METHOD AND DEVICE FOR CONNECTING TUBES MADE OUT OF
THERMOPLASTIC MATERIAL BACKGROUND OF THE INVENTION 1.
FIELD OF THE INVENTION The invention lies in the field of connecting
tWoay7abssgiures, especially tubular structures made out of fherEpsaGiiss1
material by welding. Il. DESCRIPTION OF THE ART Form the prior art
several methods are known to connect tubes made out of thermoplastic
material. The aim of JP2005214251A2 is to weld a resin pipe to a
connection pipe body in that a connection welding body with a
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heat ed at a predetermined distance from the coil spring

by which an induced current is induced to heat up the coil spring. The

heated coil spring extends from the compressed state due to melting

peripheral resin. Due to curing of the melted material the resin pipe is

Wgﬁgﬁ%@@ﬁg@g%@ ' Wl?pne problem of this device consists

int preparation and manufacturing of the involved parts.

GB2406803 o dHesieEkmnelectric welding fitting for connecting end
regions of pipelines formed from polymeric material. The welding fitting

CAPHISERIaN IR FcTRAT BESIRRERE AEANISHLLRRCSHERRG QLIS structures

fitting which in use lies adjacent to thé pipeline. An indicator pin is
fomssie eutiof theicwelaitic mateialdy eettiegvelding process. The indicator pin

is arranged in a recess on a side of the fitting which is remote from the
pipeline. The electric welding WO 2007/128384PCT/EP2007/003351 2
syktenrPEPEREPHIGNDR Ték/ARTrequires an outside connector for the electric
coil to supply energy. This is difficult to manufacture and also bears the
daogethef @ioveskseveal imdthedstirgkrioRl 52 068w ds tdbectedi¢aat wiethingoplastic
assembly for forming a welded joint between plastic 5 articles. The

adiBHi8 y comprises first and second interconnectable plastic articles
wherein at least one of the inter-connectable plastic articles is formed from

an expan r ic material. A welding element js dis ose&d
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void space between the first and the second plastic article in a welding
refiesripart of the connection pipe body onto which a resin pipe is pressed. An induction heat-
ing device is placed at a predetermined distance from the coil spring by which an induced
current is induced to heat up the coil spring. The heated coil spring extends from the com-
pressed state due to melting peripheral resin. Due to curing of the melted material the resin

pipe is welded to the connection pipe body. One problem of this device consists in the diffi-

cult preparation and manufacturing of the involved parts.

GB2406303 is directed to an electric welding fitting for connecting end regions of pipelines
formed from polymeric material. The welding fitting comprises an electric heating element
arranged on the surface of the fitting which in use lies adjacent to the pipeline. An indicator
pin is foreseen to indicate the progress of the welding process. The indicator pin is arranged

in a recess on a side of the fitting which is remote from the pipeline. The electric welding




15

20

loThereby the first and the second plastic article are fused together to

form a welded joint 052002170666 is directed to a method of heating a
substrate and a coating on the substrate. A susceptor element is applied
omdhevzeaiing, and the element and the substrate are inductigeligp2007/003351
energised to cause the substrate ana the coating to be heated.
JP2004052993 is directed to a high frequency induction heating member

to join pipes by 15 welding. A high frequency induction heating member
dissolves and joins the pipe mainly made of thermoplastic resin by high
frexysiemcyf iﬂmmmméaﬂmgremagnetimmedal cnokcts fhirthslalectiragiido supply
iron or stainles I etc. is ormed intg a cylindrical shape or a ol
<SS T L Y ARG AP S R BB kG e
mei@.is held in a gap part of the pipe and is heated by high frequency
induction heating to be welded. 20 US4842305 is directed to a pipe joint

for connecting pipes made of non shrinkable plastics such as polybutene.
TreppiRegeiniscarsnEses a widding BocibiyTsiTdiamg taneted [bimdeetween plastic
surface facing the Eépe end and mating the outside surface of the pipe

erfitides JhA@EwRaTPIS GTBRfisesyirb Al EpeRed; BiietcRaRHRP eBffsHC articiesmherein at
negiing RISmART A RAIBRIAGE IS BIREHELAN FLRAEA Holrplas

sleeve body is made to have a defined taper on its inside
20@7:111!288!8%1@1[%&@Elaﬁnirlotsaﬂﬁnbsadshefaem faidifieseactteebmndnplastiechiticles.

e to have cor es ondin r on the outside and is jnserted into
?Qes\?lé? “gn‘i?'ﬁ ”El‘é t@iﬂ@f Tare @l Qbtied! e%em&%&rge@a to re-

fOH@cd@ﬂ?@&dl%c@%ﬂﬁﬁééﬁ‘@h’é‘ﬁh@?a‘mrfﬁ%e@&m%ﬂ%ﬁﬁ RIS eWRREh N Ragion.

outside surface portions of the pipe end melt to form a homogeneous joint
aftéeiehyits fushaubthe seransbrlastiseatislont fyead/waatheiymientcacueldsd joint.
metal pipelines which is covered with an adhesive lined heat recoverable
sleeve positioned to overlie a coating on either side of the joint Prior to

retl8¢RPY bARBGE AliTestes\ ey amsty BFBa A HSHASY HPierading on the sub-
ﬁ@!@%@&%ﬁ%ﬁ’%ﬁﬁ?g HQ&‘SﬁtﬂX‘EBJ{?E péﬂﬁ'{ﬂg qur%mga @tﬁet strate are

side of the joint. A ter recov of the Sleave the entire joint |s eate
annihdtiotip aneaptet to geseitwt eubshigh addthervyatiral twdabéaedy between

the bare pipe in the joint region and the recovered sleeve but also by

means of the mesh element between the polymeric coating on the
piﬁﬂﬂ%@ﬁﬁéE!Hed'sédted)tctmhjgmrmnt)einmmrbe:htil‘gememWf)@ﬂjb[Mﬁﬁes by
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temyaeratyierAbINBHE G4 by high frequency induction heating. Magnetic metal such as
thin-plate shaped iron or stainless steel, etc. is formed into a cylindrical shape or a polygonal
shape or the metal is provided with many holes and recessed parts. The metal is held in a

gap part of the pipe and is heated by high frequency induction heating to be welded.

US4842305 is directed to a pipe joint for connecting pipes made of non shrinkable plastics
such as polybutene. The pipe joint comprises a sleeve body which has a tapered inside sur-
face facing the pipe end and mating the outside surface of the pipe end. A connection is
made by heating the joint-forming region, e.g. by a heating element which is embedded in

the sleeve body. To make a joint, a sleeve body is made to have a defined taper on its inside
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is tion member rises until it reaches its Curie temperature; at this point the
temperature ceases to rise. The induction member may be embedded in

one or both of the spigot and socket or in a separate collar interposed
beoveemtiaiwo. A welding appliance for inducing current ireteeirdometiass1
member may be in the form of a clan3p for simultaneously inducing current
and clamping the socket onto the spigot A method of forming a socket

makes use of extru- 20 sion, and includes steps of expanding a tube end,
and retracting it over a collar including an induction member. EP1369636

is slirtaceed pipeiandlbxhédnsasteinig mhle e iavepipelmsponting tapensntiziesside and
thermoplastic material which is connected to i%yne by an electric .

wiidkg ehaniece e edh i e e s Tl AE B SRHEE il gheiabed for
congemiadlariose tHal MadnsikeanrdeIBRINE of the sleeve and the outside surface por-
W02007/128384PCT1EP2007/003351 4 component The electric welding
sidiepeqtbepie ctmelttrforpaihemogarsedainirtise drfidconnecting

region using an induction welding process. U55462314 is directed to an
electro-fusion fitting with a body which comprises a heater. The heater

indYRPE2868 3 deretibes folgiihReRusAR G mIBcRats asiat pinelineswhictisreovered
iNGAG 2 ViR %edjﬂmw@e%m%%% R&iBRa @g%&@fﬁ% %gyg@§;%§LMsr side

heater is exposed to the joint surface. The joint surface o
broiLiyk ot Rrmntacewittnacfoiin beafaem\efablmsdeateortn e coatptbpipaides a me-

R ST e o e el oL

teragoenteraef Jas.enmenatife 390y Mk epLaAtiHIaRERARRENIB e ferdtiea high
temperature due to a tempera- 10ture self-control function thereof. When

thEEPRAE APt Bl Petvearthea ko Biemindhegeirtigaionidad shetreenvered slesve but
thﬁs%%yn?é%qstgﬁtm%%%mﬁé’npgeWéw%t?? e%fﬁcoé?gtring %ﬁ%e?&‘?}glines on ei-

discloses a connecting member made out 0 rmoplastic material for
mthieirsif e of & el guintam gt rddoeeedrsfeeeting member has embedded

heating means to effect local softening of the material in that region of the
member where the joint is to be made. The Is heating means may
coMOSA3384hV adatiteited tosiStdwn amdisiocket whetahrenge klabjeaesthetdopighiucing a cur-

frequency induction heating, or a combustible material consisting of )

o STt A RSO EEE U OGS P4 (s 06 SePBFAS 3k g
OftigRvRaIR MaatahtRliaY LR SULS IORBRMBE XIS 2B ABSRE theSeMpeidtfre ceases
being self- supporting or placed in a temporary, fusible container. The

héafiFfy Bieindystinnapasebns may ferambeddae imenshopbethodshefspiet fndhseyet or

Qin a separate collar interposed between the two. A welding appliance for inducing current in
the induction member may be in the form of a clamp for simultaneously inducing current
and clamping the socket onto the spigot. A method of forming a socket makes use of extru-
sion, and includes steps of expanding a tube end, and retracting it over a collar including an

induction member.

