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1 «METHOD RATUS FOR CONNECTI NG RESI N PI PES FI ELD OF THE INVENTI ON
This irnventi'on relates to a nethod of and an apparatus for EE ting resin
pi'pes. More speC|f|éaIby, this invention relates to a nmethod of
connecting resin pipes, ’ . e. quorocarbo? resin pipes which are used to
transfer pure water and uItrapure wat er for cooling superconductive coils
and LSl manufacturi ngg mﬁ ARATOS! FUR "OONNECTTNG: RESPN PEEPES Whi Ch
are used in agricu ture an service water, and pol yethylene pipes for
~gas. This invention also relates to an apparatus for connecting resin
pi pes. BACKGROUND OF THE-I NVENTI ON Resin pi pes are commonly connected by

usi ng conve onal o] s those shown in FIGS. 12 and 13. In the
net hod showﬁ% CEf%?@ fﬁﬂ@#@“&fe two resin pipes la, |b which conprise
resin pipe line 1. R sln p e lbis often d at en c_by using.a
torch lamp or an el & egtion,re ﬁ@ﬁ?e%o a'EHﬁgﬁgf %naﬂé F@?PﬁgpPpe
| b expands so that the |nS|de di anet er

for connectlng resin pipes. More specifically, this invention

relates to a method of connecting resin pipes, i.e. fluorocarbon
resin pipes which afe uaed to transfer pure water and ultrapure
water for cooling superconductive coils and LSI manufaétﬁring
apparatuses, polyvinylchloride pipes which are wused in
agriculture and service water, and polyethylene pipes for gas.
This invention also relates to an apparatus for connecting resin
pipes.' |
BACKGROUNﬁ OF THE INVENTION

Resin pipes are commonly connected by using cohventional
methods such as,thoSe-shpwn in FIGSf 12 and 13. In the mefhod
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 lﬁSing 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



becogres sli.ghtly-1larger than the shape of resin pipe la. Then adhesive 20

I's put® on the inner surface of end portion 1c. The outside surface of resin

pipe lais fit to the inside surface of resin pipe Ib. By hardening

adhesive 20, the two resin pipes la, |b are connected. I n anot her net hod

shown in FIG 13, two 2 flanges 21& 21b are disposed on the .

peripheral enggngbsr 8fia) PARFSat@: dhgg{)gecli’eo OWﬁ%Ct;?'éi'i:;ﬂe iMdnas! b! PEsin
g not sho he

line 1. The pip&s are joined usin ts and nuts wn 1nt

drawing). In h mejho nhef erri ta Fl G o] oR ;Lesin pi :
wer e connect é%%%% ?rfeq'ti;\ SRe b%utélg#&%s?&?f a{coe g re%%’%ﬂgi g’ngaﬁaléll t'he tie
i nsi de surface_of resin pi 1b, and.then fitting,them.t oget.her, Hawever .

the above- medti® e&%o%&&?o‘t‘ﬁﬂng‘r&%s _aﬁgvgu#ﬁe('b‘?gﬁ Al F_E‘Stk‘aﬁa“ﬁ'é%)d-
space I Pipes, FORSXAR L SoAk SRASE S BB TS, "PRloiireR! ReBLR%S: S

‘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 rlesin 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 bacteria.

In another conventional method ‘of connecting pipes

disclosed in Laid-open Japanese patent application No. (Tokkai



wat e¥ or ul'trapure water for cooling superconductive coils and LSl

franuf dct uri ng appar at uses. The nmethod used in FIG 12 to join the resin
pi.pes creates dead space 1d where the two resin pipes la, Ib are
j oi ned. I mpurities, such as water sgale, accunulate in dead space 1d

which is infested with bacteria. As a result, pure water or ultrapure
water - will Hedp05-87286\ nthacresinm pipés hfer eas8rbedeftomiCeltheS Sidé' by,
in the nethod shown in FIG 13, it is not possible to join two resin. pipes

la, I'b conpl gseket~t esnﬁgbe OafoivtisSt $n alyHileh | O18¢tricHIe di‘%@f@‘f‘éﬂ&i Skerbs @

gl and packi ng when clanped, so that the dead space created between the
0 Eock PSRy S cart biisatla | OTREE, B1LRELS SR ILER, S
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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 bipes are instal_led 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 -used 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.ded 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 solx-re the
above-mentioned problems and the purﬁo_se of the present invention

is to provide a simple method for commecting resin pipes without



socket-type pipe joints in which electrical resistance wires (heating

W res) are-enbedded. Then electric current welds the pipes together.
However, the usual nethod of manufacturing the above-nentioned socket-type
pipesjoints is injection nolding and ingerting resin-coated heating wres.
This method is not only tine-consum ng, but al so expensive due to the
‘manufact uri ne-ditifigl Ul spake BACH No4F aRd thHePdy6ine andeitd | provided dpr
the injection nolding. These resin pipes are installed in ceilings or

pi pi Nng gr 0oVgs. th@cﬁﬂ%&l?sialsgliitﬁb%t £6°Sthd Ghetioly.i N these pl aces.
0

Therefore, a“conplicated net or apparatus can not be used to connect

resin pipes. AnotherI.h thﬁ +REg co @ec%l”ge ' pk isp | Io§ 8&' s a
halﬁ-open Japanese patent app ?ca I'on-"NoO. OKXal 1) 5% 9 I ch uses

i gh-f | ectri . Th bl it h thi h Iy h h
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toget her and the wel ded area of resin pipes is lim.ted since the heaters
arg di spogeg)eathwcﬁpgeaf‘gi At §ylindrical metallic heater is dispose(il aiong

a joint (inside and outside). A coil 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



SUWRRY CF THE | NVENTI ON The present invention has been conceived to sol ve
t he above-nmenti oned probl enms and the purpose of the present invention is to
provide a sinple nethod for connecting resin pipes wthout 4 creating
dead  space or a gap at the joint and tofﬁrovide an apparatus which is
suitable for the nmethod. This nethod of Tonnecting resin pipes includes a
confi gurati opfi nthéi kéatero iesfromi phé groupl eondistimpsofi stainléss steel,
connected and a cylindrical netallic heater is disposed along a joint
(inside and Qfamisder. afuffidm WHi ch surrounds the heater is excited by

hi gh-frequency electric current and heats the heater by induction heating.
Thus, the joint betwpapeldimadresi NiRi PRS ipte¥BhaBfe ! OMRHNCkhe FUidd 1R hEs a

this invention of connecting resin pipes S an apparatus conprising a
heat er dwposc%i?lﬁ?'feglashgbet 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



between two resin pipes to be connected, a coil which surrounds the heater,
and a high-frequency electric 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 plurality of holes in a cylindrical netal
heat er, disposed in the direction of t he® t hi ckness of the pl at e. It is

al so possi bl e eater with holes. Lt i s preferable that_the

Mnai e dr andrehveste Redth: “had’ AN drihatats EpSit. i forepRnt. fapes
out si de diaqg%ﬁr of resi,n_pipe nd that the heater is heated in close
vicinity to #@s?’ﬂ“‘ﬂ?‘p@g‘?'ﬂﬁgr eCRSrB PIR®Ss preferable that at |east

one material . 5 of the heater is fromthe group consisting of stajnless
‘steel, brass or al uFpRthermore, it is preferable 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 flows 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



