METHOD AND DEVI CE FOR CONNECTI NG TUBES MADE OUT OF

THERMO PLASTI C MATERI AL BACKGROUND OFTHE | NVENTI ON 1.

wbI 28010 28¥8¥HE | NVENTI ON The invention |ies in treTfEPId/003351
of connecting tubular structures, especially tubular
structures made out of thernoplastic material by

wel ding. 1. DESCRIPTION OFTHE ART Formthe prior art
several nethods are known t o connect tubes made out

of thernoplastic material. The aimof JP20052 14251 A2

METHODWAN®D ®HEAEENFORREONNECGTING TEBESPMADEPOUTDF THERMO-
PDAISTR: mﬁqﬁgl_gn wel di ng body with a conpressed coil
I's'a

spring ed to an outer circunfer ence part of
the connection pi pe body onto which a resin pipe is
pressed. An induction heat ing device is placed at a
predeterm ned di stance fromthe coil spring by which
an induced current is induced t o heat up the coi

BACKGROUND IGfaTHE INVENFIONNg extends from the com
pressed state due t o nelting peripheral resin. Due to

Luri AELDOFTHE INWENEIONt eri al the resin pipe is wel ded
to the connection pipe body. One pr obI emof this

ff bl Eng B et caotachna Hiiar SRS sl Qubular strucures
HLhEGHE oqtﬁerrﬁo ast%ln?a%@all §¥W§'dﬂ-{ ng fitting for

connect ng & ines formed from

pol ynmeric materl aI The wel ding fitting conprises an
electric heating el enent arranged on the surface of
tthe PESGRIFHOMOPETHE ARlise | i es adjacent to the

pi peline. An indicator pinis foreseen t o indicate

QR HRE %%te%'f s&bral Btk %'renﬁhoWn ?ec?ﬂfb '?r?étdg %ﬁj?\%ﬂfgﬂnoplastic

IS arranged in a recess on I'ng

matekignot e from t he plpellne. The electric

wel di ngsystem of the present device requires an

outside connector for the electric coil t o supply
o manuf act ure and.al so

qfﬁgzg%léz%dfﬁf%g\lﬁég@ d-3 E£510; RAPG Foed £oRNECtion pipe body in that a

connection welding body with a compressed coil spring is attached to an outer circumfer-
ence part 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
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ting. EPlI 520684 is directed t o a welding assenbly
for formng a welded joint between plastic articles.

wab@7assenbly conprises first and second PCT/EP2007/003351

i nterconnectabl e plastic arxicles wherein at |east one
of the inter-connectable plastic articles is forned
froman expandabl e thernoplas tic material. A welding
el enent is disposed betmeen said first and second
sgl asti.c artic

HEF\ITR PiET TUE TP BroWaE BTABEPLIA e §|efétfic coi to supply
SRBF Al b ofRoh 51 e PERtu i R oy R TRy F el fea i the i

dhereby the first and the second plastic article are

t 7S ed together t o forma welded joint. US2002 170666

is directed t o a nethod of heating a substrate and a
coating on the sub strate. A susceptor elenent is

%Pd;5|20684 dndifastedcloaa Walgingaassem e fas| ferring aazvaﬂdqdhemt between plastic
su gstrate are inductively energised to cause th

aftiges Fha aserpkly E%P’éé%\f rﬁh@dtseeordénwwﬂ gastabkpplgBiccasbdegherein at
ductl on heatin

s SF thgq"ttsowﬁa% e BfpSikeaivtngs PR M Fegthancaple thermoplas

ﬁcnﬂh’%hbloﬁ #‘Ib {Eﬁeg{gﬁg‘gﬁeggéjosgé ?étﬁu%ﬁn é)grﬂrsglhrﬁ?ﬂrstgg%éj gs%c articles.
Wﬁ&g%l‘idd ARG d it | %/?&N%Hca AFha Iazéf%l? tI?t?gl%HIchrﬁél?E?pands to re-

I ron-or stai ess steel,

ik iaRglvbidpacBeiRed tha RS Wﬂ@'se&ﬂlﬂgﬂas@k drige [FES @Jeld.ﬁg region.
provi ded vvlth many hol es and recessed parts. The net

Therebpthe first and ghesepad plastictaniclgarnp usath tbgesheh esfort akwelded joint.
hi gh frequency induction heating t o be wel ded.
US4842305 is directed to a pipe joint for connecting

PRI 72REs Frehad's BFAeH BoAba SR D asgpna on the s
YaheoR Dasyity Ligh mgaw@agﬁ tﬁy&,fa&.ﬁg%np%ﬁ%agmmeanra'tgssu&suate are

he 0 sur

iRRRES) émglke% tm%gl%etib(e nﬁ@ﬁé@ and b dthr'i%toft%rH'Qa%
region, e.g. by a heating elenent which is enbedded in

the sl eeve body To nmake a joint, a sleeve body is
ts i desurface. A

h defined t
Jn$8§4%%%9@%g%5%t¢qﬁ I ng@a F}egﬁéﬁggn uc@,orhgSI gating member to join pipes by
r.res t aper .on. t outsid . . :
RS A ¢ %wsn@daguca'ﬁv ¢ally BeBrafieahfs N fe pipe mainy
&R ofstﬂgdn%%lasﬁc esﬁrbyem&q We&t?e‘%c; Mduction 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



a defined tinme so that the inside surface portions of

the sl eeve and the outside surface por tions of the
worpa/1essd4 nelt t o form a honbgeneous joi nt af PET/EP2007/003351

curing. WP628683 describes3a joint between polyneric

coated netal pipelines which is covered with an

adhesive lined heat recoverable sleeve positioned to

overlie a coating on either side of the joint. Prior t

0 Jec ver ont o

f. the recove able sl eev
Séla‘gr{ %eé‘% tﬂi)g Inse llngqdpd‘.o NErf rgshoRdingdaper on the outside and
PRBb R Ry Bl PRy @bﬁ%‘ JFor 32 < PR Beqti R (s e eRergised for
%Qéfﬁfe{j e [1§tdth9¥ns S ﬁg&bﬁdr@%swﬁe{l%bg ag(?ﬂ?ercﬁ}tﬁdfﬁurface por-

enperature no
tids B tHe@eethdandh fotsrmt sﬁemsge%oa‘sl J@‘ﬁ\ﬁgﬁ@r%mﬁésp by
nmeans of the nmesh el enment between the polyneric
coating on the pipelines on ei ther side of the joint

he r covered sl eeve. W941 3457 is dlrected to a
@93@5 587 desenas adainé hegyeen pebgHc feriet metal wipelinpsumiidtyis covered

et bt ek BECNRGAtDE SIFHE POHEINEE, (0 QVofi:B SpatmodBiether side
ey o e
t3MRY nfsh @ﬂhl%qui@%ohﬂor‘%rdeov@f tl‘?%ﬁbllﬂé céﬁﬁlgz@ d‘g@e% ﬁgéjof the joint. After

socket or 1 n a'separate co Interp

recRery Af W dédve tﬁ@@rhﬁragm E%aﬂea%yelnned&%ﬁ *h@étei B @éh%rate a high
i nduction nenber may be in the formof a clanp f

10 tsinperatuse ratuslyybetwebnche baepigesin tthejoiht edgionpanaighe hﬁovered sleeve but
socket onto the spigot. A nethod of form ng a socket
atwkysmears ditherestusiemant atdeamthie polymesit epatingfon the pipelines on ei-
expandi ng a tube end, and retracting it over a collar
thersidecf e iaint prdithetreconeradpbeve, EPI 369636 i s direct ed
to an electric welding sleeve for pipeline connections
made of ther noplastic material which is connected t o
WOQAP?AB?”@ dli})!ct@@tc% ﬁ%ra‘ne sWEeElvhigh Bk ds toé&ﬁereéﬁﬁducing a cur-

tric wel |ng sl eeve has two connect| ng regl

reNACHtiadlEioh nenibel embbdddddn ahé ReldNEgion. The temperature of the induc
pi pel i neconponent. The electric welding sleeve is

15 tpommeshedsds untit iheeaphgsetsiGueie campeoatere! ai thistdomt the tetmperature ceases
connecting region using an induction welding process.
to rise. The induction member may be embedded in one or both of the spigot and socket or
in 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-
20  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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US5462314 is directed t o an electro-fusion fitting
with a body which conprises a heater. The heater

WO pl7nek384 a magnetic alloy unit having a preder€r/RP9eTI003351

Curie tenperature in the vicinity of a joint surface
thereof in a manner that a surface of the heater is
exposed to the joint surface. The joint surface of the
body is brought into contact with a joint surface of a

menber t_o be coupl ed and,. when a high fre uency
empPesit- T rq\@@dmgé'eﬁwe's&awaeﬂéoghq Bipeifi @rigpnent in the first

rorm tic in t he netic alloy unit
QR BLURising an BN CHAS BETR OGRS the magnet i o al | oy
unit is kept at the predeterm ned Curie tenperature
due to a tenperature self-control function thereof.
WSBA628M4 iCdireated naeelattio-fasiors figtailg with @ bodg wbiith comprises a heater.
tenperature, the joint surfaces of the body and the
Tire rhieatier malpdesea cagpétiecalioy anib Aeving o Iperdete@BR@8 TABe temperature in the
di scl oses  a connecting nenber nade out of .
VﬂqlféWrﬁf@I jaist purfage therecdiin # aranpethaka surlase @bthel h@ptqraﬁ emoosed to the