EP1369636 is directed to an electric welding sleeve for pipeline connections made of ther-
moplastic material which is connected to a pipeline by an electric welding process. The elec-

tric welding sleeve has two connecting regions connectable to a first and a second pipeline
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20double start coil. DE1086426 shows a method to conned two
intertwining parts, such as tubes, made of thermoplastic material by
induction heating. An electro inductive heatable foil is inserted/arranged
bevwenitsssiwo intertwining parts and is then heated by indueti¥eJoeaings1
until the two parts are welded togethar along their boundary layer. WO
2007/128384PCT/EP2007/003351 5 US2739829 is directed to a plastic
pipe joint which is fused to adjacent material of a tube by inductive

heating. The pipe joint comprises therefore a non-continuous metal band
insergdnahiththepldstif Weddipkpsievpipe¢airciEo iosketipelitiebesnipdmetitén the first
openings of the pipe joint a swelling agent is applied to increase the
diSARERSFET (FRO9I4ER8 AedrsHan WEIARIRECBSwelling agent evaporates
the diameter is reduced and the plastic pipe joint shrinks onto the tube

en etal band is then heated. inductively such that the plastic

S T e HFISRSHIEAD ' ToR% A EADO Y B OBRiises @ heater
dishgvRpiaIRREGHIS mﬁh@ﬁ aREiRie HaviRg dpriaaathingr elnre WRAPEsHY S the
swelling agent and the thereby resulting environmental burden. A further
digigverrnbadoiat tvefane ehersnbiimaimgmernt ad dot jtaiesiof trechpiter iopxiprsed to the
the_pi Induction heating is,the process of heatin etal object b
o R R R PR B SR ST e oo
metehbadsdsistapkd wrdeienlptighieglingofuienmespblidd to thichiagnetic alloy
heater in general comprises a coil, through which a high-frequency AC is

paSUblY pRePRAGRES Ut dha Ay thalpai it apirsetes BqpleJBe temperature
134nghdGHaghuYRISNGE iitie Héﬁraawn_éramtmﬁéarttm% VeigReAt MRt Rlempera

by heating through electromagnetic induction. A welding apparatus in
gelteer gl teomtsahiegtion dbertoh WhéntHiet Guresriempisratiwithset el didusion) teormeyature,

electric current to generate a | h-fre%uenc electr magne IC fti}(]ald. The
egm su C?CES %ﬁe%cﬁéan membper ma .bﬁéoug(ie edagcn other.

coll is placed such tha electromagrietic’field acts on éither an

electrically conductive or a ferromagnetic work piece. In an electrically

C%&%’étfé')’;s R '?%ecén“%ﬁtfﬁs.n%om%teer% Séﬂf‘ ﬁ]ee?“gﬂa%fcer%ta%%{ial for making
resistive heating (magnetica )?ln uced curren 53. n-a terromagnetic wor
piaogsided . |ppojpiit. dbpednnéhifgr remdankiicapbdtles hoaemiitéasatssefearyocal
hysteresis as the magnetic component of the electromagnetic field

refniisninm Pl b6 matanal R haliRaisy Al embse WhErs S dpiatiis iiedkermads; The
> RN HiahPinsy COMBISEAIP Aaied IRAHSHAN eI PmE| el 30bREed 1o high

them with metallic or ferromagnetic compounds, in general 25calle
sutaswproysnduaticn hestingaced cerebistittsmaseiinl ohelkting ofcarpitetiacemmemggated
from the induction.coil. The control pof the temperatyre in methods and,. .
4dvid £§ ow ring or in ?hcglsg &Jge or oP a mixture 3 powdere meta‘, al?oy or silicide and
an oxidizing agent, the mixture being self- supporting or placed in a temporary, fusible con-
tainer. The heating element may be in the form of wire mesh or a loop of wire forming a

double start coil.

DE1086426 shows a method to connect two intertwining parts, such as tubes, made of
thermoplastic material by induction heating. An electro inductive heatable foil is in-
serted/arranged between the two intertwining parts and is then heated by inductive heat-

ing until the two parts are welded together along their boundary layer.
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WO 2007/128384PCT/EP2007/003351 6 art is often related to the so

called curie temperature of a ferromagnetic material. Thereby the heating
element has to be made out of ferromagnetic material. One major
disadyantags is that these devices are comparably expensive-ggerio 1063351
extensive material cost 5 SUMMARYsOF THE INVENTION It has been

found that none of the tube connection methods and devices known from

the prior art are satisfying in practical application. A problem that often

occurs consists in that it is difficult to achieve connections with a high

qudsizy 39RRStiedigitied\thuathlestisrpipkejointavigibtis fnsedab tidjakitin geateyial bichtube
gqtg)d.c nnecbions can be achieved are expensive toerg)ro- 1Qduce. It iﬁ

LR THHE Fratas T @IRFoRTTS ORI Brop it HiGRIOUHA Bl e

to paanactilieydt sPheqteeialpe tolpulas FbIEtHEQBURAHRD MY Senings of the pipe
thermoplastic material, by a susceptor. It is a further object of the

inveiRki®d FvRlipecaend is Appfiefts ncreaedhp direetrseidBeedicning teithdn that the
presant | i ' vi | r e igh.gan
e B R D
Thbepdsamidin Tee tretal bepkhie thim haamethiaduativadlgevihettior theplastic material of
inrtﬁrcognecti n of products, e.g, profiles, tubes, pipes, fittings, sheaths or

a

T e R e R T%%Qt%%‘i*i‘ﬁﬂ?&ﬁf’lﬁf’%ﬁﬁ@?ﬁ&{)FQ&?BEthOd con-
My ial tiuehiaand SERIBRY IRG BiR)s i HaKIR N 4 Fife) tREBIS) YENEBRG environ-

(PB) (other materials may be applicable), by welding in that thé material of

a fMetaleieeoo Adutin Hsadvartagy iodie smescananmatrotibddieminiming\the pipe
Ierib%tqgghgf @gs parts to be interconnected comprises a metal insert

arrange c166°to a connection surface or is arranged in the connection
surface. The metal insert acts as susceptor and is designed such that

when indugti Iding. deyi B ducti
o g B SoREE b LR AR Pt
materiddisaasnpert gallyatedivaicitr clieaotaband Weidtance leads to Joule heating of
2007/128384PCT/EP2007/003351 7 . . . .

the metal. An induction heater in general comprises a coil, through which a high-frequency

AC is passed. Heat may also be generated by magnetic hysteresis losses.

Induction welding is well known in the prior art for welding of materials by heating through
electromagnetic induction. A welding apparatus in general contains an induction coil that is
energised with a radio-frequency electric current to generate a high-frequency electromag-
netic field. The coil is placed such that the electromagnetic field acts on either an electrically
conductive or a ferromagnetic work piece. In an electrically conductive work piece such as
steel the main heating effect is resistive heating (magnetically induced currents). In a ferro-
magnetic work piece, e.g. plastic doped with ferromagnetic particles, heating is caused by
hysteresis as the magnetic component of the electromagnetic field repeatedly distorts the
crystalline structure of the ferromagnetic material. it is known that plastic materials can be
induction welded by implanting them with metallic or ferromagnetic compounds, in general
called susceptors, which are heated due to absorption of electromagnetic energy from the

induction coil. The control of the temperature in methods and devices known from the prior
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ner and coalesces in a contact zone. To improve the performance the
susceptor is preferably designed as a closed ring into which

circumferential currents similar to a transformer-process are inducible by
anebaoiromggnetic field. Thereby primary heating results dugcti®rr2007/003351
circumferential currents and secondafy due to local eddy-currents. After
curing the two parts are joined together around and across at least one
susceptor such that a strong and durable joint results. To improve the
mechanical strength the metal insert comprises openings in which base

maite riabiémtdetest tortbepsartadiegl carig éen fanstueb yfit ifeachmwetl; thatttiab Thereby

linsert is not opl d by the base material but also.
LR ST B HAOH 1L R TR e b B s

in 3 B1EORUeEs RIS ARNRA RN REBMLAE BN oftheinvarntiandie

metal insert which acts as susceptor has a flat ring- like shape with a

certain length in axial direction which is, depending on the field of

application, 10 to 30 times larger than the thickness of the ring (outside

radius minus inside radius), The susceptor comprises openings extending
radially through the metal insert. Depending on the field of application the
OPSUIRBARYOIEYA R IQVENTIdAegular or square 15 cross-section. Other
cross-sections or combinations thereof are possible. Especially with

re $ipkct beemiztind icalrsire 0 thebetie rcoasedtmreetichicmat] devidwatkabanpfrom the
edégHes are avoid@d. In argrefe red empbodiment the edges are therefore

rof R SfIR7INRINGN & AT RSB CRRRBY AR e coBpity Tsthat it
ePAARER 15 SUFE0L BsHRELAORIEHR- T gHSHSARP I SHBSIINe dutthBEproblem con-

arranged inside a boundary surface adjacent to said boundary surface
ariifsrin duigiheyiBagnpyHehishrgred @regigsstdmbeoichisueticee skpensive to pro-
apgligation up to Imm below the surface. A sleeve according to the

present invention is preferably made by an injection moulding process in a
cost efficient manner. Therefore at least one susceptor is arranged as

_mﬁt%l éfﬂS&f;E&P M%ﬁ%%l%@aﬁﬁ&? F}@ﬁﬁ gﬁ‘lﬂeﬂé}%%g 91'3{90% %R&%eri 8 to con-

inside a cavity of said 25moul acing t usceptor in the mou
theeatotridtiges|cspec iy b gr thteisussaptde antl dhehveriqipéfigd material, by a sus-

th ti terial.is injected into the cavity enclosing the susceptor
\A%pr%glg%é%gg gl j%:l,%gg?e/%g%??@f g prov%e a fitting (tJo be used inF’ghe method

according to the present invention which provides an improved performance and which can

be made at low cost compared to other fittings known from prior art.

