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METFDD AND APPARATUS FOR CONNECTING RESIN PIPES

FIELD OF THE INVENTION

This invention relates to a method .of and an apparatus
for connecting resin pipes. More specifically, this invent.ion
relates to ‘a method of connecting resin pipes, i.e. fluorocarbon
resin pipes which afe ulsed to transfer pure water and ultrapure
water for cooling superconductive coils and LSI manufaétﬁring
apparatuses, polyvinylchloride pipes which are wused in
agficulture and service water, and polyethylene pipes for gas.
'_I‘his invention also relates to an apparatus for connecting resin
pipes.' |
BACKGROUNﬁ OF THE INVENTION

Resin pjpes are commonly connected by using cohven’t_ional
methods such as those: shbwn in FIGS_. 12 and 13. In the me;chod
shown in FIG. 12, there are two resin pipes la, 1lb which comprise
resin pipe line 1. Resin pipe 1b is softened at end portion lc
by '-ﬁ'sing a torch lamp or an electric resistance heater. End
portion 1lc of resin pipé 1b expands so that the inside diameter
becomes slightly larger than the shape' of resin pipe la. Then
adhesive 20 is put on the immer surface of end portion 1lc. The
outside surface of resin pipe la is fit. to the inside surface of
resin pipe 1b. By hardening adhesive 20, the tﬁo resin pipes 1la,

1b are connected. In another method shown in FIG. 13, two
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flanges 21a, 21b ar'e_ disposed on the peripheral ends of resin

pipes la, 1b to be connected to form resin pipe line 1. The
pipes are joined using bolts and nuts (not shown in the'.drawing').

In another method, 'referring to FIG. -12, fluorocarbon resin pipes

‘were connected by melting the outside surface of resin pipe 1a

and the inside surface of resin pipe 1b, and then fitting them
together.

However, the above-mentioned conventional methods have
the problem of creating dead space in pipes. For example, dead
space ié created whén the resin pipes are used to transfer .pure
water or ultrapure water for cooling superconductive coils and
LSI man;lfacturing apparatuses. The method used in FIG. 12 to
join the resin pipes creates dead space 1d where the two resin
pipes 1la, 1b are joined. Impurities, such as water scale,
accumulate in dead space 1d which is infested with bacteria. As
a result, pure water or ultrapure water will also contain

bacteria while in resin pipe line 1. Similarly, in the method

- shown in FIG. 13, it is not possible to join two resin pipes 1la,

.lb completely. A small gap exists at the joint. The flanges

distort a gland packing when clamped, so that the dead space’
c‘reated between the gland packing aﬁd the inside surface of the
resin pipe has impurities such as water scale and bacferia.

In another conventional method ‘of connecting pipes

disclosed in Laid-open Japanese patent application No. (Tokkai
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Hei) 5-87286, two fesin pipes are inserted from either side of
socket-type pipe joints in which electrical resistance .wires
(heatiqg wires) are embedded. Then electric current welds the
pipes together. However, the usual method of manufacturing the
above—mentioned socket-type pipe joints is injection molding and
inserting resinfcoated heating wires. This method is not only
time—-consuming, but also expensive due to the manufacturing pipe
joints for each bore and producing a metallic mold for the
injection molding. |

These reéin .pipes are installed in ceilings or piping
grooves in factories. It is not easy to work in these places.
Thérefore, a complicated method or apparatus can not be ﬁsed to
- connect resin pipes. |

Another method of connecting resin pipes is disclosed in
Laid-open: Japanese patént application No. (Tokkai Hei) 5-84829
which uses high¥ffequency electric power. The problem with this
method is that the joints have low strength since only the end
faces of resin pipes are_welded together and the wel&ed area of
resin pipes is limited since the heaters are disposed at the pipe
joints.
SUMMARY OF THE INVENTION

The present invention has been conceived to solfe the
above-mentioned problems and the purﬁose of the present invention

is to provide a simple method for connecting resin pipes without
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creating dead space or a gap at the joint and to provide an
apparatus which is sﬁitable for the.method.

This method of connecting resin pipes includes a
configuration in which two resin pibes are placed in position to
be connected and a cylindrical metallic heater is disposed along
a joint (inside and outside). A éoil which surrounds the heater
is excited by high-frequency electric current and heats the
heater by induction heating. Thus, the joint between fhe resin
~pipes is welded together.

Furtﬁermore. this invention of,-connecting resin pipes
includes an apparatus comprising a heater disposed around a joint
between two resin pipes to be connected, a coil which surrounds
the heater, aﬁd a high-frequency eléctric current generator for
exciting high-frequency electric current into the coil to heat
the heater by induction heating.

It is preferable that.there are a plufality of holes in a
cylindrical metal heater, disposed in the direction of the
thickness of the plate. It is also possible to use a heater
without holes. |

It is preferable that the inside diameter of a heater has
a dimensional tolerance larger than the outside diameter of resin-
pipes and_ that the heater is heated in close vicinity to the
resin.pipes.

Furthermore, it is preferable that at least one material
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of the heater is from the group consisting of stainless steel,

brass or aluminum.

