; ABe3e: D7~~(Dv6TD&, 31 MAR 2003 1 5 10 15 20 25 30 35 Description Method
for the butt wel ding of crosslinked pol yet hyl ene pi pes (PE-X pipes)_The
jnvention relates to a method for the butt wel ding of crosslinked 371 MAR 2003
pol yet hyl ene pipes (PE-X pipes) in order to utilize these pipes in

i ndustrial and underground pipeline construction. H gh-density polyethyl ene
pi pes (HD- Rl=gdpesgyiaie di stingui shed by outstanding properties. In
particular in pipeline construction for gas and water, they are assumng a
dom nant position. They are flexible, elastic, corrosion-resistant,

el ectri cal INetmsdil &bt nghanductanwbédwebded wrpselliersid @adllyetijobever, ow ng
to their s ipidigy ot ching and abrasion, they nust be laid in
ground whi ﬁﬁfeegéf&eée }%r%{r#es%])ones, possibly requiring a sand fill. It is not
uncommoh for this sand fill to cost nore than the pipe. Therefore,

trenchl ess |aying apgk rfﬁb%ﬁi:i‘&nbb%é%”%t Ne PAPESq! BL @St g wor n-out
y £§SSIb|e. These requirenents and restrictions
&

pi pelines is not economcally |
ul ti mat el y wkdmg neft Eossdisker Ml yapwiene cohres udPEoX. TGRS i nked

po: yet Ey: eng p!oQ%rE PE‘oﬁEQE_@Qik)eeV@He§ért §§e§Peirprq9ﬁIt ddesi of {Hrgﬁ-density
pol yet hyl ene pi pes es), since their tenperature resistance goes
up to +100(‘3}ncferfg‘%/’:°&i"’|é-ﬁfé’s? ngﬁ TP HT T ¥R sol i ds and nedia, they have
good | png-term r esitsignoiensi 4 wwpbilivettingn eseef i peent (RmdpElo pigtes)end
toward stress crackin r_elther. slow.or fast crack propagation. _These
positive praoris)eert?le%‘?l]ig%&pa%%icuﬁgr t%lé:sr‘rte Al yp}Fﬁ’}g r%@%?.’ resi'st ance and
the good | aartiervhaesint phpeldnet konpErXfiiges,faoudas bandostateftf.ecti vel y
utilized inddie pUl i GR/GIGHG F Y GRMinBHIE! poiiWags and aaRle piRes. The

not ch resistance of PE-X pip€s neans that no | aborious and cast _i.ntensive
*166t 66* LlEKie 2008Ll2SkERd fFPFIPSiPBOHPFEECART | ofdeCtaiFad S0 al | ows

trenchiess e d@AHdg Wnidh ceanespendi RgldRRP plopradlemattikenigre, it
al so perm tx_ﬁ%the re-1ining,_of tzlt eel drinki nigjsj]v@ter tg;md sgwﬁ e lines, which
are drawn iME BT he? ¥k bPe FaRdTs SR T2 stant “ PERR-5 889 A% | eads
t 0 consi dersirtasisavi ngbeby misipl beyilegid henl sgdound eghicueiandree a
possi bl e r%;&ﬁﬁi%é t i dod ess a nt ‘he great er
strength of the P é%’pggogligﬁl-%ﬁllev%% Jﬁ?t es%?%dgg??on gtt; t;:)ngp.g]g)itne
syst ens, twqqmﬁmgtp%cwﬁu%a%n%ﬂiu‘%%scaSﬁaﬁﬂ@FeprBPeﬁPeJ@épeas t he
previ opsl y mriid fuied propachlessoflafing and re-lining by drawing
the pipes into existing worn-out pipelines 1is not
economically possible. These requirements and
restrictions ultimately determine the costs of the

pipeline construction.

