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MAKI NG THE SAME Backﬁround of the Invention Technical Field

i nvention is diﬂmﬂmm wmn MF elongate plastic nenber asse
particularly, t abl e assenbly of a plurality.off iintravascul ar

tubes or plastic ceaied wires, a nethod of making the assgnbtTesana an
apparatus for making the assenblies. _w_ Background Art A Jariety of
i ntravascul ar tube assenblies are known in the art. One such assenbly

consi sts of a nu f_ BN T%\Sm% NEMRER aﬁfsrsé?ﬁ%?édf in paral§gb,2abe-+ .
t ubes bei ng joiggg&{5%§3¥§% BngOFhERFIBRI THE F&MBth by an
integral web of the plastic tube nmaterial. One such structure is disclosed
in Hilderbrandt, U S.. Patent No. 3,836,415. Prior art tube assenblies are

typically fopgegrbih@ugh tREegh@énexdhusi on. Integral extrusion, however,
has several |imtations. Mst significantly, integral extrusion has proven

to be a rel areceBhycexpensige proce- dure. In addition, integral extrusion

limts the . shapes the I ake. .For ex le, jt_is not
possi- ble to PntegralFég2§¥§%§ﬁ¥ﬁ§%&ﬁﬁ%qubésdgéﬁﬁ% %93%%W?qu839“§F&ﬁal
coi |l s of thgpég§§ﬁﬁl98Pb¢ﬁe§5$©?hh}%&x§ndAxﬂdnﬁ Hartigudiatrilyn, tiowairs wery
difficult, | beBObLe@MABEERBLY Yol PIRCirality. of intravascular tubes or

plastic coated wires, a method of making the assemblies and

an apparatus for making the assemblies.
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Background Art

A variety of intravascular tube assemblies are
known in the art. One such assembly consists of a number
of elongate plastic tubes arranged in parallel, the tubes
being joined to adjacent tubes along their entire'length by
an integral web of the plastic tube material. One such
structure 1is disclosed in Hilderbrandt, U.S. Patent No.
3,836,415.

Prior art tube assemblies are typically formed
through integral extrusion. 1Integral extrusion, however,
has several limitations. Most significantly, integral
extrusion has proven to be a relatively expensive proce-

‘ dure. In addition, integral extrusion limits the shapes
the tube assembly can take. For example, it is not possi-
ble to integrally extrude a coil tube assembly with indi-
vidual coils of the assembly joined to adjacent coils. 1In
addition, it is very difficult, if not commercially imprac-
tical, to Jjoin adjacent tubes at intervals along their
length by conventional integral extrusion techniques.

One alternative method to integral extrusion for
Joining adjacent tubes in a tube assembly known in the
prior art is the use of a plastic solvent which softens and
melts an exterior peripheral surface of adjacent tubes.
After application of the solvent, the tubes are placed in
their desired adjacent positions, and upon evaporation of

the solvent, a fluid resistant bond is formed between
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ti'cal, to join adjacent tubes at intervals along their Length.by

conventional integral extrusion techniques. One alternatfi REQLA@EMEN’E GHEET
i ntegral extrusion for joining adjacent tubes in a tubsg
the prior art is the use of a plastic solvent which sof|t gns 2n Lgﬁb a
exterior peripheral surface of adjacent tubes. After applii cg | 1thel
sol vent, the tubes are placed in their desired adjacent sitions.andl
upon evaporation of the solvent, a fluid resistant bond is fornmed betwee
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workers. Also, the use of solvents -creates ous waste di szosa

probl ems. Th& PPt HIARLION (He SRS chISeRRISIeHeSEFHSRE yCOOASF 0l TBE SO as
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transporti ng therapeut lc fluid
the solvents must ‘be closely controlled 80 as to prevent

application of too little or too much solvert, resulting in
improper bonding of the tubes into an assembly or erosion
of the tubes comprising the assembly. Finally, the use of
solvents 1is undesirable because residual solvents can be
harmful to users of the assembly -- particularly where the
assemblies are used in the medical field for transporting
therapeutic fluids.

Durakis et al., U.S. Patent No. 3,316,134,
discloses a different method for joining elongate plastic
members. In this method, parallel elongate plastic members
are run over a heater element and then compressed together
by a pair of rimmed wheels to form a joining web. This

‘ method requires joining adjacent elongate plastic members
along their entire 1lengths. This method also does not
permit the simultaneous 3joining of multiple elongate
plastic members. Moreover, this method is not suitable for
joining hollow elongate plastic members such as intravascu-
lar tubes, because the tubes may become deforméd when run
through the rimmed wheels. This method is also not satis-

factory for producing assemblies such as coils.

US-A-3312579 discloses an apparatus and method for joining together tubes
which are positioned side by side. A respective elongate electrode pair contacts the top
and bottom side of each adjacent pair of tubes where the tubes touch each other. Rollers
move the tubes past the electrode pairs while electricity is passed through the electrodes

to melt with the tubes and weld the tubes together.



Durakis et al., U'S. Patent No. 3,316,134, discloses a differ ent nmet hod
. for joining elongate plastic nenbers. In this nethod, —parattet O E
pl astic nmenbers are run over a heater elenent and then M%Eéﬁ t her

by a pair of rimed wheels to forma joining web. Thisj - reqwres
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defining a fl ow passage. One portion of a plastic tube is allgned adj acent
. to another portion of a plastic tube and the tube walls