Furthernore, it is preferable that the heater has a cylindrical shape
“formed by wel ding ends of a stainless steel plate together. Furthernore, it
"i's preferable that a dianeter of each of the plurality of holes di sposed on
the-cylindrical surface ranges fromO.1l.,nmto 5 nm Furthernore, it is
preferable that the plurality of holes be di spesed in several rows and that

the hol es i pegashphipus aneedisoFesndd At baliges diéervalabr Féi?iah@lﬁﬁr willt nbt
preferable that a wdth of the heater ranges fromabout 1/4 to 2/3 of a

noni nal di aas@sar Ofngffd N PHRAT fRUTHIRY g 1 htttné Prebab i & tﬂﬁft water
cylindrical oppers conprised of a materia heat - resi sti'ng and

el ectrical ?él‘% %}c‘&ﬂmﬁi&?ﬁt 58S B ‘jb§ﬂ S%@r%@ag g T3 Bf??gr?ﬁ]re

both sides o eater er nor e, i's.pr
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The present invention uses a cylindrical metallic plate
for a heater. The bylindrical metallic plate may have holes
disposed in the direction of thickness. lWhen 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 1is necessary to continue heating until the inside
part is also welded together. ; After that, high—frequency'
electrlc current is stopped from exciting the 0011 and the
heater' is stopped from emitting heat. After the resin has cooled
down, the heaterland 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 the joint of the resin pipes, the
heater prevents the pipes from expanding outward. Similarly.'the
joint will not break even if bending fo:ce is_added.
| It is possible to heat around the joint_between fwo resin

pipes almost uniformly by forming the inside diameter of the



pht hal ate resin. Furthernore, it is preferable that .the cylindrical
st oppers made of one of phenolic resin, epoxy resin, unsaturated 6

pol yester resin, and diallyl phthalate resin, are forned as tapes and are
wound around the resin pipes. Furthermorg, it is preferable to use
materials for the cylindrical stoppers which are reinforced with glass

e e ARG el gh ! RO ol e AP B0
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eteonen e il ' tnd"Fes i Tipes. ' Mhirefore. the Helting 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 a
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, SqS430), 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 :cylindricall 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



nag@étic fl ux changes, induced el ectronotive force is generated.
-Accordingly, induced electric current flows 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 conngcted, the joint softens as it is
heated gradually fromthe outside and thén nelts. Thus,- the joint between
the resin pi Q:?ﬁih&eimtfo?ﬁattﬁd ﬁélmi%y e NemdLdop thehigliate Hae @nfatedO to
that there is"no danger of Scorching the joint or deconposed resin'to start
foam ng. As S : s ] Nt s hi shani caly NGttt N
this process?‘h%?lr %Lale}’te\/\l;te}%(ril \t,ﬁiéquaegsi%d&i)pgg’saﬂ%%%mﬁga{aer@%xﬁp{% S ué?tt'o atlﬁie
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Accordi ngly, e resin prpes arePsortened, bul gés e to a
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use a press process for making holes on the flat material.

Acb_érding to a preferable 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,’



water is not contaninated by inpurities in the resin pipes. The present
invention uses a cylindrical netallic plate for a heater. The cylindri cal
netallic plate may have hol es disposed in the direction of thickness.

Wien the cylindrical netallic plate with holes is used, noblten resin
expands and. fl ows out fromthe holes on 1Phe cylindrical surface of the

et her the Gtk RESERY v cEade, TR "Epatd oHholeR s apfl, o Yt bt Ehd

whet her the
necessary t
t oget her.

ti, h ' i1, the insid ' I | ded .
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exciting the coil, and the heater is stopped fromemtting heat. After_the
bhL FRE

resin has cdls®y @@ﬁm_?oﬁﬁé
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joined together since the nolten resin in the holes functions as stopper.
The heater regsimorides eonngctedpet Therefore s ekt nipi peefepablegto keep the
resin pipes are- strongly connected. Even if hydraulic pressure is
put on the jmaximupf stize ofsithephpde, withimetwine pthe ditickneespofetheérphate
expandi ng outward. Simlarly, the joint will not break even if bending :
force i s addht.order to maintain 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
mm to 10 mm. A preferable example is shown in FIG. 10 in which

cylindrical metallic heaters 16, 17 are disposed almost equally



It 5 possible to heat around the joint between two resin pipes al nost
uniformy by formng the inside dianmeter of the 8 heater with a
‘di'mensi onal tolerance -larger than the outside dianmeter of the resin pipes,

and -by heat i
the nmelting

ng the heater in close vicinity to the resin pipes. Therefore,
speed of the resin remains constant and wel ded parts of the
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by expansion of air and nolten resin rarely

L nside the resin pipes.
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is constant, calorific value increases according to the increase in
el ectrical rdni thanssateTshpunoin FIG. 11. In this arrangement, there 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
heafer 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 .
cylindrical 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 ﬁoles. As a result, the molten resin will not-
protrude from the gap between the heater and the resin bipes. It
is preferable to éhoose materialé with heat—reéisting and
electrical insulating properties, such as thermosetting resins

like phenolic resin, epoxy resin, unsaturated polyester resin,



when, a material having high electrical resistance, such as stainless steel
(SUS304, SUS430), is used for the heater, the calorific value is nuch
hi'gher than if materials with Iom/electrlcal resi stance, e.g. alumnium
ar'e -used. Thus, it is possible to make the cylindrical heater thinner.
Furt her nor e, stainl ess steel can be nol ded into a cylindrical formRy

neater Jof m‘}gft ﬁeaﬂ?y%h%ﬁa?{%&g#‘ 28 or Thortds. %%ﬁ%"%?ﬁén Thirezgle o

surf ace. is eas and chea act ure wh
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the material_is nol ded |nto a I|ndir forn1bgﬁ§$%glng t he endﬁ of the
plate as corfiermorenscwhant EP‘?%Q "Pd-'leé'é &t 8r¢ Ppg @9 rtapesy| tagx, can

first, and then holes are drilled. Wen a |arge nunber of holes on a heater
or when nassbgrhbandledneasier haines thepcyhindrical j stoppens age 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



usé-a press process for making holes on the flat material. According to a
“preferabl e exanpl.e of the above-nentioned invention that a dianeter of eac
"of the plurality of holes disposed on the cylindrical surface ranges from
0. nmto 5 mm air between the heater gnd the resin pipes can be rel eased
as soon as the resin starts to nmelt. Therefore, deformation of the resin

pi pes can be effecigpsel y H%%fﬁ%gs—é&ﬁ@ @t L3Ryt Bat tﬁé‘eﬁiﬂ“ﬂe%e?% %ﬁ@

holes is rather smal'l” within e range, e noftenresin ows out

formof thr R . h d,.th i skn s | s.anrd fill.s. the
hol es on coﬁ%jﬂ c?ﬁlﬁagt %‘ﬂgﬁdi%g\ t’gﬁ ﬁ?gﬁfe&ﬂoﬁgshes t‘;@ﬁ?g}e arld'e Wlﬁth n2
the range. Ceneral ly,. it s suitabl.e t ress,hol e i ch are | arger than
0% of the heRtdn e tioled 3o 3ol and PRitRarDest S¥oughrd ara; piAcednan
drill process can pe used to make hgles which.are smaller than 0.5 of the
t hi ckness oPothSides: of the heater of; aj seeand Huhadigend:py using a press
process if the maxi mum dianeter of hole is to be larger than 0.5 of the
t hi ckness of the pFdbe. Swhsnar eepsstagnddonnd visneef cthe aiodnt detpgen two
resin (i.e. at the joint) is subject to pressure fromself expansion of