The present invention is related to a method and device for the interconnection of products,
e.g. profiles, tubes, pipes, fittings, sheaths or any interlocking objects, made at least partially
out of a thermoplastic material, such as Polypropylene (PP), Polyethylene (PE) or Polybutene
(PB) (other materials may be applicable), by welding in that the material of a first and a
second part locally coalesces in a controlled manner. At least one of the parts to be inter-
connected comprises a metal insert arranged close to a connection surface or is arranged in
the connection surface. The metal insert acts as susceptor and is designed such that when
inductively heated by a welding device the heat is distributed into the surrounding material

of the parts to be connected such that the material fuses superficially in a controlled man-
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at least partially. After curing of the plastic material, the mould is opened

and the sleeve is removed from the mould such that the process can be
started again. If the susceptor needs to be positioned in the sleeve at a
ROty distagace from the outside wall of the sleeve undernepgh #8007/003351
surface, the susceptor may compriseypositioning means, 5 e.g. in the

form of local protrusions which protrude above a surface of the susceptor
determining the position between the cavity wall and the susceptor. The
positioning means have a certain height in general corresponding to the
distanael yakiehiihecsmacepiny. ® anprogethdnosrorhamettic suscaptov\éhpraferably
the susceptor is made out of a thin band of conductive material the

podfitgRrsAffedorething ik dhidedr g ferntifh et el teplapsigrpgyprocess
pugehin@ &g w %A%’?&%ﬁ%ﬁ@ﬁ&%ﬂ Wm}e%p ﬁﬂﬁ’é%&%&ﬁ{%‘r@ﬁm N3d 8 circumfer-

However, other positioning means may be appropriate. The susceptors
aren@hshivento drigsdvenflasndyecte dowinedlystivanigustiencarigatie two parts are

prefer % de out of a conductive stainless metal with a certain
cide S R B SR il kg ana curble

elgsitoauitemointproeatieanendimaioiréngthel? oiagphised TaapXas OMRings in
materials such as ferromagnetic materials may be used. However,

diddtiThhts B dedel fattsastprtiraBUs o aseest %ﬁéﬁétﬂm@%d@%fethe metal
Sigﬁggﬁ:qptn@c QMBLE&H&%M% bais (ﬁ?ﬂelﬂgl %\(@igi@&i imégb%r%%e H?ff the material

antirust material’ such as stainless steel. The design of the metal inserts
actihigharsssits oebeties anchptagrsiad Sually thatstheadee girbeuitienydnom

inductive heating is distributed in a balanced manner into the surrounding
material via 20 the adjacent boundary surfaces of the parts to be joined.

In thar grebsdwesnpieithednvantion thsenetaj sniesywhilhvaginssiwscerfttndias a flat ring:

mﬁ}(eri | to be,fused su htltlnat an opgmic?ed h I%altsn%eoer?ct flui tighfne S

relifRap e cenam et il o Wi SrdERRE hApde o applt

diaEios] ONTs td1BD dReég Maffed M oA BeRYCeNte N g auiide LEdics MiriReinside
susceptors is of high relevance (see descriptions of figures 4 to 7). Good

refftshale pewrtatrarsisemoneaings mdeadinggiptly dhuonginibe pgtal insert. De-
PYRGRIRG GPBYIARI B FRRERRH AhE UPIHALY Snly G2, IBARY, triangular or square

cross-section. Other cross-sections or combinations thereof are possible. Especially with re-
spect to mechanical strength better results are achieved in that sharp edges are avoided. In
a preferred embodiment the edges are therefore rounded of by blends to avoid stress con-
centrators when the susceptor is embedded in surrounding material. The susceptor is de-
signed to be arranged inside a boundary surface adjacent to said boundary surface and/or
slightly below the surface, e.g. depending on the field of application up to Tmm below the

surface,

A sleeve according to the present invention is preferably made by an injection moulding
process in a cost efficient manner. Therefore at least one susceptor is arranged as metal
insert in contact with an outer surface of a mould onto a core or inside a cavity of said
mould. After placing the susceptor in the mould, the mould is closed enclosing the susceptor

and then liquefied thermoplastic material is injected into the cavity enclosing the susceptor
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WO 2007/128384PCT/EP20071003351 9 propriate positioning means as
described above are made in the same process. To obtain a ring-shaped
susceptor the sheet of material is then bent to form a ring. To obtain an
ayoasiEiuglion of the heat and electrical conductivity it is agvaRIBERASS51
to interconnect the ends of the ring esg. by welding or another process. A
joint connection between a first and a second part is normally formed
around an inductive heatable metal insert which acts as a susceptor, e.g.

in form of a closed conductive ring, inserted between the joining surfaces
of shiepsapsriallpesfizsennbieof. theipraric enunafetentialidridopesendadthe sleeve is
eddy-currents are induced in the susceptor by a field generated of a
weFIAGGEORENeMBIISHY Maehroprcstierdbe b A%l a field

applicator as described in more io detail below. The field applicator of the
Wo?égng device comprises a coil which can be oEened by a plug and

S

§ SCAPIRSPSEEIP be pesitaned ke Yeae 3 %@%‘Hé’cﬁtﬁvﬁﬁfﬂﬂ‘&%@ outside

PrivaRIdl 1RE SV IAREAL S RO RIPXE HRNBIeLPST BELESHPADE positioning means,
ring-shaped susceptor the temperature of the conductive ring quickly

rige®. i dreotomarif; (nsebprotiusians méids pietride abek wisiofaeer fithensysceptor deter-
e iment of minor significance. Depending on the design of the 15
o S b, AL 2 P TR b e e
arceren haighh inuenérd calrepdyding tente distance sylwhgHerepasaistee iokranged
the susceptor ring is mainly a function of a) the material used (electrical

relR e SytsifaMalbINbeD R sHIERIl Haade Aol a hihkand g eondyriye material
SURESBURLG A Mo she 1AL REINE MDD AR HAELSUSEERIRRBIRng the hi

surrounding plastic; e) the starting temperature of the parts'to
coherictbdaBrinlevithetifipmoprisae pintheng ook prowener atherplegitioning means may
S reroaunplinr%tpe susceptor. In _dif_ference to the devices k_nown from the

prior RPIRE ﬁéatlng characteristic of a susceptor according to the present
invention is determined e.g. in a calorimetric manner in that a susceptor to

e U T R

then y inducton.

lighadetbatasiar gyntianive 2ainksiaddatovithal ytiheckisRaptesistantdappropriate to
detected sufficiently accurate and the coherence between parameters

sieRvt tiedrgyctiomEritviaan lscHicAU ARy, Ridhdrpeatian gihibs fisk! of appl
WRigR L3841 TUEF: a%%?é%aﬁéic Hkterials may be used. However, a disadvan-

tage of susceptors made out of ferromagnetic materials is the significant tendency of corro-

sion. This can be avoided by the use of antirust material such as stainless steel.

The design of the metal inserts acting as susceptors is optimised such that the heat resulting
from inductive heating is distributed in a balanced manner into the surrounding material via
the adjacent boundary surfaces of the parts to be joined. In that the susceptors comprise
openings they allow passing of the material to be fused such that an optimised hold and
perfect fluid tightness result. To obtain a well-balanced distribution of the resulting heat the
dimensions, the design and the ration between volume and surface of the susceptors is of
high relevance (see descriptions of figures 4 to 7). Good results have been achieved in that

the susceptors are formed by punching openings into a sheet of conductive material. If ap-
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electromagnetic field, dimensions of the susceptor and time can be
determined by experiment and/or calculation. To form a joint connection

e.g. between a tube and a sleeve comprising an embedded susceptor the
stevtogriemperature of the sleeve is detected and an electripelgbofodvoo33s1
certain strength is applied by a welding device according to the present 5
invention (see below) for a certain time depending from the dimensions

and the material of the sleeve, the susceptor and the tube to be
interconnected. Alternatively or in addition the characteristics of a

suptpptde poayidrindeveansing desuribeti fiboantareayade gn ithelsame weresoriis obtain a

applied to a susceptor while testing. The weldjng device may comprise or

e TREEPRBANSEREHES S e L TR AT PR SR I i AR FBrever
thelivyebding RFGESReseIAHRBEHBANIMNRLIFIFES BNARIIEESUPRS IR Rect the
are stored. The welding device may further comprise an input means e.g.

in eRAsfRheiesBduelding oF anetiiddecesader and/or an RFID-reader by
which it is possible to put in information about and/or identify a specific

sleeve to be used in a joint connection. When the specific sleeve to be

us@dPiBtieRMARRN herwesasafisit abrrassend iparisnaion!ly Sormerdacpund andnductive
bage MAanT AP MENGHIGCESSUY PLOCESDHPIATEIGH - Jf DeRE8TXohd0 v ring,
welding device further comprises a temperature measuring device by

whinsértiicbpresanthe pipmmsuriadsstaftthe perspe iz asefoblddeArimkoijngrcumferential

process) of the sleeve to be used can be determined. Alternatively or,in .
P TSRCPRHaDARR SRR LR OHR Geaveivy tha Priade i sl audng
mayie sbareingtihtgensigey e rcendtaion ahafAfclRFApbiaddR a8 BREABEE in more
(1- or 2-dimensional barcode). 20 In this case it is not mandatory that the

wéleimb ke o fifstisenlisatritabale wekding dayisucRMPRESRE0S Wikgh can be
f i ine. t in.t .