Furthermore, it is preferable that the heater has a
cylindrical shape formed by welding ends of a stainless steel
plaie together.
| Furthermore;.it is preferable that a diameter of each of
the plurality of hdles disposed on the cylindrical surface ranges
from 0.1 mm to 5 mm. \

Furthermore, it is preferable that the plurality of holes
be disposed in several rows and that the holes in each row are
disposed at equal.intervals.

Furthermofe. it is preferable that a width of the heater
ranges from about 1/4 to 2/3 of a nominal diameter of resin.
pipes. |

Furthermore, it is preferable tﬁat cylindrical stoppers

comprised of 'a material .with heat-resisting and electrical
insulating properties are disposed around the resin pipes on both
sides of the heater.
ﬁ Furthermore, it is preferable that a material for the
cylindrical stoppers is from the group consisting of phenolic
resin, epoxy resin, unsaturated polyester resin; and diallyl
phthalate resin.

Furthermore, it is preferable that the cylindrical

stoppers made of one of phenolic resin, epoxy resin, unsaturated
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polyester resin, and diallyl phthalate resin, are formed as tapes
and are wound around the resin pipes.

Furthermore, it is preférable to use materials for the
cylindrical stoppers which are reinforced with glass fiber.

Furthermore, it is preferable that the cylindrical
metallic heater is disposed. around each resin pipe in a state
that space exists between the two resin pipes which ranges from
0.1 mm to
10 mm.

In the above-mentioned method and apparatus to connect
resin pipés, high-frequency electric current excites the coil,
and magnetic flux changes according to the frequency. When
magnetic flux changes, induced electromotive force is generated..
Accordingly, induced electric current f_lows inside the heater,
and the heater is heated by Joule heat. Since the heater is
disposed around the joint between ‘two resin pipes to be
connected, the joint softens as it is heated gradually from the
outside and then melts. Thus, the joint between the resin pipes
is not heated rapidly or heated with high temperature so that
there is no danger of scorching the joint or decomposed resin to
start foaming. As a result, the welded joint has high mechanical
strength. In this process, air between the resin pipes and the
heater expands due to the '.heat_, but thé air is released through

the holes in the cylindrical plate. Accordingly, even if the
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resin pipes are softened, bulges dué to air expansion will not
appear ihside. Thére is also very little probability that water
scale accumulates in the joint and that the transferred pure
water is .not contaminated by in'lpurit'ies in the resin pipes.

The present invention uses a cylindrical metallic 'plate
for a heater. The bylindrical metallic plate may have holes
disposed in the direction of thickness. " When the cylindrical
" metallic plate with holes is used, molten resin expands and flows
out from the holes on the cylindrical surface of the 'heater. '
Since it is possible to determine from the outflow of molten
resin whether the | outside part of resin pipes are welded
together, it is necessary to continue heating until the inside
part is also welded together. .. After that, high—frequency'
elecfric curreﬁt is stopped from exciting the cbil, and the
heater' is stopped from emitting heat. After the resin has cooled
down, the heater .and the joint between the résin pipes are joined-
together since- the molten resin .in the holes functions as
stopper. The heater reinforées the joint between the resin pipes
so that the resin pipes are strongly connected. Even if
hydraulic pressure is put on thé joint of the resin pipes, the
heater prevents the pipes from expanding outward. Similarly.' the
joint will not break even if bending force is added.

| It is possible to heat around the joint_ between .two resin

pipes almost uniformly by forming the inside diameter of the
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heater with a dimensional tolerance - larger than the outside
diameter of the resin pipes, and by heating the heater in close
vicinity to the resin pipes. Therefore, the melting speed of the
resin remains constant and welded parts of the resin form an even
structure. The mechanical strength of the joint remains stable.
In addition, a gap between the heater and the resin pipes is very
small. Thus, not only the air between the heater and the resin
pipes but also the molten resin flow through the holes. As é
result, bulges caused by expansion of air and molten resin rarely
appear inside the resin pipes.

According to gemeral heating principles, when an
electrical current is constant, calorific value increases
according to the increase in electrical resistance. Therefore,.
when a material having high electricall resistance., éuch as
stainless steel (SUS304, SI.JS430), is used for the heater, the
calorific va;ue is much higher than if materials with 1low
electrical resisténce, e.g. aluminium, are used. Thus, it is
possible to make the cylindrical heater thinner.. Furthermore,
stainless steel can be .molded into a - cylindrical form by bending
- the plate and then welding the ends. More .specifically, the
heater of this invention has a plurality of holes on the
cylindrical surface. It is easier to wofk ahd cheaper to
manufacture when holes are drilled or -pressed into the flat

material in advance and then the material is molded into a
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cylinder form by welding the ends of the élate as compared to
when material (pipes etc.) is molded in a cylinder first, and
then holes are drilled. When a large number of holes on a heater
or when mass—-production of a heater is planned, it is better to
use a press process for makihg holes on the flat material.