. 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

h

a



resih or artificial nmeans. |If the hole dianeter is too |arge, 10 this
pressure can cause the resin to nelt and flow out of the holes in |arge
guantity to decrease the pressure. Then, there is also the possibility of

| dsi-ng too nuch pressure to keep the resijg pi pes connected. Therefore, it
Is preferable to keep the maxi mum size of the hole within twice the

t hi ckness of tgg | ate in order to maintain pressure at nolten parts. It is

preferabl e t B

cylindri cal

“b?q}'r;ality' of holes are disposed in several rows on a
surface of a heater and that the hol es are di sposed at equal

interval s so that tHHG.esid piSsés CResSpechivmal yviewa RestonEantionad
expand as soon as the nelting process takes place. This configuration
prevents j oi methodtfaeconnecting resirepipesm amdorning. In particul ar,
expansion toward the inside of the pipe when the resin nelts is prevented.
In addi tion, the raris.ofl3ndist @n crodsesgetimhlparies afoandthér conventional

method for commecting 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 of 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



joint can be linmted to a small area when the width of the heater is about
1/4 to 2/3 of the nom nal dianeter of resin pipes. Thus, deformation of
the . resin .pipes, nore specifically, expansion toward the inside of the
pi pe can be prevented at the joint betwegn the resin pipes. Furthernore, it
Is preferable that a cylindrical netallic heater is disposed around each

i ch T angesSPREGH 0.OF mBePsTaboRmBoNe, oFOPEERe T ampis E <HERRETt el RE%,
apart from tAMSRITHITG Slesthif utrent faro teadireRy) PLoCvERG, it eRt LG
| nbetween is determned to range fromO.1 nmto 10 nm Agcording to this
exanpl e, t hePQBEXIi HOUFRS CEsQUIRUS, et @IPGH 1o, PaKeri-o ibﬁ%ifP@ 9j1can
In this arrangenent, there will be no air in the joint so that deformation
of the resinppopide cinventer & ewitdy electrich@oxgse tilMe thisesasepi Pbs powgr
b can be 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



-corinected with even nore reliability since it is possible to weld while
"observing how far the joint has nelted. It is not possible to attach the
"inside surface of the heater to the outside surface of the resin pipes
conpl etely. Therefore, nolten resin mhiﬁg expands due to air expansion and
expansion of the resin itself can be forCed out fromthe gap |ocated
bet ween the heater. and the resin pipes. However, when cylindrical stoppers
conpri si ng the &91di-s wi th heat -resi sting -and el ectrical insulating
properties are attached on both sides of the heater and around the resin
pi pes, the gap bet Weadkernd keaheatedtq fevieral,hgndeeddegregsedn opder toe
air between the heater and the resin pipes is released through the holes on
t he cyli ndrizansfan rsaffigienticenergy rneceasany ttoh wedg resiisopipesslaut 1b.
t hrough these holes. As a result, the nolten resin will not protrude from
t he gap betOmethe lhtherahendanadl theugle siorkpicodd. 31 andsheatdrrZalfiormt @ hlighse
materials with heat-resisting and electrical insulating properties, such as
t her noset t i figequesicys trdmsformeel, i aorksi coikp8xjandsheatemsat aret atbt well
pol yester resin,
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 series
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 (PLL control) - the phase so that
the phase differential is 0. Thus, a high-frequency wave of LC
resonance frequency is generated constantly, 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 electric current (Severai hundred ampere) and low voltage
are generated within heater 2 in order 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



12 and diallyl phthal ate resin. It is especially preferable to choose
materials which are reinforced wth glass fiber. Furthernore, when
these materials are provided as tapes, they can be handl ed easier since the

cyl kndrical stoppers are fornmed by wi nding these materials around the resin -

pi pes. Any kind of resin pipe which can formextrusion nolding can be
appl i ed for GREs dod¢8Nt | PherefHESE &iﬁﬂ& Olfra'iﬁ%bi‘mei-p%s' &BhHé'@tecf Oto obtain

exanpl e, fluorocarbon resins, such as pol yV|nyI|dene fluorid :
Lot raf | uor oot RpeaaeaCRAECRBEP ky? Vi Ry EPREr S g‘%z%fm foyeregr §
N A ol
e R R Ty o EoR AT NG b TSafiSa ™ o "YEHL 'Sburce 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 plurality of holes 2a iﬁ the cylindrical surface. Holes 2a can
be drilled into the cylindrical 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 fogefher. 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

pbbcess 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.



FIG. 1 is a block diagramof one enbodi nent of a nethod and an apparat us
for ‘connecting resin pipes; FIG 2 is a cross-sectional view of a heater

Wi th, holes, showing a joint between two resin pipes which are in position
to be connected of a first enbodinment; FIG 3 is a cross-sectional view of
the joint between two resin pipes imedimtely after being connected of a
first enbodi nent; 13 FIG 4 is a cross-sectional view of the joint
between two Sdara pheePutiside siameteposift iR ddires onidetsepinalydigmeter
‘heater with holes is used and cylindrical stoppers are placed on both sides
of the heateM5af i&ssdS0d embodieater; ¥ ®@as5 caleulatesk- tecthawenl ani eimsiide
the joint between two resin pipes imediately after being connected

of

a

secondiefibtdi nefit89.2 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

hole 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



FIG.- 6 is a cross-sectional view of the joint between two resin pipes to be
connected in which a heater wi thout holes is used of a second enbodi nent;
F’I.'G_ 7 is a cross-sectional view of the joint between two resin pipes

i mmedi ately after -being connected of a thjrd enbodinent; FIG 8 is a graph
showi ng the tenperature change in the heat®er of a third enbodinent; FIG 9

e Lo SselapiRh, MrblatheoRL ! STRRR 'pALAY "LEACREIN Pl Sied g
'n position PESERFARIAQ H0PRC AT QHRISEPT. i Hesa Lon Sapsrat HEiaghEiba e
with space i nbetween of a fifth enbodinent; FIG 11 is_a cyQss-sectional
view of the maximumdtimeterhobetuean f-5eofi faedi tings the, thigkness connect ed
of & fifth 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 together without a

gap. Since the joint between resin pipes 1la, 1b is heated



14 é,:rrbodi nent; FIG 12 is a cross-sectional view of a conventional method
for connecting resin pipes; and FIG 13 is a cross-sectional view.of
another conventional method for connecting resin pipes. DETAILED

DESCRI PTI ON OF THE | NVENTI ON EXAMPLE 1 e enbodiment of a nethod and

an apparatus for connecting resin pipeS of the present invention is
' 1.is a block diagram of

described with reference to EIGS. 1 - 3. FIG . g 0
one enbodi neﬁzﬁa%*aliynét §5Cads 2R 9BpEPL: thatthe cb‘?ﬁfbfctti’wqe&sirﬁ_sﬁppﬁfpez
FIG 2 is a gcrosg-secfional view of the joint between two resin pipes to be
connect ed off?’h i'f'gﬂe'?ﬁﬁﬁﬁ foams Ji’aﬂissaaltqé‘dﬂiaséél@i weddedi daint has
joint between two resin pipes imediately after being connected of the
first enbodihﬁh.meﬁhw@aﬁ, styengthi n gnpeaddition, fheatew Resis1 dipposéde
1 are placed face to face in position to be connected. .

partially at the joints only so that resin pipes 1la, 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 joinf
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 holes 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



Cyl t.ndrical heater 2 nmade of stainless steel is placed around a joint
betvieen resin pipes la, Ib. Wrk coil 3 is wound in a | oose spiral

around heater 2. Resonance capacitor 4 and a secondary w nding of
out put transfornmer are connected seriallglbetween both term nals of work
coil 3. A primary winding of output transformer 5 is connected to inverter

6. Inverter 6_i to di . 7 d i al
power - 16 EofATaRcR ko Bihsr & 80 ElGers? < BHEe 418 S chpiEisectipel: PigY

the alternating electric current into the direct electric current ower
source 7 out®fit the niotehetweegotep. rasin PLRRS ctq be de FﬁggrgellSG

with electric power. In this case, DC power source 8 converts the direct
el ectric powar dnossrsectieyadb view 0frdhet eidinfedbebveene twgngresin pipes
electric current by using DC-DC converter and then outputs the electric
power to invimbediztelsf taftawnbeing ngonhectédect Expdanatiomponbout r @bepents
power source 7 _ _ _
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 vicini.ty 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 ‘a 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 larger' at
a predetermined dimensional tdleran_ce 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 pipes 'la, _
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



or DC power source 8into alternating electric power with a predeterm ned
vol t'age and frequency, inverter 6 outputs the electric power to the primary
Wi hdi ng of output transforner 5. Wen alternating electric current flows
with a predeternined voltage and frequepgy into the primary w nding of

out put transfornmer 5, a predeterm ned secondary el ectric current starts to

flow into the segondar .vm'ndr Waen econdagry, eIe i r flows
into work c&PPas eara éllpc"PP &Qﬁe Eﬁ F’qu}rﬁ‘rlf osle%n%% etmt Pso
accordingly., Due to e cha gnetic f|ux nduced el ectr ive force
i s gener at ef TR E%Lﬁ'é 8‘6@&? t FI‘OSKESl E’ngﬁ%aPE?gr'iAmg n
i nduced electric current rovm ng i.nto heater 2 nakes rl) er heat

a

because heatwithy sidasicet heaterneat (Bus ois reaidedn@e.” |)s pr aHlJeS

to use an inverter with integrated phase |ocked |oop (PLL) control , since
inverter 6 cwesrsat i kesepossibleithat shendoistorisnaetciondyi damaged s atted
condition according to |linkage induction of