25 Crosslinked polyethylene pipes (PE-X pipes)
even surpass the properties of high-density
polyethylene pipes (HD-PE pipes), since their

temperature resistance goes up to +100°C, they are
resistant to abrasive solids and media, they have good
30 long-term resistance, a low friction coefficient and do
not tend toward stress cracking or either slow or fast
crack propagation. These positive properties, 1in
particular the relatively high wear resistance and the
good long-term resistance of the PE-X pipes, could be
35 cost-effectively utilized in the public sector for gas,
water, sewage and cable pipes. The notch resistance of

PE-X pipes means that no laborious and cost intensive
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-« pi pes are advantageous, so the lack of weldability is disadvantageous.
The crosslinkage causes the 15 thernopl astic character of the pol yeg?%r}
starting material to be lost. This neans that, anong the findings a ﬁ@
to the general consensus, crosslinked2pol yethylene (PE-X) does not enter
into an integral bond with itself. 20 Traditional welding nethods |ead only
to very inageglate Mel dsseamgiinenpt by V‘észIigtegr meirhbds M chaldrcevs

di stingui ngﬁrd b%l hi h cost fecti vengﬁs n_traditional, PE p| peI i ne

construct i | 6HEHES WL G nGOF BRSBPRE AP iSES PLOYF nm ~5 and
electric scmke:thefnmm W&|td| abséi rpemditst ricale prpelinengonst r wttdedn al so
heati ng-el e SI I ) |y e j.pe .diameters.
Apar t fromdﬁ lr%ciﬂ“s’%% l%s:%gen v%%qd}%}?géthgﬁsqg Welrgglé érg(ﬁ % g:%annot be
used fob crdes| EaRadbPE B@nqbl rﬁ@s:,atszl'ncreesmtaad:co&ﬁt—xofpups mol é"d:ulsar
structure, jaeaslidikeshholeshind eog, (R ' SPRESERLInd Lhel maskastic and,
under the effect of |é/n tkE% wel era?uregfrg%g %' %IE no

| onger nel tteFMIGUSStasbcepes épa§tl‘é>ﬁr€r |1%3d‘-¥333;181fh03é1t‘|'¢|}ée nPéIP$97"©§1

crossl i nked ARG AN iR (FE-hdi §esac&F HPrLAgeB BM Rawe pleen used
in the sanitary sector and in the hot-water and heating sector 31 MAR
2003 3 and XalPd®SSor gas pressure lines and conpressed-air lines. In the
case ofot hese I|nes{ov¢eh&rusuai Ityné opgo@lu@tesO:ar@fcpmpemtiﬁd tsgseeasanot her by
means of hani. cal .conn brass h- gr ade steel eci al i st
peri odi caer%%ve\ff éas 1ql'l_“r &’gag yé%rq%fB B §dt |§‘%ueglofnﬂo pa ggbﬁﬁ - 482).
The di sadvalmsa‘-geaef thees @rsoliguisdns menthenkdghproserahesi st aPEaki on
effort, e's”%?@s §vihtbgy bBﬁéea%d“%kPé p@aekaras%t exfzelch&'bf‘ﬁijt)?' 9@, the

connectors 1 upset t e rraterla “related range of properties of crosslinked
pol yet hyl efe-Sa@NFPgeCUsnt er est BF® al | CHPPRl i Me2gdNnst FABEBPS, Fhe

particusar teferidp1@as iandchatatteRrdustritte pdlykithy2idie thea@uaﬁgandi ng
properties of PE X pi pes | ed, to_inves}igations int 5 connect i gP’S
I

i
possi bi | i t FESEAGY h&Cr ePPabt PFEy of s]%rh]e e WectiGire. THE Fen
consensus Esdiagsssurecddrad iiRE- X tannotthse wedatezlzal nvesbhgansuRs

under t aken d d1Stid % AL RHARL NerEORPL BUELT AR C e3alg 20 Cermeny

and el sewhere showe is possible to weld crosslinked
pol yet hyl er@tfigms Lukonss #1ithk ¥ ssdifret hyl ene. It was aI so established that

PE- X camnot be wel d&ddwttﬂamlaﬁ- mer&ﬁﬁg ngreehedent 1 ¢l ded1gonnecteens bet ween
PE- X 25 and H% pel i,nes achi & vveI ding factor of > 0.5 ("Einsatz
des Rohr werRSESHH I‘é'e>J< RS S se\flgrg’(f’rgung [use of the pipe materi al
PE- X for galelsiuplm yistiddgl wbdehi rfmer ndt s oingendbedabiyorh gt peaber s

November 1%%7fe%ft1'vl%“r‘1e'§‘é”5£§t Qfxf cﬂ*& \@.{aQanggs pi%eﬁ,l\ée [ Geragp,RL@SHI ¢ pi pe

associ ation], Bonn). However, ﬁ@r cﬁ) e connection is of no
comer ci al aieghieditdagcel elﬂl?rntth Jé’lgt RPDfdeteetere neldPngmsocket s

made ofs HDaRRE f @l eemiiect idwge X m@mnvxases@m@sswhl yiheskedialn the
wel di ng 35 PE is_melt t he PE- X just becones stoneric.