IOT B4 GBRIOSOTEGH M PORNS HRHEBH dp COTSGLHE 3 EgfigHace of
f rrb he

e e BF Eairledi. Sbh AN BHueRercuPetids SHIEH & Mpcmagnetic alloy

L}Mltdbﬁcetl&ggﬁ]%@rll%t{c |ﬁ‘<ﬂ1cﬁ8rpjtﬁec ﬁlﬁgnett%coaolﬂl in?it E;Er?e%f?@ﬁé’at. The temperature

ng, or 'a co

df %r‘n%ﬁﬁé@n@ a%y i i‘é“kéﬁt ARE nﬁfg@é&hﬁr‘i’ed' durid tBRpd JQ‘E’NrJ Hlfbgto%rtempera-

in a coil t'ube or ture of powdere

tadel s@N’c@’tro‘ﬁfﬂn@m&ﬁth@l@df Wheﬁlhéjcmldt@mégﬁﬂﬁe istsBieatd myu:ﬁ femperature,
bei ng sel f- supporting or placed in a tenporary,

theipirilserfaesnof the bedy anththe neatbenmag be ommpledtaatieother. t he
formof wire mesh or a loop of wire form ng a double
start coil. DEl 086426 shows a net hod t 0 connect two

(EWE%’: d;gs? spfl{:cﬁniﬂrelc it ﬂ?}ﬁﬁeﬁtd'l‘%. dé’ﬁ {l%éplastlmatenal for making
aEJNSIBE& Pap ﬁﬂHCfHch%nH&%% éntieP has bbby er'ietaﬁﬂé%e%eat ect local

etween the two Intert ning parts an ISt

sbﬁtemﬁ%HﬁiHeVrﬁat@ﬁaﬂtm it rbdbh bf EHE%&M\SérWeFeSth@ iSinYBltd®d made. The
together along their boundary |ayer.US2739829 is

heatimg inednd may aoppasetdnCelpdtpeal jrasistdncaviniie ha infetdluigdsubjedted to high
adj acent material of a tube by inductive heating. The
fregpency mductieohgatinges at doerbebtdile matenehecaneistiigefaosliteret@mmodated
band in

in a hollow ring or in a coiled tube or of a mixture of powdered metal, alloy 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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serted at the ends of the plastic pipe joint. To
insert the tubes into the openings of the pipe joint a

wEehigagy agent is applied t o increase the di RCEBEE00T603351

the plastic pipe joint. In&hat the swelling agent
evaporates the dianeter is reduced and the plastic

pi pe joint shrinks onto the tube ends. The netal band
is then heated inductively such that the plastic

UB373857% sdireLie toy ”b‘fsgi‘ E%e&ﬁfta@@ b'fiseRab BelaFart matyial of a tube
o3 el hédtfig’ PR figR It BT Ry efeBite & Roficohtiiys Mbsl band in-
s@‘técduétttﬁée Endi'o?@ﬁjé’g%tﬁgpﬁpé J‘E e |ﬁ§ﬁﬂethé7 ﬂt@ g-nue'?ptehf?lgs of the pipe

or joining the

jJ]ﬁtaé sWlirigSageR€is BpIRASS nﬁfeaﬁeﬁk'd%e@errﬁfﬂ pl e §Fe jB¥L. In that the

el ectronagnetlc I nducti on, where eddy currents are

sgelling aged evbpdiatas thediamert isaieduded indlt the plastie dtbe jbin® shrinks onto
Joul e heating of the netal. An induction heater in

tigetube @inde Ghpmesaaad doihlen heated ugtuctiveiycsuch that the plastic material of
hi gh-frequency AC is passed. Heat may al so be
tl@;eshléﬁfaaréﬂthbyﬂlaﬁ’a@nleﬁ jainthy 8ised tagethel. Ons alisadvantiagetdf s method con-
welding is well known in the prior art for welding of

Sﬁtét“élth%ltloé'c @yd ﬁ@%{@fprsfgdqnﬁs@ugweélmcageaha@dqmeutbereby resulting environ-

gq‘él“fd%ﬂ %&1 l a n&(ag?%%é? B]uegtérbg %ﬂr%i{]%l mgt od %rr}gmm% the pipe
ency eI ectric current to generate a
J‘?@jﬁ%?%‘ ency el ectromag netic field. The coil is

pl aced such that the el ectromagnetic field acts on

either an electrically conductive or a ferromagnetic
Inductiopiheating isntharpredesscofr lieating v metatioljedt\vay eleatiomaigeetis induction,
such as steel the main heating effect is resistive _
wheeet 6ddy cyrrengmare gerdrated wifdliciée metal raeﬁtr@s)stanm leads terjogle heating of

magneti c work piece, | astic doped wi
th%%ﬁ@ﬁﬁ@dm@wf&'oweﬁeb|ne%enew£aemwaeﬁ 3 cwha@eagwh'ch a high-frequency

ysteresis_as netic

AR SRRt AR BF el BETROaF by e Bres.

crystalline structure of the ferromagnetic material .

It is known that plastic materials can be induction

Indbiction weldingyis iveeti tkhovgn trhthmpiortént foeeldinigoof araterials by heating through
ferromagnetic conpounds, in general called susceptors,
elghirarhagnetic inductisn. Awelding aipsortps ingeneral @ntainy ammaduion coil that is

energ(}/ fromthe
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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i nduction coil. The control of the tenperature in
nmet hods and devi ces known fromthe priorart is often

WO edoatzsds4s o the so called curie tenperature of PEGI/EP2007/003351

ferromagnetic material. Thereby the heating el enment
has t o be nade out of ferromagnetic nmaterial. One
maj or di sadvantage is that these devices are

conpar ably expensive due to the extensive nateri al

cost .. SUMVARY THE | NVENTI ON It has been found that
Fo RS THAE 008" BB LR (STACHWS ChAdeqFIERc KikiRT. Thereby

i PR ier et Bl IR ob e Bl e gsadvantage
1B e P8 e Bl orably GBCHSRY By REDEEHSRRE tilon

in that the fittings by which good connections can be
achi eved are expensive to produce. It is an object of
the present invention to provide an inproved net hod
and device t o con nect structures, especially tubular
structures nade out of thernoplastic material, by a

%W@B?;O%:mq %@EQTL%NH obj ect of the invention to

pr OV used in the nethod according

b DS b LR g o
ﬁrioPaQtarbe{atiffgihé 'grgrt%cetﬁﬂfﬁ\galigétﬁ:@ ﬁgﬂeﬂfﬁgé Slﬂ%\go@grﬁ%ts ésts in that it

I nventi on

is BIFRdUROB RPN Wi taShigR qdalitP Rl istr&fgth. LA ARSher problem con-
pi pes, fittings, sheaths or any interlocking objects,

sisesdlie thtt thedittingsaliyt Whith yoeditormiectiont lae b fakkisdddcare expensive to pro-
mat eri al, such as Pol ypropyl ene (PP), Pol yethyl ene

dqueE) or Pol ybutene (PB) (other materials may be

applicable), by welding in that the material of a

first and a second part locally coal esces in a

I R S’%éc%%f 'ﬁ?en@@s{: flventRAShH &E\ﬁdé]pgn ‘r#[?ro M héthbd gag’%evice to con-

I nter connecte eB_F‘rprl ses a netal 1nsert arrang
rfe'c@?cﬁ;cﬁf?es,ae%[:ifﬁl%ﬁfdbgﬁh §Hﬁ€téﬁ6|§ e 0Bt 8f fHRMEGHastiP di&ial, by a sus-

connection surface. The netal insert acts as susceptor
capidr.iIs iscefurtecbjed oh thdiatentio o iprslidetd figinyg thdatused bythe method
wel di ng device the heat is distributed into the

a&wrdiog rd ithregpreseneimveritioafwhidheprpadéssant imprdved perfiore@anexand which can
such that the material fuses superficially in a

begnadecatilevd coshieareparethty atberfisirgsknpwin fomanicaat. zone. To

i nprove the performance the susceptor is preferably
designed as a closed ring into which circunferenti al

THE D &BAtSnvenfibh RMrelbited t8 alhéthsd 9 dTBEViR TSRS $hterconnection 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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are inducible by an el ectromagnetic field. Thereby
primary heating results due to circunfer ential

w@eooraes3s4 and secondary due to | ocal eddy- cur rRCi/BP2007/003351

After curing the two parts mre joined together around
and across at | east one susceptor such that a strong
and durable joint results. To inprove the nmechanica

strength the netal insert conprises openings in whi ch

base material of at Iea{ one a{’t is arran

“I%éf‘@lﬁﬂ}a'?%e% 8 agoRtastame. TmpaRd SrRATET R SaE Siscentaris preferably
b rjial but.a

Gehiate s SERG atiie Wil S Eatel el sirdlef Fo pupptgrmerprocess

%Q?mrcf%%eo elg t%ﬂalg%ﬂﬁflcnf . Sﬁh%rgg)ﬂs ér?'h@%tlr?goﬁgﬁ&t({u%% circumfer-

n an e I nven nser

Miaf Bur?éﬁ&ssﬁﬁtf setdRgS dok tP qgca"li etibPlurdel vﬁ Egr.ecﬁ*ﬂapcﬁe Wb Mbarts are

a certain ength In axi a I rection

joRBE nétietiter Gfoundearid &théks Qt |caBPbhe SREdpRIt sudl that & §Q)ng and durable
tinmes Targer than the thickness of the ring (outsi

jomdiresaltsnTolimprove i tHe meabanics) .strdiyth Shes arepd] dnseaodBRpris@&Sopenings in
openi ngs extending radially through the netal insert.
Weichp basgi materal of e lebstedng paft ia@phngedt Thenebyhbis gokievedg that the metal
may have a round, triangular or square cross-section.
Imeﬁtets nat eaby- %@ﬂndﬁdsbmhecmumﬁn riit talserigterspaised by the material

si bl e. eci spect t q mechanica
GhiekCiegs 1 Bt g heude A gl pager i AR p
edges are avoided. In a preferred enbodi nent the edges
are therefore rounded of by blends to avoid stress con

