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Met hod for form ng a socket on a pipe of biaxially oriented pol yvi nyl
chloride. wo 9733739 The invention relates to a nethod for PoOTANLAWO®17
socket on a pipe of biaxially oriented polyvinyl chloride according to
t he preanble of claiml. Such a nethod is disclosed by

NL- A-9400894. The 5 pipe of biaxially oriented polyvinyl chloride may, for
exanpl e, have been fabricated by nmeans of the nethods as described in
WO 95/ 25627, WD 95/ 25628 and WD 95/ 30533. In the case of the

met hod di scl osgdepbaNiedh formHPOBWncrEL €8 geptipencef biaG iRIING Y Mbh€dy

the socket is 10_to be forned,.is slipped onto a support section of a
mandrel , whi chPOdEYH Y s&RiYmdets into the pipe. Then the internal ly
supported pi pe end section is heated, whereupon a socket-form ng

mandrel section which | Oi : ect] d o]
substantially corresporaltg'lseot{o&f%’g@ﬁ%y%?%% 5| gﬁg%ehgghtgﬁefggc%gtﬁps oi_ar ced
into the heat e§osket on sedinm of hirxpadply Frhanted ppéypipy lewdhlsytiden

still according to the preamble of claim 1.
Such a method is disclosed by NL-A-9400894. The
5 pipe of biaxially oriented polyvinyl chloride may, for
example, have been fabricated by means of the methods as
described in WO 95725627, WO 95/2562B and WO 35/30533.

In the case of the method disclosed by NL~A-~
9400894, an end section of the pipe on which the socket is

10 to be formed, is slipped onto a support section of a
mandrel, which support section fits into the pipe. Then the
internally supported pipe end section is heated, whereupon
a socket-forming mandrel section which adjoins the support
section and whose shape substantially corresponds to the

15 intended shape of the socket is forced into the heated end
section of the pipe. Finally, the pipe end section still
supported by the mandrel is cooled.

It was found that in the case of pipes on which
sockets had been formed by means of the known method,

20 cracking occurred in a large number of cases in the socket
section of the pipes. These cracks sometimes occurred even
while the sockets were being formed, but also if the
sockets were subsequently subjected to an impact load.

It is an object of the present invention to provide

25 a method which will afford sockets of better quality.

The present invention provides a method according
to the preamble of claim 1, which is characterized in that,
for the purpose of heating the internally supported end
section of the pipe, said end section is first heated until

30 said end section has reached, substantially homogeneously,
the glass transition temperature of polyvinyl chloride and
is then further heated until the end section has reached,
substantially homogeneocusly, a temperature near, preferably
just above, the orientation temperature of polyvinyl



§upported by the mandrel is cooled. It was found that in the
case of pipes on which sockets had been forned by neans of the known

net hod, 20wy #gdshrg occurred in a |arge nunber of cases in th Taﬁ5§5617
section of the pipes. These cracks sonetings_occurred even I'le &he

sockets were being fornmed, but also if the sockets were subsequently
subj ected tocgndriRRCt | 0ad. I's an object of the present
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said end sec nis nd section has reac
subst ant i 8l | §lpEFofeRAGISIiPn tenparafturs oF pR1IYVLRYLeRpératides ofhlch

pol yvi nyl chhgr ad;es@nd as i t e d mémn@aaéﬁdgumauhthﬂaeanqo&ecalon has

reached, %tantl horogen %hte e ghgegk preferably

just above, FH &Pllf?ﬁ’t JT?”tge%ferr %r%"o? %‘bﬁ[%{ E d SgetdAy3 A

PCT/ NL97/ 0014éen across the wall thickness, vxﬁhually ahligbrfdy is at

I'n other “DrgﬁistgiﬂﬁgyﬁgdégltJHH£{£"&hé"&pQﬁ§§e subsequent steps to a

10 higher temperature which is in the wvicinity of the

orientation temperature, which is about 110 °C, and
preferably to a value somewhat above the orientation
temperature, for example to about 120 °C.

Preferably, the heating of the pipe in the region

15 of the end section comprises the external heating of the
pipe and/or the heating of the support.

The heating means may comprise a heating ring, for
example including an infrared radiator, which is situated
around the support section of the mandrel, if this has

20 first been inserted into the pipe. The heat output of such
a heating ring to the pipe can be controlled in a simple
and accurate manner.

The invention will be explained hereinafter in more
detail with reference to the drawing, in which:

25 Figure 1 shows a schematic longitudinal section of
an illustrative embodiment of an apparatus for forming a
socket on a biaxially oriented pipe during the initial
phase of the method according to the invention,

Figure 2 shows a view corresponding to Figure 1

30 during the end phase of the method according to the
invention, and

Figure 3 shows the variation with time of the
temperature of the internally supported end section of the
pipe during the heating operation in the manner according

35 to the invention.

