-1- ELONGATE 'PLASTI C MEMBER ASSEMBLY AND METHOD AND APPARATUS FOR MAKI NG
THE SAME .Background of the Invention Technical Field The present invention
is diyected toward el ongate plastic nenber assenblies and, nore
particularly, toward a 5 peelable assenbly of a plurality of intravascul ar
tubes or plastic coated wires,  a nethod of making the assenblies and an
apparatus for nmaking the assenblies. Bacldground Art A variety of
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consi sts of a nunberygf J@é.ﬂ{w,ﬁ\,ﬂ) - bepraMARPHEOTHE $awpl l el , the
tubes being joined to adjacent tubes along their entire Iength by an

i ntegral web of the plastic tube material. One such structure is disclosed
in Hlderbrandt, U S. Patent No. 15 3,836,415. Prior art tube assenblies
are typical |y fBackaroumndoedhthet dnventdenrusion. Integral extrusion,
however, has several, |i_m_t.ati.ons. Most significantly, integral extrusion
has proven to i expensi ve proce- 20 dure. In addition,
integral extrusion |imtShehprebapesitventidre issdérbtyed stowarielbigate
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join ad{ acent tpiast ad ﬁo!a&ﬁavﬁli.&eal,Oflgnéthﬁ:id deﬂEkEnthE@!me' lﬁ@s and
i ntegral extrusjon technigues. e .alt ati to integral extrusion
for joining adjaa‘?:earﬁpﬁruag:eqs ﬁora%égcﬁg‘gagé‘gn%ﬁégﬁﬁg\%ﬁgrn the prior art is the
use of a plastic solvent which softens and 30 nelts an exterior peripheral

surface of ad] asgegataiyes aAfter application of the solvent, the tubes are

placed in their desired adjacent, pogiti;ons, and ypon GyarQLatighiof are
10 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 piastic tube material. One such
structure is disclosed in Hilderbrandt, U.S. Patent No.

15 3,836,415, '
Prior art tube assemblies are typically formed
through integral extrusion. Integral extrusion, however,
has several 1limitations. Most significantly, integral
extrusion has proven to be a relatively expensive proce-
20 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-
25 tical, to join 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
30 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



the solvent, a fluid resistant bond is fornmed between adj acent tubes.
Thi s process has two advantages over extrusion. First, it provides -a nmethod
for jpining tubes into an assenbly at intervals along their |lengths, as
opposed to continuously. Second, the solvent process 5 permts
formati on of tube assenblies such as coils. The use of solvents, however,
IS not without serious disadvan- tages. The solvents tend to emt noxious
fumes which are dangerous to assenbly workers. Al so, the use of solvents
creates hazardous waste disposal problens. The application 10 of the
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~not satis- 30 fawppoppefopond e cofigthe stulins dntoyu@n assepbly. ortherpsdsent
invention is di pectRd toves ¥ iEifg the assembly. Finally, the use of
solvents is undesirable because residual solvents can be
15 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
20 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 lengths. This method also does not
25 permit the simultaneous joining 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 deformed when run
through the rimmed wheels. This method is also not satis-
30 factory for producing assemblies such as coils.
The present invention is directed toward overcom-
ing one or more of the problems discussed above.

Summary of the Invention
"A method of making a peelable tube assembly
35 includes providing at least one plastic tube having a wall



I ng one or nore of the problens di scussed above. Surrrrary of the Invention A
nmet hod of .maki ng a peel abl e tube assenbly 35 includes providing at | east

one phlastic tube having a wall -3- defining a fl ow passage. One portion
of a plastic tube is aligned adjacent to another portion of a plastic tube
and the tube walls of the adjacent tube portions are plasti- cized. The

pl asticized portions of the tube walls are 5 flowed into a nold between
adj acent tube portions to fuse the adj acent tube portions together. The
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anot her. The tu eci 31@8 ghe flow passage of the tube portion. A section
of adjacent tube portions proximate the chambers are
15 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 leading surfaces between the
20 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 is accomplished by applying an energy potential
between the upper and lower dies by a radio frequency
25 generator. The upper and lower dies are brought into an
operative position by bringing the leading surfaces within
about .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-
30 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. ' '
Another aspect of the present invention is a
35 peelable tube assembly made in accordance with the process
described above. The tube assembly may be made of a single



a cylindrical sidewall and the channels can have an ellip- tical
cross-section. The tube portions can have a cross- 30 section of a selected
outer .circunference and the channel s can have a cross-section having an