6 eant gndlicdlirderitid Ehet ih@ensio s elepinetal insereWhizHdied as Busceptor has a flat ring-
surroundi ng material. The susceptor is de signed to be

l&ke shayeewith asedian dertgthumdanal deractfoaaehicdis,adepanding on sted fikld of appli-
boundary surface and/or slightly bel ow the surface,

C@tlgn e preAQitivepsdargen thani tee dhisknessppl thedindoleutsisletradigsminus inside

wthe surface. A sleeve accordin o the present
faﬁw T EOFISFRPLQS CemBFisas | Ape ARG CkRY ia%jaﬁﬂxtthreﬁgmﬁm etaginsert. De-

iy el T
éa%sé gecap o(l*?,'g,r crodd! g&%ﬁs }@P el p%g gﬁ‘(%goft e s%ébgée ét g(?‘dalqlg with re-
spb& tH‘PrHHcﬁ‘alnuEzJ1 ?treﬂﬁ#ﬂ Bette? r&uRs S a%ﬁlﬁJ/éaslh@Hattshgrpsédlﬁ&eQrE @oided. 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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and then liquefied thernoplastic material is injected

into the cavity enclosing the susceptorat | east
w@200v/i1z8384. After curing of the plastic materiRIT/EP20a7/003351

nmould is opened and the sleeve is renoved fromthe

nmoul d such that the process can be started again. If

the susceptor needs to be positioned in the sleeve at

a certain distance fromthe outside wall of the sleeve

ag)}gf?t[ﬁnag%t Eg&'ﬂ%&ﬁgég gfcrge Pégﬁi ﬁé%qglg tmor ﬁdsa@pened and the sleeve is
d b f f th
S HRitnE meal el e o BR0 1B et 388 ! e cavi ty

wal | and the susceptor. The positioning nmeans have a
certain height in general corresponding to the

Ifcths sastefo byeedhite be pbsiticned de piteosleevs atia rcamg e distancenfoimethe outside
outsi de wall. Wen the susceptor is nmade out of a thin
wallref thf sleryadungeineathrthe svrfase, thasugsetiot mwcagpm@amnnwg means,

be, shaped e.g. as dinples, |ances, tabs, e.g X
€8y cthe ,ﬁ@{n} efdogal iproteusions wgfch rREetEIde Aboyg @ ﬁurgq;e ‘of the susceptor deter-

B8 SR AR 050 VR L PR RO P v
St U OO s

it the QUQEEWHIMﬁé@ﬁUshg tIoF ﬁ?ﬁa%%%ﬂ?@f PR OB cﬁ‘tCSn&u‘Etlve material

convert t ucti on via an electric current

the P RitldAmR méaﬁpﬁﬁsj 'b@@héfﬁédfe"geai difiptes, qgnc@?@ébscélﬁ ' B?Irbunchmg the thin
other maferials such as ferromagnetic materials may be

sheze df mbkevieMeith amaghrepibit@ puriching todl. ISouseven bilies posistdirgieans may
of ferromagnetic materials is the significant tendency
befappropriatesi on. This can be avoi ded by the use of

antirust material such as stainless steel. The design

of the netal inserts acting as susceptors is optim sed

t
THY SPerAiTe aly PR R Al AP BT o eterabl
mEak Qut 8f a YoruthR ﬁﬂhl@%erﬁétapﬂliﬁ‘Q%Malﬁlé'léc?r&@ﬁre§§taﬁ$beapproprlate to
parts to be joined. In that the susceptors conprise

coOpenithgmduttRy fRld divapaksiriagueénttine heat ©ep@ldiigorbthe field of appli-
fused such that an optim sed hold and perfect fluid
cttiqghbihes mategials|stctTas febbmagneticwedterdiminay bedsed. However, a disadvan-

di stribution of the resulting heat the di nensions, the
tmsmfgnscamt@rsm@der@,ttm fertostageelic malietiate iscthel siguifitant denstency of corro-

the susceptors is
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 matenal 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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hi gh rel evance (see descriptions of figures 4 to 7).
Good results have been achieved in that the susceptors

wae®@7fiza3sed by punchi ng openings into a sheet PET/EP2007/003351

conductive material. |f appropriate positioning nmeans
as descri bed above are nmade in the sane process. To
obtain a ring-shaped susceptor the sheet of materi al
is then bent to forma ring. To obtain an even

tribution t& eat., and el ectrical conductivity.
GRS a%ﬂtg?mnadmné S LA SR i nadnl ©F e P To obtan a
r&g%ﬁ%o P%Bﬁceété’{ egt &’mgﬁgﬁéﬂgﬂhﬁ bgggﬁosfolggra{ nn%tro obtain an even
d“s‘tﬁtf[ﬁfoh Vaﬁftf?% 'H?éjc Qtd%t@&n@a” cbﬁb‘b‘éﬁ\tntyvl? n??cﬂ&ﬁﬁ!g@oﬁ%%terconnect the

as a sus

&H?Meﬁﬁ@%cﬁy \Nédﬁ]!{; Bgandtﬁ‘&%’r&c%% betvveen the j oining
surfaces Of 'the parfs t o be assenbled. Prinary

circunferential and secondary eddy- currents are
i nduced in the susc tor b ield e ted of

/mm.cweafem Qf‘éw%‘rﬁn %?’tﬁ’ga Jes0nsLpaTE i noan i Tesed ciugh an inductive

Bafesl, mrRL PRI 257 SUSCarol \}\%I%Wnﬂe e tonductive ring
n‘?s%HEa Péﬁl%eﬁttf lnln\'éttgu%ce%ao't tpee aeeiag 5%%’@%]@& Ll!’ﬂm%@fjcbr%umferentlaI

socC such can"be p BT&dCarotn part

dnﬁ'sB@o‘ﬂdar?lédHﬁc@r‘régtﬁ;b?eo%hEEarlh'tNe ﬁlsﬁeﬁttﬂbzraef“btld aé erated of a welding

currents rmer effect ring-s ape

o%w@@@&h@rrsﬂdﬂh GRRRE 2AH FLGEnePAtof BRd GOMILH &pplNeBtor iabWHescribed in more
quickly rises. Secondarily local eddy currents are in

détailebelovni THe figlé dpplidapbrsofetheosléldimgtdedite omprises a coil which can be
signi ficance. Depending on the design of the susceptor
apboasd byod phugfandreesdakeditsu¢hsthat 8 Wb baglased awiund parts to be joined. By in-
circunferential currents and about 10% out of | ocal

duging pemarlystreumfegatial cyuients Ry a trangermet effesct oy the iag-shaped susceptor

ﬁ%?eéf etgaotﬂrgic{;?t Igfc’r@gn?t,lv%c%]g %%’}qugﬁggso%tjg@%q@&ddy currents are in-
ied; . ha f

IR tgﬁ'@b?ttﬁ\'ﬁﬁta?‘p Bl ficam s BRGRR 5t e Sesian of the

sﬁ&%?ﬁpgl%ut 306, &ﬂﬁe ﬁé’£t | f%glﬂﬂh%gutpdf%ﬁédnﬁgreﬁt) altcnﬁer}ts and ?bout 10%

out bh%cﬁ%@y Eur?en'?se%e %Eulhﬂ@te?ﬁ’p?e%%@rte% tﬁ’é”&ilsééb?ormn@% hfainly a func-

surroundi ng the susceptor. In difference to the

tid@Wf & shekinawarialf usedndléteridal regiktadtd), B)hke bleettdndgnetical field applied; )
characteristic of a suscep tor according t o the

the elspatof itheyustapoor; d)stheléhearmal comdueivdy betwean tled suscapidrrand the sur-
manner in that a

rounding plastic; e) the starting temperature of the parts to be connected; f) the specific

heat of the susceptor and the plastic surrounding the susceptor.

In difference to the devices known from the prior art the heating characteristic of a suscep-
tor according to the present invention is determined e.g. in a calorimetric manner in that a
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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susceptor t o be neasured is positioned in an
appropriate liquid, such as water, and then heated by
WO 2d@e283en. By neasuring the tenperature changeCTOEP20ME003351
liquid the energy transformed into heat by the
susceptor can be detected sufficiently accurate and
t he coherence between paraneters such as energy
transforned into heat, current, voltage, strength of
di mensi on the s

dEshSeL TGS Ll sySFeatn ane t'msnea"at&r‘d#f%‘:%%r by exper

nfe% %Hé(a(gd cgl'gulﬁie%;nvérgg%ﬂrﬁap o(i)rgtrl:t aﬁeo Qrg% @%\Ngeng% 5“@’2 a 'S1&ve com-
p?laﬁ%%haerrﬁﬂeﬂg 4 c?rttHE %ta‘?ﬂcmaqt {é%sp% ARG DF the g‘é‘é\ﬁéqg ﬁgt g@&‘ and an