B SR S A L o
infdueimgtpimalilg uirthefeeentid ratueatidparaaastiimee neéfectsnaththingysiaiad susceptor

s R AR AR AR e o
R'ﬁ[@eé&ﬂhﬁ@?ﬁi&@ﬁ 15 RS HEHP cﬁﬂnﬁ{&qf?'ﬁﬁlcﬁﬁ@’ BePedbRd iﬁfﬁth’é@éiiﬁ?n of the
weld. By placing the RFID-tag appropriately, e.g. closed by or in direct

cotaertaiabert W eeidhe heatisseaiton iowed sirremistensial eutee nistArd @bout 10%

inf ' in irec o

o0 P AR B 4G SRR e sisctor g i iy e
exiresigs) ahéencobdab hed (e differ ensistinash dpthstidec{simagng@rdofishhapg)ed; c)
In a preferred embodiment a welding device may be assembled in

difRErhRAREHTEEHIRB Y SR BBh BRIIAY SeheRMs b SusseREA A Grle sur
hapeheing! pRARE MG atfnerainkARIOESRRSDEADS anfléRff the specific

means. The parts of the welding device are preferably interconnected by
stheataidhesiicapiacmddbeiplastivbigioundbid thestseeptassembly. An
embodiment of a welding device according to the present invention

comprises in general: A high frequency electromagnetic induction
gdmartiesn(el o therdsvnes knawidiona pislipaeo erothg peating ehacrtatisdig e sesuscep-

field to a first an asecopd a{t to.bg ejtoinedlént rconne?tedt .each other,
ol a corflr%qf% e relsen invention Is ermine eg.inaca onmetric manner in fhat a
whereby el aBp ICator may comprise

susceptor to be measured is positioned in an appropriate liquid, such as water, and then

heated by induction. By measuring the temperature change of the liquid the energy trans-
formed into heat by the susceptor can be detected sufficiently accurate and the coherence

between parameters such as energy transformed into heat, current, voltage, strength of the
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10multiple loops wire coil enclosed in a flexible collar, which can be

opened and closed such that it can be easily positioned e.g. around a long
tube; if appropriate a connector. cable for transmission of data and/or a
elasianagngtic energy between the HF-Generator and the fielgep2007/003351
applicator. In an embodiment the HR«Generator may be driven by a

stationary or a mobile power supply 15 such as a battery pack. The
HF-Generator is in general based on an isolated topology using a high
frequency transformer which converts a DC voltage link into 20 to 500 kHz
fretiertamaghetivdleidy elirfrensinG hh ¢heandceptpe aoingnef the podetermined by experi-

requested, the link may be fed by a PFC sta Power Factor
R ST TSRS SRS (AURE RIS PNERT b B T igpve com
20 i efreedasabasiees tHees Ffig RERpRIALIE BPEIHECNIRNDY BeEBdH0Nd an

device, such as a mi- croprocessor, which is interconnected directly or

indleetsinfigddsefras spriniaaatiengti ioaaplieth Ay e welding dedse eseipgitelghaduesent

sugh) g r;% Ve sor ure rele .
o T 8 o T e A B R W el of
suitle sleetiacticusnecdptmrmidationitbess beenvatiamectiod akitemdbivelyroe it additien the
invention the caontrol unit is designed to calculate and thereby control the

actAHEITAR AL AsHA BRI o L BE BT IBTHR AHFTRMULBAISIE RAHaHAGRsor s

a Paplidaqb gGtiyeeBior WHillRQkduRgINg in direct contact with the susceptor.
5To establish a joint connection between a first and a second part via a

susceptor the follow- ing process steps are in general necessary:
The welding device may comprise or be interconnected to a database means in which infor-

mation about for the welding process relevant dimensions, sises and process parameters are
stored. The welding device may further comprise an input means e.g. in the form of key-
board and/or a barcode reader and/or an RFID-reader by which it is possible to put in in-
formation about and/or identify a specific sleeve to be used in a joint connection. When the
specific sleeve to be used is identified, it is possible to retrieve information from the data-
base means about the necessary process parameters. If necessary the welding device further
comprises a temperature measuring device by which the present temperature (starting tem-
perature for the welding process) of the sleeve to be used can be determined. Alternatively
or in addition relevant information about the sleeve and the process parameters may be
stored with the sleeve, e.g. in form of an RFID-tag or a barcode (1- or 2-dimensional barcode).
In this case it is not mandatory that the welding device comprises a database means as such.
The sleeve may further comprise means to determine the temperature, e.g. in the form of
-temperature measuring RFID-tag which is capable to transmit present information about the
temperature to a receiving means of the welding device. By this it becomes possible to ad-
just process parameters in accordance to information retrieved from the RFID-tag. Preferably
the RFID-tag receives its power from an electrical field, e.g. the field used to weld. By placing
the RFID-tag appropriately, e.g. closed by or in direct contact with the at least one susceptor

it becomes possible to retrieve information about the welding zone directly.
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1. Determine process specific information about the parts and the

susceptor to be joined and setting the level and the time to apply an
alternating electromagnetic field; 102. Applying an alternating

alas bimagsetic field to the susceptor via the colil of the fieldpafiEieat9/003351
whereby the field has a certain levelifGood results have been achieved

with power levels dissipated at the surface of up to 4 W/cm2. Thereby a

rapid heating of the susceptor and the areas to be fused results. By fast
heating it can be avoided that the heat is distributed outside the zone to

ba e seddithidepbasmy Grapiteccahanttabiocalia Reingnan disidyeackAlratin)istics (sizes,
When the material to be fused reaches its melting temperature, for

pESEREd hiaRieiaIed s pbadRP et selding dlevisn nan e assempled jryifferent
thearpissbieltifeicesdndmtlerd 6aHe s ARG HA Mfe, at least one HF-

temperature remains constant in"the area of the melted material.
Degreralangudy theefietd eanspiihtiomnthit meansalhe pats fsth@ tidingodevice are
sece Q%ﬁl Afht\e/:\r/c%ene%]ef&i%ie% T grclékge% of the material iﬁj om&glgted the assembl
el¥€ romégnetlc A A S R A e J' it COhEeHoRY
can cure. WO 2007/128384PCT/EP2007/003351 13 tion molded
thermoplastic material and.at.least one susceptor being at least partially .
o R T Bl e S e e B grerat
obtain good heating performance the at least one susceptor is

ring-shaped. To obtain good heatin rformance anﬁaEi h mechanical
strertt 1 NSRBI AR e el L SPed

metal sheet with openings. In a preferred embodiment the ratio between
cross-sectign of the openings of the perforatjo d the adjacent solid
oot d N RELR T 3 PP L B RTRSEHE DR DPL AR Gprt to be
perforatjgined)antbieonhierat Rrelial\iilledwrikRipiadiaBiMAWRGBIAREG comprise

material suitable to form bridges in a joint connection between the parts to

be joine@ditplssapensiesed susiosrAina fiedblesabasduepian htapeiehradelosed
out of aE\EHF@MEa?[%J%Q% %&%ﬁ‘éd%@%‘r%ﬁﬁd%ﬁ@@d‘%ﬁ@é“m'”“m’ or titan

having a sufficient electric sistance.”In a preferret embodiment the at
least one susceptor is arranged flush to the contact surface. Alternatively

or '”Badﬁ'ggﬁréBﬁa?t least one SUSESpL Eﬁ@ﬂ&&?%&%&%ﬂ' 8?%%1[%‘&%0 %.%\etic
mm belowthe ‘contact surface embedded by injection molaed matérial.

set the pagtiobethecatheastCarratds A ihe fRiN ppkiRatprotrusions arranged

in the direction of a contact sur- is face, said protrusions acting as

distance means. The sleeve may comprise a tag carrying information

aloant dinbzivacatthei stfcSendther alalcbstionre pnasesiibadrgosaepibile phecstagpply
may be a one or a two dimensional barcode or a RFID-tag. The sleeve

ISP e thBRESYRATS et eridhenastRs s i RO AL Ressth R T o bt ah doRplRtsing
ORGi§HIFER ey transformer which converts a DC voltage link into 20 to 500 kHz fre-

quency AC voltage. For AC line, and depending of the power requested, the DC link may be
fed by a PFC stage (Power Factor Compensation stage) allowing sine wave current form in

the ACsupply.