i nner circunference of about 95 percent of the outer circunference of the
tube portions. Another aspect of the present invention is a 35 peelable
tube assenbly nade in accordance with the process descri bed above. The tube
assenbly may be made of a single -4- tube-in a coiled configuration or a
plurality of tubes jojned in parallel. Yet another aspect of the present
invention is antbSarkh U3 e leskisrpEiTutatiem onl aspluradAber ofsslssy. 5
The apparat us i jolinm@das inopakangetary upper and | ower radio frequency di es,
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leading surfaces in an operative position, define a plural-
ity of receiving channels and the land strips define a
15 plurality of flow chambers. A press is provided for
bringing leading surfaces of the upper and lower dies into
an operative position in close proximity to one another.
A radio frequency geneiator selectively applies an energy.
potential between the upper and lower dies to plasticize
20 the elongate plastic members, whereby plastic flows into
the flow chambers to fuse elongate plastic members togeth-

er. o
The apparatus can further include a plurality of
projections radiating from the grooves of one of the upper

25 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
30 including a pair of dies in accordance with the present
invention:

Fig. 2 is an exploded perspective view of the
dies of Fig. 1;



The apparatus can further include a plurality of projections radiating from
t he grooves of one of the upper 25 and | ower dies for guiding elongate

pl astikrc nmenbers into the grooves of the dies. Brief Description of the
Drawing Fig. 1 is a perspective bl ock diagram of an apparatus for nmaking an
el ongate plastic nenber assenbly 30 including a pair of dies in accordance
with the present invention; '‘Fig. 2 is an exploded perspective view of the
dies of Fig. 1; -5- Fig. 3 is an enlarge front el evation view of the
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signal to the upper and IDi\gr 6li £ a 41akbvidk of ‘a bow tii€ube ddddiiiiAt es
in detail the dyga8S$aMl¥otfance 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
15 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.

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

25 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

30 dies 14,16 have a thickness T of approximately 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,

35 22° of the lower and upper dies define a plurality of



A lower die 16 has a | eading surface 20 having a plurality of parall el
spaced apart grooves 22 therein. The grooves 22 extend fromthe front 24 to
t he back 26 of the | ower die 16. Bet ween each of the grooves 22 is a | and
strip 28 25 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 and
back surfaces and land strips indicated with-the sane reference nunbers
associated with the | ower die 16, only.including a_prine. Both the upper
and | ower 30 di & ai‘l?,eié QARG & RIAEAIEY TOB £ 1ok CHRmREES) 32hare definesh
and are made of bet¥een Bagh Thasned 60| dyydheilamdfstitips edjizsy uf fAr: es
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"The front tube &p@@ﬁépaggtﬁaghose of the guide 42 is attached to the back
26 of the lower die 16. '

15 ' 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

20 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’ is attached to the back
surface 26’ of the upper die 14 and is identical to the

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

The 1lower die 16 is 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

30 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
35 member assembly 10 can be used to make assemblies of
elongate plastic members having. any variety of cross-



inclined tube directing surfaces 52 for directing tubes | oaded between the
angul ar projections 46 of the guide 42 into the valleys 44 of the guide 42
and axcorresponding 20 slot 54 of the front tube aligner 50 as the upper
die 14 is brought into an operative relationship with the |ower die 16
wherein the | eading surfaces 20,20 are i-n close proxim ity. A back tube
aligner 50° is attached to the back surtgee 26' of the upper die 14 and is
identical to the 25 front tube aligner 50, with |like el enents indicated
with the sane seftcicncenfigaratiohayi whether ihellckher aedidddi 6implysby
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correspondi ng - S8% : ecause of the special need in the nedica
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Fig. 7 is desiphasticptubel 62 ytof bgl dodnedt disednsrried do&e. a maprrate
groove 22 of the lower die 16. Insertion of the tubes 62
is facilitated by the front and back guides 42,42°. A user
15 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 béck'guides 42,42 to
20 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

25 diameter D slightly smaller than an outer diameter Dl 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. When the upper and lowver dies are

30 brought into close proximity, the gap of length L is

' established therebetween. The radio frequency generator 18
then provides radio frequency signals to the spaced lower
and upper dies 16,14. The signals from the radio frequency
generator cause melting of the side walls 66 of the tubes

35 62 in the vicinity of the flow channels 30. This melting
combined with the compression causes the tube side walls in



plastic tube 62 to be joined is inserted into a separate groove 22 of the
| ower die.16. Insertion of the tubes 62 is facilitated by the front and
back guides 42,42'. A user 15 need only insert a tube 62 between each of
t he angul ar projections 46,46' and when the upper and | ower 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" wlJ cooperate with the front and
back guides 42,42' to 20 direct the plastic tubes 62 into the grooves 22.
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vicinity of these beveled edges is prevented and the tube
15 walls do not flow into the gap 64, preventing unsightly

seams from forming on the outermost 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

20 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 of the flow
passages 70 are not occluded.