tube portions are plasti- cized. The plasticized portion J?EPLWEN&%EETS
are flowed into a nold between adjacent tube portions tp fuse the
adj acent tube portions together. The aligning, plasticiz|np ggJULopggno
steps can be perforned by providing a nold defining a plufality of
paral |l el tube confining channels with a flow chanber defi et~y tHeTmotd
bet ween adj acent channels. A portion i of a tube is placnd i n each channell
The tube wall of each Eortlon of tub%)ls cQ ressg a &a ;@ gggnnel
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together. Th can inclu er” and | ower made of a conductive
material , ea%hze@reIﬁﬂ@n@lasFéﬁéFﬁa tdeesnieh Bhfatide grabvesafferein
and | and portiensdointbeal padianpesuebacedjhetneetubbepogtbongstoTliase
parallel gro yES nd th he | eading surfaces in an
operative pogl |o§3aae?€n%a?% Bgr%%%ﬂ%l%#%é%b%%e fl ow chanbers,
respectively. The pl asThe aliyngngs ororisdsina apgd éépﬁymggséﬁpéneﬁgy

potenti al bsgw@%m%eapw sl oy aﬂ':ﬁ‘él&)Yd@fir@ﬂkj) drpUUeRtYty of
generator. The uEger and | ower djies are_brou i nt.o an operatlve posi tion
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nnel s can _have,_an elll i cal S n. e Lt i.Qn n have
g'!ross- sectioh ?b% %%I dfgu %r%glfggﬁ%%?éncén%ﬁéﬂ) g%g%aﬁne s%gcan
have a crosspegttipon dfavtngeana nPeprpreseeff ¥ithie @f channel without

occluding the flow passage of the tube portion. A section

of adjacent tube portions proximate the chambers are
plasticized, whereby plastic flows into the flow chamber to
fuse adjacent tube portions together. The mold can include
upper and lower dies made of a conductive material, each
die having a leading surface with parallel grooves therein
and land portions of the 1leading surfaces between the
grooves. The parallel grooves and the land portions, with
the leading surfaces in an operative position, define the
channels and the flow chambers, respectively. The plasti-
cizing 1is accomplished by applying an energy potential
‘ between the upper and lower dies by a radio freguency
generator. The upper and lower dies are brought into an
operative position by bringing the leading surfaces within
about 0.254 to 0.356mm (.010-.014 inch) from one another. The tube can have
a cylindrical sidewall and the channels can have an ellip-
tical cross-section. The tube portions can have a cross-
section of a selected outer circumference and the channels
can have a cross-section having an inner circumference of
about 95 percent of the outer circumference of the tube

portions.

A peelable tube assembly made in accordance with the process described above may be
made of a single



about 95 percent of the outer circunference of the tube portions. A .
. peel abl e tube assenbly nade in accordance with the prog Aﬁﬁ@ﬁFN@ 1 ve
may be made of a single REPLACEMENT SHEET 0 2JUL 200 el
coiled configuration or a plurality of tubes joined ih parallel. Yet
anot her aspect is an apparatus for making an el ongate pl astg g JuknBei
assenbly. The apparatus includes conplenentary upper anpd}l ower radio
frequency dies, each die having a | eading surface withja~—pturarity of
paral l el grooves therein including a firgt- and a |ast |parallel _garoove
Adj acent parall el grooves of both dies are separated by a land strip of
the | eadi ng $PEacE? 2AFVUEs neRR L ki offont her f iar sluned dtastopatubrel
grooves of gbineastiroparafiiehe upper and Iomerldlgs is be¥eled _ ParaIIeI
rooves of the u Rer, an | ower dies, with the  |eading surfaces in
gper ative positi gn et d’@?'ﬁi‘ﬁ'éasgeﬁllﬁ?‘hilppaf%t% @f%&@l%%@%ﬁdﬂ%@%rt he | and
strips deflném%3n$Yurallty of flow chanbers. A press is provided for

bringi ng | eadiheg appiaces thnhaeapesﬁpﬁéﬂexh@aﬁ Lgipf‘ér a0 1cRRrOPREELT Ve
ATa frequency generat or

t ne. anot hery.
pgfgc;?Ce:S 310%55 Eﬁ?igﬁgg %ﬁﬁQﬁﬁ Qﬂviﬁﬂw%e%e?ﬂén%pﬁﬁFf%ﬁﬂ ¥otRr adi es
to pI?st|CLZ@lumhélayongapefplhsl|qranyﬂyam$ﬁrnherEbylmmfm@|dﬂﬁﬂr@WSahat0
t
the flow c a%b?a%t a&Hi@eﬁdgggggﬁu iége qgﬁyﬁjxgggkgov% }I ot}urom
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t he grooves gﬂeénér@fspﬁérgﬁsérby a land strlp of the leading surface

An outermost edge of the first and last parallel grooves of
. at least one of the upper and lower dies is beveled.
Parallel grooves of the upper and lower dies, with the

leading surfaces in an operative position, define a plural-
ity of receiving channels and the land strips define a
plurality of flow chambers. A press 1is provided for
bringing leading surfaces of the upper and lower dies into
an operative position in close proximity to one another.
A radio freguency generator selectively applies an energy
potential between the upper and lower dies to plasticize
the elongate plastic members, whereby plastic flows into
the flow chambers to fuse elongate plastic members togeth-
er. '
The apparatus can further include a plurality of
‘ projections radiating from the grooves of one of the upper
and lower dies for guiding elongate plastic members into

the grooves of the dies.

Brief Description of the Drawing
- Fig. 1 is a perspective block diagram of an
apparatus for making an elongate plastic member assembly
including a pair of dies in accordance with the present
invention:
Fig. 2 1is an exploded perspective view of the
dies of Fig. 1:



and | ower dies for gui di ng el ongate plastic nmenbers into tji P
. the dies. Brief Description of the Drawing Fig. 1 is a persggggﬁggwﬁﬁhrsHEET

di agram of an apparatus for making an el ongate plastic nerfbgr assenbl
including a pair of dies in accordance with the present invdnt®@nULF2801 2|
I's an expl oded perspective view of the dies of Fig. 1; RERPLACEMENT SHEET
02JUL 2001 -5- Fig. 3 is an enlarged front elevation view ¢f the tube
recei ving grooves and flow channels of the die set of Figltidi—kFg——4 is a
front elevation view of an axially coited tube assenbly nmade in accordance
wth the present invention, Fig. 5is a plan view of a radially coiled
tube assenbly made infdgecot dené® KNLATERE PrIferflqvardim yhev gfgthe is a
pl an vi ew of tabboyeté evindegassesdlandradew rhactendasgetnet 8iéhgepresent