Acb_érding to a prefer_éble example of the above-mentioned
invention that a diameter of each of the plurality of holes-
disposed on the cylindrical surface ranges from 0.1 mm.to 5 mm,
air between the heater and the resin pipes can be released as
soon as the resin starts to meit. Therefore, deformation of the
resin pipes can be effectiveiy prevented. On condition that the
diameter of the holes is rather small within the range, the
molten resin flows out in the form of th,;‘ead. On the other hand,
the molten resin swells and fills the holes on condition that the
diameter of the holes is rather large within the rangé.

Generally, it is suitable to press holes which are larger
than 0.5 of the thickness of the plate into flat materials. On
the other hand, a drill process can be used to make holes which
are smaller than 0.5 of the thickness of the plate. Therefore,
it is eaéier to mold by using a press process if the maximum
- diameter of hole is to be larger than 0.5 of the thickness of the
plate. When resin pipes are conmnected, a molten part of resin
(i.e. at the joint) is subject to pressufe from self eicpansion of

resin or artificial means. If the hole diameter is too 1large,’
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this pressure can cause the resin to melt and flow out of the
holes in large quantity to decrease the pressure. Then, there is
also the _possibility of losing too much preséure to keep “the
resin pipes connected. Therefore, it is preferéble to keep the
maximuh size of the hole within twice_the thickness of fhe 'plate
in order' to'maintair_l pressure at molten parts. |

It is preferable that a plurality of holes are disposed
in several rows on a cylindrical surface of a heater and that the
holes are disposed at eqﬁal intervals so that the resin passes'
through smoothly because resin starts to' expand as soon as the
melting process takes place. ‘This configuration prevents joints
between the I;esin pipes froﬁ deforming. In particular, expansion
toward the inside 'o.f the pipe when the resin melts is pfevented.
In addition, the range of molten and expanded parts around the
joint can be limited to a small area when the width of the heater
is about 1/4 to 2/3 of the nominal diameter of resin pipes.
Thus, deformation of +the resin pipes, more .specifically,
expansion toward the inside of the pipe can be prevented at the
| joinf between the resin pipes.

Furthermore, it is preferable that a cylindrical metallic
heater is disposed around each resin pipe in a state that space
(slit) exists between the two resiﬁ .pipes- which ranges from 0.1
mn to 10 mm. A preferable example is shown in FIG. 10 in which

cylindrical metallic heaters 16, 17 are disposed almost equally



o1n
apart from the joint of resin pipes la, 1lb. Space (slit) 18
which exists inbetween is determined to range from 0;1 mm to 10
mm. Accérding to this example, the weldihg_ process is completed
in the state shown in f‘IG. 11. In this arrangement, ther;e will
be no air in the joint so that deformation of the resin pipes. can
be prevented. At the same time, resin pipes 1la, 1b can be
connected with even more reliability since it is possible to weld
while observing how far the joint has melted.

It is not possible to attach the inside surface of the
heat.er to the outside surface of the resin pipes completely.
Therefore, molten resin which expands due to air expansion and
expansion of the resin itself can be forced out from the gap
located between the heater and the resin pipes. However, when .
cyl.indrical stoppers comprising materials with heat-resisting and
electrical insuiating properties are attached on both sides of
the heater and around the resin pipes, the gap betweén the heater
and the resin pipes is filled. Thus, the air between the heater
and the resin pipeé. is released through the holes on the
cylindrical éurfaée of the heater. The molten resin alsb flows
out through these hbles. As a result, the molten resin will not-
protrude from the gap between the heater and the resin bipes. It
is preferable to c,;hoose materialé with heat—reéisting and
electrical insulating properties, such as thermosetting resins

like phenolic resin, epoxy resin, unsaturated polyester resin,
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and diallyl phthalaté resin. It is especially preferagle to
choose materials which are reinforced with glass -fiber.
Furthermore, when these materials are prqvided as tapes, they can
be handled easier since the cylindrical stoppers are formed by
winding these materials around the resin pipes.

Any kind of resin pipe which can form extrusion molding
can be applied for this invention. These kinds of resin pipe
include, for.example. fluorocarbon resins, such as polyvinylidene
fluoride, tetraf1uoroethylene-hexafluoropropylene copolymer
(FEP), and tetrafluoroethylene—perfluoroalkylvinylether copolymer
(PFA), as well as a wide range of thermoplastic resins, such as
polyvinylchloride, polyethylene, polypropylene, polyphenylene
sulfide, and polyetherether ketone. |
| BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated in the accompanying
drawings. | |

FIG. 1 is a bleck diagram of one embodiment of a method
and an apparatus for connecting resin pipes;

FIG. 2 is a cross—sectional view of a.heafer with holes,
showing a joint between two resin pipes which are in position to
be qonnected.of a first embodiment;

FIG. 3 is a cross—-sectional view of the joint befween two
resin pipes immediately after being connected of a first

embodiment;

ok
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FIG. 4 is a cross-sectional vi'ew.of the joint between two
resin pipes which are in position to be connected in which a
heater with holes is used and cylindrical stoppers are placed on
both sides of the heater of a second embodiment;

FIG. 5 is a crdss—sectional view of the joint between two
resin pipes immediately after being connected of a second
embodiment;