In a particular embodiment of the die assembly

25 12, the channels 30 have a diameter D of .238 inches with
the center line of the channels being a distance X of .25
inches apart, leaving a land portion of .012 inches between
adjacent channels. Tubes having outer diameters D, of .250
inches are inserted into the groove and subjected to the

30 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 .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.

35 In another specific embodiment of the apparatus,
the die channels 30 have an inner diameter D of .220 inches



The bevel ed edges 34,36 and 38,40 of the outer- nost grooves 30 of the

| ower and.upper dies 16,14, respec- 10 tively, maintain the upper and

| ower :di es sufficiently spaced in the vicinity of the tube wall that
current fromthe RF generator cannot flow between the upper and | ower dies.
In this manner, nelting of the tube walls in the vicinity of these bevel ed
edges is prevented and the tube 15 walls dgnot flow into the gap 64,
preventing unsightly seanms fromform ng on the outernost tubes. During
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In a particuLar enbodi ne of the die assenbly 25 12, the channels 3Q have
a di anet er Dl:'of .238 inc Y&t 23 %’én?%o‘%%/’heé’%f"q hté‘%tﬁﬁﬁ?é’la%“ﬁei %&ea
di stance X of .Q%eickimselpadd haveawimdnaeraddapeteroh of .18 inwdless on
bet ween adj aceny ERaRRE] ScerftdieS shia/ idtd a0 kRlthl RNBEC! $43 Siddndt. - does

i nches are inserted into theeﬂgrqove and subé ected to the 30 ressive
a

. CO )
force 68 by t hePBYERE 3D MisTyiHHGTETET Dne?t aid dPSELSIRES iRsepted dgto
abut ment wi th athapgbolvesi rap.a | aggtih,L aof giet waemavihgarsd 1€ddth ntches. A

t hi cker web{42 achi e | | t g a
t hi nner webléchlﬁggggggy'giec%{é%sfwnbd {thg&g%pq%4 er?gt%% gé ggg {;Pelrs aggl I n
anot her specific enbodi nef® SfeR@pREr densratar i Loamgnhel gemrrafke @nan

i nner di anet er BpptopP28téncddio fredfiencyhNard wfpi][asbﬁaﬁ_zﬂﬁ ane e X
o 2 el™hES RGP 500, ¥ Lol TBk oL e o O3l il o
20. The following settings gave desired fusings in the
15 flow chambers with a polyvinylchloride (PVC) tube:
GRID No. 4
Heat No. 10
Time 1 second

It is observed from the above examples that the
20 best results are achieved when the tube diameter (or
circumference) is approximately five percent greater than
the diameter (or circumference) of the channels 30.
Testing has shown that when plastic tube assem-
blies are made in .accordance with the above-described
25 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 vicinify'of the webs and decreas-
30 es the likelihood of the tube sidewall tearing upon sever-
'ing of the web 72. In some instances, this partial occlu-
sion is deemed undesirable. The occlusion can be avoided
by definihg channels 30 having a slightly elliptical cross-
section, as illustrated in Fig. 8. Use of this slightly



.01 and .014 inches is created by the press 60. 5 In yet anot her
enbodi nent of the apparatus, the die channels 30 have an inner dianeter D
of .136 inches on a channel center line of a length X of .142 inches. Tubes
having an outer diameter [err] of .14 inches are inserted into the grooves
22. Again, a gap 64 having a length L of 10 between .01 and .014 inches
Is created by the press 60. An exenplary Fthpnerator 18 found to generate

an appropriate radio frequency field for p']lasticizing the tube walls in

each of the abowl19p¥1RaeS drosa-Eakt2BaANhNRIPeelO.fotfta tolrddideP itk s
settings gave desir.ed fusings in gh{%iw flow ch r}T“oeri ﬂih a

pol yvi nyl chl ori g’t,?v(:"lg\gd‘1 Gﬁgm ¢t .C)g'?%sdtir?\& 1y ‘Fw ty of thegiehst |t
I's observed fromthe abov&igzanpl-65 fhiustheteOdiEferensulembodiimentsi ayed
uhen the fube digaiiedlc (QmPldCUBESERDERs | SndPR! QETHE! Yol ! BABLC e

greater than the dianeter éor ci.rcunt erencié of ihe channe sting
has shown that APRRIACRS: A0 Phrrefresenty ib¥entian mFdg-i 4 ABcarasiriyi t h
t he above-descrideddeds wulimdassenlsly t hé thiillkedesdbout tdte tasts wabl 66rnd

t he area of the Jgl IddQReasS , 4B t 004 ' usj to
t he fl ow passages ti&a%I rfag'c%%g ?%Stéggggs]%t %?sﬁtaﬁ?ctgn%ﬁsgé%#%eg%%eéﬁ]I S
is desirable, as9 S dioAfsAcdR prdtttprent fhanned 39 ARE thenpProcesding
webs and decr eass @@sexibed ab&eéi hamd bbstheesubes Hriewahli ekear Wwhén U

deered Undests any e iy, coideo ARRenBly 960 Ts, HOLILRA M8y "ERY ki LB
having a sl i ght ISel8qtes Pdgrapresand she heat ataking nnogedyrienisi yepsattse
of this slightlyed to povide a number of circumferentially spaced webs 79.
A radially coiled assembly 80 coiled about the
axis 82 is illustrated in Fig. 5. As ‘described with

