eubesgthedilwblity obspeokfiesizédie nmandrel press is noved through a
flare formng stroke. 27. The flare form ng systemof Claim 18, conprising a

tube receptacle |ock-out.
: 24.  The flare forming system of Claim 23, comprising:

a first mandrel spring mounted on the mandrel press and a second
mandrel, rigidly mounted on the mandrel press.

25.  The flare forming system of Claim 24, wherein the first mandrel
and the second mandre! are each in respective tube stop positions when
the mandrel press is in a preparatory position.

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. A flexible tube with a flared end formed by:

heating the end of the flexible tube to a near-melted state by contact
with a contacting surface of a contact heating structure around an entire
circumference of the tube end;

inserting the heated end of the flexible tube into a flare-forming die, the
flare forming die comprising a flare forming portion;

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



28. A flexible tube with a flared end fornmed by: heating the end of the
flexible tube to a near-nelted state by contact wth a contacting surface of
a contact heating structure around an entire circunference of the tube end,
inserting the heated end of the flexible tube into a flare-formng die, the

flare form n%Egie%Emﬁi%hgégg a flare form ng portion; pressingygz mandrel into

the end of t e, thereby pressure formng a flare in the end of
the flexible tube. REPLACEMENT SHEET 18 1727 29. The flexible tube of Caim

28, wherein an inger f il 0f hed ; GhIRS O\ eke Profile of a
fitting adapted t%gbep';h%t{tlée)@)"?éu%ﬂgf C%ngf Wﬁﬁ%’%xi bl eﬁts]%be. 360. The
flexi bl e tube of fGreden@®atshiesapionter hesfilelafffiling adapled dohpfittete theyne of PFA,

PVDF or FEP. 31. @hébﬁﬁ?‘ﬁ %b@th?&%e tube assenbly, conprising: a fitting
conprising an outer pro iFe; a fl'exible tube conprising a pressure forned
flare engaged with the fitting, the pressure fornmed flare having an inner

profile matching e ‘ | h it i iggs f 1 exi bl e tube
assenbly, wherei né(?'heOweg%ﬂgfgetg%%?lg@oér?bﬁpésﬂggﬁgﬂgexﬁgggﬁ,&w&% or FEP 33. A

met hod for form noneofPRASLVDF anFBRd of a flexible tube, conprising: heating
the end of the flexible tube to a near-nelted state by contact of an entire
circunference of the tube end with a contact heating surface; placing the

heat ed end into a3t.ir <A flgredieihledubeassgpbly: 6eBPHERI:e in a first portion of a

fllare form ng di e fiting comprising an outer profile;
a flexible tube comprising a pressure formed flare engaged with the
fitting, the pressure formed flare having an inner profile matching the outer

profile of the fitting.

32. A flared flexible tube assembly, wherein the flexible tube
comprises one of PFA, PVDF or FEP

33. A method for forming a flare in an end of a flexible tube,

comprising:

heating the end of the flexible tube to a near-melted state by contact of
an entire circumference of the tube end with a contact heating surface;

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.



bringing a second portion of the tube receptacle in a second portion of the
flare formng die into a flare formng position, thereby clanping the tube in
a clanping portion of the tube receptacle; pressing a mandrel into the end of

the flexible tube; pressure formng a flare in the end of the yzzxi bl e tube
for a peri od—5!?—c’ﬁME@—%H-F—E‘—T»R LA LI cient to cool the end of the tube t desi red
tenperature; wthdrawi ng the mandrel 18nd separating the first portion of the

flare formng die fromthe second rtion of the flare form ng, die; and
femovi ng the end ¥ THRmPiiod of Apyefilame s b wherein sejd apata NT SHEET

1727 19 34. iskasridatdd'efh mbterbdsefictdd taipravent thd tubelemt flof aﬁ;kmgcs@géiacti ng surface
is fabricated of a materi al selectedogﬁ]e(%gvent the tube end fromsticking to
said surfacéY ARTEreNt CORtEMINFHON; ®he tube. 35. The system of any of

Clainms 12-27, wherein said contacting surface is fabricated of a materi al
selected to preven he tube end om st icking to said, surface and prevent
cont ani nati on of qg\i’ﬁ%é@"&@?"ﬁ‘ﬂg&ﬁﬂ%ﬁdﬂéﬂéw Bﬁ'g@"gﬁﬁ@‘gls_-“[‘%?evx{ner ein the
flare formedisifabridated sfatnateribiiseldctdado prsventihé ube lend Frafestiekingitd saighi ch mat ches
an outer flare_profile. 3 of Clains 1-11, wherein the

7. The net hod, of, any
flare formedSyTReemnd ‘E’ﬁﬁergf’of‘ﬁg‘"ﬁ'ﬁg qgﬁ?tﬁg?'ube t hi ckness which is reduced
froma preformed tube thickness. 38. The nethod of any of Clains 1-11 or 34,
The system

wherein the flexif) e tub i PFA, PV FEP, . 39,
of any of O ai ms 3Ea- 8 BPGH.of BRKPECRTE T IETEANG BB omMARHRIGes one of PRA

PVDF or FEP. end of the tube has an inner flare profile which matches an outer flare profile.

37. The method of any of Claims 1-11, wherein the flare formed in the
end of the tube has a tube thickness which is reduced from a preformed tube

thickness.

38. The method of any of Claims 1-11 or 34, wherein the flexible tube
comprises one of PFA, PVDF or FEP,

39. The system of any of Claims 12-27 or 35, wherein the flexible tube
comprises one of PFA, PVDF or FEP.