FIG. 6 is a eross—sectional_ view of the joint between two
resin pipes to be com_lected in which a heater without holes is
used of a second embodimeht;

FIG. 7 is a cross-sectional view of the joint between two
resin pipes immediately after being connected of a third
embodiment;

FIG. 8 is a gfaph showing the temperature change in the
heater of a third embodiment; |

FIG. 9 is a cross-sectional view of heating elements
_without holes being placed on the inside and the outside of the
resin pipes of a fourth embodiment;

FIG. 10 is a cross-—-sectional view of the joint between
two resin pipes which are in position to be connected in which
two cylindrical heaters are disposed with space inbetween of a
fifth embodiment;

FIG. 11 is a cross-sec'tional view of the joint between

two resin pipes immediately after being connected of a fifth
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embodiment;

FIG. 12 is a cross-sectional view of a conventional
méthod for connecting resin pipes; and

FIG. 13 is a crossl—sectiona.l view of another conventional
method for connecting resin pipés‘.
DETAILED DESCRIPTION OF THE INVENTION
 EXAMPLE 1 |

One embodiment of a method and an apparatus for
connecting resin pipes of the present invention is described with
reference to FIGS. 1 - 3. FIG. 1 is a block diagram of one
embodiment of a mejthod and an apparatus for connecting resin
pipes. FIG. 2 is a cross-sectional view of the joint between two
resin pipés to be connected of the first embodiment. FIG. 3 is a
cross—-sectional view of the joint between two resin pipes'
' imniediate_ly after being connected of the first embodiment.

In FIG. 1, two resin pipes la, 1b forming resin pipe line
1 are placed face to face in position to be connected.
Cylindrical heater 2 made of stainless steel is placed around a
joint between resin pipes la, 1b. Work coil 3 is wound in a
loose spiral around heater 2. Resonance capacitor 4 and a
secondary winding of output transformer are connected serially
between both terminals qf wofk coil 3. A primary winding of
output transformer 5 is conhected to inverter 6. Inverter\ 6 is

connected to direct (DC) power source 7 and commercial power



15

' source or generator power source 10. After converting the
alternating electric current into the direct electric current, DC
power source T outputs the electric power. Also, battery 9 can
provide inverter 6 with electric power. .In this case, DC power
source 8 converts the direct electric power from batfery 9 into a
predetermined voltage and/or electric current by using 'DC—DC
converter and then outputs the electric power to inverter 6.
 After converting the direct electric power from DC power source 7
or DC power source 8into alternating electric power with a
predetermined voltaée and frequency, inverter 6 outputs . the
eleétric pdwer to the primary winding of output transformer 5.
When alternating electric current  flows with a predetermined
voltage and frequency into the primary winding of output
transformer 5, a predetermined secondary electric current starts
to flow into the secondary winding. When the secondary electric
current flows into work coil 3, magnetic flux generated from work
coil 3 changes accordingly. Due to the changing magnetic flux,
induced electromotivé force is generated and induced electric
current flows into heater 2. The induced electric current
flowing into heater 2 makes heater 2 emit heat becausé heater 2
produces Joule heat out of resistance. It is preferable to use
an inverter with‘ integrated phase 1locked loop (PLL) control,
since inverter 6 constantly keeps capacitor 4 and resonance

circuit in resonated condition according to linkage induction of
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the coil.
Heater 2 is heated to several hundred degrees in order to
transfer suffiéient energy necessary to weld resin pipes 1la, 1b.
- On the other hand, although work coil 3 and heater 2 form a high-
frequency transformer, work coil 3 and heafer 2 are not well
connected because heater 2 becomes very hot. Accordingly,
linkage inductance increases such that high-frequency electric
current no longer flows to work -coil 3. ‘In order to make
electric current flow to work coil 3, resonance capacitor 4 forms
LC series resonance circuit together with linkage inductance of
work coil 3. By doing so, a high-frequency wave from LC sex:ies
resonance frequency can be added so that high-frequency current
flows to work coil 3. Inverter 6 detects output voltage and
electric current, and controls (PLI_. control) - the phase so that
the phase differential is 0. Thus, a high-frequency wave of LC
resonance frequency is generated .cc.)nstantly, so that the LC
resonance frequency changes while heated. Furthermore, electric
current flows in relationship to the change in LC resonance
frequency while heated.
The resistance value of heater 2 is not very high so that
a large eléctric current (s‘everal' hundred ampere) and low voltage
are generated within heater 2 in ordér_to heat resin pipes la, 1b
to the melting temperature. On the'other hand, it is not wise to

increase the number of windings too much in view of workability
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and costs‘. Therefore, output transformer is connected to obtain
impedance matching. As a resu_lt, resistance against inverter 6.
before reaching output transformer 5 appears to increase so that
the electric power needed can be reduced. DC electric source 7
can determine and output the necessary energy for welding pipes
by combining it with a timer.