i nvention; ap? FiQ; 7 is a fragnentary plan viewof a plurality of parallel
tubes made int® a fube assenbly according to the present invention.
Det ai | ed Description oFighe4 Pisf @r rfaPrEntsddiviadritonFiviievl af |amt pyiatlan
appar at us 10cé01edBkiLBE AR se@b?Pdaa@eP!iastddcsmiRle a.sm{r‘oweigféggﬁeg a
die assenbly, 12 consisting of an upper die 14 and |ower die 16. A radio
frequency geﬁ@?%?ngES provides a radio frequency signal to the upper and
| oner dies 14, 16. Fig. 5 is a plan view of a radially coiled tube

assembly made in accordance with the present invention;

Fig. 6 is a plan view of a bow tie tube assembly

made in accordance with the present invention; and
'. Fig. 7 is a fragmentary plan view,of a plurality
of parallel tubes made into a tube assembly according to

the present invention.

Detailed Description of the Preferred Embodiment

Fig. 1 illustrates an apparatus 10 for making an
elongate plastic member assembly including a die assembly
12 consisting of an upper die 14 and lower die 16. A'radio
frequency generator 18 provides a radio frequency signal to
the upper and lower dies 14, 16.

Fig. 2 illustrates in detail the dié assembly 12.
2 lower die 16 has a leading surface 20 having a plurality
of parallel spaced apart grooves 22 therein. The grooves

‘ 22 extend from the front 24 to the back 26 of the lower die
16. Between each of the grooves 22 is a land strip 28
consisting of a narrow strip of the leading surface 20.
The upper die 14 is identical to the lower die 16 with its
channels, front and back surfaces and land strips indicated
with the same reference numbers associated with the lower
die 16, only including a prime. Both the upper and lower
dies 14, 16 have a thickness T of approximately 12.7 mm (half an inch)
and are made of brass.

Fig. 3 is an enlarged view of the leading surfac-
es 20,20° of lower and upper dies 16,14 in an operative
relationship. As seen in Fig. 3, complementary grooves 22,

22° of the lower and upper dies define a plurality of




Fig. 2 illustrates in detail the die assenbly 12. A | ower (&E LAEEMFJ\JLSHEET

. leading surface 20 having a plurality of parallel spaced dpgrt %rooves 22
therein. The grooves 22 extend fromthe front 24 to the bgcH 28 Z2ciUlt E801

| ower die 16. Between each of the grooves 22 is a | and strji
consisting of a narrow strip of the |eading surface 20. The upper die 14
is identical to the lower die 16 with its channels, front lard-hack

surfaces. and land strips indicated w th-the sane reference nunbers

associated with the lower die 16, only including a prinme. Both the upper
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gui de 42 hag2ahplsurabiltuyadfityabifeygligyseddh €oFheSpoREFRgnNEdNg t@r@ove 22
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guide 42’ having valleys 44’ and angular progectlons 46°

identical to those of the guide 42 1is attached to the back
26 of the lower die 16.

Attached to the front 24’ of the upper die 14 is
a front %tube aligner 50. The front tube aligner 50 has
inclined tube directing surfaces 52 for directing tubes
loaded between the angular projections 46 of the guide 42
into the valleys 44 of the guide 42 and a corresponding
slot 54 of the front tube aligner 50 as the upper die 14 is
brought into an operative relationship with the lower die
16 wherein the leading surfaces 20,20’ are in close proxim-
ity. A back tube aligner 50’ 1is attached to the back
surface 26° of the upper die 14 and is identical to the

‘ front tube aligner 50, with like elements indicated with
the same reference numerals having a prime.

The lower die 16 1is attached to a lower base
plate 56 and the upper die 14 is attached to an upper base
plate 58. The upper and lower base plates 56 58 in turn
are attached to a press 60 for bringing the upper and lower
dies 14,16 into and out of an operative relationship and
for applying a compressive force to tube segments in the
channels 30.

The apparatus for making an elongate plastic
member assembly 10 can be used to make assemblles of

elongate plastic members having any variety of cross-
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one plastic tube 62. Where the structure of Fig. 7 |is
desired, a plurality of plastic tubes 62 are used. Each
plastic tube 62 to be Jjoined is inserted into a separate
groove 22 of the lower die 16. Insertion of the tubes 62
is facilitated by the front and back guides 42,42 . A user
need only insert a tube 62 between each of the angular
projections 46,46’ and when the upper and lower dies 14,16
are brought into an operative position illustrated in Fig.
3 by the press 60, the front and back tube aligners 50,50’
will cooperate with the front and back guides 42,42 to
direct the plastic tubes 62 into the grooves 22.

' When the press 60 is caused to bring the leading
surfaces 20,20’ of the lower and upper dies 16,14 into an
operative relationship, a small gap 64 having a length L is
maintained therebetween. The channels 30 have an inner
diameter D slightly smaller than an outer diameter D1 of
the tubes 62. In this manner, as the lower 16 and upper 14
dies are brought into an operative position, the tubes 62
are compressed within the channels 30 between the lower 16
and upper 14 dies. wWhen the upper and lower dies are
brought into close proximity, the gap of length L is
established therebetween. The radio freguency generator 18
then provides radio freguency signals to the spaced lower
and upper dies 16,14. The signals from the radio freguency
generator cause melting of the side walls 66 of the tubes
62 in the vicinity of the flow channels 30. This melting

combined with the compression causes the tube side walls in
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foll ow ng discussion will focus upon the use of the appara- tus 10 with
pl astic tubes, but this specific discussion should nof,Bg 23 :
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t t ubes %Zpoalgner ﬁ&ek\r}@cll ni thoeicf ﬂﬁlann S Stdlq \@q[a

the RF generator cannot flow between the upper and lower

dies. In this manner,'melting of the tube walls in the
vicinity of these beveled edges is prevented and the tube
walls do not flow into the gap 64, preventing unsightly
seamns from forming on the ocutermost tubes. _
During compression of the tubes 62 between the
lower and upper dies 16,14, the compressive force illus-
trated by the arrows 68 is not so great as to cause the
tube side walls 66 to collapse and occlude the tube flow
passages 70. Likewise, upon melting of the tube side walls
. 66 in the vicinity of the flow channels 32, the flow
passages 70 are not occluded.