The following description starts from a previously
fabricated pipe of biaxially oriented polyvinyl chloride
having a smooth, cylindrical wall, which is to be provided
with a socket.



that the relevant internally supported end section of the pi pe be
heated in at |least two steps: first to about the 5 glass transition

t enper at ur e wb oped i nyl chloride, which is at 80 - 85 [erpdfNLSROGL17
heati ng bei ng mai ntained for a sufficiently long period to ensure that
t he end section, as seen across the wall thlckness V|rtuaIIy uniformy
is at this tenper aflife 2PRRF TS0 SN R IhkBimfmt 1 skRBs2t §NaPlps a

hi gher tenperaéuénemhtohbesfbmmbheow(arhnqxxﬁllyubrientﬂdeﬁipélmm the
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[err] C 12. Preferably the heatlng of the pipe in the region 15 of

the end secgion corrprI g8 hppagakesnalo fmlﬂ;ﬂﬂ%ég d h?ollo@'%f‘ﬂ&é%a&he
heati ng of the support The heating neans C rise
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ring to the pi'pe can”be contro
The invention DW¢Vl@edeWbFB|ﬁeélﬁéﬁﬁfﬁéﬁm§ﬂ&h1Qﬁ9Q¥e 1Memithei ctitside.
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| ongi tudi nal section éllust&atlve enbodi ment, 0f an appar at us
forming a §%%Re?lbﬁea°BF5xF | FOGKEETELIMINGe SRR tfe iKRY i the
phase of the nphhpssacedr Heagihg aha snbeeuemt cooling of HHHWRI2 shows

a view correspon to FLgur 30, dyri the end of the nethod
according to t%edépgn|§$e% ¢ zﬁe 31 to' bd process %%
varlatlon\MtPEQmpmﬁaﬁstheheatlng device 20 and a cooling dev1ce 22.

15 The fabrication of a socket with sealing ring by
means of the apparatus shown in Figures 1 and 2 proceeds as
follows. First the sealing ring 12 is pushed over the
mandrel 13 until it comes to lie in the relatively shallow
groove 17, the support ring 18 bearing against that side of

20 the sealing ring 12 which faces away from the insertion
side of the mandrel 13. Then the support section 14 is
inserted, for example by a double-acting hydraulic cylinder
(not shown), into the end section of the pipe 11.

When the end section of the pipe 11 is supported

25 internally by the support section 14 of the mandrel 13,
said pipe end section is heated by means of the heating
device 20. If reguired it is possible, via the support
section 14 of the mandrel 13, to effect internal heating of
the end section of the pipe 11. The internal support by the

30 support section 14 prevents shrinkage, in a radial
direction, of the pipe 11 whose plastic material, under the
influence of the heating, is trying to revert to the state
of the plastic material prior to being oriented biaxially.
Some shrinkage in the heated end section does occur in the

35 axial direction. This axial shrinkage of the end section is
advantageous, however, because it is thus possible to
comnpensate for the wall becoming thinner in the socket
region as a result of the radial expansion yet to be
effected.



tenperature of the internally supported end section of the pi pe during
the heating operation in the manner according 35 to the invention.

The fol | owipryga@eecri ption starts froma previously f abr pepingd7/8d10¢ Of
biaxially oriented polyvinyl chloride - g4having a snooth, cylindrical
wal |, which is to be provided wi th a socket. WO 97/ 33739

PCT/ NL97/ 00117 When the end section of the p3pe 11 has been The
apparatus 1 [ kQur e n : 0. fo d on
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ring 18 situated behind it. As soon as the intended
10 position of the socket-forming section 16 in the tube 11

13

has been reached, the support ring 18 is drawn backwards
out of the pipe 11, by means which are likewise not shown,
to the position shown in Figure 2. Because the biaxially
oriented pipe 11 is still warm and therefore has a tendency
15 to shrink in a radial direction, the pipe 11 automatically
comes to lie, in the state shown in Figure 2, against the
socket-forming section 16 and then traps the sealing ring
12. Then the end section, still internally supported, of
the pipe 11 can be cooled by means of the cooling device 22
20 and/or by cooling the mandrel 13. Finally, the mandrel 13
can be pulled from the pipe 11 in its entirety, the sealing
ring 12 disengaging fron the shallow groove 17 of the
mandrel 13 and remaining behind in the socket formed.
The present invention provides for a special manner
25 of heating the end section, internally supported by the
support section 14, of the pipe 11. The variation in
temperature against time, as preferentially aimed for, of
the end section of the pipe 11 is shown in Figure 3. In the
first instance, the heating device 20 is set so as to reach
30 an end section temperature which roughly corresponds to the
glass transition temperature of polyvinyl chloride (about
80-85 °C). This setting of the heating device 20 is
maintained for some time, to ensure that the end section of
the pipe 11 is at this temperature as uniformly as
35 possible. Only when it can be assumed that this is the case
is the heating device 20 set so as to heat the end section
of the pipe 11 to a higher temperature. The temperature
ultimately to be reached for the end section of the pipe 11
preferably roughly corresponds, according to the invention,