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 the 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 arounri 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



16 the coil. Heater 2 is heated -to several hundred degrees in order to
transfer sufficient energy necessary to weld resin pipes la, I.b. On the

ot her hand, although work coil 3 and heater 2 forma high- frequency
transformer, work coil 3 and heater 2 arg not well connected because
heater 2 beconmes very hot. . Accordingly, |inkage inductance increases

such that high- nc e LC..CAIT o, | rK s k|
3. I n orde i%ﬁ?’iﬁﬁe e g%:’t ﬁfgékgﬂr?e{rﬁe%qng}/ tao l%ggéi‘cg%g\é\?mr%{sao\r@ﬁcéﬁﬂt
capacitor 4 fornms LC series_resqnan ci.reuj er with |inka

i nduct ance o eéﬁ!ﬁ% c%ﬁﬁl%.plﬁ?sdgpngigoylgf h*’ﬁhhgggéfﬂ'enc@%\feesflﬁog&e&s la,
series resonance frequency can be added,so_ that high-frequen current
flows to workbcare lgeatqqive‘lﬁ}eerp@ege g8 50t ﬁﬁPa@@I?‘é@é ’aﬁd% cemperature
current, and controls (PLL control) the phase so that the¢ phase

di fferenti alhag pot Teashed mhghmelddnsnPPiRtve dccordivghhanthen raqglarger
i's generated constantly, so that the LC resonance frequency changes while
heat ed. Furtaeeapie, heated.r iinternadnpresswee i due etait sehk ninf kat ione ofhzegén

in LC resonance
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 buckling
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 mos.t 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)
nomin,a} diameter | - length of heater
65 A : 20 ~ 30 mm
75 A | 20 ~ 30 mm

100 A 30 ~ 45 mn



frequency while heated. The resistance value of heater 2 is not very high
"so that a large electric current (several hundred anpere) and | ow voltage
"are generated within heater 2 in order to heat-resin pipes la, Ib to the
mel-ting tenperature. On the other hand, _it is not wise to increase the
nunber of w ndings too nuch in view of &6rkabi|ity 17 and costs.
Therefore, output transforner,j onnected to obt edance matching. As
~a result, resistance agai nst ?hsegter 6 before re hlﬁgpgﬂiput t ransf or ner

5 appears to increase so that the elegtric needed ca ced

el ectric source 7 cah ’d%t‘?i’rvrﬁoh‘é gﬁﬂmoﬁ?ﬁﬁ h&%c’é’ss‘é“r P%E@Fﬁ'? fﬂ""‘ﬂv’el"&‘1‘*ng
pi pes by conblnlng it wth a tinmer. As shown in FIG 2, heater a
cylindrical 1engpe 8fidheatande ds sheemeessamr@em%eby $(k3end éﬂéw@) the

The heater has a flurallty of holes 2a in the cylindrical surface. Holes 2a
can nominal 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



be drilled into the cylindrical surface of the stainless pipe. It is also
"posSirbl e to nold this cylinder by nmaking a plurality. of holes 2a on the
‘stai.nl ess steel plate using drilling or pressing processes and then bending
the plate to forma cylinder and meldingsthe ends together. The latter
method is easier and cheaper in terns“ of manufacturing costs than

molding & ayhi A1tank HRIGHEAof | £81RNE1pE8N il difKerenk! iaAleri18" ang

hol es. Wen a | arge er ol es on eater or to nmass- production of

es. W urh : . _
on That i SPPAPESES dqnd Sl Thel aYa efed" SO ALRGEDRLE IR PorliHs

ticul t eki . d_di 1] . Pol yvinylid | i d
Cher e nar t By BroHEie SPiara DY Jnte; el ol IR AukoRRELSHI W atn
dianeter 75Ahaccordinghto JIS. .Stainless steeg glate Su5304,mﬁpq,a
t hi ckness oftN#SsWaA¥Ky | theLCORREEEIDg PLOCERS,1p bactorigs 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



Since the outside dianmeter of PVDF pipes with nom nal dianeter 75A is
89.0 .- M heater 2 was calculated to have an inside dianmeter of 89.2
mmand a length of 30 mMm Holes 2a are nade in five rows at 5 mminterval
fromthe center. Each row has 28 hol eggdi sposed in a |line at equa
intervals. The holes 2a were a circle with a dianmeter of 1 mm

Al t hough it,depends a dianeter_of resin QpLpes ~be.cann It
pref erabl e tf&‘flpqarﬁ?s[ hlgﬁ%netse?p&ra?}’igestsélirﬁpgggkggeéth%be‘?%le V\eg‘%&ﬁg%“ a}fg S%IO
~mm for easy processi ng,.and handl.i ng. Al t hough i t, depends on the _hgrdness_of
material, it ?'Ee_%ef%'r gﬂ‘? ﬁ%ﬁ‘f"ﬁ%éﬂ't fi5 §P8§saﬁoﬁ§ gﬁ’ﬁ??’éqt‘{rﬁaﬁto%eoﬂome
t hi ckness of the material into f]at terials becaus& t he bui.l d- shape of
pressed net aPetWesm| Eesih BPasF okdn. 1hhEeashps 2 pre etprRined, sotitgning OFRe
maxi mum di anmet er of holes 2a_larger than about 0.5 of thickness of the
materi al in mebting ppdubss then xemint pipemawdllwhe, wedded pitggether. | pThee
connected, a nolten part of resin (i.e., at the joint) is subject to :
pressure fromoktér regpimseéxpansds tire vebime s aditi ischeatedass. thabwsher two
if the dianeter of hole is too large, this pressure can cause the resin to
melt and 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 resin pipes 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 resin 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 points of resin pipes according to different
materials and diameters, and input the data into a microcomputer
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



flow out of holes in large quantity to decrease the pressure. Then, it is
“al so-possible to | ose too nuch pressure to keep the resin pipes connected.
“Therefore, it is preferable to keep the nmaxi mum di aneter of holes 2a as
smal | as possible, for exanple, snmaller2than twi ce the thickness of the.
material in order to 19 maintain pressure’ at the nolten parts.

gmme: SE' fy he, bonhBof L bAdes of LER DL ol %?Itﬁﬁ?’g ot
;méﬂet t&l higseﬁgysfgﬁ#l ﬁﬁ%ﬁ%ﬁ ?sgch%%sgd% } coﬁ§5§95§5 ?ﬁ%’cﬁé‘ﬁor;
requency, i nduced_el ectyono}.ive or ate n heater 2.

i aEBEERia PEPER. Taniath Hhqided, JORBRIOE W#%vplr?ﬁ%nw orthe
523”33& gl ﬁeat L's produced frominternal reS| st ance of heat er ° r

result, heaP¥iad direstien; afheri thecdepperature gt g Jynt; H@ﬁ dl'q'ﬂCh@fj

predetermined softening or melting points, a predetermined jig

can be used to obtain the best welding pressure.

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 procese was completed in nine minutes by
inputting 118 W electric_pewer at frequency of 74 KHz.