15 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

20 which is made by compressing the radially coiled assembly
80 transverse of the axis 80 at its center portion 86 and
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

25 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.

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

35 techniques. The apparatus and method also eliminate the

need for using hazardous solvents for joining tube assem-



el lipti‘cal cross-section has been found to produce tubes having uniform
wall thickness in the vicinity of the webs. Figs. 4-7 illustrate different
enbodifments of plastic tubular assenblies which can be nmade using the 5
apparatus 10 of the present invention. Fig. 4 is a axially coiled tube
assenbly 76 coil ed about the axis 78. The axially coiled assenbly 76 is
made by inserting each coil to be joined injg~different channel 30 and then
proceedi ng as described above. The best results are achieved when the 10
axially coil ed daktemi y The mppavatiuecamdaethode haxestié furtdiec pdyaditagance

and ”r;? heat Slt la‘kf r&.ﬂlmlﬁge$§.§m§eaﬁgéuﬁé%éé% l%h%\élstfaa'Wras%felmbé
circunferentia ia 0i ] ed as coile

about the axis ?%aaﬁﬁldu\gﬁ‘%e &sse ¥g magx B Aéh S}f‘%dygm Presgsbect
to the axially c%‘l‘Y%‘btja%FSe#ﬁ)liyneP@em dist Imarslﬁatmme@ndntaepamltannebﬁo
and the heat staxumeprmﬁs&uae&w.ebaesehaw 18 é04ioMethd 0 i r{ﬁt’i‘@ }ﬁggt
coils by the web éﬁ%mﬁi Ilﬁéj ates a bgm/tle tubul ar ass

which is made by*Conpr S|ng1$ 6 i SFEFUELPP BT ycgpt PHH%%eP@Edof
the axis 80 at imetkedser RxRQIlMW $@b&ndsshmhlhealmadaklmmpddurdzﬂﬂhemlth

portion 86 to f%mtﬂetﬂebSd%? tiHe t;b?eé@ﬁ‘@eim@éﬁ@i&%eﬂ FROVS dt%ntlallly |
aral re

illustrates a p aII t ube erein ur a

tubes 62 are 10| f#} ﬁﬁﬁé% F°2§ﬁ?§ %ﬁp?iﬁ%ﬁfﬁhgﬁﬁﬁgh?ﬁg ﬁ%%§5§¥hﬁhﬁg
process desclpbequt&xmmstsxum&peated at -selected intervals along the length
of the tubes 62 so as to provide intermttent webs 72 joining the tubes 62.

30 The apparatus and net hod for naking el ongate plastic nenber
assenblies of the present invention provides significant cost savings over
extrusion techniques. In addition, the apparatus and nethod permts the

manuf acture of coiled tube assenblies not possible using extrusion 35
techni ques. The apparatus and nethod also elimnate the



need for usi ng hazardous solvents for joining tube assem blies. The
apparatus and net hod have the further advantage of elimnating seans on
out er:-nost tubes of a tube assenbly. A parallel tube assenbly made by the

met hod of the present invention is inexpensive to m%ﬁ
separation of 5 a tube fromthe tube assenbly is easjer than when the
assenbly is made by extrusion or other continuous bon m" Hgmmmrmmly
tube assenblies nmade in accordance ‘with thegqyethod of ntion
have no potentially harnful residual solvent deposits or unS|gh |y sdans on
the 10 out er nDStI torbast: | CLAIM 1. A method of maki ng a peel abI e tube

assenbl y conprising the syeps Rfme(:ﬁédpéf’&agﬂﬂﬁg ple8dab1 neupl Al dduhype

having a 5 wal |l defining a'fl ow passage: ng one portion o
pl astic tube adjmlstlﬁgaﬁﬁﬁhéf'eﬁﬁr? on of a pl astlc tube; (c)

pl asticizing the tube wal l(a)oprbhediflyaseriedstboneoplnetic tude iaving a
(d) flowng t e‘&ﬁs dteﬁf'lﬁ‘iggpgr Eigas Ls&%% tube walls into a nold between
r

t he adj acent “tube "po o fuSe ace tube portions together. 2.
The nmethod of claim1 wherd®)n ahignblpg(aanea pPytdPnt yobf 2p| RSaFEicuaer e
provided and in asdjRzen?) tbhanaahwbgs;-ai@naéfgm dgtit Rabeal;l el adj acent

relatlonshlp 3. The net,h IalmZV\,gr 4) .
pl asticizing and in step 83 pﬁgs?:ﬂngwg gﬁ {“g?el'ﬁ?%f'ga g Pé?'lg?mcseé’tof
t he tubes. tube portions: and
10 (d) flowing the plasticized portions of the tube
walls into a mold between the adjacent tube portions to
fuse adjacent tube portions together.