ectrlc a cert trength is applie
ef%ct’r‘@'ﬂéld“gf Q@é’rtaﬁr? SRt i AHplitd by BQNé?dllﬁﬁ ABVicd B&Sféﬁdg‘)ﬁ) the present
(see below) for a céertain tinme depending fromthe
iliengas(seniselawdfot & eertait emealepafdingfors tigeditendib® and the material of
susceptor and the tube to be interconnected.
thd sleavethe vescgptor aridrthedichiet todre in#eeconmmicl\herhsﬁ\ielysordm addition the
susceptor may be determined in a different way, g.
Chafactn@ﬁttw-‘aofs@ﬁé@tptorsmaspm etermined & & diflerspt wey.witg. u@that a sensor is
testing. The we ng.device may conprise or be
appliedrte GrsHeEEPtOR W '%teét"tﬂat abase means in which
i nformati on about for the wel ding process rel evant
di mensi ons, sises and process paraneters are stored.
Thé Wewﬁigddeﬂ)ge @h%lwc@ﬁhPﬂﬁYOrfbéﬁﬁt'é@bnﬁé@f&dftbsaedaﬁébdsé‘ Riehndmaitich infor-
e.g. in the formot key board and/or a barcode reader
neatidh @boutrfo RIFk retdiag procdsy relévianhdimmensisnsposes iabtl @rdcess patdmeters are
inin formation about and/or identify a specific
storasle he welding devise may Burhel eamprise reacinpainmeanseg. tinghe form of key-
specific sleeve to be used is identified, it is
bea@sané/er C béfCPdﬁ lepdes @ndy PodmBEIPopader GVn“thlfé ibiistPeplle to put in in-

o ebee P et GRS et S8R D kR RS aipB congection. When the

PRI ST TR i “ﬁem 5 PRsEN %Fﬁﬁvﬁé'waﬁﬁaﬁ{&hgfmm the data
b e%@z?f!%)abeu %Qﬂe&kﬁ%@g&es? HB&me %dlf%&s??)é ﬂﬁtﬁlﬁhﬁﬂgllce further

ternatlv y or in |t| nre evant rmati

c&hﬁll}’sfes brt@m Eér@@\/@méék@nﬁ@ ﬁe\@cfeoé?ﬁ\ﬁﬁlclﬁ) e rBdeRt ﬁelr?@élvétlﬁ}@ starting tem-

stored the sl eeve, e.g. formof an | D-tag or
parabae m‘rdﬁe Wwelkdirgy praeceds) rog misd me t@bé @satiegan Benddtérivinedaskernatively

it 1s not mandatory that the wel ding device conprises
oa ird addibers eelavesinmfamatiorc 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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The sl eeve may further conprise neans t o determ ne
the tenperature, e.g. in the formof tenperature

wore@saeddgy RFI D-tag which is capable to transnPCT/EP2007/003351

present information about tihe tenperature t o a
recei ving nmeans of the welding device. By this it
becones possible to ad just process paraneters in
accordance t o information retrieved fromthe

B i 5 L PSR B s
Bl a0 .k A R SRS Sk e QRB e
A A B SR LA L AR L 08 e
OFLFABTSREY 5ol AL, Il B T R BN i o

pHeRdr 5B I Bhtétedhine &edrBY stBRd AGiSRITRteRGnhéttidhs WIIEI BYoid a wrong assembly.
configurations out of a kit conprising several

collars, at |east one handle, at |east one HFgenerator

and/ or. sensor ans, and/ or jnput neans. . The parts of .
ARREEREIMERRE 26ARG device prcardinehItye preserit iYRRHAN mpgiges in general:
standar di zed i nterconnecti ons which avoid a wong

assenbly. An enbodi nent of a wel di ng device according

t O WiRgPRafifhty dletyeMalRdticGRITRE biS §hetdlor BIREkArator)A

hi gh frequency ‘el ectrofragneti c i nducti on gener at or
(HF-Cenerator); a field applicator t o apply an

el ectromagnetic field to a first and a second part t o

be* j difiskianplicateicioaraly@s elacomagnetisipldito afiid rasgya seepad part to be

e L

. | {]. . J.
oo ol Vs ST SOUE AR ARG s oot o o
cner 6y AT T @R Rt B S PR fUERPG ™ ©

applicator. In an enbodi nent the HF-CGenerator nay be
driven by a stationary or a nobile power supply such
ase aifteppraprigtepmodanedthiecatie- foe trensaissioni of date gedyéor al electromagnetic

based on an isol ated topol ogy using a high frequency
t r angRIaBetWRRN B8 Hiranerates agd the Neld epmlieatornk i nto 20 t

o 500 kHz fre quency AC voltage. For AC |ine, and
dependi ng of the power requested, the DC |link may be

[n an embodiment the HF-Generator may be driven by a stationary or a mobile power supply
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 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 AC-supply.

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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fed by a PFC stage (Power Factor Conpensation stage)
all owi ng sine wave current formin the ACsupply. In a

w@e@iarased enbodi ment the HF- Generator is contPOI/EROT§03351

a control device, such as azm croprocessor, which is
interconnected directly or indirectly t o sensor neans
and/ or dat abase neans and/or an input device, such as
descri bed above. The sensor nmeans neasure

RSB B SH fPle, % B S SR e R A iiBe. o an
Bl a8 Bhid L Bt Rl B s 0 S ety corrol
thel St EF\R/@rdtrénsFén@d %U%gﬁ?&gfor m@&’&je‘adinifﬂs%ti@erﬁ effal of a part indi-
mat er | of a part 1ndl rectly, e.g. wthout berng in

redtly, @Gt wiRAUtdeingih Hifect B&t§&$\ﬁt_‘hﬁh@§usce§@or?3t ablish a
j ol nt” connecti on between a first and a second part via

a susceptor the follow ing process steps are in

eneral necessary; 1. Deterymne process specific
o RteRlish i OAt %we%oo?b@wwmasfwmdtwcgr@wgwa@ spscgPige the follow-
H oinedé&nd settin% h@e | evel and the tine to apply an
MR TR e SEFBEGREEY e fiel d; 2. Applying an
alternating el ectromagnetic field t o the susceptor
via the coil of the field applicator whereby the field
hals 8eteeninai modessy epecificanfdrmatioml disoubake paaeandcahe eusdptor to be
w th power |evels dissipated at the surface of upt o _
4 W iptred. anthssitttgytha levebiand tleeatimadgo @pply e altesdipg electinmagnetic
t he areas to be fused results. By fast heating it can
be al®dded that the heat is distributed outside the
zone t o be fused (this phase can be considered as
being nostly adiabatic). 3. Wen the material t o be

f Lﬁeﬂpbl?k’ﬁ? hesaltergatitg| dlédhi@miagRRRT flld k€ thef Qisceptor via the coil of the
pol ypropylene materials, typically between 260 0C and

30Q0fi€ld apphicdtenv @lheby tthe febhaed édraird level. G@od uesdts amade been
set t o a level ensuring that the tenperature renains
consaehievel withheoveer deyelsfdissipatedtsit tthelsurtace of ap to BeWgor. Thereby a
on the field of application this normally |asts |ess o
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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than 60 seconds. 4. Wen sufficient nelting of the
material is conpleted the electromagnetic field is

wo ewonzsissuch that the established joi nt conneRtT/BP200AON3351

cure. An enbodinment the inugntion is directed to a
sl eeve conprising a carrier made out of injection
nol ded thernopl astic nmaterial and at | east one
susceptor being at |east parti ally em bedded in the

e oG SIGBEERT B Mo s TSFRRT e Iggst partaly e
|

38 wgtﬂgéﬁf?%?%@ef@%af&ﬁa ra#?»ﬁﬁcﬂ%@%awf B Q7 PREM 00gd heating
éggppﬁarrfa‘c? 'ﬂgée&t I%:%'E oh%?us rqﬁh %sh%ﬁﬁcg 'STﬁt ta%bo@dz ?eating &)en‘ormance
R ARBaniAPstfeRb#hGn REbWE BShnRERHSthe ?l‘fstcé;ﬁar (9)fn5|§t]§ %ut of perforated

openings of the perforation and the adjacent solid

rAetaCshpétokittSolienigs. Ih 9 préfedrdticersifotigRerdthet Qo betweefcrolddection of the
openi ngs of the perforation may be at |east partially

dpehingslofatht peiforptart archthetddieentsbbd susceptatsarfacelis sutht adrige of 40%
t o formbridges in a joint connection between the

toah3%. Theoopeningsi efettie auerforation eays be @b peast paftially dilled @atht injection
one susceptor nmay be made oqut of antirust material,

rgojded aléstwaatﬁn@églt@ttlw form briggesnin muigint mnmemcmrbqﬁwnnt@e parts to
a sufficient electri i@qarey stance. .In a

f
808 AERE 1 LSEPtPl 168 Thlees: QU6 dapinupr ey B Paf ot of antirust ma:

e PSSR, S RS AT PGty s
lqiﬁgﬁrg%ﬁgd WRbbdifhent fﬂg‘aﬁ% Woﬁg‘&st%”ﬂérQ$tarr%rgjreﬁq5@§h to the contact sur-

ed by 1njection ded ma

fB@éSNtérﬁEtl\ieBﬁor??ﬁ all@fst th@rb@ | RYSHRRULEOPRIYaRGR at a distance up to 1
protrusions arranged in the direction of a Contact

i Helmethes@hthcpsurfatel smbediled Glyiimgctds rmblsédmateiBRdd Set the position
The sl eeve may conprise a tag carrying information

the atiteastrmechsoepiot eomprises protriisivisearaingéd msthe alirecteomif ddeshtact sur-
susceptor. The tag may be a one or a two di nensi onal
ety @ eproffusPNRIACING &g distemee sneapy dhasieeyaumarigemprise a tag carrying

rises nmeans t o determine the tenperature of th
'aﬁ%%p%wta H@t@ﬁe@sﬁeaﬁlcw dhei aeast Pnembkedded eyneeptor. The tag may
directed t

Boh A8t 01 a6, AmeBieta) dagoe B PisERedns R ahdy Plner omprises
ReS té BlsBi3the e L HuRorIRY bEEa BIPLIsSR0r2 COF 1 T O

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
comprise 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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generate an el ectromagnetic field, a HF-generator t o
drive the coil, and if appropriate a con trol neans

wo ndognesssnected to the HF-generator and/ or thePCDEP207/003351
control a welding process amd an input neans t o
provide the control nmeans with informati on about the
characteristics of a susceptor enbedded in the sleeve.
| nput neans may be a barcode reader and/or a keyboard