In this embodiment, heéfer 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



resiin pipes la, Ib gradually fromoutside. Since the inside part of heater
2 and the outside part of resin pipes la, |b are al nost attached, the
€xpanded air between heater 2 and resin pipes la, |b is released t-hrough
hol es 2a. Predeterm ned pressure is put ggn resin pipes la, Ibin the axia
direction to connect the pipes. Therefore, when the tenperature at the
j oi nt between resinﬁEipes la, | b reaches a predeterm ned softeniP or

mel ting poi nheatgg Ad| WBach ghen pamikted heat from dits; gptdnessue %éﬁ t (sheet
starts to flow out through holes 2a, as shown in FIG 3. The volune of the
nol t en resi nexethesmie) andt Paxrdr ofofthenresin| nest rtaiheaternd 2pbegan (fp malts
13 on both sides of heater 2. The outside resin is heated until the inside
part of the ifdsst.pi fhe wolume ofietheomodteém pepin ingredseskec and @egart of
t oget her wi t hout a gap. Since the joint between resin pipes 1la, 1b

i s heated thisgrmalitan yresirer €ormedo hidldgenpt hpartsheld oiomt bethnwesidessiof

PP 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
i)oundary part. Since heat transfer is slow on the inside.surface
of resin pipes 1la, 1b, this portion '_starts to melt later.
Pressure is producéd 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
cflange its .shape Idrfas;.tically. Accordingly, it was confirmed in
this pipe connecting method that the two resin pipes were welded
together while providing bond pressure which is neceséary 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 pil-)e.was cut in two parts at the joint in the axial
direéti_on, and the cross—-sectional view waé. chécked. It was

confirmed that the 'pipes are completely welded into one pipe.



a, b will scorch or foam As a result, the welded joint has high
mechani cal strength. In addition, heater 2 is disposed partially at
tthe joints only so that resin pipes la, |b are softened and nelted in
lintted area. While the resin pipes are 3l ded together, the expanded air
and resin is rel eased through holes 2a so that bulges will rarely appear

I nside the joint be en.res es |a . I pye

heater 2 has a pl urg*'?"ty Jgtn olb%ﬁ'eﬁnt h%e‘ibjgﬂhgpgg &;ﬁérﬁ{é Hg;Tkrlléeﬂse gp‘e'%
2a are effective rel easi n anded r .ang,resin whlle e
are wel ded PRRES didrpgt ﬂB Y&s L "s%oner@ﬁ énsg[dev\gyklgqanstc? ?&Fg 12
determ ne fromthe outflom/of nol ten resin whet her thS out sj.de art of F
j oi nt bet weeeversithopglheBydraul ic hRELSRFQ eHaB o SHErITEAALT hE®u %Pﬁ% pa{r
of the joint continues to be heated, the nolten resin fills hol es 2a

Therefore, hjoint wasnalsesreipfereed.a, especdad 1yordm ctha ybendingd dlme&téﬁe
part. In other words, when the wel ding process is. over, heater 2 reinforces
the joint beImeadditbein thepeslten, partt. wasStfimished smoathlyi and had ‘no
especially suitable as a reinforcing materi aI because it has high
mechani cal 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 sh_own' 4in FIG. 9. In the embodiment
shown in FIG. g, cyl_indrical 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 between resin pipes la, 1b was provided. In the embodiment

shown in FIGS. 10 and 11, cylindrical metallic heaters 16 and 17



strength. EXAMPLE 2 A second enbodi ment of the nmethod and the apparatus for
connecting resin pipes of this invention is described with 21 reference
to FIG 4 and FIG 5. FIG 4 s a cross-sectional view of the joint between
two'resin pipes to be connected. FIG 5 is a cross-secti-onal view of the

j oint between two resin pipes innediatel%“after bei ng connect ed.

Expl anati on about el enents which have the sanme nunbers as in FIGS. 2 and 3

has been onieteddispesa daradidhdandy rdsgint hEae rist erdediaiat tHuitnd g
part of heater 2 is placed in close vicinity to the outside part of resin

pipes |a, |Bpakieaiglie) Warises dedbbyndndi Ny apehae! dbr@s !t hg ands 9art 18
stainless steel plate into a cylindrical form As a result, it is difficult

to make theygi MGRILOHLAWdeRS e JtREB ST iRAr 164 Chefallic heaters 16, 17.
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.



al mest equ ﬁe&p&&gﬁﬁé geqdi ameter of resin pipes la, Ib. Simlarly, it

i s dIffICU| nstant roundness. The i _di aneter of heater
2 is.usuall y “Eﬂlﬂﬂ&l‘ be | arger. at a predeterJ
tol erance th di aneter of sin pipe

P EnSTOTar
EP ASLQT FaEr § o
mass- produce heaters. The second enbo Iment is E -+0.- 3 unyrfor
the case in which t a gap ‘between the inside part of heater 2 and
t he outside part of WMpes la, Ib. Actually, gravity causes gap 2b
to form between the |nS|de art of heater 2 and the outside part of resin
pipes la, Ib, as shohn i method ofFponneating: gresipurpines, gqumetisisgdrthen
| arger than its actual size.) | f heater 2 is heated in this condition, as
it woul d be istepReofirst enbodi ment, the nolten and 22 expanded resin
woul d not only flow out from hol es 2a, but also fromgap 2b which woul d
result in resin bul (s practingditwg fesin 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—frequency 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 exciting
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



bot h” si des of -HehistSheet Bas(Hell epjaSqCal | €d @ "bead”). Wien this occurs, it is

possi.ble that th ' only damaged at i ti" surface,  but--al-se,
becauyse the expa _ m ﬂbl ten resin are not \ E{@I@g_& LSAOETEN
S _

the- joint becones i de. Therefore, cyllindri galeisteppers 14
conprising materials with heat- resistind and el ectud '
properties are placed on both sides of heater 2 to fill the gap _between
heater 2 anddiaBetenpbsspid heatemchag oppdimensional dalerance, 12ggaE; fhan
the bead or the protruding part of the nolten resin, for preventing the .
t hi ckness of anh@utsiiden giametes defr sadd, mesingdpipes.ngande sajderhrater is
pressure while nelting, and for preventing the inside part of the joint
from bei ng rbegbed Mat exlioses vivbinitihadwe shédt resisipipesy and el ectri cal

i nsul ating properties are thernosetting resins, such as phenolic resin,
epoxy resin, unsatfurati®dmethyésiofr amebian apgatathd yfophidoaheteingsiresin
especially those whi.ch are reinforced with glass fiber. Furthernore, when
these naterigipedr8sUggdinéd t #pesnet BEY cRatmd 0L € t624i, | whbpathedtsilpaast t bre
tape can be wound around the resin pipes easily to formcylindrical

stoppers andyhPerifPG€athie nedtkl i eFRMP ki YrduPe 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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work is over. Tﬂ'pg,e&q.iagﬁéegnmcgu bet ween the nom nal dianmeter of the resin

pi pes to be: co | ength of heater 2 will be 23 expl ai ned.
When. heat er mm’m“ W!Hm area around the; T94_.-_r},t.._..bae.'r,.x/\-/emn "r'ecs:r,n pi pes
la,*lb wll esin pipes 47, |b Areqbeated,; thécplpes begin
to expand even if the tenperature has not reach@d thermeladiEg poi nt .
Accordingly, when a larger area is heated, |nte+na#=§ Fessare due to sel f
inflati on of PiRES na% clageed dReone |of i Gkadmsa| 1 pFBsSur &hereing cydipdrical
expansi on of resin becones too high, resin pipes la, Ib start to nelt from
t he outside srmnpertmmm@msnnagapaaterb@domshsbeaﬁrneﬂmtmw@m edecteical
due to the internal pressure on the resin . Thus, rough parts appear inside
t he joi nt beinsmerating rpropeatiles, die Jhtadied eardmnd ssaedemri;z tpipes on
determ ne the heating area or the length of heater 2 which is nobst SU|tabIe
for the thi cketissides 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.