I
Strength dé’t&r? el%%tl oﬁgngﬁ-&hﬁal?ﬁat ?ﬁ‘?% c&ﬁﬁ&&ﬁ%ﬁ LS |taBP8E? r the gas

and wat er $wsplop welding) mostly for smaller pipe diameters.
Apart from electric socket fusion welding,
these welding methods cannot. be used for crosslinked PE
30 pipes, since, on account of its molecular structure,
crosslinked polyethylene (PE-X) represents a
thermoelastic and, under the effect of heat in the
welding temperature range for HD-PE, no longer melts
but just becomes elastomeric.
35 Since the mid-1970s, crosslinked polyethylene
pipes (PE-X pipes) of up to 63 mm have been used in the

sanitary sector and in the hot-water and heating sector



31 MAR 2003 4 sector. Sone pipelines are in operation ("Der

Rohr | ei tungswer kst of f PE- X; Rohrwer kst of f ei genschaft en, Cualitatssi%hﬁnmpﬁn
and Haupt ei nsat zgebi ete" [the pipeline material PE-X;, pipe nmateri al J
properties, 5 quality assurance and nmin areas of use], of the conference
proceedi ngs and address before the 1998 international plastic pipe

conf erence gy Wag3BadeBrOng 4R’ iprLds@fdl 2BindP9& N d compressed- alr

"Ent schei dungskriterien bei der Auswahl von Rohrwerkstoffen_in
Gasver sor gd-r@eslo [ dBciionCaBRi R Y8 i A1PASE hehsel %EPPéﬁYofl%'}‘-’pe

materials éﬁrpe@’:ts S0p| ¥bnnbb ke seof r@ﬂei hearﬁjttlﬁ?k CO}s{rer elRe@sPr eeeedi ngs) .
Thi s met hod of caonnection with el ect ?}wel di ng g dZe cost-l nt ensi ve
e

as the pi p@HEECE. bEOORES TSy TERE i ? f Gt9%e
re-l1ining ofsgeidialsest egﬂ@m@dmmltgefet;e@t-nzlrdghsv\elybang socketiaget in the

way when the PE—W]% IS dravx::, the patent literature, DD WP 139
544, discl 388 a t1rad F5P Corinect] nngc)r ‘osslinked 20 sem fini shed products,
in particular pipedhef dirsesbtanticare pof yeieye eseluticonsding the thish the

| oining {ages:or JLhe Bhag.390s LA DResebded arecheatadotlna 1)ial; formed

heating el ement to at eas m ng-up time of 8 seconds, and,
after renpvalcrERsdna tmlnﬁea@-%‘ge"e@énentln a%cbiljtbllqmd tbgechane@i@ars hi gh

pressu{ @, LRRRr eSHY e a1 1B A 1ad e Lﬁ;ﬂl etherj oppbpdrzeae hag cool ed
to anbi ent rature. ﬂxs rre{ hod has )'q een adopted for gr %&él cal

pi pel i ne cGﬁ?ﬁsﬁdﬂ eCRY$BPr oduthBl €152 S5 at PSPAEEST y° 80 Atel d- seam
strengt hs wapeldchi euedstfuctbesrmrm ERrA-1240 348 dtikel apes and

buttmeldin thod nnectin plp |tt|ngs branch n the | i ke of
medi um or ﬁE%h denS|t$%%bE%éthyge 3?113 iCH thEhplpe e% g% %

connect ed @represities t of 35wl dlpn@etSerTbedatMelme&t\AQammijeuMQ with a
pl at esp@ped heallng ©! Bty i 1 Niefed O'aR%d éwekeﬂam@llﬁ of NthAgevel ding

ft
device until the joini'ng zone has 2003 cool eg In the butt
wel di ng of cprpestdrnsel ativel y | arge d| arret er, a I ong tinme is required for
the pipe ends to wah@ U_:Ebriéiratlhecmlséhﬁgst emser@é Ua8sumé&hi shd®N@EWar m ng- up
tine is to be sfgortened ggg (éonsequ"e:rl e¥ a tine sawc%g:iaqfthe ver al |
wel di ng pr G8&ES% s ¥ b¥SAERFeved Verhi gaﬁb?ﬁﬁse UNHE ST wePdi ng
device is equeitppedes t mrad hepipagintenernstirastiing pletredanigs chihas
gr ooves, or 3 3Rl ouL Har OéikéwBErQOt Bhsivdes. ﬁ8wé0é§: t h@hQ%at ikrangfer from