As shown in FIG. 2, heater 2 has a cylindrical shape and
~ is made of stainless steel (e;g. SUS304, SUS430). The heater has'
a plura_lity of holes 2a iﬁ the cylindrical surface. Holes 2a can
be drilled into the cyl'indr_ical surface of the stainless pipe.
It is also possible to mold this cylinder by making a plurality.
of holes 25 on the stainless steel plate using drilling or
-pfessing procesées and then bending- thé plate to form a cylinder
and welding the ends t'ogefher. The latter -method is easier aﬁd
cheaper in terms of manufacturing costs than molding a
cylindrical material first and then drilling a plurality of
holes. When a large number of holes on a heater or to mass-
production of a heater is planned, it is better to use a press
p'rbcess for making holes on flat ma%erials. |

In the following example, heater 2 is described using
particular materials and dimensions. Polyvihylidene fluoride
(hefeinafter abbreviated as PVDF) pipes of the same dimension as
nominal diameter T75A according to JIS. Stainless steel plate

SUS304 with a thickness of 0.5 mm .is the material for heater 2.
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Since the outside diameter of PVDF pipes witﬁ nominal diameter
75A is 89.0 mm, heater 2 was calculated to have an inside
diameter of .89.2 mm and a length of 30 mm. Holes 2a are made in
five rows at 5 mm interval from the center. Each row has 28
holes disposed in a line at equal intervals. The holes 2a were a
circle with a diameter of 1 mm. Although it depends on a
diameter of resin pipes to be connected, it is preferable that
the thickness of the stainless steel be between 0.5 and 1.0 mm
for easy processing and handling. |

Aithough it depends on the hardness of material, it is
generally difficult to press holes smaller than 0.5 of thickness
of the material into flat materials because the build-up shape of
pressed metallic mold can be broken.-_ Therefore, it is preferable
to set the mai:imum’diameter of hbles 2a larger than about 0.5 of
thickness of the material in a press process. On the other hand,
when resin pipes 1la, 1b are c;onnected, a molten_ part of resin
(i.é.. at the joint) is subject to pressure from self expansion
of the resin or artificial means. However, if the diameter of
lhole is too large, this pressure can cause the resin to melt and
flow out of holes in large. quantity to decrease the pressure.
Then, it is also possible _to lose too much pressure to keep the
resin pipes connected. T_herefore; it is preferable to keep the
maximum diameter of holes 2a as small as possible, for example,

smaller tha_n twice the thickness of the material in order to
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maintain pressure at the molten parts. Accordingly, it is
preferable to choose a'diametér of holes 2a (maximum dimension or
maximum diameter) between 0.5 of to 2 .times the thickness.

When high-frequency electric current is excited into work
coil 3, the magnetic flux generated from work coil 3 changes
according to the frequency, and induced electromotive force is
generated in heater 2. The induced electromotive force causes
electric current to flow into heater 2, and Joule heat is
produced' from internal resistance of heater 2. As a result,
heater 2 emits heat and increases the _temperature. of the joint of
resin pipes l'a; 1b gradually from outside. Since the inside part
of heater 2 and the outside part of resin pipes la, 1b are' almost
attached, the expanded air between heater 2 and resin pipes 1la,
1b is released through holes 2a. Predetermined pr'essure is put-
on resin pipes 1la, 1b in the axial direction to connect the
pipes. Therefore, when the temperatﬁre at the joint between
resin pipes la, 1lb reaches a predetermined softening or melting
point, the melted and expanded resin 1lc from the outside part
starts to flow out through holes 2a, as shown in FIG. 3. 'The
volume of the moiten resin increases and a part of this molten
resin forms buiid—up i)arts 13 on both sides of heater 2. The
out$ide resin is heated until the inside part 6f the resin pipes
melts, the two resin pipes la, 1lb are welded toéether without a

gap. Since the joint between resin pipes 1la, 1b is heated
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gradually,  there ié hb danger that the joint between resin pipes
la, 1b will scorch or foam. As a result, the welded joint hag
high mechanical strength. In-addition, heater 2 is disposed
'partially at the joints only so that resin pipes 1;. 1b are
softened and melted in limited area. While the resin pipes are
welded together, the expanded air and resin is released through
holes 2a so that bulges will rarely appear inside the joiﬁt
between resin pipes la, 1b.

in the present invention, heater 2 has a plurality of
holes in the cylindrical surféce. These holes 2a are effective
for releasing the expanded air and resin while the pipes are
welded together. The holes also enable a worker to easily
détermine from the outflow of molten resin whether the 6utside'
part of the joint between ;esin pipes la, 1b has started to melt.
As the outside part of the joint continues to be heated, the
‘molten resin fills hbles'2a. Therefore, heater 2 and resin pipes
la, 1b are completely_joined'into one ﬁart. In other words, when
the welding process is over, heater 2 reinforces the joint
between resin pipés la, 1b. Stainless steel is especially
- suitable as é reinforéing material because it has high mechanical
strength.
EXAMPLE 2

A second embodiment of the method and the apparatus for

connecting resin pipes of this invention is described with
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reference to FIG. 4 and FIG. 5. FIG. 4 is a cross-sectional view
of the joint between two resin pipes to be connected. FIG; 5 is
a cross—sectional view of the joint between two resin pipes
immediately after being connected. Explanation about elements
which have the same numbers as in FIGS. 2 and 3 has been omitted
- to avoid redundancy.