) O O



resin pipes la, Ib in order to reduce the rough surface due to buckling
conpletely or to mininize it. Resin pipes with various nomnal dianeters
were prepared to correspond to several kinds of heater 2 wth

di fferent | engt hs. Each heater 342 was ex ted.
The results are  shown in Table 1 (below). Thie ‘q@,&rwrfp“ﬁé%smé?’e\ wel |
connected wi thout causing any bul ges inside the j |nt ;’:é]‘ab{‘eJl)__,an nal
di anet er | ength of heater 65 A == 75 A

20 ~ 30 mm 100 A 30 ~ 45 mm 24 125 A 35
65 mMm It is obvious fromTable 1 that it is preferable that the | ength of.
heater 2 is between approximately 1/4 and 2/ 3 of the

METHOD AND APPARATUS FOR CONNECTING RESIN PIPES

ABSTRACT OF THE DISCLOSURE

When resin pipes are connected through induction heating,
the resin pipes of this invention do not form inside bulgeé due
to air and resin expansion during' the heating process.
_Cylipdrical heater 2 made of stainless steel is placed arpund the
joint between two resin pipes 1la, 1b made of polyvinylidene
fluoride. Heater 2 is then heated by induction heating to weld
the joinf of resin pipes 1@. 1b. Heater 2 has a plurality of
holes 2a on the cylindrical surface so that air and molten resin
located between heater 2 and resin pipes 1la, 1b are released

through holes 2a.

FIGURE 1

This Sheet Has Been Replaced




nom.nal dianeter of the resin pipes. In the above-nentioned enbodi nents,
the material used for resin pipes la, |Ib was polyvinylidene fluoride
(PVDF), but this inventionis not limted to use with this resin. Any kind
of thernoplastic resin pipes can be used. These kinds of resin pipe
include, for exanple, fluorocarbon resingsiguch as polyvinylidene fluoride,
tetrafl uoroet hyl ene- hexaf | uor opr opyl ene copol yner (FEP), and

tetrafl uoroet hyl ene- perfluoroal kyl vi nyl et her copol yner (PFA), as well as a
wi de range of thernoplastic resins, such as pol yvinylchloride,

pol yet hyl ene, pol ypr opyl ene, pol yphenyl ene sul fide, and pol yet herether

ket one. Furthernore, the shape of resin pipes is not restricted to
strai ght pipes. BeBt pipes, joint pipes, pi pes at the ends of val ves
are also included h The fundament al prlﬁ%lple of the present invention
is not only applicable for NS resin pipes, but also for
connecting glass pipes (includinglgla VF 'ass and{si ca glass). In
~addition, the oscillgting frequ~n y]o nverter ‘a}aﬁ’ e set flexibly
within the rangf of At 1east Sof that }r‘Lan handl e different
materials and d Aneters of repi 1 Pes t o be 1b
:':/'\_/4
6 , '
Inverter
T -/8
DC power source DC power source
10— | 9
Commercial power source Battery

or generator

FIG. 1



connected. It is also possible to record data in advance into menory,

e.g., tenperature data, data on heating time to softening 25 and nelting
points of resin pipes for different materials and dianeters, and input the
data into a mcroconputer which controls the electric current input into
the work coil automatically. In this way2/lge connecting process in
factories is sinplified. A rather inexpensive litz wire which is a tw sted
thin wire is usually used as the mterial for wrk coil 3. When

t he connecting process of resin pipes is conpleted, work coil 3 will be cut"
off and renoved fromresin pipe line 1. Furthernore, when resin pipes |a,

| b are wel ded together with pressure in the axial direction aftéer the
tenperature at the joint has reached a predeterm ned softening or nelting
point, a predetermned jig can be used to obtain the best welding pressure.
EXAMPLE 3 -

fa @ 1b

FI1G., 2



A t,hird enbodi nent of the nethod and the apparatus for connecting resin
pi pes of the present invention is described with reference to FIG 6 and
FIG, 7. FIGS. 6 and 7 are cross- sectional views of an enmbodi nent for
connecting two resin pipes by disposing a cylindrical netallic plate
outsi de the pipes. The same high-frequeggcyp el ectric power generator was

used as in FIG 1. - Heater 12 is mde of a cylindrical netal,
such as alumnium brass, or stainless steel. In this enbodinent, there
are no holes in the direction of the thickness on heater 12. \Wen

hi gh-frequency electric power is input to work coil 3, it 26 increases

the tenperature surrounding the joint between resin pipes la, |b gradually.
-As soon as the tenperature at the joint between resin pipes la, |b-reaches
a predeterm ned softeni.ng or nelting point, the resin pipes will be wel ded

t oget her. The
13
2 |
/1b

2a

SN

13
1c

'FIG. 38



nmol fen resin expands in volune as it is heated so that the two resin pipes
la, |b are attached conpletely without a gap. Since the joint between resin
pipes la, Ibis heated gradually, there is no danger for the joint between
resin pipes la, Ib to scorch or to foam As a result, the welded joint has
hi gh nmechanical strength. |In addition,gpeater 12 is only partially

di sposed at the joints so that the resin pipes are softened and nelted in-
limted area. Accordingly, bulges rarely appear inside the joint between
resin pipes la, Ib. In addition, the oscillating frequency of inverter 6 .
can be set flexibly within the range of at |east 15~80 kHz so that it can
handl e different materials.and dianeters of resin pipes to be connected.

It is also possible to record data in advance into nenory, e.g.,
.temperature data, data on heating tine to softening and nelting points of
resin pipes according to different materials and dianeters, and input the
data into a m croconputer which controls the electric current input into

work coil automatically. In this way, the connecting process in factories
is sinplified. A rather inexpensive litz wire which is a tw sted
3 2a 2

1b

1a 11 @
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FIG. 4



thiff wire is usually used as a material for work coil 3. Wen 27 the
connecting process of resin pipes is conpleted, work coil 3 wll be cut off
and renoved fromresin pipe line 1. Furthernore, when resin pipes la, Ib
are wel ded together with pressure in the axial direction after the
tenperature at the joint has reached -pregqiger m ned softening or nelting
points, a predetermned jig can be used to obtain the best wel ding
pressure. This enbodinment is explained with reference to FIGS. 6 and 7
using specific materials. The pipes la, |b (outside dianeter 76 nmm
t hi ckness 4.2 mm) were made of polyvinylidene fluoride (PVDF-65A, nelting
point: [err] and cylindrical netallic heater 12 (material: alum nium

i nside dianmeter:” 76.2 mm thickness: 1.0 mm length: 20 mm was pl aced
outside the pipes. Both end faces were matched exactly as shown in FIG 6.
Then, work coil 3 conprising litz wire (nmaterial: copper,

1a 11\ b

\%

1

FIG. 5



di afeter of core wire: 0.12 nmm dianeter of the whole wire: 6.6 M) was

|l oosely wound around (nunmber of turns: 4 turns) as shown in FIG 7. The
wel di ng process was conpleted in nine mnutes by inputting 118 Wel ectric
power at frequency of 74 KHz. In this enbodi ment, heater was heated up to
[err] in nine m nutes and cool ed domn'tg/#ﬁrr] in ten mnutes after

el ectric power was no | onger provided. e change in tenperature over
time is shown in FIG 8. As seen above, tenperature control necessary
for the wel ding process was conducted very easily. This wel ding process was
started by inputting electric power ing® 28 heater 12 which then emtted
heat fromits entire surface (sheet exofhermc). A part of the resin next
to heater 12 began to nelt first. he nolten resin

increased, and a part of thi/S pbljen Aegl i NoreANbuNl d\up parts 13 on both

sides of heater 12. A parf of the nolten|resin noved In the gap at the

FIG. ¢
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ends“of resin pipes la, 1b, thereby nelting the resin at the boundary part.
Since heat transfer is slow on the inside surface of resin pipes la, 1b,
this_ portion starts to nelt later. Pressure is produced to weld end faces
“at this tine. It is preferable that this part also nelts at the end.
Actually, the inside surface renmained as7aioal!l (in a solid state) and did
not change its shape drastically. Accordingly, it was confirned in this

pi pe connecting nethod that the two resin pipes were wel ded together while
provi di ng bond pressure which is necessary to weld the end faces. In.the
next phase, when the electric power supply stopped, or the anmount of

el ectric power supply was reduced gradually, heater 12 began to cool down,

and the entire conf30Q s (bead) 13 of
nolten resin renmining lat the ends of-the hfgﬁgr. Accordingqy, resin pipes
la, b were wel ded togdther conpl et 3 Tﬁe ve- noted regin pipe was cut
in tw parts at Yhe joilnt in the ial diNection, and the ¢ross-sectional
Vi ew was checkeds It [was confjpfned thht Xhe pi pes are conpletely wel ded
into one pipe. = 200}k '