2. The method of claim 1 wherein in step (a) a
plurality of plastic tubes are provided and in step (b) the
15 tubes are aligned in a parallel adjacent relationship.

3. The method of claim 2 wherein in step (c¢)
the plasticizing and in step (d) the flowing occur at
intervals lengthwise of the tubes.

4. The method of claim 1 wherein step (4)
20 further éomprises:
defining a confined flow chamber between adjacent
tube portions adjacent the piasticized portions; and
compressing the tube wall without occluding the
flow passage to extrude the plasticized portion into the
25 flow chamber.

5. The method of claim 1 wherein steps (b) -
(d) are performed by:
providing a mold defining a plurality of parallel
tube confining channels with a flow chamber defined by the
30 mold between adjacent channels;

placing a portion of a tube in each channel;



4. The method of claim1l wherein step (d) 20 further conprises: defining
a confined fl ow chanber between adj acent tube portions adjacent the

pl astici zed portions; and conpressing the tube wall w thout occluding the-
fl ow passage to extrude the plasticized portion into th Jﬂmum r’m :
5. The method of claim1l wherein steps (b) - (d) are per w m,
providing a nold defining a plurality of parallel tube confi‘ni hg thahnels
with a fl ow chanber defined by the 30 nol d-I#tween adj acent channel s;

pl acing a portion of a tube in each channel; -13- conpressing the tube
wal | of each tube portion ®CERrasshadchhgndudeniwaiduiofHockachi HEPe hroFtinn
passages of the tithipoOthieOdhanfdlspifthovt ZodElvilig then fabwaghssegés tope

portions 5 proxigRte . eby plastic flows into the flow
chanber to fuse a Jeaé%’%t% %@%gqgérgfrgﬁé t oget her. 6. The nethod of claim5

wherein: said ol d conpri s®dagtigppéngapdPertinrrotiiadisgeatotuhecpprtiens e
material, eacls digrdidviate dhecatlbiiBess/ tR6LeEY plddtitarfllovel 16LBOYRE flow

therein and | and paortiong of, the l.eadin faces, [ herebet ween, the
paral | el grooves %#H e%1°aﬁalsﬁ'oﬂip8ﬁ§?gmi%etﬂ%r$%%’bﬁ ﬁtgc’gse\gli}efdes in an
operative position, defining the channels and the fl ow chanbers,

respectively; and the pl a8kl mbehBE SECL1&LHDE IWdeSrinappl ying an
energy potential between the, Beﬁ and | ower dies b>é a I‘%\dl freq enCé
generator. 7.  The method s(?fllég 2 th BOTPETEH AThEPPREWAR TafdeqBRifed

by bringing the |lefad egnductidvesmaterial, each die having a leading surface

10 with parallel grooves therein and land portions of the
leading surfaces therebetween, the parallél grooves and the
land portions, with the leading surfaces in an operative |
position, defining the channels and the flow chambers,
respectively; and the plasticizing step comprises

15 applying an energy potential between the upper and lower
dies by a radio frequency generator.

7. The method of claim 6 wherein the flow
chambers are defined by bringing the leading surfaces
within about 10-14 thousandths of an inch from each other.

20 o 8. _The method of claim 5 wherein the tube
portions have a cylindrical side wall and the channels each
have an elliptical cross-section.

9. The method of claim 5 wherein the tube
portions have a cross-section of a selected outer circum-
25 ference and the channels have a cross-section having an
inner circumference of about 95% the outer circumference of
the tube portions. '