In a preferred embodiment the HF-Generator is controlled by a control device, such as a mi-
croprocessor, which is interconnected directly or indirectly to sensor means and/or database

means and/or an input device, such as described above. The sensor means measure relevant
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The invention is further directed to a welding device to establish a joint
connection by a zo sleeve as described above and a part to be joined.
The welding device comprises a coil to generate an electromagnetic field,

ayidhvgengsgior to drive the coil, and if appropriate a control gp@aBS007/003351
interconnected to the HF-generator gand/or the coil to control a welding

process and an input means to provide the control means with information
about the characteristics of a susceptor embedded in the sleeve. Input
means may be a barcode reader and/or a 25 keyboard and/or a touch
Sqaencnsl tirte Rekirogadieg, neans. thh eunmidibgddeisagflomytieompage In an
or may be interconnected to a database means wherein information and

cligRadiEsatief thednteation theferirluaih iy dpansdain sric atestarctergRycsontrol
20 BaRSReRTARTARE 40933t ot éﬂﬂ@&mﬁada@ma@i@m&h@ B?‘I’f'ﬂgﬁr?ndi-

for establishing a joint connection between at least one part and a sleeve
wienthit degawitheiss beingdptiectrrgniachwitbrihesuspapters in general the

following process steps: a) Positioning the at least one part and the sleeve
such that the at least one sus- sceptor is arranged adjacent to a

conreatlith auefalceovtattiombrbuetronérpand s)seagethgintvine siseptonthe follow-

t t t one part in the effective range of a coil of a welding device; c)
gﬁ%agfﬁ%?gs%ﬁgo%%iWa%Fr?S%%gfreésrﬁggnetic field by the coil such that a

current is induced in the at least one susceptor; od)Adjusting the level of

the ef?ﬁ%{&@rﬁ%?eé'r‘&cfé?édsg?&m thediing;al 'sask ane ﬁé‘.%‘ SRR Bl SRR 1o be
due to electrical resistance 01! the material of the at least one susceptor, es)
Applyingpiires alattatingghe tievéieit daha thaeteira ppheanniitdimatingtee@loniagnetic
the carrr#e surrounding the at least one susceptor and the material

adjace 'the

2. Applying an alternating electromagnetic field to the susceptor via the coil of the
field applicator whereby the field has a certain level. Good results have been
achieved with power levels dissipated at the surface of up to 4 W/cm?. Thereby a
rapid heating of the susceptor and the areas to be fused results. By fast heating it
can be avoided that the heat is distributed outside the zone to be fused (this phase

can be considered as being mostly adiabatic).

3. When the material to be fused reaches its melting temperature, for polypropylene
materials, typically between 260°C and 300°C, the level of the applied field is re-
duced and set to a level ensuring that the temperature remains constant in the area
of the melted material. Depending on the field of application this normally lasts less

than 60 seconds.

4. When sufficient melting of the material is completed the electromagnetic field is

removed such that the established joint connection can cure.

An embodiment the invention is directed to a sleeve comprising a carrier made out of injec-
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15connection surface of the at least one part melt superficially and join
each other; f) Cooling of the melted material until the material of the

sleeve and the at least one part cure and form a joint connection. 20
BRIB&H1AES§:RIPTION OF THE DRAWINGS The herein desetagd007/003351
invention will be more fully understogsgl from the detailed description given
herein below and the accompanying drawings. Fig.)A first embodiment of
a welding device with an open collar; Fig. 2The welding device according
to Fig. 1 with closed collar; WO 2007/128384PCT/EP2007/003351 15

Figio8 Antédag etrertuiop | abithg neteribi gind Atrisgsishrepastapscepitay 4 Rast partially em-
perspective view; Fig. 5Detail D of Figure 4; Fig. 6The susceptor

acewﬁéntgl?:@mg ﬁqmdéf@?fet‘?/ﬂaw," act surface of the carrier. To obtain good heating

performance the at least one susceptor is ringshaped. To obtain good heating performance
and high mechanical strength in a joint connection the susceptor consists out of perforated
metal sheet with openings. In a preferred embodiment the ratio between crosssection of the
openings of the perforation and the adjacent solid susceptor surface is in the range of 40%
to 65%. The openings of the perforation may be at least partially filled with injection
molded plastic material suitable to form bridges in a joint connection between the parts to
be joined across the susceptor. The at least one susceptor may be made out of antirust ma-
terial, such as stainless steel, or aluminum, or titan having a sufficient electrical resistance.
In a preferred embodiment the at least one susceptor is arranged flush to the contact sur-
face. Alternatively or in addition the at least one susceptor is arranged at a distance up to 1
mm below the contact surface embedded by injection molded material. To set the position
the at least one susceptor comprises protrusions arranged in the direction of a contact sur-
face, said protrusions acting as distance means. The sleeve may comprise a tag carrying
information about the characteristics of the at least one embedded susceptor. The tag may
be a one or a two dimensional barcode or a RFIDiag. The sleeve may further comprises

means to determine the temperature of the at least one susceptor.

The invention is further directed to a welding device to establish a joint connection by a
sleeve as described above and a part to be joined. The welding device comprises a coil to
generate an electromagnetic field, a HF-generator to drive the coil, and if appropriate a con-
trol means interconnected to the HF-generator and/or the coil to control a welding process
and an input means to provide the control means with information about the characteristics
of a susceptor embedded in the sleeve. Input means may be a barcode reader and/or a
keyboard and/or a touch screen and/or a RFID-reading means. The welding device may
comptrise or may be interconnected to a database means wherein information and character-

istics about several sleeves and/or susceptors are stored.
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5Fig, 7The susceptor according to Figure 4 in a front view; Fig. 8A sleeve
in a front view; Fig. 9The sleeve according to Figure 8 in a cut view along
Line DD of Figure 8; Fig. 10 A mould for making of a sleeve according to

RiagvseoBidsigs 11 A welding device and a susceptor arrangegdfi/am2007/003351
electromagnetic field. lo DESCRIPTI@N OF THE EMBODIMENTS

Although the present invention has been described in relation to particular
embodiments thereof, many other variations and modifications and other
uses will become apparent to those skilled in the art. It is preferred,
thérefetf®dtatotdmgte batnmeratiofrbesthblitkidgnajdiyt ttvasubcifibetween at least

disclosure herein, but qonly by the appended claims. 15Figures.1 and 2 are
ST AL P BaEHE GF JERSRR B! T AR BRI ERFE the
CORMGeHGHRElWeRpsat least two parts 10, 11, 12 by at least one

embedded susceptor 13, 14. The welding device 1 comprises a field
applicator 2 with a multi-turn coil 3 arranged within a flexible collar 4,

consisti)g owtogitipiimipinéad rRatipsresinentstie R snERigatsiRNst Gakiege sus-

the coil 3. The collar segments 8 are connected to each other such that
they can be 6RO Bgurp1gshatiatentta B povectirocatacs dehaghisasieae part,

plane. Bpre XEcHne e a1 fa f A0S SRCBISISREBAGIS RPN o

19 comprising a the welding process can
controlled. Theeldelgidayidevice 1 further comprises or is interconnected to

a microprocessor here integrated in a housin d jnput means 22 to .
st BwelHERETE R GS A TR RO P A R AR 2 corent s
melon aboutWeldNBPEPRaSSefeltifteptfie welding device 1 comprises a
connector cable 24 bg: which the welding device 1 is interconnected to a

power SlippfddisERaEIe IpIFRiEetisetaBRaRDIGl detaifatohaphlsashene sus
AC-power f%%;tb? @ﬁ%@&'ﬁ%‘?@g- \Eéﬁﬁ{l r@ﬂ&%ﬁ%‘ﬁf%ﬁ%l&? BPHHOkt teast one

0,
are Integrated In the gener .
susceptor;

e)  Applying the electromagnetic field for a certain time until the material of the
carrier surrounding the at least one susceptor and the material adjacent to the
connection surface of the at least one part melt superficially and join each
other;

f)  Cooling of the melted material until the material of the sleeve and the at least

one part cure and form a joint connection.

BRIEF DESCRIPTION OF THE DRAWINGS

The herein described invention will be more fully understood from the detailed description

given herein below and the accompanying drawings.
Fig.1 A first embodiment of a welding device with an open collar;

Fig.2  The welding device according to Fig. 1 with closed collar;
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As it can be seen, the field applicator 2 is arranged around a first and a
second tube 10, 11 10 and a sleeve 12. The sleeve 12 comprises a
carrier 9 and a first and a second ring-shaped susceptor 13, 14 embedded
efoicistansigy a contact surface 18 of a first and a second opeHiRe85H0b8351
of the carrier 9. The first and the secend tube 10, 11 each comprise at
their end arranged closer to the sleeve 12 an outer connection surface 25
having a diameter which corresponds to the inner diameter of the
susceptors 13, 14 (see also Figures 8, 9). 15 In Figure 1 the first and the
se€ognd tubbetdfpetdtiaeaiiagramged coaxially (x-axis) to the sleeve 12 but
they are not yet plugged into the openings 15, 16. In Figure 2 the tubes
10, 11 and the sleeve 12 are shown in a cut-open manner (along
xzfpjahe) dudigshapétheumepte is wistnlpectitevisacond tube 11 is plugged
into the second opening 16 of the sleeve 12 and a joint connection 17
between an outer surface 26 the second tube 11 and the sleeve 12 is al-
20Rgddy d¥ttlBloEEdmeatwelding process conducted by the welding
device 1. The material is joined to each other and the susceptor 14 is fully
embedded between the second tube 11 and the sleeve 12. As it can be
sebg, Busdbptoseep®r idatinete/figme dinboiimesws comprise a
perforation with openings 25 which is filled with injection molded plastic
material of the carrier 9. Thereby it is achieved that in a joint 17
cofigettiofhgheisaptiaancandingtafigugddrira fiBtheiewpenings 25 of the
perforation form bridges 27 (see Figure 2) between a first and the second
interconnected part 11, 12 across a susceptor 13. WO