&

W
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A

2 100 100C

4

§. Cooling time
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FIG. 8



29 The joint between resin pipes obtained by the above procedure did not
have bul ges on the inside by neans of heater 12 even though hydraulic
pressure was exerted on the pipes. The joint was al so reinforced,
especially in the bending direction. In addition, the nolten part was
finished smoothly and had no dead spaceg, MPLE 4 In the third enbodi nent
shown above (FIGS. 6 and 7), an exanple of a ring-shaped netallic heater 12

pl aced around the joint between resin pipes la, |b was provided. It is
al so possible to forma joint as shown in FIG 9. In the enbodi nent shown
in FIG 9, cylindrical nmetallic heaters 14, 15 were placed on the outside
and inside faces of the joint between resin pipes la, Ib. It is preferable

to place cylindrical netallic heaters 14, 15 on both faces of resin pipes
for connecting thick pipes.

la W 15 b,
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FIG., 9



At the same tinme, cylindrical netallic heater 15 is so thin that the inside
surface will not be rough even if heater 14 is disposed inside and it
hard|y affects the flow of liquid in resin pipe lines. EXAMPLE 5 In the
thifd enbodi mrent shown above (FIGS. 6 and 7), an exanple of a ring-shaped
metal lic heater 12 placed around the joi®yyloetween resin pipes la, |b was
provided. In the enbodi ment shown in FIGS. 10 and 11, cylindrical metallic
heaters 16 and 17 30 were disposed around each resin pipe in-a state

t hat about 2 mm space (slit) exists inbetween. In other words, a slit
part 18 was made between the two cylindrical netallic heaters 16, 17. The
pipes la, |b (outside dianeter 76 mm t?ic ess, 4.2 mm were made of

pol yvi nyl i dene fl uoride (PVDF-65A, melt ng iri_ 178~ [err]), and
cylindrical netallic heaters 16, 1 (naterfal:

l
la 17 18 16 b

FIG.10

1317 N 16 13

FIG.11
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aluminiunl;?ﬁﬁmﬁe dianmeter: 76.2 mm thickness: 1.0 nm length: 10 nMm) were
pl &ced outside the pipes with both end faces nmatching exactly. - The resin
pi p€s connected according to the third enbodi nent showed that there
was not. air in the joint so that deformation of the resin pipes can be

- prevented. Moreover, the pipes could be cqonnected with even nore
reliability since it was possible to well®/30d observe at the sanme time how
the nolted resin slowy flows into the slit part 18. The nolted resin in
the slit part 18 cooled in a build-up state and fornmed a build-up part 19.
31 W claim 1. A method of connecting resin pipes, conprising the steps
of: a) contacting two resin pipes positioned end to end to be connected to
forman area of contact, b) di.sposing a cylindrical netallic heater al ong
t he contact area between '

13 20 1b 1
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fromthe group consisting.of stainless steel,| Braséizand-al umdium and

‘sai d heater has an axial length of from aboutI/ %/44 te 2/,}23 a{ "2 'ngim nal

di aneter of said resin pipes, c¢) surrounding 5§§f_ﬁihe§t é" 3 HQQE aficoi |,
connecting a resonance capacitor and a secondary W itHRg=0 '.".l_é‘l‘_f‘:ﬁ)ut put
transforner serially between both term nals of said coil, connecting a
primary wi nding of another output transforner to an inverter which converts
‘direct electric power froma power source into alternating electric power
W th a predeterm ned voltage and frequency, and connecting said inverter to
“said power sourceWevchrimi:n sai d heater is excited by high-frequency

el ectric current heating said heater by induction heating and said joint

bet ween sai d resi . pApmsthiod ofetaimécting eedinrpipes) corprisimg) theastdphofit er by

hi gh-frequency electric current, heating said heater by induction heating,
wher ei n sai d cont ayicohticting twaaredin pipes pogitioneds end Ito enmhdt tagbe lvanneeted to
simul taneously said cylindrical netallic heater is fixed to the outer
surface of sforh masirea pfwenatac) A net hod of connecting resin pipes as
claimed in claim1, wherein said heater conprise a plurality of holes

di sposed in a cyl bhdisposingsaciHndrical métallit heater alongfthe voatace agea between

~said resin pipes; wherein at |east one materi éiI'f.'fﬁ_f“:‘s:ai--:.d-.-_-:l_q._e;al;_,g_[ I's selected

said resin pipes, wherein at least one material of said heater is selected from the
group consisting of stainless steel, brass, and aluminium, and said heater has an
axial length of from about 1/4 to 2/3 of a nominal diameter of said resin pipes,

¢) surrounding said heater with a coil, connecting a resonance capacitor
and a secondary winding of an output transformer serially between both terminals
of said coil,. connecting a primary winding of another outi:ut transformer to an
inverter which converts direct electric power from a power source into éltemating
electric power with a predetermined voltage and frequency, and connecfing said
inverter to said power source,

wherein said heater is excited by high-frequency electric current heating. |
said heater by induction heating and said joint between said resin pipes is welded |
together, |

d) exciting said heater by high-frequency electric current, heating said
heater by induction heating, wherein said contact between said resin pipes is
welded together, and simultaneously said cylindrical metallic heater is fixed to

the outer surface of said resin pipes.

2) A method of connecting resin pipes as claimed in claim 1, wherein said
heater comprise a plurality of holes disposed in a cylindrical surface in the

direction of thickness.
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S0 1111121 171117271 11112112117111211211 32 3) A nethod of connecting resin
pi pes ‘as clainmed in claim2, wherein a di anet er; of each of.. sal d ~plurality
of hol es-di sposed in said cyI i ndrical surface r:anges framo 0 5nm 4)

A met hod of connecting resin pipes as clained iinpghai mli% Tsal d

........... holes in

plurality of holes are disposed in several romr——aﬂﬂ*eagﬁ"ﬁT"ﬁﬁrd
-each of said rows are disposed at equal intervals. 5) A nethod of
connecting resin pipes as clainmed in clains 1 or 2, wherein an inside

di aneter of said heater has a dinensional tolerance |arger than an outside
di ameter of said resin pipes, and said hgater is heated in close vicinity
to said resin pipes. 6) A nethod of connecting resin pipes as clainmed in
claims 1 or 2, wherein said heater has a cylindrical shape formed by
wel di ng ends of a plate together. 7) A nethod of connecting resin pipes as

clainmed in clai m3j, AGRARSD of dbfinecting resin pipes as claimed in claim 2, wherein a

diameter of each of said plurality of holes disposed in said cylindrical surface

ranges from 0.1 mm to Smm.

4) A method of connecting resin pipes as claimed in claim 2, wherein said
plurality of holes are disposed in several rows, and each of said holes in each of

said rows are disposed at equal intervals.

5) A method of connecting resin pipes as claimed in claims 1 or 2,
wherein an inside diameter of said heater has a dimensional tolerance larger than
an outside diameter of said resin pipes, and said heater is heated in close vicinity

to said resin pipes.

6) A method of donne’cting resin pipes as claimed in claims 1 or 2,
wherein said heater has a cylindrical shape formed by welding ends of a plate

together.