Wi t hi'n -about 10-14 thousandths of an inch fromeach other. 20 8.
The met hod of claim$5 wherein the tube portions have a cylindrical side
wal | and the channels each have an elliptical cross-sect—i—ma——g——‘-Th—e—"

met hod of claim5 wherein the tube portions have a cross- l“‘mlm“‘
sel ected outer circum 25 ference and the channels have a mﬂm
ef

havi ng an inner circunference of about 95% the outer circu ence "of St hé
t ube portions. -14- 10. An apparatus f0T14|mk| ng an el ongate plastic
menber assenbly conprisin | enent u | ower. radio fre uency
i os, each die having a | 83ai nRsOPPAEEcEs ¢ Py EepReate, inki

grooves t her ei nvemdleydiasgenblyr stBnislsangast par al l el groove, adjacent
paral | el grooves of each kg meﬁeﬁaaag-ed:p@éra Aﬁldlsﬁéfpﬁaibheféeaﬁmd&

f t er,nost _edge | ast_paral | ves

Teast one of thEiRsePaatdars RAvine e BeRtarcourERES i, §' REVER} By e
grooves of tiHe maFallsdd goveevesli sbereinh inwluddagi ng ilirisacemd naarlast
operative positigaha1d@fl @:Qﬂ)v% p'd&fﬁdéxﬁt qiaxrm@lwq%manw S Bdihd and
strips defin- in flow ers; gns brln i) #adln surfaces of
the 15 upper and‘% aE Yi @ 018R ﬁ&’gﬁvg p%gﬁetl AT | 5§ IBFExi AR y
Wi t h one anot heroutamhostr edge 6f ctheftiyrsferadal ast fpxrarlpllygngoaeseomragy -
potential bet weerddie P s ot [igpd D WEa Hibied CabeSh fid AR ALLNUS

pl asti c nmenber er eby pI ast 20 Into t ers to tuse
adj acent el ofyatReIAA&EY IFRAHRST s°§o§§@ &Rpeﬂ.a%elamar 8igs. oMitigiFheo

wherein the leading surfaces in an operative position, defining a
plurality of receiving channels and the land strips defin-
ing flow chambers:

means for bringing the leadlng surfaces of the

15 upper and lower dies in;o an operative position in close
. proximity with one another; and

a radio frequency generator for applying an

‘energy potential between the upper and the lower dies to

plasticize an elongate plastic member whereby plastic flows

20 into the flow chambers to fuse adjacent elongate plastic

members together.

11. The apparatus of claim 10 wherein the
beveled outermost edge is beveled sufficiently to prevent
plasticizing of elongate plastic members displaced in the

25 first and last grooves proximate the beveled edge.

12. The apparatus of claim 10 further comprising
means operatively associated with the dies for guiding
elongate plastic members into the grooves of the dies.

N 13. The apparatus of claim 12 wherein the
30 guiding means comprises a plurality of projections radiat-
ing from the grooves of one of the upper and lower dies.



bevel ed outernost edge is beveled sufficiently to prevent plasticizing of
el ongate plastic nenbers displaced in the 25 first and | ast grooves '
proxi mate the bevel ed edge. 12. The apparatus of claim e

;
conprising nmeans operatively associated with the dies f { [0 uMQ‘Me
pl astic nenbers into the grooves of the dies. 13. The agﬂm‘m “ﬂ IRl 12
wherein the 30 guiding means conprises a phyrality of propections "radi af -
ing fromthe grooves of one of the upper and | ower dies. 14. The

apparatus of claim 10 wherg n 1He a@ipaatiheCoEVEIgin e Rt erdiayan@ outer
.cross-section having a sel.ected inn cirygg_rﬁgﬁ n |0
pl asti c nmenber s:ﬁ%?/gv%nir%%as%%%lc i‘on of agse sgct e q@& g’ragé'?lrgﬁua e?‘éeg:gg? t he

5 elongate plabuner nehpeumierancry and dtherekonaahe alantd qymemhars; havet he
i nner circunf er gnegoglc-cBetebansd &r Gsdrectr@ | OlSer 1eirfuffappacal uxnef

cl aim 14 whepein,the outer, circunfer.e S e o] P ' nmber s
are appr oxi -Eloe?‘rﬁ?%? ki |p\} sﬁ&?ce’ﬁ?m%?n%%t grgt'g' hgn lﬁ]eglgg%gr ‘%:ﬁ‘%:dl}nrcrffeg%é‘ﬁ@es
of channel s. 16grgatenpphamithe dnnemickreanfereara eficthecehanngl @rassel s
have el liptical gggessnsections and the elongate plastic nmenbers have
cylindrical cross-sections. 15 ' 17. A nethod of making a

peel abl e assenbly of a plurality of elongate plastic nenbers conprising the
steps of: (a) providing cbtSpl efpntappaxsps chdlhdnel 4 dvhereinctheliautieavi ng
a | eading surfagg rtihBePeRbds ds hePb18RgRRE] £t M GRNBRrENEEE! dppasiisacent
grooves bein separgted,bﬁ a |land strlg of %eadlgg sgrface the diles, with
the | eadi ng ¥ur FaLeLYi FiXR BEEFSPE.ETREERTi BRAN GBET nARSh BlETURTexeRRes

recei vi ng channeifscaadnehs.| and strips defin-

16. The apparatus of claim 14 wherein the
receiving channels have elliptical cross-sections and the
elongate plastic members have cylindrical cross-sections.