In the first embodiment, the inside part of heater 2 is
placed in close vicinity to the outside part-of resin pipes 1la,
1b. Heater 2 was molded by_bending and.welding'the ends of a
stainless steel plate into a cylindrical form. As é result, it
is difficult to make the dimension of inside diameter of heater 2
almost equal to the. outside diameter of resin pipes la, 1b.
Similarly, it is difficult to maintain constant roundness. The
inside diameter of heater 2 is usually calculated to be largef at
a predetermined dimensional tdlerance than the outside diameter
of resin pipes 1la, 1b in order to mass-produce heaters. The
second embodiment is intended to account for the case in which
there is a gap between the inside part of heater 2 and the
outside part of resin pipes la, 1b.

- Actually, gravity causes gap 2b to form between the
inside part of heater 2 and the outside part of resin pipestla,_
1b, as shown in FIG. 4. (For explanatory purpdse. gap 2b is drawn
larger than its actual size.) If heater 2 is heated in this

condition, as it would be in the first embodiment, the molten and
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expanded resin would not only flow out from holes 2a, but also
"from gap 2b which would result in resin bulges protruding from
both sides of .heater 2 (this is called a “bead”). When this
occurs, it _is possible that the joint is not only damaged at its
surface, but also because the expanded air and molten resin are
not released smoothly, the joint becomes rough inside.
Therefore, cylindrical stoppers 11 comprising materials with heat-
resisting and electrical insulating properties are placed on both
sides of heater 2 to fill the gap between -heater 2 and resin
pipes la, 1b. The stoppe'ré'are éffective for reducing the bead
- or the protruding part of the molten resin, for préventing the
thickness of the molten part to decrease, for adjusting the
internal pressure while melting, and _for preventing thel inside
part of the joint from being rough. Materials which have heat-
resisting and electrical insulating properties are thermosetting
resins, such as phenolic resin, epoxy resin, unsaturated
polyester resin, and diallyl phthalate resin, especially those
which are reinforced with glass fiber. Furthermore, when fhese
materials are used in tapes, they are more easily handled since
the tape can be wound aroun& fhe resin pipes easily to form
cylindrical stoppers and the tape can be easily removed when the
work is over.

The relationship between the nominal diameter of the

resin pipes to be connected and the length of heater 2 will be
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explained. When heafer 2 is long, a larger area around the joint
between resin'pipes.la. 1b will be heated. When resin pipes 1la,
1b are heated, the pipes begin to expand even if the temperature
has not reached the melting point. Accordingiy, when a larger
area is heated, internal pressure due to self inflation of resin.
will be higher. If internal pressure due to self expansion of
resin becomes too high, resin pipes la, 1lb start to melt from the
outside until the remaining part becomes so thin that bucklihg
occurs due to the internal pressure on the resin . Thus, fough
parts appear inside the joint between .resin pipes 1la, ‘1b.
Therefore, it is necessary to determine the heating area or the
length of heater 2 which is moét suitable for the thickness of
resin pipes 1la, 1b iq order to reduce the rough surface due_to
bucklipg completely or to minimize it. Resin pipes with various
nominal diameters were prepared to correspond to several kinds of
heater 2 with different lengths. Each heater 2 was
experimentally connected. The results are shown in Table 1
(below). The resin pipes were well connected without causing any

bulges inside the joint.

(Table 1) 
nomina} diameter | - length of heater
65 A : 20 ~ 30 mm
75 A | 20 ~ 30 mm

100 A 30 ~ 45 mn
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125 A 35 ~ 65 mm

It is obvious from Table 1 that it is preferable that the
length of heater 2 is between approximately 1/4 and 2/3 of the
nqminal diameter of the resin pipes. |

In the above-mentioned embodiments, the material used for
resin pipes la, 1b was polyvinylidene fluoride (PVDF), but this
invention is not.limited'to use with this resin. Any kind of
thermoplastic resin pipes can be used. These kinds of resin ﬁipe
: include, for example, fluorocarbon resins, such as polyvinylidéne
fluoride, tetrafluoroethylene—hexafluordpropylene copolymer
(FEP), and tetrafluoroethylene-perfluoroalkylvinylether copolymer
(PFA), as well as a wide range of thermoplastic resins, such as
polyvinylchloride, polyéthylene, polypropyléne. ._polyphenylene |
sulfide, and polyetherether keténe. Furthermore, the shape of
resin pipes is not restricted to sfraight pipes. Bent pipes,
joint pipes, or pipes at the ends of valves are also included
here. 'The fundamental principle of the present iﬁvention is not
only applicable for connecting resin pipes, but also for
connecting glass pipes (including quartz glass and silica glass).