7) A method of connecting resin pipes as claimed in claim 4, wherein said

plate is made of stainless steel.

8) A method of connecting resin pipes as claimed in claims 1 or 2,
wherein cylindrical stoppers comprising a material with heat-resisting and
electrical insulating properties are attached around said resin pipes on both sides

of said heater.
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~plate is made of stainless steel. 8) A nethod of connecting resin pipes as
clainmgd in clainms 1 or 2, wherein cylindrical stoppers conpr|S|ng a.
material -with heat-re5|st|ng and el ectrical insul gEFfg—pre tles are
attached around said resin pipes on both sides of sh$63§’ater 33”9) A
nmet hod of connecting resin pipes as claimed in claimS8, 13§7naher|al
for said cylindrical stoppers is fromthe group c n@ﬁ@tlngﬂpf hengl
resin, epoxy resin, unsaturated polyester resin, amd diallyl pﬁthalate _
resin. 10) A nethod of connecting resin pipes as clained in claim1l or 2,
wherein said cylindrical netallic heater g3s di sposed around each resin pipe
in a state that space eX|sts resin pipes mhlch ranges fromO0.1 to 10 mm

11) An apparatus $yra ¢0A64 o onhEStll RisRE Dipe3disCIARRA B BB RVhéreia 2
cylindrical rret al |c heat er di sposed —aroun a contact area between two

resin pipes t
P g:]l FBP &R gg iHd g@]ﬂm 4§ @oh thé Arfup LBhSILAS G pliedDlid

| east one ma er| sel ect group consisting of stainless steel,
brass, and resin epoxy resin, unsaturated polyester resin, and diallyl phthalate resin.

10) A method of connecting resin pipes as claimed in claim 1 or 2,
wherein said cylindrical metallic heater is disposed around each resin pipe in a

state that space exists resin pipes which ranges from 0.1 to 10 mm.

11) An apparatus for connecting resin pipes, said apparatus comprising:

a cylindrical metallic heater disposed around a contact area between two resin
pipes to be connected end to end, wherein said heater comprises at least one
material selected from the group consisting of stainless steel, brass, and
aluminium, and said heater has an axial length of from about 1/4 to 2/3 of a
nominal diameter of said resin pipes,

a coil surrounding said heater, and |

a resonance capacitor and a secoridary winding of an output transformer which
are connected serially between both terminals of said coil,

a primary winding of another output transformer which is connected to an
inverter -convérting direct electric power from a power source into alternating
electric power with a predetermined voltage and frequency, wherein said
inverter and said power source are connected to each other,

a high-frequency electric current generator for exciting high-frequency electric
current into said coil to heat said heater by induction heating, wherein said
contact area between said resin pipes is welded together, and for simultaneously

fixing said metallic heater to the outer surface of said resin pipes.
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. alum nium and sdid heater has an axial |length of fromabout 1/4 to 2/3 of
a nom'nal dianeter of said resin pipes, a coil surrounding said heater, and
a resonance capacitor and a secondary wi ndi ng of an output transforner

which are connected serially between both term nal s _of..sai-d- Sia primry

wi ndi ng of another output transfornmer which isicgnnect.ed. 1o nyerter
converting direct electric power froma power dpuicé into,alt atli ng
el ectric power with a predeterm ned voltage an({\f qﬁck(:,ueﬂéyy'wgg_%ﬂ sai d
i nverter and said power source are connected toLgL:;%hgr%'%w”

hi gh-frequency electric current generatog4for exciting high-frequency
electric current into said coil to heat said heater by induction heating,
wherein said contact area between said resin pipes is welded together, and
for sinmultaneously fixing said netallic heater to the outer surface of. said

resin pipes. 3&)12&11{‘}13)%% gbi! cohfécting & ipifed 8§ idhaikiddetn daifil di1red
in claimll, wherein said heater further conprises plurality _of. hol es
di sposed i n vhet¥in $43d hedler further comprises plurality of holes disposed in a cylindrical

metal plate in a direction of thickness of said plate.

13) An apparatus for connecting resin pipes as claimed in claim 12,
~ wherein said plurality of holes are disposed in several rows, and each of said

holes in each of said rows are disposed at equal intervals.

14) An apparatus for connecting resin pipes as claimed in claim 12,

wherein said plate is made of stainless steel.

15) An apparatus for connecting resin pipes as claimed in claims 13 or
14, wherein an inside diameter of said heater has a dimensional tolerance larger
than an outside diameter of said resin pipes, and said heater is heated in close

vicinity to said resin pipes.

16) An apparatus for connecting resin pipes as claimed in claim 13,
wherein said heater has a cylindrical shape formed by welding ends of a plate

together.

17) An apparatus for connecting resin pipes as claimed in claim 16,
wherein a diameter of each of said plurality of holes disposed in said cylindrical

surface ranges from 0.1 mm to 5 mm.
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,metal plate i'n a direction of thickness of said plate. 13) An apparatus for
- connecting resin-: pipes as claimed in claim12, wherein said plurality of

hol es are di sposed in several rows, and each of said holes in each of said
rows are disposed at equal intervals 14) An apparatus for connecting resin
pipes as claimed in claim 12, wherein said plate |s_nadelpf st-akm ess
steel. 15) An apparatus for connecting resin plpes_as ,alned‘fm‘blalns 13
or 14, wherein an inside dianmeter of said heatgr-ﬁas a‘_a| )

tol erance | arger than an outside dianeter of sdid r esh
heater is heated in close vicinity to said re5|ngEﬁESLf
for connecting resin pipes as clainmed in clai mI3, wherein said heater has
a cylindrical shape forrred by wel ding endgsof a plate together. 17) An
~apparatus for connecting resin pipes as clained in claim 16, wherein a

di aneter of each of said plurality of holes disposed in said cyllndrlcal
surface ranges from0.1 mMmto 5 nm

18) An apparatus for connecting resin pipes as claimed in claims 11 or

12, wherein cylindrical stoppers comprising a material with heat-resisting and
electrical insulating properties are attached around said resin pipes on both sides

of said heater.

19) An apparatus for connecting resin pipes as claimed in claim 18,
wherein in a material for said cylindrical stoppers is from the group consisting
of phenolic resin, epoxy resin, unsaturated polyester resin, and diallyl phthalate

resin.

20) An apparatus for.connecting resin pipes as claimed in claim 11 or 12,
wherein a cylindrical metallic heater is disposed around each resin pipé in a state

that space exists between said resin pipes which ranges from 0.1 mm to 10 mm.
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35 18) An apparatus for connecting resin pipes as clained in clains 11 or
12, wherein cylindrical stoppers conprising a material with heat-resisting.
and el ectrical insulating properties are attached around said resin pipes
on both sides of said heater. 19) An apparatus:-for conne ng reS| n pi pes

as claimed in claim18, wherein in a material for said o SESRPELES

is fromthe group consisting of phenolic resin, epoxy ré FNT@H&'ET
o

pol yester resin, and diallyl phthal resin. 20) An ap
connecting resin pipes as clained i ?%I aim1ll or 12, wh ﬂaal
metallic heater is disposed around each resin pipe in a state tha Vaisas

exi sts between said resin pipes which ranges from0.1 mmto 10 mm

 METHOD AND APPARATUS FOR CONNECTING RESIN PIPES

ABSTRACT OF THE DISCLOSURE

When resin pipes are connected through inductidn heating.
the resin pipes of this invent-ibn do not form inside bulges due
to air and resin expansion during the heating process.
Cylindrical heater 2 made of stainless steel is placed arpuﬁd the
joint between two resin pipes 1a, ib made of polyvinylidene
fluoride. Heater 2 is thert heated by induction heating to weld
the joint of resin pipes 1.a, 1b.= Heater 2 has a plurality of
holes 2a on the cylindrical surface ﬂso that air and molten resin

located between heater 2 and resin pipes la, 1lb are released

through holes 2a.

FIGURE 1