the heating element to the IO ends  is inproved K the enl ar %ement of
the heatin§°8SdReft s&Ff acé‘eééhl eGEBSFP’llPHFé WaE?OIYﬁE ¥E-6FF i n§dThay be
confi gur eduneroesy inags apdl paveyldret or nref woncentsd cestapsished pyram d

structure ff on_pattern re.forned._as radial grooves/radial 15
serration. \1&aﬁle lspgl |txabf"le Sﬁk’oﬁlge ep{%hW t%rig% { Ke range from1l - 10 nm

Heating-element welded connectlons between PE-X

25 and HD-PE pipelines achieved a welding factor of > 0.5
("Einsatz des Rohrwerkstoffes PE-X in der
Gasversorgung" [use of the pipe material PE-X for gas
supplyl], Mitgliederinformation [information for
members] November 1987 of the Kunststoffrohrverbandes

30 e.V. [German plastic pipe association], Bonn) .
However, a PE-X pipe/HD-PE pipe connection is of no
commercial significance. Furthermore, the use of
electric welding sockets made of HD-PE for connecting
PE-X pipes was successfully tested. In the welding

35 process, the HD-PE is melted, the PE-X just becomes
elastomeric. Strength determinations showed that this

connection is suitable for the gas and water supply



The object of the invention is to provide a nethod for the butt wel ding of

crosslinked pol yet hyl ene pi pes, preferably for dianeters > 90 nm Vﬁsﬁ‘g ?,0?]3
20 di stingui shed by a connection formng an integral joint, high st B

‘of the weld seam costeffectiveness and practical suitability. The
invention is based on the heating-el enment butt wel ding method known per se

for pipes w pi pe ia > Ac di - i nweyt.i on, the
pi pe end f\agigtéjsao%" t he %réggsl i’ﬁﬁ&)ger&.l&) ye?ﬁkFeng%[)i pgge%%é?ﬁpi gegétrlare

spatial |y Rehrde ippngswadkaitiof fs &k o edRheawengserédeigensisdafamper at ure of
which is >A20G Rk ss Aa@bngM t hyagwar rﬂa{&sé&hﬁéé‘@zg;?@{t)%%er'&gfp%@x‘%“t 30 on

t he pipe wall thickness, insuch _a way that the |oc ,
di si nt egr aPi&®ldnet henai Sty nkBE-#ut eFide sthyetti2l haProperéfifdot of

producifig enlkanged ardusancat ednpi praghd haees Ure urkggralbomelkthe ayers of
whi ch, which contain all possi.ble phaégs of. the S%Ergeltl ng . state fromthe
n% iO

vapor or g&S"pRaSEFo Pﬁ@cﬁﬁgﬁﬁﬁél adffe fRELESSco o E&fnedtP8n with
one anot heinderinag ibha 1s yhisesient pigeni denxoeess underi@sbaddn MAR 2003 6
wel di ng pressure . 10.t0 N/ J4.such a . way that the tips of the
teeth of t gr&%e %{pgn‘éné f’agleégr)rsee?%e Eg%%secgheojfd‘t“h%S}f]é]e F- o7t BE Yot her
pi pe end fdee, Adswalal nebh FRedsevarkstwebien ajer sdavhi Chsversapghbing"of 5

Ceri . ann y : f . et f
Curbul it ooslsiPanaalng CUoKEs ATl Kl ORBEl Seb18kryeh TBE, BYpEEAnS ©

di stri but eBakerdadéanters pFdUuEPREY h ant dtwirgred BHawi fgesucised. The

wel di ng pr@@gllfégeh@en%irahggagg gntil the joining 10 zone has cooled to
anbi ent tenperatur& .The radi alg erration of the pl @t e-shapedl eating
el ement proceeds froist AECHER &ér%?fmeﬁfrﬂeomeﬁ%%ge PehBhE FR-21B8nver gi ng

manner to thetdeqgkenspaiost, - ieaensiadt as ttdod hpipd dbamebgrabeeqmekateral 15
triang| ] | anky I f + bt LNQ-UR :Rr: S 1e_center
poi nt glof r”ﬁgégf"g&frm s.e?{:%t ﬁ%g gﬁ%%%eépﬁ%%&% qnﬁs?ﬁgl:l%%ené%néqg% s. The
advant ages szehemged Pynahethaventeorr ¢l 2@ldingarspekehs, aHat inwith the

butt wel di pgenpbbhodnrresant ed. xcpepel iinkedpel yet hyl ene pipes (PE-X pipes)
can be connected'tqg one another dire T,Léﬁl n a permanent and durabl e manner

and wi t hout wel di ngRauwfilS arBA Rfdns OFC5R25HEFt i o~ Wat et 1Al . 248 The
sol uti on adderdosedt 0 tshe imagmbdon pdEkes ddndanimpst doseseliakeds! i nked