. In a particular embodiment of the die assembly

12, the channels 30 have a diameter D of 6.045 mm (.238 inches) with the center line of
the channels being a distance X of 6.35 mm (.25 inches) apart, leaving a land portion of
0.305 mm (.012 inches) between adjacent channels. Tubes having outer diameters D, of
6.35 mm (.250 inches) are inserted into the groove and subjected to the compressive force
68 by the press 60 bringing the lower and upper dies 16, 14 into abutment with a gap 64
having a length L of between 0.254 and 0.356 mm (.01 and .014 inches). A thicker web
72 can be achieved by increasing the gap 64 length L and a thinner web achieved by
decreasing the gap 64 length L.

In another specific embodiment of the apparatus, the die channels 30 have an

inner diameter D of 5.588 mm (.220 inches)



combi ned with the conpression causes the tube side walls in 0JUL 2001 the
vicinity of the flow chanbers 32 to be extruded into the .

and fused to the side walls of or "heat-staked" to adjac rﬁ&ggﬂafr%HﬁﬁT
shoul d be understood that the term"nelt" used herein is |intended to .nea
the state of the thernoplastic material where it plasticifzgs arJuL 2001
cross-1linking between adjacent tubes occurs in the chanbers| 32. The
bevel ed edges 34,36 and 38,40 of the outgr- nost grooves 30 of the |ower
and upper dies 16, 14, respec- tively, naintain the upper r_dies

sufficiently spaced in the vicinity of the tube wall that current from
the RF gen fis r d l,a dies. Inthis
manner, el g e e e O ATERE oni€s PRE (R UnorY uet Fiied Buotishes

i s prevent ainzater D hef §.862mmal3 nctes)aed inkdread ihfotthe ERRvERRR. GdgadENAMd N9
unsightly  se fromform n.the outernpst tubes. During conpression of
the tubes é@gagﬁ\%éﬁt“feﬁ% O'rgsg%@‘gpéﬁg yphéd and gl 41gchea) 15t¢fﬂ§t®gnrpthesa€isvé0.f orce
|1 lus- trated bintReadlif@nifinen s Apiiadl, @S did FAEE AP fauel OB 0] dC

wal | s 66 to_collﬁgse and occlude the tub OW passages eﬂ]g@?rupon
mel ting of diameterydef 3184 nwal 136 ingBes) ontalvhamiet ceritenylinefoftalendth 0ho thed@hs 32,

the flow S/ re not occluded. In a_particular enbodi mnent of the

di e assenb}?@ﬁf%g:%e§)hgu§€f1sa &gsansﬁltﬁraﬁgmﬁteai)dﬁ’é%é%D“H’f (-6t swbeshrg inpgiged

i nches) W ftiho thegioenéser2. |Adag, afgaptdachas i Rhsthbe bPgedvedi Bt S5 mm
(.25 inchesé apart,_leavlé% a ﬁ%ﬁd porP?%n og 0.30% §n$?g?§%§ﬁ§ﬁ§§ygm

bet ween adfH&ent -MAshes) &s craaipbby Hewiresg 68ut er di aneters D, of 6.35 mm

50 inches) are inseifed dyia LhRrdEeA%Ea 2R félbﬂcﬁmdeg_ot BehBga£ONRY €SSi Ve
ce 68 by the press 60 bri ng_l ng thé | ower and upper~dies 16, 14 into
abut nent mﬁtﬁp%r%%ﬁlﬁge radio frequency field for plasticizing the tube

walls in each of the above examples is a Callanan Model No.
20. The following settings gave desired fusings in the
flow chambers with a polyvinylchloride (PVC) tube:

GRID No. 4

KEeat No. 10

Time 1 second

It is observed from the above examples that the
best results are achieved when the tube diameter (or
circumference) 1s approximately five percent greater than
the diameter (or circumference) of the channels 30.

‘ Testing has shown that when plastic tube assem-
blies are made 1in accordance with the above-described
embodiments, the thickness of the tube wall 66 in the area
of the web 72 increases somewhat, presenting a slight
occlusion to the flow passages 70. In some instances, this
thickening of the side walls is desirable, as it reinforces
the tube sidewalls in the vicinity of the webs and decreas-
es the likelihood of the tube sidewall teafing upon sever-
ing of the web 72. 1In some instances, this partial occlu-
sion 1is deemed undesirable. The occlusion can be avoided
by defining channels 30 having a slightly elliptical cross-
section, as illustrated in Fig. 8. Use of this slightly



having a length L of between 0.254 and 0.356 mm (01 and 014 inches). A
. thicker web 72 can be achieved by increasing the gap 6 y ane:
h@n‘s gy SHEET

t hi nner web achi eved by decreasing the gap 64 length L.
_ have an |nne
di ameter D of 5.588 nm (.220 inches) REPLACEMENT SHEET 0
bes haV|n
|

speci fic enbodi mrent of the apparatus, the die channels
channel center line of a length X of 5.842 mm (.23 inch
outer dianeter D. of 5.842 mm (.23 inches) are inserte
22. A gap 64 having a |length L of betwd®r 0.254 and 0. 356 nn1( 01 and 0 4
inches) is created by the press 60. In yet another enbodi ment of the '

appar at us, tReldPEiEhlnREPSs30erhbenahapnkeen dicanst &0 PRI Bcesuhes (. 136
i nches) on anehangetntesiervdineiciehdngirh tXeok131A0¢yNBE thd4dehoiches) .