In addition, the'oscillating frequency of inverter 6 can .
be set flexibly within the range of at least 15~80 kHz so that it
can handle different materials and diameters of resin pipes to be
connected. It is also possible to record data in advancé into

memory, e.g., temperature data, data on heafing time to softening



25.

and melting points of resin bipes for different materials and
diameters, and input the data into a microcomputer which controls
the electric current input into the work_coil automatically. In
this way, the connecting process in factories is simplified. A
rather inexpensive litz wire which is a twisted thin wire is
usually used as the material for work coil 3. When the
connecting process of resin pipes is completed, work coil 3 will
be cut off.and removed from resin pipe line 1. Furthermore, when
resin pipes 1la, 1b ére welded together with pressure in the axial
direction. after the temperature at the joint has reached a
predetermined softeping or melting point, a predetermined jig can
be used to obtain the best welding pressure.

EXAMPLE 3 _'

A third'embodiment of the method and the apparatus for
connecting resin pipes of the present invention is described with
reference to FIG. 6 and FIG. 7. FIGS. 6 and 7 are cross-—
sectional views of an embodiment for connecting two resin pipes
by disposing a cylindricél metallic plate outside the pipes. The
same high-frequency electric power generator was used as in FIG. -
1.

Heater 12 is made of a cylindrical metal, such as
aluminium, brass, or stainless steel. In this embodiment, there
are no holes in the direction of the thickmess on heater 12.

When high-frequency electric power is input to work coil 3, it
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increases the temperature surrounding the: joint between resin
pipes 1la, 1b gradually. As soon as the temperature at.the joint
between resin pipes la, 1b—reaches_a predetermined softening or
melting point, the résin pipes will be welded together. The
molten resin expands in volume as it is heated so that the two
resin pipes la, 1b are attached completely without a gap. Since
the joint between resin pipes la, 1b is heated gradually, there
is no danger for the joint between reéin p;pes la, 1b to scorch
or to foam. As a result, the welded joint has high mechanical
strength. In addition, heater 12 is only partially disposed at
the joints so that the reéin pipes are softened and melted in
limited area. Accordingly, bulges rarely appear inside the joint
between resin pipes la, 1b.

In addition, the oscillating frequency.of inverter 6 can
be set flexibly within the range of at least 15~80 kHz so that it
can handle different materials and diameters of resin pipes to be
connected. It is also possible to record data in advance into
memory, e.g., tepperatﬁre data, data on heating'time to softening
and melting poinfs of resin pipes according to different
materials and diameters, and input the data into a microcoﬁputer
which controls the electric current input into work coil"
automatically. In this way, the connebting process in factories
is simplified. A rather inexpensive litz wire which is a twisted

thin wire is usually used as a material for work coil 3. When
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the_connecting process of resin pipes is completed, work coil 3
will be cut off and removed from resin pipe line 1. Furthermore,
when resin pipes la, 1b are welded together with pressure in the
axial direction after the temperature at the joint has reached
predetermined softening or melting points, a predetermined jig
can be used to obtain the best welding preésure.

This_ embodimeﬁt is explained with reference to FIGS. 6
and 7 using specific materials. The pipes 1la, 1b (outside
diameter 76 mm, thickness 4.2 mm) were made of polyvinylidene
fluoride (PVDF-65A, melting point: 178~180°C), and cylindrical
metallic heater 12 (material: aluminium, inside diameter: 76.2
mm, thickness: 1.0 mm, length: 20 mm) was placed outside the
pipes. Both end faces wefe matched exactly as shown in FIG. 6.

Then, work coil 3 comprising litz wire (material: 6opper,
diameter of core wire: 0.12 mm, diameter of the whole wire: 6.6
mm) was loosely wound around (number of turns: 4 tufns) as shown
in FIG.-T. The welding procesé was completed in nine minutes by
inputting 118 W electric_pdwer at frequency of 74 KHz.

In this embodiment, heéfér was heated up to 270°C in nine
minutes and cooled down to 100C in ten minutes after electric
power was no longer provided. The cﬁange in temperature over
time is shown iﬁ FIG. 8. As seen above, temperature control
necessary for the welding process was conducted very easily.

This welding process was started by inputting electric power into
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heater 12 which then emitted heat from its entire surface (sheet
exothermic). A part of the resin next to heater 12 began to melt
first. The volume of fhe molten resin increased, and a part of
this molten resin formed build-up parts 13 on both 'sides of
heater 12. A part of the molten resin moved into the'gab at the
ends of resin pipes 1la, 1b, thereby melting the resin at the
Boundary part. Since heat transfer is slow on the inside.surface
of resin pipes 1la, 1b, this portion istarts to melt later.
Pressure is producédl to weld end faces at this time. It is
preferable that this part also melts at the end. Actually, the
inside surface remained as a wall (in a solid state) and did not
cﬁange its éhape.draétically. Accordingly, it was confirmed in
this pipe connecting method that the two resin pipes were welded
together while providing bond pressure which is neceééary to weld
the end faces.