PE P B CLopgbatiuLy | apagaatstor possifls 1O, 1le [ipelopl acg: The
resul t's" can beé utilizéd in~all ‘industrial &n undérgrou I pe
construct i 6KH°s80 iaedx epplaeyhedsadi-nent fsfcauibinnver®i ori 8, r ephesented in

the draw ngoaRdnbs fdRSE idFettHd & dglai kobgloWe idut s raehdadegonnection

bet t WO . p i ok | yet hyl f the d ' 10 x 10
35 15 prodlioh i bt 1o CHth 4 Burt Ve ofects ont Bacwad the pi pes 1

and 2 withwtihe endiacatied -det &iime3 of 8 seconds, and, after removal
" 25 of the heating element, are joined together under high
pressure, the pressure being maintained until the
joining zone has cooled to ambient temperature. This
method has not been adopted for practical pipeline
construction, since no reproducible or satisfactory

30 weld-seam strengths were achieved.

Furthermore, GB-A-2 246 318 discloses a butt-
welding method for connecting pipes, fittings, branches
and the like of medium- or high-density polyethylene,
in which the pipe ends to be connected are heated to

35 welding temperature in a welding device with a plate-
shaped heating element, then joined together and left

in the welding device until the joining zone has



31 MAR 2003 7 Figure 2 shows an enlarged detail 3 according to figure

with a view of the weld seam Figure 3 shows the geonetry of the r adidal MQR 2003
serrated end face of the heating elenent. 5 According to figure 1, the PE-X
pipes 1 and 2 are connected to each other by heating-el ement butt wel ding.
For this purpose, the pipe end faces 4 and 5 of the PE-X pipes 1 and 2 are

mel t ed by tclgje)lr ial lpp sgﬁéatﬁg‘:@e@,@lagngl ean?l% ed hgft e At .|, of which

is 10 435C, ‘a warmng-ting of 180 s, in s that an enl arged
and serrat é@rgﬂf@temet@ﬁ ait | keegr &lee nﬁtregyéureds %dﬁb@d @PDot h pi pe

end faces 4rRRd »frétﬂh”ﬁ?ztol Ithtehewa1Q11m@gt@ra§§e§§ufmdwlel ndry | owi ng
15 the renoval of the heating elenent 6, With wel di ng pressure of 0.2

N 2, a cOEEnI{UEn ti‘tjg‘“%f 1gndarebe §§P€§eﬁle§ceari*qlt FRBSBEHERELYr &yi on of
the bi ngi ng isd f a&@idg 1Qﬁdtl‘1@ tord gl qalld NgsoSe 88 d idl SBot ®ean

addi ti onal chanl cal effect and to ap 20 en nt .of the binding
sur f ace. V&g F};‘n ’es KPS Ry nﬁg Euﬁﬁrweéaﬁga VJ'Icet H& j oi ni ng

zone has C(mjtaqbptaal am:ibi}ena heapenat wlemeAft e(he&oin@gplehe ) butwthiw di ng has

been conpl gt i nt egr S _es i shed 25 e n the
PE- X pi pes%a%héﬁ%qtv% ng 4 aagt%gr%&g ’Tq é%%%f%lé o% E?E’“ %o% it glr%stt\c%?a%t he
| ong-t er m ftdid et ebranmbey [neer ke rtmtolstgatebermretssucpetaecmmg to DI N