Tubes having an outer amet er 3. 556 14 ipche re |nser ed
into the grooves 22. A?%?n 3 apig%g%%ﬁ?%%ngkggng Q 5§) 54 and
0.356 mm (.Blaghidc. Glmurl@hfesgﬁ@nltlrie% ewh 9htl¢énpr%sméde Axsie»gan'plhary RF
gener at or 1%%@}39&@9 SN A Biesaner QRVEAL Eof 2dixa d. raqaénsyaiiﬁr for
pl asti ci zi ng e tube walls in eac ove exd g is a Callanan

Model No. 28°1FR8 foPeoRTRedit |71§15°8é5788d Pr&d tf*l?s. #%&Si A8the ThE ow
chanbers MAthxaammyyubmyédhhgseﬂmlfFN&DisuhedeCE@[lhEEréin¢bé&chbcoi9 Ti me
1 second It S f t s.th t best results are
achi eved mhen t Q f&%ﬁgﬁléég§€§¥§€§¥@%?:ﬁﬁ} gﬁe%@egkgsggenr8§°ﬁﬁ? t¥etive
percent gr ea?érd?ﬁfaﬁlb?%eakm‘éﬂmt ghe(besti resid ey emeepcdfievied whannthe 30.

Testing has ghewni{habivbgnapkasbi¢ wbesa%@me&)lw@u@r&m&ﬁé
ordance mntQSFge qgove descri nts, the thickness of t%e t ube

| 66 in th& ey gg nEF% s%% WECed rEsdfit Fapeats| i ght

ed to provide a number of circumferentially spaced webs 79.

A radially coiled assembly 80 coiled about the
axis 82 1is illustrated in Fig. 5. As described with

respect to the axially coiled assembly 76, each coil is

inserted into a channel 30 and the heat staking process
described above is followed to join adjacent coils by the
web 83.

Fig. 6 illustrates a bow tie tubular assembly 84
which is made by compressing the radially coiled assembly
80 transverse of the axis 80 at its center portion 86 anrgd
then heat staking the center portion 86 to form the webs 87
in the manner discussed above.

. Fig. 7 illustrates a parallel tube assembly 88
wherein a plurality of parallel tubes 62 are joined in a
parallel abutting relationship. The heat staking process
described above is repeated at selected intervals along the
length of the tubes 62 so as to provide intermittent webs
72 joining the tubes 62.

The apparatus and method for making elongate
plastic member assemblies of the present invention provides
significant cost savings over extrusion techniques. In
addition, the apparatus and method permits the manufacture
of coiled tube assemblies not possible using extrusion
techniques. The apparatus and method also eliminate the

need for using hazardous solvents for joining tube assem-



occlusion to the fl ow passages 70. In some inst-ances, this... thLQKﬂDIng .of
. the side walls is desirable, as it reinforces the tube Sijfewa

vicinity of the webs and decreas- es the |ikelihood of the-tub:

tearing upon sever- ing of the web 72. In sone instances,,thls parti al }

occlu- sion is deened undesirable. The occlusion can be ad0|aedJU%yﬂ9‘
defining channels 30 having a slightly elliptical cross- &ectlon as
illustrated in Fig. 8. Use of this sllghtly Rr DACE ENT {[SHEET 02JUL 2001 |
-10 elliptical™ cross-section has been found to produce tubes—hawv-ng

uni formwal | thigknesghd ngddig e BhlymetnhbAen Dk he Eug&hei— Zdblaht@&é ate
di fferent enboglnents of , plastic tubuI?r assgnblles %@ é&&ﬁn be gg?e usi ng
the apparat u8 1%9tﬁlw?ﬁ9% S 9%V EHELBROSE §UPos i & P§SBBtY ed

t ube assenbl ya7pacalled ahbuta$¢mmbw&sndﬁk bihe&heaxiedhlogd odi bbe psseabty 76
s made by |nsayLhBgofach GQkkpeh0ibe koI AgfukRcfufL! hakeabpabanaeh 39 and

t hen proceeding descri bove best results are ab |eve
axially coil ef 5§§%n%¥9m7%h?st¥9ﬁeﬁ%ﬁ?%ﬂkﬁul%lﬁ?%%ﬁrst?ﬁnaWh§@Iéb?eﬂube
di stance and abgeliBdy disakihai@e pbYCeshtBud o epeatothed t CoPt Dvbsles apBHaber

of circunferepn II sp radi.all i l.ed _asse |Ied
about the aX|sgg§ |é |I?Eg lgfédtgéfFéééeégiﬁﬁf escrﬁﬂb&qﬁofﬁ%n¥gsﬁé
the axial |y cbheethesdbodnins the é@@he@@|unW?nQquwhqxb|n@op@tcnannéuy30

and the heat ﬁh%hawg PEOLASS SeSaditedphave be hodl e did Rradhacent
coils by the web gpﬁa illustrates a bow tie tubul ar assenbly 84

which is nade°B§eEBHﬁFe§ the radially coiled assenbly

‘ ol




80 transverse of the axis 80 at its center portion 86 aFg:;&,:
. staking the center portion 86 to formthe webs 87 in tihexpar

above. Fig. 7 illustrates a parallel tube assenbly 88 | v
of parallel tubes 62 are joined in a parallel abutting riel gtd gpshi:p; The
heat staking process described above is repeated at sdl dcted interval s ;
along the Ilength of the tubes 62 so_ﬁé_to provi de i nt gr nirttent-webs-—72 |

joining the tubes 62. The apparatus .nmet hod for nekiing el ongat e plasﬁic
menber assenblies of the present inv provi des significant cost
savi ngs over extrusion techniques. In addition, the apparatus and nethod

i . of iled b nbl | t i j
bt rus; on' vhaRPGh el Mk a pRueEE 0BT RS ERoE e BRERA 1Y Meed
for using haﬁaﬁﬂ@y@t§pyggnﬂs for joining tube assemO jUL -I! ~-il blies.