‘conprises a heating device 20 and a cooling device 22. 15 The

fabrication of a socket with sealing ring by nmeans of the apparatus
shown in Figuwematasand 2 proceeds as follows. First the sear®robng 12
I s pushed over the mandrel 13 until it Bomes to lie in the relatively
shal | ow groove 17, the support ring 18 bearing_against that side of 20

the sealing rtagtie wiientaddon HAMPITIHINCT ReYYHRYL chipgdder (akout
mandrel 13. Thep ©h§ ,SynRAFdra3a6t Mgty above NSest edkanpesanploe <y, a
doubl e-acting hydraulic c\y}#g%der (not Shﬁ-."‘“)é ‘hnto he en% g ction of
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region as a rgsdkiplk it Md AndedSioN) elbd hdited €6fgChegGher
temperature than is preferable according to the invention,
for example to about 135 - 140 °C. If the end section were
15 to be heated in one step from the glass transition
temperature to such a high temperature, the probability of
cracking is high.

Although the mechanism involved is not entirely
clear, the abovedescribed manner of heating is found to

20 avoid the inception of undesirable stresses in the socket,
which lead to cracking.

It is evident that in the process of forming the
socket by the method according to the present invention,
other mandrel designs may alternatively be used. One

25 possibility, for example, is that of a radially expandable
mandrel.
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-4- When the end section of the pipe 11 has been sui tably
heat ed, thwomeusstragl 13 is pushed further into the pi pe llpchiNrbheorpnent
when the sealing ring 12 conmes up agal st~ the pipe 11, the pipe 11 will

be further expanded 5 by the sealing ring 12. The seallng ring 12 is
support ed, I n the process, by .the su EgFF ring 18 which noves in
tandemwi th the mandrel 13. As a result, the pipe 11 slldes over the

sealing ring 12 and uent.| t he su r 18, sjtuate
behind it. * soon agg?ﬁggl E %n 8%“‘% gpcl%msﬂég%qbfort He & %e‘fff%tﬁt‘ﬁaq”
section 16iqriémt@@bpolyv1nyhagh&eendeea@mm@rnsunqunnnwsu¢¢ﬂgsisels dr awn

backwards s gt he pipe 11, by means which are |ikew se not shown,
to the p03|t|on shown_in, Figure 2. Becguse the biaxially oriented pipe
11 is still Tarm andPlAEiBEOReSHRECXtt dRdEMC IS SSFIRT AL i¥he PiBea

directios the pi pe Hdatuhgnahecplipg in mrm&-etgidn &f ithd hengtobetsbaywn in

Figure 2, a alnst th e o] g.se 16 a tra the

seal i ng rlng' &%gﬁrﬁggéehﬁg égk?oﬁé % nterné?&%y§ﬂbp of

the pipe 11 mndue ebHothe heatednendf Stenelo@ol rthgz dea tosl %QOsm‘dion by

cool i ng the Jmy a fromthe
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pipe 11 inits seal 1 ng di sengagi ng t he
shal | ow gr ofRFmed of the mandrel 13 and remaining behind in the socket

formed. 10 - Thsopingethei pypat ian theotHeddod Wf ardasndl se8oneh,
the end section being supported internally during the
cooling operation, and
- removing the support from the pipe,
characterized in that:

15 - for the purpose of heating the internally supported
end section of the pipe, said end section is first heated
until said end section has reached, substantially
homogeneously, the glass transition temperature of
polyvinyl chloride and is then further heated until the end

20 section has reached, substantially homogeneously, a
temperature near, preferably just above, the orientation
temperature of polyvinyl chloride.

2. Method according to claim 1, wherein the placing of
a support in the end section of the pipe comprises a

25 support section of a rigid mandrel being inserted into the
end section, and
- the deformation of the pipe to produce a socket in
the region of the end section comprises a socket-forming
section, which adjoins the support section, of the rigid

30 mandrel being forced into the pipe.

3. Method according to claim 1 or 2, wherein the
heating of the pipe in the region of the end section

comprises the external heating of the pipe and/oxr the
heating of the support.