A B e aiG ot BB ‘06 e3PblREpS e o BTG TG BERgEeg ot feast
ey aftaéf%b??e TR 2t NSRRI TR, BB BRLR general he

according to the invention for
R ppdr g

est j oi nt connection between at |east one

part and a sleeve with at |east one susceptor and a
carrier, conprises in general the follow ng process

ste@: afospiesingitheahlgastinae part|anddte gpevesueh thahthe aideast one sus-
sl eeve such that the at | east one susc

ar r angedeRiq] aeaﬁﬁquoa éece%ﬂ@épnw'ew %0{#16@5@%0% part;

eadd ol thededie oBH Fheh IGBT ol G 6P Skt Binag of a coll o
| di Ge t Il at
\gleeclt pgnaqg%%'ﬁgdeﬁ%eél dng;at |hggcgln| ogalch ?hiatnga current

I's id du%ﬂeﬂaﬂn%ﬁﬁoﬁ:ﬁlla‘tﬁ@%kc@&ﬁagﬂéﬁ@ﬁ@ﬁ% théjéml@q}:lﬁiﬁﬁat BQurrent is
t he evel of the electromagnetitc field Such that the

at | eastindured mqﬁege[@bgronegush@ﬂb.ed due t o electri cal
resi stance of the material of the at | east one

susapt Gdjusahg AEpleyel of thehelectloamgneneiipid such thatethd dt deastione sus-
certain tinme until the material of the carrier

sur r oundeptgr tshheated duedstelestiisalsragsaptemt thematanigl of the at least one
materi al adjacent t o the connection surface of the at

I east oESCBRIPt nelt superficiall y and join each other;

of teﬁoogpg g tﬁga?e(cﬂgmtgg?rgqngggfdr #or a clélﬂgm tlrﬁehgnt grmatx!-:nal 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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one part cure and forma joint connection. BRIEF
DESCRI PTI ON OF THE DRAW NGS The herei n descri bed

w0 pooen2d3en will be nore fully understood from RPEEEP2007/003351
detail ed description giveniherein bel ow and the
acconpanying drawings. Fig. 1 A first enbodi nent of a
wel di ng device with an open collar; Fig. 2 The wel ding
device accordingt o Fig. 1 with closed collar;Fig. 3

\ tenperature diagram Fig. 4 A ring-shaped susceptor
ﬁ%:"’a p&%&t}”\? %’@W Fig. 5 Detail D of Figure 4;

Fig. 6 The susceptor according to Figure 4 in a si de
view, Fig. 7 The susceptor according to Figure 4 in a

m%mnt AtiggshabedsusSeplorsh a@éspediivaviewont view, Fig. 9
e sleeve according to Figure 8 in a cut view al ong

Line DD of Figure 8; Fig. 10 A nould for making of a

tp Figure 8; Fig. 11 A wel ding device
@9136 e@%@'@@pﬁq %Efr‘ganged in an el ectromagnetic field.
DESCRI PTI ON OF THE EMBODI MENTS Al t hough the present
i nvention has been described in relation to particul ar
feqribo di The stiseptoraceofdingarfgued & ar a sid¢ viawj ons and
nodi fi cati ons and ot her uses wi |l becone apparent t o
those skilled in the art. |s preferred, therefore,

9% 1118 B Bé%?“*f?%éfi?ef?% B0 e appended

clainms. Fi gures 1 and 2 are shovm ng an enbodi nent of a
wel ding device 1 suitable t o establish a joint

i@ Bnech sleaveliea fiortview; | east two parts 10, 11, 12 by at
| east one enbedded susceptor 13, 14. The wel di ng
device 1 conprises a field applicator 2 with a

pg%lgt | -l @e\‘?eoéc'cor? ng% PlyARS Wd;‘ Qi Qlle@ ;Ilés nlgaln@D%gi: bV\,h 0

nsi sting out i n-J°ol nted col
protects and

Fig. 10 A mould for making of a sleeve according to Figure 8;

Fig. 11 A welding device and a susceptor arranged in an electromagnetic field.

DESCRIPTION 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, therefore, that the present invention be limited not by

the specific disclosure herein, but only by the appended claims.

Figures 1 and 2 are showing an embodiment of a welding device 1 suitable to establish a
joint connection between at 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, 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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guides the coil 3. The collar segnments 8 are connected
to each other such that they can benpbved in a pl ane,

where/19888pl ane. The collar 4 is at one end PCT/EP2007/003351

i nterconnected to a handl e149 conprising a switch 20

by which the wel ding process can be controlled. The

wel di ng device 1 further conprises or is

interconnected to a mcroprocessor here integrated in
ns 22 to adjust a

Bobeb B Bafe. et Thenar 4% abhe it il Snresiierpandie 19

@%ﬁthngeaswg o B0 R LR SR i e
deY ke c%rpbr%e% 5‘rti$ rn‘tﬁm%‘é{it@f}i dﬁé g‘ﬁ’? ?ﬁdfe%so?ﬂ?r@li%e?ﬁ&la i3 Hdusing 21

H gener

ﬁl?\ﬁﬁﬁleﬁr%rﬂt fbeadﬁ?sg'a%éld:mé oRJcEss ahH/&Qﬁ!Wheﬁfs@ﬁt’B%sglay infor-
el ectronics and/of control ™ reans are integrated in
iatige BbsLataoweldifg prdcessarurther sReRelding eelitel @omgﬁ)ﬂes @aloRfiector cable
2 is arranged around a first and a second tube 10, 11
af byawbicke ghre weRling eeces |l egvietedanmeatedr fose powec aupplesuc as a HF-
and a first and a second ring-shaped susceptor 13, 14
aensetarcl@oenewdi I8 Watal), tto sapphoateaf& -paer ffeicthe T@agottiafield. If appropri-
flrst and a second opening 15, 16 of the carrier 9.
3t8dhe electonigman f%cg@c%ﬁtfaﬂwe intggrated iptherHfanmpraiate at
their end arranged closer to the sleeve 12 an outer
connection surface 26 having a dianeter which
AOItIces PO kR, the fleldicapphiexesr zdlsamh@éd Aburd@fistatPPt@bAd tube 10, 11
13, 14 (see also Figures 8 , 9). In Figure 1 the first
amtbla sleeves B2 dhedl skeeNeel 2 0omrisenib eanier Arapdd fivwandak kacond ringshaped
(x-axis) to the sleeve 12 but they are not yet plugged
suscaptarns, dleemnbeygsled BquidBtant it aFcantace sarfackel & abadird0gnd a second
11 and the sl eeve 12 are shown in a cut-open nmanner ,
PRANEIG! &ﬂﬁmf Sipegarig SnThenfist andethe seroad tybs N9, 41 speh compgise at their

61 EeIet GirE "o MBRIPS ) 611 O FRAGEAN HoBPAdON T diameter
f 6.1h ube 11
PHCEEo By P8 Rl R e W Srhlo T 202G el 8. 9

by the wel di ng device 1 The material is joined to

each other and the susceptor 14 is fully enbedded

nctigwerl thhdirst eodtint secdnd tiibe 20,d1 1t dre asbmgedeoddallyAs-axit) to the sleeve
can be seen, susceptors 13, 14 of the shown
bﬁb@dﬁhn)enne@otmtmmgeed intp e areatngoA5wi & In Figerei Jitfie tales 10, 11 and
which is filled wth injection nolded plastic materia

e slegee 12 are shown in a cut-open manner (along xzplane) such that the inside is visible.
The second 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-
ready established by a welding 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 seen, susceptors 13, 14 of the shown embodiments 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 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.
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carrier 9. Thereby it is achieved that in a joint 17

connection the carrier material arranged in the
wop®enize3s4 25 of the perforation form bridges 20CT/BR®07/003351

Figure 2) between a first amd the second

I nterconnected part 11, 12 across a susceptor 13.As

shown in Figure 1, the coil 3 and the flexible collar

4 of the welding device 1 can be opened by a connector

BETRIRS L 253 G e B B 308 e vt gy con e
og)eﬁgé ggg%oérl}@tog%slerfﬁly sTwlich %érﬁgﬁs%ggﬁ lfagI ¢ ¥nd 9 c&?esbgn%‘?ﬁg socket 7.

ne-susceptor A an €
Trereb NeSedrmE ble$ h{Peh day] -
e(?l aeconnse%dg?o? nggeﬂpgg%ﬁ etggf%ll E@X%”g a?tqgés?Sne suscep
tbf agsfqor mer whi ch ensures two functions, the first
being t o match the voltage and current |evels with
the requirenments of the HF-induction process and the

econ 0 ensure_insul atj on, betwee rce of
H%Pﬁ’g éiﬂ‘&“‘i‘?f@ 9?{@&%&3"8%%”)2@ Jﬁwﬂz%\@e amdswcezﬂ via a connec-

SRR TR FRERLY tePiiali WHRR SRty svicfnagtigpy the fist being
t8| méc ¢ Iﬁﬂ?e%oqfta & lah LRt ?&\/eg %ﬁle{h\gﬁﬁ@d{e@%n& %Ettﬁeth RALERon process

e sour ener

é?fd%@%@cl%hd' t&@%r@ﬁsdﬂﬁ&n‘ be@@é@l%E Qétﬁceﬁem ) Q_{y atnlaecm: Enector cable

t he power transm ssion and sonme o

14 and fives &dlian 4 dmslitingSmaXimQmndfdtp forr thk dpbmtbrt 1© appropnate additional
i nterl ocking, tenperature and type of collar 4 The

teabfoemers antiisdlated dlsooersatei ﬁﬂlym!;dialdﬁl\/ﬁétwequtrreecmmms parts and the
The collar 4 conprises a nulti-turn air cool ed coil
souice of preksgy. Ble gormeeni abée amieferpblyimagemf muiccandactosseme of them
nmoynted on a handle. The callar 4 of the shown enbodj
fap ke IPQW%tM"?,m'éﬂQJ’h@“Q)tS%? of e don dAkR tepnsrolsden eied. as information
to have the aialllt t.0s
t