The apparatus and net hod have the further advantage of elimnating seans
on outernost tubes of a tube assenbly. A parallel tube assenbly nade by

t he net hod of fhe;. e nvent i on i Ss.lnexpensive t uf acture and
separation of 5)a%thg{lfglgforqll %r%ob e ‘?ftj neagg%aéerrg af/tﬁjcssm%rag?re(&f%@ﬁcﬂﬁi(ha‘for’i Tt ube
assenbly is nmade poytiexdfrausi@igarrplatibemesdot (6ayaud bond nethods. Finally,
tube assenblies made in accordance with the nethod of the present

i nvention havePh@lasdeiggiths pdjacanRbportigns;r esi dual sol vent deposits or

unsi ghtly seans on th@hn&%&%%ﬁ%?? tubes. M 'p4 T4

¢) inserting the members (62) in a mold (12) and carrying out step b) using radio

. frequency energy to plasticize the adjacent portions; and..”
| d) flowing material from the plasticized portions into a flow chamber (32) of the
mold (12) between the adjacent portions, to fuse the adjacent portions

together.

2. The method of Claim 1, wherein said portions are provided by at least one plastics

tube (62) having a wall (66) defining a flow passage (70).

The method of Claim 2, wherein said portions are provided by respective elongate,

(9

plastics members (62).

4. The method of Claim 2, wherein in said portions are provided by respective plastics

“tubes (62) and in step (a) the tubes are aligned in parallel adjacent relationship.

5. The method of Claim 4 wherein, the plasticizing and flowing steps occur at intervals

lengthwise of the tubes.

6. The method of Claim 2, 4 or 5, wherein the step (d) includes compressing the wall of
the or each tube without occluding the or each flow passage (70) to extrude the °

material of the plasticized portions into the flow chamber (32).



0 2 JUL -12- dainms 1. A method of neking a peelable el @@é@,f@er HEs KR
. menber assenbly (76, 80,84,88) conprising the steps of. a);‘“al‘rgmﬂg-f}ne-
portion of an elongate plastics nenber (62) adjacent to aﬂot ar pQrti on (
an el ongate plastics nenber (62); and b) plasticizing tHela acﬁ#t AU
portions; characterised by: c) |nsert| ng the menbers (EZ)Lu:L.-a_“rIDi..Ql._L;L.Z)

and carrying out step b) usi ng radi o~ 3f‘requency energyijto pI asti ci ze the

adj acent por#j.o I e St1-e

por i ons It eapinolidiclain 8y hise 9 Bl Ht B kS b0 BB e
portions, towitlusie floe aﬂnfheemw)pbertbvleémadjat@gembﬁﬂiels and Tlhretmt;b&do@ afel @i m
1, V\/nerel n said portions are provided by at |east one plastics tube (62)
having a V\/allpse(‘égjn gepscHyngharnglsow passage (70). 3. The method of O aim 2,
wherein said portions are provided by respective elongate, plastics
menbers (62 4. The method of Claim 2., wherein in said portions are
provi ded(ﬁ)y)]?'h@é‘bféb?q leanyipagerpg Cl%‘ﬁ‘b‘é’éﬁr@BZ) and in step (a) the tubes are
aligned in parallel adjacent relationship. 5. The nethod of Claim4
wherein, the plasticizing and flowi ng steps occur at intervals |engthw se
of the tubes. $uid Tudd owhiwdats ah uqabem and2s lodveodicS(14yiogr caich dichieviieep leading

i ncl udes conpressin wal | the or each tube w thout occludin “the or
each flow pass%g’cf%% oW 5@19%5’1 tgﬁé)veﬁé?@e?r% hihegpn apd [49d portiensA@8280r t i ons

into the flow Gﬂq@ﬁgq&{dn(ggs%)rfacgszt]ngl-eb%tween the é)%gall}gg d@u]tﬁ’rﬂd 9{? I%fgli?n% yherein

the nold has a plurality of parallel chann R&nber
(32) between adjthdlentcading sneghesamdn toperativb pogpgort, id@ﬁsingrr&specnm&ey tlethne 3

r‘ pective ¢ ha&%ﬁ'v&%ﬁlcﬁg rec;,rlr\]fee thrzzethgogor%]:)nsa g}{d grrees(;:)gg}v% amber %2% bet:ween

adjacent channels.
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9. The method of Claim 8, wherein the dies (14,16) are made of a conductive material,
and the plasticizing step comprises applying an energy potential between the upper

and lower dies by a radio frequency generator (18).

10. The method of Claim 1, wherein the mold comprises complementary upper and lower
dies (14,16), each die having a leading surface (20,20”) with a plurality of parallel
grooves (22,227) therein, adjacent grooves being separated by a land strip (28,28’) of
the leading surface, the dies, with the leading surfaces in an operative position,

. defining a plurality of channels (30) and the land strips defining a respective flow
chamber (32) between adjacent channels; said portions being provided by an elongate

plastics member (62) coiled about an axis (78,82); and

step (¢) comprises placing each coil of the coiled elongaté plastic member
in a respective channel (30) of the dies;
step (b) comprises plasticizing portions of the elongate plastics member
proximate the flow chambers (32); and
step (d) comprises flowing the plasticized portions into the flow chambers

to fuse adjacent portions of the coiled elongate plastics member together.



said nold conprises an upper and a |lower die (14, 16), ea havi-re—a——
. leading surface (20,20') wth parallel grooves (22,22') ﬁ\élWl’B.N’&!t‘Ebﬁﬂ'
portions (28,28 ) of the |eading surfaces therebetween,|the paralTel
‘grooves and the land portions, wth the |eading surfaces fi nggnjgp Ggfi\,e
position, defining respectively channghs (30), which receive the tube

—

portions, and a respective flow chanber (32) between adj atent \,..a..r‘.c! sl 9.