35 4. Method according to one or more of the preceding
claims, wherein the cooling of the pipe in the region of
the end section comprises the external cooling of the pipe

R 0 R A



25 of heating the end section, internally supported by the support

section 14, of the pipe 11. The variation in t enperat ure agai nst tine,
as preferent ma py3zasgred for, of the end section of the pipe pbirpSyrmigpn
in Figure 3. In the first instance, the-h&ating device 20 is set so as

to reach 30 an end section tenperature which roughly corresponds to the

gl ass transiti emd/eapdhg eobing s \ikg | seppertde (about 80-85 [err]C).
This setting of the heating device 20 is mai ntai ned for some tine, to
ensure that the end section of the pipe 11 is at this tenperature as
uniformy as 35 possible. Only when it can be assuned that this is the case
is.the heating device 20 set so as to heat the end section of the pipe
11 to a higher tenperature. The tenperature ultimately to be reached for
the end section of the pipe 11 preferably roughly corresponds, according
to the invention, WO 97/ 33739

PCT/ NL97/ 00117 to the orientation tenperature of polyvinyl chloride
(about 110 [err] C), preferably slightly above, for exanple 120 [err]C.
For that matter, once the end section of the pipe 11 has been heated
uniformy to the glass transition 5 tenperature, it is inportant, when the
end section is

e



‘heated to a higher tenperature, that the tenperature differences in the
wal |l of the end section of the pipe 11 be kept within limts. This can
‘be done by the end section bei ng heat ed stepw se, so thakgégﬁé% 17
section wi WOPT3¥ 10 uniformy have reaaghtd a particular te arure and
wil | only then be heated further once nore. Thus it is even

possi ble for the end section to be. heated to a higher t enperat ure than
is preferable according to the invention, for exanple to about 135 -
140 [err]C If the end section were 15 to be heated in one step fromthe

gl ass transition tenperature to such a high tenperature, the
probability of cracking is high. Al t hough the nmechani sm
involved is not entirely cl ear, the abovedescri bed manner of heating is
found to 20 avoid the inception oTOundesirabIe stresses in the socket,

whi ch | ead to cracking. \gt Is evident that int process of

formng the socket by the rM@thodiaccording to ) prese I nventi on,
other mandrel designmpypay alternatively be used. Oneé 25 posshbility, for
exanple, is that of a.}adially xpandabl e . 97/ 33739
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CLAI V5 1. Met hod for form ng a socket on a pipe of biaxially
oriented polyvinyl chloride, conprising the successive steps of: -
pl aci ng a suppo in an end section of the pipe, 5 - heati ng t he

pi pe in the ?’&gﬁ&?‘"{?}f the end section, 2/2- def orm ng t RETHNIHI0PE7
produce a socket in the region of the heated end section, the heated
end section bei ng supported internally while the socket is being
formed, 10 - cooling the pipe in the region of the end section,

t he end section being supported internally during the cool i ng
operation, and - renovi ng the support fromthe pipe,
characterized in that: 15 - for the purpose of heating the
internally supported end section of the pipe, said end section is first
heat ed until said end section has reached, substantially

honogeneously, the glass transition tenperature of pol yvi nyl chl ori de
and is then further heated until the end 20 section has reached,
substantial |l y honogeneously, a tenperature near, preferably just above,
the orientation tenperature of polyvinyl chloride. 2. Met hod
according to claim1, wherein the placing of a support in the end
section of the pipe conprises a 25 support section of a rigid mandrel being
inserted into the end section, and - t he deformation of the
pi pe to produce a socket in
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the region of the end section conprises a socket-forning SeCi \ReBciePy
adj oins the support section, of the rigid 30 mandrel being forcgBsige o t he

pi pe. 3. t hod acGgyrdh Reei BciThRbiBrskr? bretaniiigi el N t he CeMtSheat i ng

of the pipe in regi on of the end Iewtogngdfureas  conpri ses t he external
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(57) Abstract

Tf.le method qomprise§ the successive sieps of: placing a support in an end section of the pipe, heating the pipe in the region of the
end_ section; defor.mmg_ the pipe to produce a socket in the region of the heated end section; the heated end section being supported internally
Whll.c the scck_et is being for{xled; cooling the pipe in the region of the end section, the end section being supported internally during the
cooling operation; and removing the support from the pipe, for the purpose of heating the internally supported end section of the pipe, said
end section first bemg heated until said end section has reached, substantially homogeneously, the glass transition temperature of polyvinyl
chioride and then being further heated until the end section has reached, substantially homogeneously, a temperature near, preferably just
above, the orientation temperature of polyviny! chloride.