2007,/8 28 3sdR G TEFRODYVMO3351 17 As shown in Figure 1, the coil 3 and
the flexible collar 4 of the welding device 1 can be opened by a connector
assembly 5, which comprises a plug 6 and a corresponding socket 7.
THétDy ifbrdesrracpridisile fioueSrge aevisydong dimadtBlof Fipdel§i to at
least one susceptor 13, 14. 5A an embodiment of a HF-Generator (not
shown) to drive the welding device 1 via a connec- tor cable 24 comprises
in @& aremedlidrsmaking Ricnsieawrecotdirofiafigisns; the first being to
match the voltage and current levels with the requirements of the
HE-induction process and the second to ensure insulation between the
sdifctlof R Weldaasieh andonsiseentos anrnged Himh glectkemageinteldng
maximum safety for the operator. If appropriate, additional io transformers
and isolators also ensure full insulation between the control parts and the
sdHkSE BIFEHON O RHESMBEIBMMEN 35 preferably made of
multi-condyctors some of them for the power transmission and some of
AU, RISREh TSI o BT 60 P iSZRG 18 RAERekprREodiments
tetnnespen ol &y DarighiGRl M mbbmGRBIR Imehipldaddonatiniothe fpiient to

requirements. The collar 4 comprises a multi-turn air cooled coil

stihrseiskitad by thefmstilt is preferaddhariainghstchedieserigoeentinsubadinised aot by
h 4 € n.embodiment fulfills among other the
foﬁﬁﬁg ue(rjfcgzﬁg%rsre E(%eejﬂ)ﬁﬁg%ﬁ ¥1b e the. %%’ﬁﬂ%‘} %a 'gﬁape the outside of

the pipes or the parts to be assembled by fusion, this means that the

'eﬁgﬁbeg’f]”aﬁa‘:? llﬁé ﬁaqﬁgég%%&lmﬁw Qf@%l%é“‘% éﬁ tc% ﬁlfl?(ﬁgb% eto establish a

appropriate the collar is designed exchangeable s atit can
repistcedregtardiféereet spliastdwresmtcdd, 3.102elying least one embedded susceptor

13, 14. The welding device 1 comprises a field applicator 2 with a multi-tumn coil 3 arranged
within a flexible collar 4, consisting out of pin-jointed collar segments 8, which protects and

guides the coil 3. The collar segments 8 are connected to each other such that they can be
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20 pability thanks to multiple contacts connectors 5 which allows to

surround the parts 10, 11, 12 to be joined and to put the collar 4 in place

ready for fusion also after the parts 10, 11, 12 to be joined are completely
aseinples gl to allow an easy longitudinal positioning anywpera:pdeadisz1
parts 10, 11, 12 to be joined without interference with possible

excrescence or fastening peg. Depending on the design of different
embodiments, the collar 4 can 25 e.g. be mounted on an ergonomic

handle, with a steady base which may contain at least part of the
elevirarticrcaptaok dretegaipiananthel evilee d, ibyanoeaendf iateuggedttaduttipldiandle 19
pins connector aqr E%/(?riantgi.s to have a handle for each collar 4

Fu iR HG2 g fg W ﬂbﬂl‘ﬁ/w%@g process can be controlied. The welding device
20QFLARSGI8MBrsdY BRZAARAMERRY iBhfckpisteddPHaw mERaRlY the housing 21

geometric shape of the parts 10, 11, 12 to be assembled, ensuring an .
opfifithinglédteatradrhiatieditst plveldirg o d andepradispianaerns 23dtedisplay infor-
heati r N ition and thanks to its_narrow
e RO BTt B R N Lo o
ne@dshbytatbich pecifettivigialeliar tha dperaimiedicts totenmeetcupplysachtas a HF
ap%%gi h frequency electromagnetic induction to susceptors 131 14

ins¥REWBEHIR oA stekailly THRRYS I AGRUEH RIS RRELp Eelsy If appropri-
thefinglapbsdAiafiRg 2P @atlel iRalirear tiaby Hisem inkaagefeigie 3 is

showing in a diagram in an exemplary manner the coherence between
tempera- ture and time (see graph 30) of a susceptor according to the
PresanédnRREST MO@MRpicats dedanagaieavanyhantthactivelnieatedo, 11
by a welding device as displayed in Figure 1 and 2. The characteristic of
gr&pA aclearenbt dBpapes dA emBtsengtrabert anhgrissicanala sepnddngphaped
weldi ice.gn tarfi ragu (inital temperature of the
i e TR SR A scone
cobpmaingd hetbvefahetemipe Alhe fastchtidried vasohé @ibenHRIUresthircdeipeiioat their
of thg stren%ggfg[;‘sthe magnetic field, the process 15 temperature 32 of a
sirFi%AHARIEh IOFRal? BRSRRBY M e d's HHE SPRRPHALPURESH F5rhaiRe ot figmeter
StafHil deBRRIRISLRLiniY GHRBBHIL O RIMBERETS, 13l BN H e d0s)
how long the magnetic field is applied. This offers the advantage t%at ina

very simple and cost efficient manner it becomes possible to precisely

CORMUFAeVEIHRIsPERAaRS RLHRLEMO Podlire GhdniesaRY RIS AR IR o the sleeve
online. Because the temperature is not only a function of the time 20 the

eldeoridgnakaifibyetipluggsidate thedpeningmithd tntedidure thithb itesib®,dfl and

a susceptor can be best adhered in a three dimensional gharacteristics . . .
R R A R I B R R AR i v
y-@hissigdhe e thes eleghe agneicsEeatis anie deantihas lgeaxisishaea joint
temperature. If appropriate the characteristics diagram can be stored

alAYIEFHANa 1| ebieed gniAuisHTHERS 18f) e saroadilubar dornd dhp alrveoi 2 is ak
holdinPeStaIRIRA 152 WERE R A0 RRLARI Gy % ARBIRRY ALGILE ROE material is

means such as barcode scanner. Alternatively or in addition, Information
ahoined¢verah ciiznmtd ribe casdeptmaid cafullyeestordittdnbatdedn bbessevanitiube 11

1 58 % e eldng dsyice such 1k e 6, By RAUIGLA SRESIE SR Eompse
a perforation with openings 25 which is filled with injection molded plastic material of the
carrier 9. Thereby it is achieved that in a joint 17 connection the carrier material arranged in
the openings 25 of the perforation form bridges 27 (see Figure 2) between a first and the

second interconnected part 11, 12 across a susceptor 13.




10

20

25

19 the appropriate information can be retrieved from the database.
Alternatively or in addition a sleeve may be equipped with a RFID-tag

which has the ability to measure a relevant temperature and submit it
reiyesetyigsshie welding device. The RFID-tag is preferably powgiegob¥odis:
magnetic field applied by the welding7device. 5Figures 4 to 7 are showing

an embodiment of a ring-shaped susceptor 13 as it can be used in a

sleeve 12 according to the present invention for e.g. connecting of pipes

10, 11 (see Figures 1, 2, 8 and 9). The susceptor 13 is here made out of a
peffoshoed mdighehéetheandistiagl ahe dbatdebotally obriduetidiegndatexial can be
with a cﬁ?gain resistance. GTOd results have been achieved with s}giinless

mSRSTIEY N A UNETARAEETELE 1 WEICI BN Ea R AYP A2 faFrespanfRg socket 7.
admRAUBER EQ%EQE&%H@%'%‘FQ i9eGRAE"ESI ANGURE A1 R5aR A9 2B YOI BHEG dtiscep-

the durability and the strength of the joint connection. The susceptor is
pré&getdblfshaped endless, which means that in circumferential direction it
does not have a hindering face area e.g. in form of a gap where a first and
a second end come together. In a preferred embodiment the susceptor is
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diameter Dint which in general are chosen so that they tightly fit over a
tubensioapie abdoisobBipinedlie erie Bllistnsplaion bpaveen thifeantieneatisLand the
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ingRRtRRURRRAE TR ALY N e HGHMERSIARS VY P ooled coil surrounded by a flexi-
20071128384PCT/EP2007/003351 20 slightly. Depending on the field of

apsliendionaning pusisitties eowtil mortid soimbiadesies dljavdrgfiigetssown embodi-
dlmﬁ?:%b?ﬁ]?s ggc}r?glo ?@r?ﬁé‘?&t?&?&%?&i&i& rﬂg(ti%flity to have the ability to shape the
outside of the pipes or the parts to be assembled by fusion, this means that the length of
the collar 4 is designed to match the parts to be fused. If appropriate the collar is designed
exchangeable such that it can be replaced by a different collar 4, resp. coil 3. Opening ca-
pability thanks to multiple contacts connectors 5 which allows to surround the parts 10, 11,
12 to be joined and to put the collar 4 in place ready for fusion also after the parts 10, 11,
12 to be joined are completely assembled or to allow an easy Ibngitudinal positioning any-
where along the parts 10, 11, 12 to be joined without interference with possible excres-
cence or fastening peg. Depending on the design of different embodiments, the collar 4 can
e.g. be mounted on an ergonomic handle, with a steady base which may contain at least
part of the electronic control and command devices, by mean of a rugged multiple pins con-

nector or a variant is to have a handle for each collar 4. Furthermore, thank to its flexibility,
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the collar 4 follows closely the geometric shape of the parts 10, 11, 12 to be assembled,
ensuring an optimal electromagnetic coupling so as to deliver a symmetric and even heating
through a susceptor 13, 14. In addition and thanks to its narrow radiation field and low
power requiremenf, the shown collar 4 does not necessitate a specific shield for the operator.
It is intended to be used to apply high frequency electromagnetic induction to susceptors 13,
14 inserted between interlocking surfaces of non conductive meltable or thermoplastic pro-

files so as to realize a tight fused linkage.