The nethod of Caim8, wherein the dies (14,16) are madeg of a conductive
material, and the plasticizing step conprises applying an energy potermntd
bet ween tHe TuppesthodesfeClhianed whiesn thy etorigadi plasticemeaibeyisgoiled atioly b . 10.
The nmethod of Claim 1, wherein the nold conprises conplenentary upper and
lover di este®Xisi@¥)- each die having a | eading surface (20,20') with a
plurality of parallel grooves (22,22') therein, adjacent grooves being
separated by a land strip (28,28") of the |leading surface, the dies, with
the | eadiing Theinfetlaesofl @laan 10pehatinvie thesldnpan,plastes ntenttgr & Ediledabdialy of
channel s (30 d the land strips defining a respective flow chanber (32)
bet ween adj & %@3?5 sai d portions being provided by an el ongate

pl astics nmenber (62) coi | ed about an axis (78,82); and step (c) conprises

pl aci ng eac c0|I eIo plastic nenber in a respective
channel ('30)hgmgt {Ega‘ms dspﬂ W%‘?rF@e%ePbK@s‘tis?Fi’Fﬁﬁd BYraPPLIRE 81 t he
el ongate pl as {éﬁfme twBEP X g 1bhe dﬁe@ €18 b32) radfy (d)
conprises flo gﬁgot he p eays\t(:gm e”gﬁ%ératl ons e|Nnto (?)I a/ agqur)bg?@eﬁp}é fuse
adj acent pog¢neoa13r(c18)the coi l ed el ongate plastics rrenber t oget her. REPLACE
|& VT SHEET" 0 2 JUL L-Cul -14 11. The nethod of Caim 10 wherein the

ngate plastics nenber is coiled axially about the &xis (78). 12. The
met hod of14Cllh¢ meﬂ}@)d\dfenﬁbne ohClaes 8ltongathergpd stsp K@sonmmib@rcdnaaressirﬂgaﬂe

radially about th 2)...13. The hod of. CJ aim 10, 11 or
wher ei n_ st eplOPEAte P SB%Sr 'I“S ’%ﬁ%} (é%) E’pfy‘ftyfc{?nge‘%%ﬁ?asgﬂé%ﬁoﬁﬁf‘%I‘ﬂ‘P&1 re@éﬁlcf/\)eeen t he
upper and | gwerchdings: (14, 16) by a radi o frequency

15. The method of any one of Claims 8 to 14 wherein the flow chambers (32) are defined
by bringing the leading surfaces (20,20°) within about 0.254 to 0.356 mm (10-14

thousandths of an inch) from each other..

16. The method of any one of Claims 8 to 15 wherein the portions have a cylindrical side

wall and each channel (30) has an elliptical cross-section.

‘ 17. The method of any one of Claims 8 to 16 wherein the portions have a cross-section
of a selected outer circumference and the channels (30) have a cross-section having

an inner circumference of about 95% the outer circumference of the portions.
18. The method of Claims 3, or any one of Claims 8, 9 and 14 to 17 when dependent
from Claim 3, wherein steps (a) to (c) are repeated at selected intervals along the

length of the elongate plastics members (62).

19. An apparatus for making an elongate plastic member assembly:



generator (18). 14. The nethod of any one of Cains 8 to 4
. (c) conprises conpressing the elongate plastics nenbers |(§2) to extrude
the plasticized portions into a respective flow chanber.| 15. 0Ph#io@06lod |of
any one of Clainms 8 to 14 wherein the flow chanbers (32) |arle defined by
bringing the | eading surfaces (20,20') widu n about 0.254 to0.356 nmm
(10-14 thousandths of an inch) fromeach other.. 16. The nethod of any o
of Clainms 8 to [ 50% I r I,k and
each channel (%%?acﬁggégr?pe ||cl)%}?%&aﬁé19c 8%@!@%2?\?%”@88 ff&ﬁ{f:ﬁiyq h(\ggl|6 any
one of C ains &choiﬂﬁavﬁngraeleadmgesupfacd (22’ ha«xiél a pturelsty - efegdraldsd grodves
sel ected outer ?222?)” er.enc nd t have a ¢ross-section

nnel s
having an inn e BB Eng 2 Eﬁ%lﬁn 9%9 %th‘@r&ﬁl roQver @dipcetepralles ¢ he
portions 4 to
17 when dependéE BSvéEﬁngQn& &glb%ng Sgﬁargtf %:Bg ath ﬁéd %H? (% 2@) ?Hﬁ%al?%du? %gga%d at
sel ected i nt erandl @tmﬁgedglqé34-l4@hgﬁtﬂle(ﬁfrsttahé l@lt pan@bltlegrm\wstofasleaﬂrmercﬁ” (62).

19. A t f k tic ass ly:
REPLACENENT SHEEHPPE $10 bL“%ég’befeb %gﬁ‘f“r‘élg%'?’érﬂaéagﬁrgvoéf%ﬁ?g%eﬁﬁpﬂ Widpper
and | ower radilgwkr @i@yaa@wféu@@xﬁgléhrﬂa@és in #P&Heralive Mbﬂ,gde%nhr?ga&ibnﬂalﬁwface
(20,22'") wth a plural of parallel grooves (22,22') therein including a

first and a | axftchpanc (3@5/ f@rré@fv@ ga@ﬁpa@e/mpopmraqu@t leagtr(m@\@@lgafe ldaﬁhtSdl e
bei ng separate a
out e?rmslto edgelgfrgﬁeugl)ﬁ ‘glt One &%? & &? ¢ ?“"Bﬁ?ai’? Png? (g es(i%ﬁd ﬁtt“pfseast

one of the Ummlrigﬂﬁby{/@]d@ﬁbdﬂg @Q) bei ng bevel led, the parallel grooves of

t upper and |ower dies, with the |eading surfaces in an operative
ition, defimeay (@0plonbanging theteadmarmehecs(@ahe fpier aad dowemdes sepent i ve

portions of at I I 6 ortion

adj acent anot heEJ P%?%tq%gﬁmﬁ lﬂdgﬁ? pIBL(HIZ&} g‘qth g&ng&%t%%i %Péd %gx}oc rﬁ?f@é’& (32);

means (60) f orgehetangi(hg) fohepplgar agerkerf ﬁ(ﬁelﬂlabfoet\mnlﬂlm)@;ﬁpeaﬁdd i RFvedi €S
sition in close proximty with one _another; and a

into an operaf. |v? q
radi o frequen or plasticizing said portions' whereby, in use, plastic flows into the flow

chambers to fuse the adjacent portions together.