In the next phase, when .the electric power supply
stopped, or the amount lof electric power supply was reduced
gradually, heater 12 began to cool down, and the entire
configuration became solid with build-up parts (bead) 13 of
molten resin remaining at the ends of the heater. Accordingly,
resin pipes la, 1b were welded together completely. The-abbve—'
noted resin pibe.was cut in two parts at the joint in the.axial
direétion, and the cross—-sectional view waé chécked. It was

confirmed that the pipes are completely welded into one pipe.
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The joint between resin pipes obtaihed by the above
procedure did not have bulges on the inside by means of heater 12
even though hydraulic pressure was exerted on the pipes. The
joiﬁt was also reinforced, especially in the bending direction.
In addition, the molten part was finished smoothly and had no
dead space.
EXAMPLE 4

In the third embodiment shown above (FIGS. 6 and T7), an
example of a ring-shaped metallic heater 12 placed around the
joint between resin pipes 1la, 1lb was provided. It is also
possible to form a joint as shown_in FIG. 9. In the embodiment
shown in FIG. g, cylindrical metallic heaters 14, 15 were placed
on the outside and inside faces of the joint between resin pipes
1a, %b. It is preferable to place cylindricél metallic heaters
14, 15 on both faces of resin pipes for connecting thick pipes.
At the same time, cylindrical metallic heater 15 is so thin that
the inside éurface will not be rough even if heater 14 is
disposed inside and it hardly affects the flow of liquid in resin
pipe lines.
EXAMPLE 5

In the third embodiment shown above (FIGS. 6 and T7), an
example of a ring-shaped metallic heater 12 placed around the
joint betﬁeen resin pipés la, 1b was provided. In the embodiment

shown in FIGS. 10 and 11, cylindrical metallic heaters 16 and 17
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were disboséd around each resin pipe in a state that about 2 mm
space (slit) exists inbetween. In other words, a slit'part 18
was made between the two cylindrical metallic heaters 16, 1T7.
The pipes la, 1lb (outside diameter 76 mm;.thickness 4.2 mm) were
made of polyvinylidene fluoride (PVDF-65A, melting point: 178~
180°C), and cylindrical -metallic heaters 16, 17 (material:
aluminium, inside diameter: 76.2 mm, thicknéss: 1.0 mm, length:
10 mm) were placed outside the pipes with both end faces matching
exactly. The resin pipes connected according tq'-the ‘third
embodiment showed that there was not air in the joint so that
deformation of the resin pipes can be prevented. Moréovef, the
pipes could be connected with even more reliability since it was
possible to weld and observe at 'the- same time how the molted
resin slowly flows into the slit part 18. The molted resin in

_the slit part 18 cooled in a build-up state and formed a build-up

part 19.
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We claim:

1. A method of connecting resin pipes, comprising the
steps of: |

(a) placing two resin pipes in position to be connected,

(b) disposing a cylindrical metallic heater along a joint
between said resin pipes and

(c) surrounding said heater with a coil, wherein said
heater is excited by high—frequéncy electric current heating said
heater by induction heating and said joint ‘between said resin
pipes is welded together.-

2. An apparatus for ~connecting resin pipes, said
apparatus comprising: |

a heater di-sposed around a joint between twq resin pipes
to be connected,

a coil surrounding said heater, and

a high-frequency electric current generator .for éxciting
high—frei;uency electric current into said coil to heat said
heater 'by inﬂuction heating.

3. A method of and an apparatus for connecting. resin
pipes as claimed in claims I1 or 2, wherein said heater may
comprise a plurality of holes disposed in a cylindrical surface
in the direction of thickness. | |

4. A method of and an apparatus for connecting resin

pipes as claimed in one of claims 1 to 3, wherein an inside

AN
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diameter of said heater has a dimensional tolerance larger than
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an outside diameter of said resin pipes, and said heater is
heated in close vicinity to said resin pipes.

5. A method of and an apparatus for connecting resin
pipes aé claimed in one of claims 1 to 4, wherein at least one
material of said heater is from the group consisting of stainless
steel, brass, and aluminum.

6. A method of and an apparatus for connecting resin
pipes as claimed in claim 5, wherein said heater has a
cylindrical shape formed by welding ends of a stainless steel
plate together.

7. A method of and an apﬁaratus for connecting resin
pipes as claimed in claim_G, wherein a diameter of each of said
plurality of holes disposed in said_ cylindrical surface -ranges
from 0.1 mm to 5 mm.

8. A method of and an apparatus for connecting resin
pipes as claimed in claim 7, wherein said plurality of holes are
disposed in several rows, and each of said holes in each of said
rows are disposed at eﬁual intervals in a stainless steel plate.

9. A mefhod of and an apparatus for connecting resin
pipes as claimed in one of claims 1 to 8, wherein a width of said
heater ranges from about 1/4 to 2/3 of a nominal diameter of said
resin pipes.

10. A method of and and an apparatus for connecting resin

I
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pipes as claimed in one of claims 1 to 9, wherein cylindrical
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stoppers comprising a material with heat-resisting and electrical

insulating properties are attached around said resin pipes on

| both sides of said heater.

11. A method of and and an apparatus for connecting resin
pipes as claimed in one of claims 1 to 10, wherein said
cylindrical metallic heater is disposed around each resin pipe in
a state that space exists between said resin pipes which ranges

from 0.1 mm to 10 mm.
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