15 17. A method of making a peelable assembly of a
plurality of elongate plastic members comprising the steps
of: '
(a) providing complementary upper and lower
dies, each die having a leading surface with a plurality of
20 parallel grooves therein, adjacent grooves being separated
by a land strip of leading surface, the dies, with the
leading surfaces in an operative position, defining a
plurality of receiving channels and the land strips defin-
ing a flow chamber between adjacent channels;
25 {b) inserting an elongate plastic member into
each of the receiving channels; -
(c) plasticizing a portion of the elongate
plastic members proximate the flow chambers; and
(d) flowing the plasticized portion of the
30 elongate plastic members into the flow chambers to fuse
adjacent elongate plastic members together.



I ng a fl ow chanber between adj acent channels; 25 (b) inserting
an el ongate plastic nenber into each of the receiving channelq (c)

pl asticizing a portion of the elongate plastic nenbe e the f
chanbers; and (d) flow ng the plasticized portion of the %uﬁlj‘ “ﬂ ”u'
pl astic nmenbers into the flow chanbers to fuse adjacent

nmenber s toget her. -16- 18. The nethod qQf claim 17 wherein step (c)
conpri ses applying an energy potenti al betW&en t he upper and | ower dies by
a radio frequency generat.pg. Tgﬁtﬁgw“¥¥oélgiﬁ'TfL ﬂ@@%fﬁ”s%& p
further conprises conpressrng e & ongate plastic nenbers to extrude the
pl asti ci zed por EPBREiSESt AEPAVARGaRE FREFOYC RAYARSARL heFvesd ey WRRaRer .
20. A peel able ahanmat:erphﬂééiBynerWi@mﬂaiendya@erhy-am.net hod
conprising the steps of: 10 (a) providing conplenentary upper
and |ower dies, each die havi ng a | eadi ng surface with a plurality of
paral | el grooves therein, 18dj ateat metdede CheFAginefat aY’EEr5§'na5It&Ed &rip
of the |eadi By fuirtaee, cbhﬁrﬂt@ﬁ compredding aad egomgetecpsasaiarmmﬁ ive

posi tion, defi n| ngg%tdrg?e ptl'g }J té‘:iélz%' Ogg%fﬂ;&aﬁ tb gg%ngggga%ié?tlc

channel s and t h&d rip stk ng a ffow chamber S ween
channel s; (b) phewrbersgintoetbagilevwprhamber yrenber having a plastic wal | ;

20 (c) coiling the elongate plastic nmenber about an axis; (d)
gigging each coil of the Sgrleg Ségﬁgéie é&éﬁgate nb &d %e%bggaggggmgiythe

made by the method comprising the steps of:
10 {a) providing complementary upper and lower
. dies, each die having-a leading surface with a plurality of
parallel grooves therein, adjacent grooves being separated
by a land strip of the.leading surface, the dies, with the
leading surfaces in an operative position, defining a
15 plurality of elongate plastic tube receiving channels and
the land strips defining a flow chamber between adjacent
channels;
(b) providing an elongate plastic member having
a plastic wall: '
20 (c) coiling the elongate plastic member about an
axis; '
(d) placing each coil of the coiled elongate
plastic member in a channel of the dies;
(e) plasticizing portions of <the elongate
25 plastic member wall proximate the flow chambers; and
(£) flowing the plasticized portions of the wall
into the flow chambers to fuse adjacent elongate plastic
members together.

21. The peelable elongate plastic member assem-
30 bly made by the method of claim 20 whérein in step (b) the
elongate plastic member is coiled axially about the axis.



(e) plasticizing portions of the elongate 25 plastic nenber wall proximate
the flow chanbers; and (f) flow ng the plasticized portions of the wall _
into the flow chanbers to fuse adj acent el ongate pl asti ers to her .
21. The peel abl e el ongate plastic nmenber assem 30 bly mm“m Iu II ﬂ“od _
of claim20 wherein in step (b) the elongate plastic

axi ally about the axis. -17- .22. The peel abl e el ongate pl ast | c ‘menber
assem bly made by the method of claim 20 Wherein in step (b) the el ongate

| astic nmenber is c0|Ied d| I he, axi s ate | astic
Iron::rrber assenbl y made by % tﬁggg%lélﬁl?ﬁ‘ thpgjraéStﬁ‘ slmgﬁ’g% g
perfornmed by agh¥ |"P'ng'19ar¥>l’eﬁ&egy‘eﬁbf’ént’faﬂb&v%%rm!%i}pﬁm siep I(b\)vethell es

by a radio frecismgatgepasitic ndabethespesi 2od erad 0B} GaHudSkthe ARfber
assem bly made by the nmethod of claim20 wherein in step (b) the 10

el ongate plastic nenbers are plastic tubes each having a tube wall defining
a flow passage. 25. The Fel afihe elpngateamastimaenbert aesemblochade byai m