20. The apparatus of Claim 19 wherein the bevelled outermost edge (34-40) is bevelled
sufficiently for preventing plasticizing respective portions of the elongate plastics
member or members displaced, in use, in the first and last grooves proximate the

bevelled edge.

. 21. The apparatus of Claim 19 or 20 further comprising means (42,42°,50,50%)
operatively associated with the dies (14,16) for guiding elongate plastics members

(62) into the grooves (22,22’) of the dies.

[3S]
[\

. The apparatus of Claim 21 wherein the guiding means (42,42°,50,50") comprises a
plurality of projections (46,46°) radiating from the grooves of one (16) of the upper

and lower dies.

23. The apparatus of any one of Claims 19 to 22 in combination with at least one elongate

plastics member, wherein the outer receiving channels have a cross-section having a



. lower dies for plasticizing said portions whereby, in us

generator (18) for applying an energy potential between tf RBA@MEN’? SHEFT

A Ratvya
U

y P astTr—Te=—r
into the flow chanbers to fuse the adjacent portions to heb. 8 The
apparatus of C aim 19 wherein the bevelled outernost edg 34 Z?O‘i f 2001
bevel led sufficiently for preventing;plasticizing respegti portions of
the elongate plastics nenber or nenbers displaced, in uge, in the first
and | ast gr [ vigh | 21. }
19 or 20 fu??lﬁgtr%dgg%rc?@ihﬁlé&%gn%%(ﬁ%,egfgl'g,gggﬂg%%l'% me-ol;@%rative y 3ssoci at ed
with the di esos§-bdction)offor oglai diragnfetcong gteateplthmt ihesinnendeumfereh@) of thieco t he
gr ooves (22,§2' of the .dies. 22. The apparatus of C aim 21 wherein the
gui di ng nearf a?‘%b?@?"?@&?’%' ) comprises a plurality of projections
(46,46') radiating fromthe grooves of one (16) of the upper and | ower
dies. 23. The apparatus of any one of Clainms 19 to 22 in conbination with
at | east ¥hdhel enmfsinationpbhi§taios 2hewherin theepeten cirbenfentners rof abé wirneach
channel s have a cross-:section having a Fiﬁ LACEMENT SHEET 0,2 JUL 2001 -16
sel ected i nieregsr Béﬁtfcér &iFER LAYy ‘%Pﬁg’xé‘PSE@a e PALE c&repfehiiban dhe jppier s
have a crosgceBfddmss of thadhakRI(3@) r cunf erence greater than the inner _
circunference of the channel cross-sections. 24. The conbination of Caim
23 wherein the outer circunferences of the or each elongate plastics

menber is [OX| Ly fei . per reater .t han t i nner,. ..
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wher ei n t he sedipnnehdthe 30 kadhealengatd plstice alenfbePED) heeL tyIAsicANGodsheckyn. each
ngate pl astics nenber (62) has a cylindrical cross-section.
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AND APPARATUS FOR MAKI NG THE SAME A peel abl e el ongate pl astic nenber
. assenbly. (76,80,84,88) is nade by aligning an elongate plastic rrenber (62)

having a plastic wall (66) adjacent another el ongate pl C T
and plasticizing the nenbers' walls (66). The walls flo prlt*\f@hﬁl‘ &

to fuse the adjacent elongate portigns together. The aspephbly is a Si ngl e

menber (62) in a coiled configurati-on or a plurality of| nemper gupoigped i n
parallel at points along their |length. An apparatus (10) for nmaking theg
assenbly includes conplenentary upper (14) and |ower (1p) Tadro frecgueticyf
di es, each having a |eading surface (20',20) with a pl ulLaI ity of parallel
gr ooves (22 22) therein separ atABSTRACT and strip (28',28) of the l'eading

f f ' t t th
define a pl E'ﬂgﬁ%ﬁﬁw@fﬁ A ESRRER oA SSEVGSL ¥ NI MEABEOB | ps et | ne a
luralit of flo stic nenbers are
BI ;st | l:l éled pl aS}[NI c 1l ows I nt ol{%wmmﬁg%m oI fuse adJ acent

el ongate pl astic nenbers together. Figure 3.

A peelable clongate plastic member assembly (76,80,84,88) is made

by aligning an elongate plastic member (62) having a plastic wall (66)
adjacent another elongate plastic member (62), and plasticizing the
members’ walls (66). The walls flow into a mold (32) to fuse the adjacent
‘ ) elongate portions together. The assembly is a single member (62) in. a
coiled cohﬁguration or a plurality of members joined in parallel at points
.along their length. An apparatus (10) for making the assembly includes
complementary upper (14) and lower (16) radio frequency dies, each
having a leading surface (20°,20) with a plurality of parallel grooves
(22’,22) therein separated by a land strip (28°,28) of the leading surface.
With the leading surfaces in an operative position, the grooves define a
plurality of receiving channels (30) and the land strips define a plurality
of flow chambers (32). When the elongate plastic members are
plasticized, plastic flows into the flow chambers (32) to fuse adjacent

elongate plastic members together.

Figure 3