Figure 3 is showing in a diagram in an exemplary manner the coherence between tempera-
ture and time (see graph 30) of a susceptor according to the present invention e.g. embed-
ded in a sleeve when inductively heated by a welding device as displayed in Figure 1 and 2.
The characteristic of graph 30 further depends on the strength of the magnetic field applied
by welding device and the starting temperature 31 (initial temperature of the susceptor,
respectively the sleeve surrounding the susceptor). After the coherence between temperature
and time has been measured in function of the strength of the magnetic field, the process
temperature 32 of a similar susceptor can be determined sufficiently accurate in function of
the starting temperature 31, the strength of‘the magnetic field and the time for how long
the magnetic field is applied. This offers the advantage that in a very simple and cost effi-
cient manner it becomes possible to precisely control a welding process although no direct
information is retrieved online. Because the temperature is not only a function of the time
the electromagnetic field is applied but also from the intensity, the behavior of a susceptor
can be best adhered in a three dimensional characteristics (data) diagram where the x-axis is
the intensity of the magnetic field, the y-axis is the time the electromagnetic field is applied
and the z-axis is the temperature, If appropriate the characteristics diagram can be stored
along with a sleeve, e.g. in form of a tag or a matrix bar code capable of holding sufficient
information and readable by appropriate reading means such as barcode scanner. Alterna-
tively or in addition, information about several characteristics diagram can be stored in a

database which is linked to the welding device such that e.g. by inputting a specific code




20

25

350.152.163184363.165.175214375.2

WO 2007/128384 PCT/EP2007/003351
19

the appropriate information can be retrieved from the database. Alternatively or in addition
a sleeve may be equipped with a RFID-tag which has the ability to measure a relevant tem-
perature and submit it remotely to the welding device. The RFiD-tag is preferably powered

by the magnetic field applied by the welding device.

Figures 4 to 7 are showing an embodiment of a ring-shaped susceptor 13 as it can be used
in a sleeve 12 according to the present invention for e.g. connecting of pipes 10, 11 (see
Figures 1, 2, 8 and 9). The susceptor 13 is here made out of a perforated metal sheet con-
sisting out of electrically conductible material with a certain resistance. Good results have
been achieved with stainless material such as stainless steel. Stainless material has as fur-
ther advantage that it does not tend to corrosion which has a positive effect on the durabil-
ity and the strength of the joint connection. The susceptor is preferably shaped endless,
which means that in circumferential direction it does not have a hindering face area e.g. in
form of a gap where a first and a second end come together. In a preferred embodiment the
susceptor is made out of a band of material which is then bent into a ringshape and the
two ends are (electrically) interconnected to each other by welding. Avoiding of negative
face areas is insofar relevant as to prevent uneven heating of the susceptor while establish-
ing of a joint connection. A further advantage consists in that an endless evenly shaped

susceptor acts as a reinforcing means in the final joint connection.

As it can be seen the shown susceptor 13 has an external diameter Dext and an internal
diameter Dint which in general are chosen so that they tightly fit over a tube suitable to be
connected. The susceptor 13 has a uniform length L and comprises radial openings 25 hav-
ing a diameter d. The opening 20 are in the shown embodiment evenly distributed along
the circumference of the susceptor 13 spaced apart to each other by a distance t. The fol-
lowing table shows in an exemplary manner dimensions of ring-shaped susceptors. It is clear

to one skilled in the art that the scope of the invention is not left by varying the dimensions
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slightly. Depending on the field of application it is possible to still obtain suitable results by

varying the dimensions up to 10% of the Dint.

Tube Diameter | L[mm] |t [mm] d [mm] Dint [mm] Dext [mm]
40 14.5 4 3 40.1 42.1
50 14.5 4 3 50.1 52.1
63 18 4 3 63.1 65.1
75 21 4 3 75.2 77.2
90 245 4 3 90.3 92.3
110 28 4 3 110.3 1123
125 28 4 3 125.3 127.3

In a connecting sleeve according to the present invention heat is generated primarily by
5 magnetic induction in a susceptor 13 acting as the heat source which transfers its energy to

surrounding thermoplastic material by thermal conduction.
A typical welding process includes in general three phases:

o First phase: This phase is here to increase the temperature of the susceptor to a
higher temperature than the melting temperature of the thermoplastic. The melting
10 of the thermoplastic will start at the layer of the susceptor. This phase lasts about

50 seconds.

o Second phase: The temperature at the susceptor will be stabilized at a convenient
temperature to keep on the diffusion of the heat through the thermoplastic, and to
melt the surrounding of the susceptor. This phase lasts from 5 to 60 seconds de-

15 pending on the intemal diameter of the fitting and of the temperature of the sus-

ceptor the second phase.

o Third phase: No more energy is generated in the susceptor. The solidification process

starts at the surrounding of the susceptor and the total energy generated by the
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welding process includes in general three phases: First phase: This

phase is here to increase the temperature of the susceptor to a higher
temperature than the melting temperature of the thermoplastic. The

melting 100f the thermoplastic will start at the layer of the susceptor. This
phase lastscaptouwDdiffuse ras ofShe oyste phemih tthweldndpripatieashestiie ambient
susceptor will be stabilized at a convenient temperature to keep on the
diffusion SRSt through the thermoplastic, and to melt the

surrounding of the susceptor. This phase lasts from 5 to 60 seconds de-

Susceptors are preferably made out of stainless steel or other stainless conductive material,
with an appropriate electrical resistance. They are intended to be built-in, placed, inserted or
molded in between two thermoplastic or meltable parts to be assembled or, alternatively, in
the thickness of one of the two parts wall. These susceptors or inserts have to be punched
through to allow the thermoplastic or meltable materials molecules to mix and surround the
susceptor during the thermo fusion process, thus creating multiple holding bridges between
the two joined parts. These holes or orifices have a very critical shape and side because they
play an important role in the overall electromagnetic coupling and the electrical resistance
coefficient required for an adequate controlled heating. On the other hand, the remaining
surface should be sufficient to evenly diffuse the heat into the adjacent material. Therefore,
the acceptable susceptor “transparence” (ratio between the holes and the solid susceptor

surface) should preferably be between 40% and 65% according to the considered material.

Figure 8 is showing a sleeve 12 in a front view and Figure 9 is showing the sleeve 12 in
section view cut along line DD. The sleeve 12 comprises a carrier 9, first and a second open-
ing 15, 16 in which a first and a second susceptor 13, 14 made out of perforated metal
sheet are arranged flush to a contact surface 18 of the carrier 9. As it can be seen the open-
ings 25 of the perforation are filled with injection molded plastic material of the carrier 9,
thereby it becomes possible to that the material arranged in the perforation establishes in a

joint connection bridges with the part to be connected.

Although the first and the second opening 15, 16 have in the shown embodiment the same

diameter, it is possible to make a sleeve having openings with different diameters.
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15pending on the internal diameter of the fitting and of the temperature of

the sus- ceptor the second phase. Third phase: No more energy is

generated in the susceptor. The solidification process starts at the

sy aMPabgesef the susceptor and the total energy generateg@&ytheoYelss1
2007/128384PCT/EP2007/003351 2% susceptor will diffuse out of the

system until the welded pipe reaches the ambient temperature.

Susceptors are preferably made out of stainless steel or other stainless
conductive material, with an appropriate electrical resistance. They are
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thermoplastic or meltable parts to be assembled or, alternatively, in the
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molecules to mix and surround the susceptor during the thermo fusion
prisvestioniysacraluei dgdrerl ok mplandg drd geasbiétgvdevicehsuly@joineater meter.

Pl eSS 5‘%E%%e"{n‘a?”ﬁgrﬁsrﬂé“’ﬁw%‘r‘é%% cticalshane Aisids BREAUREIy to
th to pYa% an |mport3'n% roie in tne overﬁ?&e&romagne IC Coupﬁng ant\:f

thatedaatosakissinnng epaftickhat teaslvad tan bniageguaseadmieptEfdrent way,
heating. On the other hand, the remaining surface should be sufficient to

eV Y RflaegePitbsad /e sEt9Biacent material. Therefore, the

acceptable susceptor "transparence” (ratio between the holes and the

solid susceptor surface) should preferably be between 40% and 65%
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along line DD. The sleeve 12 comprises a carrier 9, first and a second
oReliAeRtIs o1 B nnside sarfaes efrasigeye codeseibsdabye13, 14 made out of
perforated metal sheet are arranged flush to a contact surface 18 of the
carrier 9. As it can be seen the openings 25 of the perforation are filled

wikigwgetisrsehenmsisaisshovinmeomalbf@Herdaziiag of 20lerveeanpatding to the pre-
23?%?@?@%%&%% DL MR RLAFGE DI R RETPRIS Visible. The mold
40 comprises a first and an opposite second mold half 41, 42 which are arranged coaxially
and displaceable relative to each other in x-direction. The first and the second mold halve
41, 42 each comprise an area, here in form of a first and a second core 43, 44, suitable to
temporarily receive at least one susceptor, here a first and a second susceptor 13, 14. A
third and a forth lateral mold half 46, 47 are arranged movable with respect to each other
in y-direction, at least partially surroundiﬁg the first and the second mold half 43, 44 in
closed position of the mold 40. In closed position of the mold liquefied plastic material is
injected into the cavity formed by the four mold halves 41, 42, 43, 44 forming a carrier of a

sleeve according to the present invention enclosing the at least one susceptor at least par-

tially.