8075 aye satisfi ﬁ&gpé g ur at shg,R]gd |
el erren%@G %Télsd%or@gl ts ‘end %gceﬁsyoaftlrh% |§n§ar§§§!regltte 5t hré%%, the teet h

represent i fg M GBET SRR i Bﬁhéﬁvééuﬂtfht‘e?hﬁ PeYang! hw t’E>I5'fC’e§lf1Il;§1|$I€5 angl e of
60 and thengi gbé ebnfhgulreet hih ke PiRes diadet Bive arge of ord 0 JFM bei ng 4
nm 31 MAR 200% 8 Patent clainms 1. A nefhod for the P%}sﬁ; el enent butt
vel di ng of “OFEE&FAked” pa¥§ ety BndYdi ( BEFXChHEEs) W % d8prof i | ed
heat i ng- el eaetterwe| diog t aale f ofoemddr giasg tfmdca)hnegh:bngesurbddeﬂ,

characier| ged . that e, PLine. ende! 88304 dibear & opallehLy rpled by (he

radi al Ty serrated working faces o eating e e temnperature
of which i §roWMA0C BEt ™®-4S0C, in such a 10 way that enl arged and serrated

pi pe end faces (4; Thk %Eﬁf@dl@dthbh%ﬂtﬂ&@i@ﬂl R t tbaysrsyfe WA Ch,

whi ch - contain 0 hases. of t nmel t ate_fro he vapor or
gas phase %5 Rd tgt?evfpr%\sﬁ Jeng c% CFHFﬁi&gﬁﬁécPPaﬁe ﬁleBﬁe gnot her

during the splesequertfdbapdiyni ﬁgrpr@rersetensleba el dimg phessur esof 0. 10

to O. N/ t hat f t h_of e end
face (% rre@g%tt Elg%gglgleeg o] threlaat e%a <JT‘tpf rg O{sﬁﬁmiﬁ peagnd P gg}%%pl pl
that a mel §9fm&se obigResestEgrFEr whicdh i §h @apa‘b‘?b‘gof SE&/%r i n§OPRto a

effectiveness and practical suitability.
The invention is based on the heating-element
butt welding method known per se for pipes with a pipe
25 diameter > 90 mm. According to the invention, the pipe
end faces of the crosslinked polyethylene pipes (PE-X
pipes) are spatially melted by a radially serrated
heating element, the temperature of which is > 420°C
but < 450°C, with a warming-up time > 60 s, dependent
30 on the pipe wall thickness, in such a way that the
local thermal disintegration of the crosslinked
material structure has the effect of producing enlarged
and serrated pipe end faces, the integral melt layers
of which, which contain all possible phases of the
35 melting state from the vapor or gas phase to the
thermoelastic phase, come into connection with one

another during the subsequent joining process under a



20 connection evokes a mxing effect of the nelt by nmeans of turbul ent
movenents (8) at the contacting tooth flanks and a spatially distrBquigRd(n]
weld seamis produced with an enl arged binding surface (7) and in that the
wel ding pressure is maintained until ghe 25 joining zone has cooled to
anbi ent tenperature. 2. The nethod for the heating-el enent butt wel ding of

crosslinked yet hyl ene pipes a ai in.claiml, characterized in that
Che tooth HYORIE: BEsoSePenat el gt et “arThr Eeciies of (18
periphery tuhathet3® cemiseropoiche df.eathte PES puET | veehesartpmgeatierfmue end face

B Sonverfidld RIS Al bt ADRLoLDE SEOPRESBEREAN AL ied GBI Profiles

corresponds to an equi eral triangle wt
. AShY. Ah. Althasy pANAL A, Rasey/dR7UVESE layers which is capable of

;/}/\im x Ca}%ﬁ@ﬁ%ﬁ@}@% g}%]cg?%lgl?%ééi—%ﬁg]&we%a] £ahf3dicR) cakeatealyal calcajc
AT KLQr o) } x$ed_ Z9ida) &Y cdiRa 2 a] ‘é%] c'é]léla]lla]‘éa] By enpaaFcapda) tdlkca] cal cal
Calv}? ilsﬁ?]dc f} 9?% ca]%%gahcakiagﬁg] Cﬁﬂé@%ﬁ % L%ggg‘]ljésgg lé) uteéi] caJ ca] ca
=v