BRERGE Bl el 0 es ol L rBY G SRS IR satsty the

SO TN LA S S p bR A ALY
5’?@5 @5@%‘5@%&%&\& co@éﬁrﬁ@uﬂﬂ?{‘gh & J—FaHHIIE, Hleaéollért4 gf"fhek%ﬁown embodi-

repl ac erent co

R A G hther the Hll@ﬂ/h@ ﬂlnélloﬁy'Ftedehi@y qu{htv@@ﬁesablhty to shape the
connectors which allows to surround the parts 10,

oldsideléf the @iges of Giengaitsadbetassenibléd by fusivn) thisr méarisithid the gength of
ready for fusion also after the parts 10, 11,

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 longitudinal 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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12 t o be joined are conpletely assenbled or t o allow
an easy | ongitudi nal positioning any where along the

wW@2007428884 11, 12 to be joined wthout interfePEHER2007/003351

wi t h possi bl e excres cence1®r fastening peg. Dependi ng
on the design of different enbodi nents, the collar 4
can e.g. be nounted on an ergonom c handle, with a

st eady base which may contain at |east part of the

tﬁ%é@é@ﬁ%ﬁw @tﬂé"&gwﬁ?{r?é? %qed%ﬁ & Palt int 11 12 fpbé asembled

t her nore

have a ha | ? hc I h
oo anepitaGe b oy BRiBpilo 6 &0 TN L PRLEgt $RLEben heating
tIQrSQ@ﬁ%lsh%eﬁ{&?ﬁg 23 Ihhaeddﬂﬁ)glt%dlﬁlaplgs]to I&anr%vpl%dlatlon field and low

arin ctronmag

p%ﬂls‘rﬁlehlﬂgznﬁﬂt e §h%w?|%!lé’r%rdd%s ?lbfm?(sgsrsft&e% ﬁf(ceﬂ]aé‘(‘iﬂ)tr kHoperator.

t hrough a susceptor 13 tion s to

11 i§ ntértlet o\bé askidab bpﬁlyhlgﬁ'fﬁéqaé&y leRYrdMRNRIEtiE RAUETARTE Bhsceptors 13,
t he shown collar 4 does not necessitate a specific

19hhsitdd betweeh énterekiaty Gurfadet of sori cdndoctdd rhelablecorub&ehoplastic pro-
o apply high frequency el ectromagnetic inductiont o
ﬂiaag@eptqaneehze:a tlgmfusedsémagd bet ween interl ocki ng

surfaces of non conductive neltable or thernoplastic

pro files so as to realize a tight fused |inkage.

Figudd'86s ongiE%V\&i ahn %n%k@rﬂ%l@@prﬁz{hn@pth%)%%ﬂprgﬁd'e%’netween tempera-

nner t eren bet ween era ture an

t1ré @R d FhPBee3§th pl‘i’@OPofSéJ%@éHt&racé&rGi% db Bk present hﬁ/entlon e.g. embed-
present invention e.g. enbedded in"a sl eeve whe

demﬁua:tleex/elwhehaaﬂueﬁk/ehyheate&eﬂyoa Wwelding \deviee @ﬁdlﬁbl@,{@ﬂaﬁ/ﬁ@utem and 2.
Figure 1 and 2. The characteristic of graph 30 further

The prematserstic bhgraph B@ figther dépentieomtgrsatngth fof eHednagmetic 8eld applied

by wel di ng device and the starting terrperature 31

by iweldingydevearped sheustartiog temperaiuse bt(ntjal teynprratures eff the susceptor,

the sl eeve surrounding the susceptor%’é After the

resperdiveln e MW@WUﬂ@ﬁg dhesgusreptosh After the cphpsense bgtween temperature
sured ,in functi f the strength of  the magnet

o 38 1o pssked Pefipetofafihe SRl OihemiadTafe held, the proces

T2, PP OB LR ol S R 4o e if yerion o

i stéllﬂlﬁPg&PF@%ﬂal?e 5 echglsfi‘ébg;tﬁ ?ﬁtﬁe' refi f.E|eV£n'dgﬂ9 tif&€or how long

magnet IS ‘app ers the advant age
thidmbghelic Feleis YappliciPTigs affets eRsadvahfalge ¢hank anﬁzﬁnﬁmp!etand cost effi-

becones possible to precisely control a wel di'ng
cienomanser ad bdtomegh possibibi togeécisely 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
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information is retrieved online. Because the
tenperature is not only a function of the tine the

webmctizsssmgnetic field is applied but al so fropet/BR2007/003351

intensity, the behavior of 14 susceptor can be best
adhered in a three dinensional characteristics (data)
di agram where the x-axis is the intensity of the
magnetic field, the y-axis is the tine the

'?ele?eﬂ%téfgpgkg]f?'g t"hgt'go{io%nﬂc&'r BBl e LR g ALRVEIy of I addition
aplsPik By B2 Pag Sestt QT | R0 i «Be BB o ikt i igrant tem
oBHLE ShE Sl SE R0, ADd i RgaRle ﬁ% ARBLAPE fiEgbly povered

bar co canner.

b9'Ehe' rﬂaq"rféﬁthéle%g phi fBthH@tw'eFaTh gaRowt. several

characteristic ram can be stored in a database
whi ch is |inked to t he wel di ng device such that e.g.

by utting a specific codethe appropriate
Flgﬁfeér‘ﬁ@t? 3i¢ sbanngenesIhod Bnasd of 2 SiRY-ehAped susserigle] 3 as it can be used

LIS ah PR 1 BN 1
el b ' h
"o e el ThE nibcRRPhTs R ot ol 96%%@%? g gheet con-
51%5@9&?&9@")%&1&%@ Gt Wit aV\Felrtglnle5|§9H&eC%ood results have

are s ng an e odlnen

bErNEChVBP QthSUARIBR Rhtedal sBEh b stambsPReblSAinldds taBdrREUS as fur-
12 according t o the present invention for e.g.

thep adesitageghal it poasemt Idhd, to Larrdstmewlitighdses pdsitive efféctancthe durabil-
9). The susceptor 13 is here nmade out of a perforated

ityraaind | the Isgengtc oh the gtintngpnoedtioof Thel sstaptaralb Ipyeferably shaped endless,
conductible material with a certain resistance. Good _
wihish umeags bakén Beeimferemiabdiertinn ithdogs aphhave s himdfém'gaface area e.g. in

such as st.ainl eel. Stajnless terial has
farmraf fedapthetand E@Ea'id:w%t‘ec% Qﬁe@%@g&gﬁ’d“‘ta grefepd gabagiment the

SRR ase Rt pob OF il Moieh s gn ?quﬁg\'&%%rfﬁnngghape and the

R T O e —
fzfc@%?ea?rﬁﬁ%f?%rgrﬁlgbéthé 58 Eﬂg%@erﬁn&gﬁg\r’}g&?ﬂﬁ Bt fHe's nggcg?%gwﬂlle establlsh-

second en ed e

iHgh6f & jmedinfbctioh. AHdEh« Wdvaitage BAIMtsah tHEE 84 eAdlesshivemly shaped

i's then bent into a ring-shape and the two ends are

si{sedpeort actscasla rginfdrein g meamne chefihdl pirtaohneatibier by
wel di ng. Avoi di ng of negative

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



face areas is insofar relevant as t o prevent uneven
heating of the susceptor while establish ing of a

W@ eiot2gsehnect i on. A further advantage consi stBCT/EP200A003351
an endl ess evenly shaped susceptor acts as a
reinforcing nmeans in the final joint connection. As it
can be seen the shown susceptor 13 has an external
di anmeter Dext and an internal diameter Dint which in

neral are chose o.that they.tigh fi.t over a

! Benehiocn e Beiias aRekcatio 1 e tShietta st biesy slfablresuts by
i f | th L [ di al [ 25h

ARl Elats dp BTfbes BE Rl BB 20 e o i ehe Shoun

enbodi ment evenly distributed along the circunference

of the susceptor 13 spaced apart to each other by a

Tdbes Déemoaert | LTinen]f ot [mov}i ng t jadb[remE hows| Dimt mm] Dext [mm]
exenmgbary mannet.5dijmrensipons of ri rgy-shaped guscept or s42.1
It 1soclear |t meng skilded 1jn thegart [haigghe stopesy ]

of Tlgg Inventirqy 1§ not g eft py vagyingl Thes3 65.1

al rTIEI7§I E)!’]SSI I 9I’2[]I Y. ue_ple4m| []g UHL.[ 1Ie T! ] U 7‘3.2. . | 77.2
SN TP U K S S M S0 AN A Y IE
Icau-' q: oYy at gt re ERSHOfsS—3P—1O J.U1' —tnhAe 123
Bt A—a—¢enicetHng—steeve—maeccorgi-ng—|—o il pF bsent 2

i nve_.h.%s, on—heat 28 enerat-ed—primarily by "éaéf' c 127.3

i nduction in a susceptor 13 acting as the heat source
which transfers its energy t o surrounding
thernoplastic material by thermal conduction. A

| Yapeonakcting | stHed) apdofdifg So tHEC praskds inventienBéalis Gbficdgted primarily by
phases: First phase: This phase is here to increase