The dimensions of the cores 43, 44 are in the shown embodiment such that the susceptors
abut a surface 45 of each core 43, 44 and during the subsequent injection molding process,

when the mold is closed, no material can enter in between. If appropriate the susceptors 13,
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and the second opening 15, 16 have in the shown embodiment the same
diameter, it is possible to make a sleeve having openings with different
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to design a sleeve as a plug with onesopening only. It is furthermore

possible to design a sleeve as junction element with more than two

openings having the same or different diameters. If appropriate it is

possible to equip a sleeve according to the present invention by a valve
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Alternatively a sleeve may comprise other connection means_in addition or
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energy transformed into heat results from the secondary current 36 induced into the suscep-
tor. A minor part of the energy is induced in form of eddy-currents which are having a sec-
ondary significance in the shown embodiment. However, other heating may be appropriate
20 depending on the design of the susceptor, e.g. in that heating by eddy-currents may be of

major significance.
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(not visible) which are arranged in the direction of the surface 45 of the
mold 40 acting as distance means to keep the susceptors 13, 14 at a
GRHagydistagice from the surface 45 during the molding proGesssiueévilaais:
liquefied plastic material can enter deging the injection molding process
between the susceptor 13, 14 and the sur- sface 45. Thereby the
susceptor will be fully enclosed by injected material. Figure 11 is showing
a welding device 1 and a susceptor 13 arranged in general coaxially to a
COHATENDPEIdgMB a collar 4 with respect to x-direction. The susceptor 13
is in general similar to the susceptor 13 as described in accordance with
Figure 4 to 7 and is therefore here not described again. An oscillatin
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in genefal (@ngential to the coil 3. The susceptor 13 is arranged in the
effective range of the field 35 such that an alternating secondary current,
schematically indicated by second arrows 36 (only one direction shown),
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comprising a carrier (9) made out of injection molded thermoplastic mate-
least one susceptor (13, 14) consists out of perforated metal sheet with openings (25).

5  The sleeve (12) according to claim 2, characterized in that the ratio between cross-
section of the openings (25) of the perforation and the adjacent solid susceptor sur-

face is in the range of 40% to 65%.

6  The sleeve according to one of the claims 2 to 5, characterized that the openings (25)
of the perforation are at least partially filled with injection molded plastic material

suitable to form bridges (27) in a joint connection (17) across the susceptor (13, 14).

7  The sleeve (12) according to one of the previous claims, characterized in that the at

least one susceptor (13, 14} is made out of a non-corrosive material.

8  Thesleeve (12) according to claim 7, characterized in that at least one susceptor (13,

14) is made out of stainless steel, or aluminum, or titanium.



rial and at least one susceptor (13, 14) being at least partially embedded

in the carrier (9). 2The sleeve (12) according to claim 1, characterized in

that at least one susceptor (13, 14) is arranged equidistant to a contact

surface (18) of the carrier (9). 3The sleeve (12) according to one of the

previous claims, characterized in thatthe at least one susceptor (13, 14) is

r|n shaped. 104The sleeve (12) according to one of the previous claims,
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pe?PéFal?é‘d vt maetigre BisbAnigs respasTuEaetdtle (12) according to

claim 2, characterized in that the ratio between cross- section of the

openings (25) of the perforation and the adjacent solid susceptor surface
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brl'ﬂ{fégo(’?'ﬂolﬂ 4 ]Bﬂ’i?ré?dnnectlon (17) across the susceptor (13, 14). 7The
sleeve (12) according to one of the previous claims, characterized in that

the at least one susceptor (13, 14) is made out of a non-corrosive

1@%@@eve (12) according to claim 10, characterized in that the at least one susceptor
comprises protrusions arranged in the direction of a contact surface {18), said protrusions
acting as distance means.

12. The sleeve (12) according to one of the previous claims, characterized in that the sleeve (12)
comprises a tag carrying information about the characteristics of the at least one embedded
susceptor (13, 14).

13. The sleeve (12) according to claim 12, characterized in that the tag is a one or a two
dimensional barcode or a RFID-tag.

14. The sleeve (12) according to one of the previous claims, characterized in that the sleeve (12)
comprises means to determine the temperature of the at least one susceptor (13, 14).

15. The sleeve according to claim 12, characterized in that the means to determine the heatis a
RFID-tag.

16. Method for establishing a joint connection (17) between at least one part (10,11 }and a
sleeve (12), comprising at least one susceptor (13, 14) and a carrier (9), according to one of
the claims 1 to 15 comprising the following process steps:

a) Positioning the at least one part (10, 11 ) and the sleeve (12} such that the at least
one susceptor (13, 14) is arranged adjacent to a connection surface (26) of the at
least one part (10, 11 );




25 9. The sleeve (12) according to one of the previous claims,

characterized in that the at least one susceptor (13, 14) is arranged flush

to the contact surface (18). 10. The sleeve (12) according to one of the

claims 1 to 8, characterized in that the at least one susceptor is arranged

at a distance up to 1 mm below the cthtact surface (18) embedded by

injection molded material. 11. The sleeve (12) according to claim 10,
charateY2B5REHR 156 A TEARRDINS BLiSaRRBT RN 'Br’(?ﬁ'ﬁgﬁﬁfi'¥e range of a
arranged°f tRkofirdtdiResteniediact surface (18), said protrusions acting

as distance means. 12. The sleeve (12) according to one of the previous
claims, characterized in that the sleeve (12) comprises a tag carrying
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susceptor, (13,.14). 1(13 The s[eeve accor claim 12,
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charactetized in that the tag is a one or a two dirhensional barcode or a

RFID-tag. 14. The sleeve (12) according to one of the previous claims,
characterized in that the sleeve (12) comprises means to determine the
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between at least one p 0, 11) and a sleeve (12), comprising at least

one susceptor (13, 14) and a carrier (9), according to one of the claims 1

to 15 comprising the following process steps: a) Positioning the at least

one part Applyibg dhartktheblgavecfsl) @5 fothaietignaditeasitd fie: siseapitof the
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part (10,1.%%)eigcg‘hoe% effective range of a coil (3) of a welding device (1); c)
Generating an oscnﬁstting electromagnetic field (35) by the coil (3) such
that a current (36) is induced in the at least one susceptor (13, 14);

f) Cooling of the melted material until the material of the sleeve and the at least one
part cure and form a joint connection.

17. Method according to claim 16 characterized in that the at least one susceptor has a ring-like
shape and is arranged in general coaxial to the coil (3).

18. Method according to one of the claims 16 to 17 characterized in that the carrier material
surrounding the at least one susceptor is heated to 240°C to 300°C.

19. Method according to one of the claims 16 to 18 characterized in that the temperature of the
at least one susceptor is determined in function of the intensity and the time of the
electromagnetic field applied and the starting temperature.

20. Method according to claim 19 characterized in that the thermal characteristics of the at least
one susceptor is determined by a calorimetric method in that the susceptor is inductively
heated in a water quench and/or by a sensor interconnected to the susceptor during heating.




d) Adjusting the level of the electromagnetic field (35) such that the at
least one susceptor (13, 14) is heated due to electrical resistance of the
material of the at least one susceptor (13, 14); e) Applying the
electromagnetic field (35) for a certain time until the material of the carrier
(9) surrounding the at least one suscéptor (13, 14) and the material
acent to the connection surface 526) of the at least one part (10, 1
Qupserromdifedngeiel BecHdmer 1 LRy sriRe 'm%}?éa"ifffgté?%ﬂ Joout the
un%hat'ﬁétﬁﬁ’a"ﬂéh‘éﬂ Oe tHdeart epe aiserpe islosxst Brid pakeetireeartd form a
joint connection. 17. Method according to claim 16 characterized in that
the at least one susceptor has a ring-like shape and is arranged in general
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cIéHﬁ?'TSrto 18 characterized in that the temperature of the at least one
susceptor is determined in function of the intensity and the time of the
electromagnetic field applied and the starting temperature. 20. Method
according to claim 19 characterized in that the thermal characteristics of
the at least one susceptor is determined by a calorimetric method in that
the susceptor is inductively heated in a water quench and/or by a sensor
interconnected to the susceptor during heating. 27 21. Method according
to one of the claims 19 to 20 characterized in that information about the
characteristics of the at least one susceptor is stored in a database
means. 22. Method according to one of the claims 19 to 21 characterized

“in that information about the characteristics of the at least one susceptor is
stored in a tag applied to the at least one susceptor.