24 wherein s$ eptl(é)méﬁh@@rfaﬁrE&dlbYZQ)OmhéireﬁSﬁ'é&;i h?eﬁ" 0808keLBIASH | Hyl UDE
to extrude the 'pég%;ft 15nCIZ$ ortj tge el ong g%e [aStic tube Ihto
the flow chanber Tout™ 8l 5%2 ?Wé Jub steen PBEE| 3Bf e 18FBRgat e
pl astic menber &y \a rmﬂa-dmfltq@emhqdneunpprm ng the steps of: 20

(a) providing conplenentary upper and | ower dies, each die having a

| eadi ng surface with a pl u4r al i E% ,a%?ll | el rooves t herei n, adj acent

grooves bei ng separat ed &re%ﬂ gpke PIRF tif menber pssanes,
with the | eadi 'rlglasmafdaa:dw |theimat|h@|dablfve1pd)m200mheﬂein nim@Etep (b) the

10 elongate plastic members are plastic tubes each having a
tube wall defining a flow passage.

25. The peelable tube assembly made by the
method of claim 24 wherein step (f) is performed by com-
pressing the elongate plastic tube to extrude the plasti-

15 cized portion of the elongate plastic tube into the flow
chambers without collapsing the tube wall.

_ 26. A peelable elongate plastic member assembly
made by the method comprising the steps of:

20 (a) providing complementary upper and lower
dies, each die having a leading surface with a plurality of
parallel grooves therein, adjacent grooves being separated
by a land strip of the leading surface, the dies, with the
leading surfaces in an operative position, defining a

25 plurality of receiving channels and the land strlps defin-
ing a flow chamber between adjacent channels;

(b) providing a plurality of elongate plastic
members each having a plastic wall:;
(c) placing each elongate plastic member in a

30 channel of the dies; .

(d) plasticizing portions of the walls proximate
the flow chambers; and



25 plurality of receiving channels and the land strips defin- ing a fI-ow

chanber between adjacent channels; (b) providing a plura+ty—oef—eltongate~

pl ast¥c nmenbers each having a plastic wall; (c) placing I
pl astic nmenber in a 30 channel of the dies; (d) pl astlc“ﬁzﬂgu@(ﬂ.’]ﬂﬂm”m
the walls proximate the fl ow chanbers; and -18- (e) fiow s %

pl asticized portions of the walls into the fJpw chanbers to fuse adjacent .

el ongate plastic nmenbers together. 27. The peel able el ongate plastic nmenber
fglssemI 5 bl'y made by thet trq%!yo?fgf:rshgl ni%t?é \fﬁ%eaaigéfp ﬁ&Dtdi!osasogaéoriffedd_
y applying an ener. pot ent | wee e upper ower dies a radio
frequency generatw&la)éggnﬁ%etggelétﬂwe &’?%%ﬁ% g?agf?ﬁ% r&d’é’l’e’&ss ngpte
made by the net hadasttig membegswhegethern step (b) the 10 el ongate plastic
menbers are plastic tubes each having a tube wall defining a flow passage.

29. The peel abl e el ongate plastjc nenber. ass bl de t he. net hod of
claim28 wherein step (e) %é'peﬁ’ﬁrﬁ%ﬁf?ﬁf o%'@fﬁleng&f’ﬁé% BEpPEr ( RRRART o
extrude the 1% plkdgt imadedbyotheomethodhefivadlainn2é wheréinwstlepnif@)s is

i t hout col | apsi foefnleldd 230, ti
\émssemlzj)l y rradepzlyqithte ]1_rret hosy\é\?ﬁ%%}%z"é‘; \ﬁ/ﬁg?‘g?ﬁﬁﬁﬁg}{ﬁg%@t@?&? gﬁs "R
c?c‘%d oYt
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repeated at sele
menbers.

28. The peelable elongate plastic member assem-

bly made by the method of claim 26 wherein in step (b) the

10 elongate plastic members are plastic tubes each having a
tube wall defining a flow passage.

29. The peelable elongate plastic member assem-
bly made by the method of claim 28 wherein step (e) is
performed by compressing the plastic tubes to extrude the

15 plasticized portion of the walls intoc the flow chambers
without collapsing the tube walls.

30. & peelable eloqgate plastic member assembly
made by the method of claim 26 wherein steps (¢) - (e) are
repeated at selected intervals along the length of the

20 elongate plastic members.