5 mdgpetiempgect@nun e sofcepthe 3 astrgpdsdhe heataoinicgvkich transfers its energy to

tenperature than the nelting tenperature of the

sutUNB8 thermoplastihmateplihyriheroral eanduetioar nopl astic wil |
start at the layer of the susceptor. This phase |asts
about 50 seconds. Second phase: The tenperature at

A HBicaIURIERE Broces hrlciudgs ﬁntg{éhér‘al #pgé fhas@; conveni ent
ténperature t o keep on the diffusion of the heat
through the thernoplastic, and t o nelt the
surroundi ng of the susceptor. This phase |lasts fromb5
t o® 6 irsteRttRselsT hifepleaselinBerariotingeasattbe fempalataree oletheofusceptor to a
t he thtiggnand of the tenperature of the

us . :
higher temperature than the melting temperature of the ﬁ\ermoplastlc. The melting
10 of the thermoplastic will start at the layer of the susceptor. This phase lasts about

50 seconds.

e 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 internal diameter of the fitting and of the temperature of the sus-

ceptor the second phase.

e 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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ceptor the second phase. Third phase: No nore energy
is generated in the susceptor. The solidification

wpe@cesssst arts at the surroundi ng of the susceEr/BP20ameh33si

the total energy generatedz2by thesusceptor wll
di ffuse out of the systemuntil the wel ded pipe
reaches the anbient tenperature. Susceptors are
preferably nade out of stainless steel or other

stai nl ess, con ive rial, with

ol oot EaRier LT Bul S efe g iR BB, feBties the ambient
bui | tte}n eraﬁ]r@ced inserted or nolded in between two

t hernoplasti ¢ or neltable parts to be assenbl ed or,
alternatively, in the thickness of one of the two

arts wall. These susceptors or inserts have to be
ﬁlme@tmsjanemfefarghlymad@l qubwf staimless steeroys ottt istaindess mdlabveematerlal

materials nolecules to m x_and surround the suscep
T fhePRIPRIIAIhEIpTHECA (rsiSERCHTBRears Intentled te beduiliip placed 'inserted or

Al P on ey el e b pete 9 P pls B@ﬂgb@ngmt.vely, n

B B e o B YBR[ Uhcab Bl el o be punches
lt’| (ﬁ}l gqﬂéfh%bﬁg] c dr e BEq'n;tﬁrralmo@ SURfix and surround the
con he ot ng

eatl ng and e renal ni
s%btreFﬂJ@ duiitPihledh&imoTudidrl ploeds, th® Q¥RAMgYmEtipIE %%P%Ilﬁgrl?ndges between
heat into the adjacent material. Therefore,
the 0P joited aisi Thegpt Holes o baficep AR Ry (ritRbl slhaF@meﬁﬂe béQuse they
hol es and the solid susceptor surface) shoul d
mayed re mazirian bwlebiat the everdl) etectron ffhetiacoupticl agd the dléatrical resistance
considered material. Figure 8 is show ng a sleeve 12 o
dogffigientr ieAviredi fenammdequagricantolled heaivgi A thenethst basde thepremaining
in section view cut along line DD. The sleeve 12
seBagsrsnewd bg Seﬁuc\emew eyen%drf&tse Hiecheat §ue Hiecpdsgsent matgrials Therefore,

con? suscept or,

A R i Pt e g*écaesf?ri?sﬁ*et%‘a  Susceptor
?ﬁgée‘z%ouﬁ%rg\%?%ylbgef@e{t\ﬁééﬂ%&ﬁ%a Eoe acc(%ln |tf) olﬂ?garg(? haterial.

pen 1'ngs ora ron are

i njection nolded plastic material of the carrier 9,

thereby it becones possible to that the materi al

Fgure,8gie ahowing laeslqeue fl drimtai foant siswaiyid Bpers 9 is hopvisigrite sleeve 12 in
connection bridges with the part to be connected.

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 carier 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.



10

15

20

25

Al t hough the first and the second opening 15, 16 have
in the shown enbodi nent the sane dianeter, it is

w@om3itiled t 0 make a sl eeve havi ng openi ngs w t PCT/EP2007/003351

different dianmeters.It is abso possible t o design a
sl eeve as a plug with one opening only. It is
furthernore pos sible to design a sleeve as junction
el enent with nore than two openi ngs having the sane or

B S TELGES b ZEPUORHAR P BOGok frbyfore s

PR E TN A T
S T AL Sl P B 1 s
iRgentiBh BY GOVHMRCARD of 3 puntH BAE RNt mWrinfggéichegXu& 4 A0@r meter.

or a thread connection. |In difference herei n

Ateovanivelacibe fiag camptistCahérioni@yiofinfeandi &fdittongerchlternatively to
enbed ded al ong an outside surface of a connecting

alleaseord sheptoe 13n54 eatl thét the sieeveanan dedetdrcanheatednh atdifferent way,
or in an inside surface of a sleeve as descri bed

eth by 8 .flapggyorrathreadsoskgstiomt i cal |y showing a nold 4 0

for making of a sleeve according to the pre sent

invention in an open position such that the interior
RARIEER) SORln Hoih o Bl o AP S5 2 o emve

Realeig ansagideoara@ bfya 20Ahedtifd RARADSReveCIngiehd ®f 1being arranged
each other in x-direction. The first and the second

aufjdceintitalovim ah ihsidelsizfaeaoha seavpras descalbedeabeae. here in
formof a first and a second core 43, 44, suitable t o
tenporarily receive at | east one susceptor, here a

B 1070 BrEEERT Sl SRS e, Moo i o v
SRRy bulh ARRNSL 0P BT RocPlp SR e o

4eddmptides dHirst BndbhiP8S5bsROSdcbh® moff hdlthe1, 1! vihidDareldranged coaxially

cl osed position of the nold liquefied plastic mater’ al
andl dispilazeitee rdlative tbleactc athiet in X-diredish. lyie tfikse ahouhe abaAd mold halve

hal ves 4 1, 42, 43, 44 formng a carrier of a sleeve

A daredihgpnprise eherea; berenn farmvad rat firstraneine seasmdhgore B8, 44, suitable to
| east one susceptor at |east par tially.

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 surrounding 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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The di nensions of the cores 43, 44 are in the shown
enbodi nent such that the susceptors abut a surface 4 5

wotoogazdsscore 43, 44 and during the subsequentPCT/EP2007/003351

i njection nolding process, 283hen the nold is closed, no
material can enter in between. If appropriate the
susceptors 13,14 may conprise protrusions (not
visible) which are arranged in the direction of the

i%@%ﬁmﬁas%sff%@&%a Tt bl g e ?Eﬁg&ﬁhﬁﬂfeid@?&boftthe surface
STV IGRE oL e B MR PRp 1 B BT 2 conan s
fa'ﬂgéefrhh%e Jféjée'l%sﬁ’uri%ﬁeﬁﬁ rptﬁé ﬁg%?ockgesu?g%‘?%ﬁéfgasplas}ié material

e sur ace er eby susce
EdH tl:r?!feredlﬁines‘tﬁéj rﬁ’éﬁtlbﬁ‘lnﬁﬁal q rHe?vbeen Eh@%ﬁs@ep]foﬂ] 3914 4 (f the sur-

showi ng a wel di ng devi ce a susceptor 13 arrange

fate 98 MERbY ﬂ@amscabioyMlpbeafun)oedclo%e@@mféd@d mdtersal.col | ar

4 with respect t o x-direction. The susceptor 13 is in

general simlar t o the susceptor 13 as described in
ur e eref or

Rt E%ﬁs@fé%Q?gg%'ﬁmglséﬁv'sga.an%%Uﬁfgepafégtarr@ﬁﬁgcﬁ@tge@era' coaxialy

{oi e# ql’ ogég%,@g'érf?l IYaého%}f%g?eg g%ﬁ%{,ergﬁg@d?%{/sugﬁep%r 13 is in general
ﬁbﬂlﬁr foathk @ tbmiﬁ %s Hlaléf'flﬁé#‘m %c@%g&gtv@fhof‘@@reuqﬁ) ?%hb ri]sstherefore

he mel devi ce arrange
Bé?@@lbﬂ'deicﬁﬁbcﬂﬁcjﬁm 3n bscﬂlaﬁh@ efe@trbmz?gne?@@leﬁiumﬁ‘ﬁa%al%%dicated by
is arranged in the effectiVve range of
i rrdvisass gonlyabiee diretiom gh@an) o @Rhatared royedit alternating primary current
schematically indicated by second arrows 36 (only one
tlowieg throwghsthewni) 3 df sheé weldmgdeviae fl hEhesfiedd 8 ptiarrahged m general tan-
circunferential direction, Simlar t o _a transforner
geidiabiostbe peibd. The suscerfons3 & asiapertiathe effactive snahot thafield 35 such

C ary_ coi] it is

thggaﬁ?%%tnailﬁéﬁfq%n?% &%%rﬁf %Pgﬁgf?wﬁy mdgqa&de'av pesepd atrpus 36 (only
Pl dPetor Pt f rndGeS REARIERPE A g pRIRAE FFeion imiar to 2
ﬁé&%?o%;h‘ﬂg au cmr)r en?&%\i‘a 9{%0};&3 ﬁﬂeg&}ﬁ that thO SIS S)QOY 1 may act as

orm o ng a sec on

EANES |mﬁbrﬁalﬂ?tf?a@%’su?d§gpen Qta cldr']@t{‘ﬁ:\gﬁﬁhe(btn gyf part of the

eatl g may be appropriate desi'gn
érieegySteCRMET intEhdht rdshltd fcrh tlh'teﬁtéﬁtﬁrykbﬂrr@ﬁitd% mdEeRNAD the suscep-

may be of major significance. PATENT CLAI V5

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
depending on the design of the susceptor, e.g. in that heating by eddy-currents may be of

major significance.