] ca] ca] ca] & THTH a‘]”c 8 ‘d_Z]]calc
a] ca] ca] calmt) cxae]el:a_]ix?] (p&]ecsaﬂuraa] calﬁcal]ana]uzal]rm:] cahca]lcadlca] gaa]lm]nga] cajcalc
a] ca] Cfl] ca] %]ae] Al ed tc! TS Cgﬁggﬁgﬁ C%%USV3>4J4L4Z444b50566/ 7} xsn

id_Z]]ca] c ca ca ca ca] ca] ‘a] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] G&leca] vafical/ 7@751194’@9:919311 -- Ofa W% EOQQ BLe3w3mpes] 47444b5¢
566/ 7} xsni @xe%]t]ﬁx@x]] cgheakaal cakeekgahcakfa&mcad 0%&, ;“-% alcpfal ¢akcal caj cal

ca] ca].ca] ca] cal.calcal] calcalcalcalcalca hl*@

109%& () - sl@‘%@'t(l)n-g "9 ORRERY - 1009 GP“VS‘VIQE@Q& ‘K‘a}nne% f?a’ﬁﬂ@ 1G%nt?r

10%&f§)--' oint, each riﬁlal tooth rib for?ﬁng (ga) equllacfrag) .

109 ()z-1 %&' S9: 1 0«&' 10%&: U ()-~_@D10% s10% & ()-'10% &
- 10 2 §")‘f"&é%zezw(l) 5&«% 31“9%(%(?%& 2o (W zZX6~_@@o

In the warmlng up process, the center point of the
radial serration and the pipe axes must 1lie in one
axis.

The advantages achieved by the invention are,

20 in particular, that, with the butt welding method
presented, crosslinked polyethylene pipes (PE-X pipes)
can be connected to one another directly in a permanent
and durable manner and without welding auxiliary means
or an additional material.

25 The solution according to the invention makes
the low-cost use of crosslinked PE pipes of relatively
large diameter possible in the first place. The
results can be utilized in all industrial and
underground pipe construction.

30 An exemplary embodiment of the invention 1is
represented in the drawing and is described in more
detail below.

A butt-welded connection between two pipes of
crosslinked polyethylene of the dimension 110 x 10 mm

35 is produced.

Figure 1 shows a butt-welded connection between
the pipes 1 and 2 with the indicated detail 3
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to figure 1 with a view of the weld seam

Figure 3 shows the geometry of the radially
serrated end face of the heating element.

5 According to figure 1, the PE-X pipes 1 and 2
are connected to each other by heating-element butt
welding. For this purpose, the pipe end faces 4 and 5
of the PE-X pipes 1 and 2 are melted by the radially
serrated heating element 6, the temperature of which is

10 435°C, with a warming-time of 180 s, in such a way that
an enlarged and serrated surface with an integrated
melt layer is produced on both pipe end faces 4 and 5,
figure 2.

In the joining process immediately following

15 the removal of the heating element 6, with a welding
pressure of 0.2 N/mm?, a counter-flowing of the melt
takes place 1in the contact region of the binding
surface 7, leading to turbulent mixings 8 and also to
an additional mechanical mixing effect and to an

20 enlargement of the binding surface.

The welding pressure of 0.2 N/mm’ is maintained
until the joining zone has cooled to ambient
temperature. After cooling, the butt welding has been
completed and an integral connection i1s established

25 between the PE-X pipes. The welding factors achieved
are 1, the conditions of the long-term failure test
under internal hydrostatic pressure according to DIN
8075 are satisfied.

According to figure 3, the plate-shaped heating

30 element 6 has on its end faces a radially serrated
profiling 9, the teeth representing in cross section an
equilateral triangle with a flank angle of 60° and the
height of the teeth in the pipe diameter range of

110 mm being 4 mm.
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temperature of whlch is > 420°C but < 450°C, in such a
10 way that enlarged and serrated pipe end faces (4; 5)
are produced, the integral melt layers of which, which
contain all possible phases of the melting state from
the vapor or gas phase to the thermoelastic phase, come
into connection with one another during the subsequent
15 Jjoining process under a welding pressure of 0.10 to
0.40 N/mm’ in such a way that the tips of the teeth of
the one pipe end face (4) meet the bases of the teeth
of the other pipe end face (5), in that a melt phase of
these layers which 1is capable of entering into a
20 connection evokes a mixing effect of the melt by means
of turbulent movements (8) at the contacting tooth
flanks and a spatially distributed weld seam is
produced with an enlarged binding surface (7) and in
that the welding pressure 1is maintained until the
25 joining zone has cooled to ambient temperature.
2. The method for the heating-element butt welding
of crosslinked polyethylene pipes as claimed in claim
1, characterized in that the tooth profiles (9) of the
heating element (6) proceed. from the periphery to the
30 center point of the respective heating element end face
in a converging manner and in that the cross section of
the tooth profiles corresponds to an equilateral

triangle with a flank angle of 60°.