1 Sleeve ( 12) conprising a carrier (9) nmade out of
injection nolded thernoplastic mate rial and at | east
worn@78esssept or ( 13, 14) being at | east parti aPCYEP2007/003351
enbedded in the carrier (924 2 The sleeve ( 12)
according to claim1, characterized in that at | east
one susceptor ( 13, 14 ) is arranged equidistant t o a
cont act surface ( 18) of the carrier (9). 3 The sl eeve
& %icAordl ng to one of the previous clains,
in that the at | east one susceptor ( 13,

14) i's ring-shaped. 4 The sleeve ( 12) according to
one of the previous clains, characterized in that the
lat 15¢eg¥e (1@ éorsgrw@m earTigr (QBmad.elqutaﬁ msec@pe rrmdeddhermoplastlc mate-
perforated netal sheet w_th_openings
sl edigband at least ane SHEERIGT {16, &Hgbmgz at @ﬁ%rr@étta@v |e5@ed¢qﬁi in the car-
t hat . t&s rati o between crosssection of the openings

5 (25)®bF)the perforation and the adjacent solid
susceptor sur face is in the range of 40%t o 65% 6
The sl eeve according to one of the clains 2t o 5,
T harTaekleevez@2) ddoardinghe clappen| chasactétized o tHalbat least one susceptor (13,
perforation are at least partially filled with
i nj ) iscmrangeddexpliditargtto @ comttaet sufaces(i B} efithe caraerf(8). m
bridges (27) in a joint connection ( 17) across the
susceptor ( 13, 14). 7 The sleeve ( 12) according t o

Pne fk LAk @5 ngc%ﬁ}gCﬂoad(n'E%:g t}?&@r‘e%ﬁse{léuﬁm‘?dch' c‘t‘{‘r%dw%at the at

at | east one usce

non-|é‘agf5,g__$,§uy‘%gfgft gl1q;5rlﬁggmegl eeve ( 12) according t

oclaim?7 racteri n that at |east one
susceptor ( 13, 14) is nmade out of stalnless steel or

m num or _titanjum The sl eeve or di ng
10 ‘bne The slepye (525%9{9@9&0&4%1’ tl&%arﬁwelessql@@éoc FFCFGHHPd ﬂ’hE!"at the at

at | east one sus 13, 14 flush to

e GBhPuRCTSCeRr A5 1) sy st oy Ctdeulotast gty Sieet it Sy (25).
t o one of the clains 1 t o 8, characterized in that

the at | east one susceptor is arranged at a di stance

51p tThe 3leBv® (1Q) atrotdity totldiack, chardceerized inl Shatethib estidelsbtwyen cross-
i njection nolded material.
section of the openings (25) of the perforation and the adjacent solid susceptor sur-

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

15 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.

20 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.
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The sleeve ( 12) according to claim10 , characterized
in that the at | east one suscep tor conprises

w@emrnessgons arranged in the direction of a CcOPCEEP2007/003351

surface ( 18), said pro trasions acting as distance
nmeans. The sleeve ( 12) according to one of the

previous clainms, characterized in that the sleeve (
12) conprises a tag carrying information about the

characteristics of, the at | east ane enbedded susceptqr
{29 sapve RESccprsinauto e af T bishr A 1o BRCHTzSS It that the at

characterized jn t.the tag s ne or _a two

i misre] St Saln it Yo s arapdtd iy B HReoBredyit? 03
according t o one of the previous clains,

characterized in that the sleeve ( 12) conprises neans

0 o Tdetleeva (1) atwerdisreosd off thealaimhé tat8, Ichavattedized in that the at
suscep tor ( 13, 14). The sleeve according t o claim

12, leAstorecsuseaptards amandedtat tahdistaecensp to b nuebelowi the comtact surface
heat is a RFID-tag. Welding device ( 1) to establish a

j oi i8)centhedded yninisgticn mplded materiab) according t o one

of the previous clains, characterized by a coil (3) t

0 generate an electromagnetic field field, a

HF- gREslealeqn 2§ StcoidingSotdtm @, khdrddteri2dGATh&tOfhe B8 #3St one suscep-
i nterconnected t o the HFgenerator and/or the coil (3)

t 0 tergdipBbesprovRlsiding grririgee 65 Sheadiciioh dfEEsntdte altace (18), said pro-
(22,23) to provide the control means with information

aboutusibheadaing aadistantesmears. of a suscept or enbedded in
the sleeve ( 1 2). The welding device ( 1) according
to claim 16, characterized in that the input neans is

13 bafhg?fggx{]e/r @??g@ﬁﬂﬁﬁ %8 oﬁe %ﬂ’lpeo%gp@#ﬂéiﬂ{@e&oafr%gg ized. inethat the

screen an readi ng ne evi c

( 1)s|eé~$‘ecgfz?“§§gprﬁs@s A Q%%H%ﬁ&i n' BH bR h 2B cRFistitd of the at

characte in tha g device conprises or
i s iigdkesfemRatabsus@pordps,aagse means

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 suscep-

tor (13, 14).

15 The sleeve according to claim 12, characterized in that the means to determine the

heat is a RFID-tag.

16  Welding device (1) to establish a joint connection by a sleeve (12) according to one of
the previous claims, characterized by a coil (3) to generate an electromagnetic field
field, a HF-generator to drive the coil (3), a control means interconnected to the HF-

generator and/or the coil (3) to control a welding process and an input means (22,
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wherein informati on and characteristics about severa
sleeves ( 1 2) and/or susceptors ( 13, 14) are stored.

woveionoeB3sor establishing a joint connection ( BCWEP2007/003351

between at | east one part @610, 11) and a sleeve ( 1
2), conprising at |east one susceptor ( 13, 14) and a
carrier (9), accord ing to one of the clainms 1 to 15
conprising the foll ow ng process steps: a) Positioning
t he | east e r 10,..,11) and th l.eeve 12).
suct) i BPepe U Pl meaavic] bharfbliod B} e Hfartedebics of a sus
arr ' t ection surface (26) of the
at I%g%g?er@t?}uéﬁggr th%gfg/,eﬁ?g); b) Arrangi ng the sl eeve (
12) and the at | east one part (10, 11) in the
effective range of a coil (3?‘01‘ a wel ding device ( 1
7. dhe @eliéngdavicg (Bracoyrdingltatclaing 161 earacterizgd an thatftheingput means
(35) by the coil (3) such that a current (36) is )
i ndt'ﬁ:@egarﬁ?ﬂq readesang £ st keybrard gadgstadough scregn and)or aijFID-reading
Adj usting the level of the electromagnetic field (35)
such"®@Aat the at |east one susceptor ( 1 3, 14) is
heat ed due to electrical resistance of the material of
the at | east one susceptor ( 13, 14);e) Applying the
18 edhe aeripreddvicef(l phdoldafy) tof ahe ¢f the bieRions i 1Bbi |7, character-
the material of the carrier (9) surrounding the at
| easzedandhatuteapdding devi@, cobprisesnat i$ imterominectedito a database means
adj acent to the connection surface (26L of the at
| eagthewiteinframetion and chatacteristi¢st aboupsaveratsledves (1@hadng Girrsusceptors
each_other; f ) Cooling of the nelted material until
t he (Fatlé) pBIstsed-t he sl eeve and the at |east one part
cure and forma joint connection. Method according t o
claim 19 characterized in that the at |east one
19US QRBhcH foR@8taBlishing% |oiteoRRédRien ANT betwédn’ ANBEH ohB part (10, 11)
general coaxial tothe coil (3). Method according t o
one anfl atslkeevec(12), mBmMpAsiig ot 1245t oh@suacdpesri (28,01 4) and akrieh®), accord-
carrier

ing 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);

b)  Arranging the sleeve (12) and the at least one part (10, 11) in the effective

range of a coil (3) of a welding device (1);

c)  Generating an oscillating electromagnetic field (35) by the coil (3) such that a

current (36) is induced in the at least one susceptor (13, 14);

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);



15

20

material surrounding the at |east one susceptor is
heated to 240 O Cto 3000 C. Method according to one

wotoorhes3sd ains 19t o 2 1 characterized i n t hapCT/BR2007/003351

tenpera ture of the at | eagr one susceptor is
determned in function of the intensity and the tine
of the electromagnetic field applied and the starting
tenperature. Method according t o claim 22

char cterlzed |€ethat the thermal characteristics, 0

the & | ARRlYingtee slactamaggetis el@é%!‘é)rfﬁq # &ertaly tige until thfe material of
hauct 1 veySHER L Hhbe o S Sapst (3 14) and the matera
reneor AT Sl IR SGE B B 1. 1) et
23 char agifar7fg a ? {o'irhé’atch'oﬂ'fe?r mati on about the

characteristics’ of the at ledst one susceptor is
stored in a database neans. Method according t o one

of tfe cledlimg *2hd meltematedbiaaiti thez@etetifl dfRRd sleeve and the at least
i nformati on about the characteristics of the at | east

one suscemd part cge shdfoerd ai joinacdnagetmppl ied t o the at
| east one susceptor.

20  Method according to claim 19 characterized in that the at least one susceptor has a

ring-like shape and is arranged in general coaxial to the coil (3).

21 Method according to one of the claims 19 to 20 characterized in that the carrier

material surrounding the at least one susceptor is heated to 240°C to 300°C.

22 Method according to one of the claims 19 to 21 characterized in that the tempera-
ture 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.

23 Method according to claim 22 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 sus-

ceptor during heating.

24  Method according to one of the claims 22 to 23 characterized in that information

about the characteristics of the at least one susceptor is stored in a database means.

25 Method according to one of the claims 22 to 24 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.



