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In the prior art process, the resinous tube on the metal insert is expanded
by controlling the BACKGROUND OF THE INVENTION
pressures internal and external to the tube in the expanding chamber. The
tube is kept free in the This invention relates to an apparatus for con-
5   expanding chamber. No provision is made such tinuously producing a
heat-shrinkable crosslinked  that the outside surface of the expanded resin
tube resin tube suitable for use in covering junctions in  is positively
supported. As a result, any slight un- various pipe lines and cables as
well as shielding  balance between the internal and external pres- various
pipes and rods for corrosion prevention and  sures would cause excess or
short expansion. The heat insulation purposes. More particularly, it re-
70  tube may crease in the cooling chamber as a result lates to an
apparatus for continuously producing   of an excessively increased diameter
due to exces- such a heat-shrinkable tube from a crosslinkable   sive
expansion. This constitutes another factor of resin composition.
preventing the prior art process from being applied For the purposes of
rust protection or heat     to commercial continuous manufacture of a heat-
insulation of junctions in lining steel pipes used in  15  shrinkable tube.
petroleum, gas, city water, chemical plant and oth-   A heat-shrinkable
tube is generally fabricated er applications, or junctions in protective,
steel  from a crosslinkable resin composition by extruding pipes used in
electrical power cables and tele-    the composition in a tubular form and
continuously communication cables, it has been a common         heating the
tube in a crosslinking cylinder to effect practice to use a heat-shrinkable
tube which can be   20  crosslinking. The crosslinking cylinder commonly
shrunk by heating to cover the associated junction  used is a cylinder
whose interior wall surface is of in a close sealing relationship. The
heat-shrinkable  such metal as stainless steel. The resin of the tubes are
tubes wherein molecular anisotropy is    extruded tube may often be seized
or adhered to established by a structural change due to deforma-  the
interior surface of the crosslinking cylinder. tion of a heat-fusible polar
chain high molecular  25   Lubricant oil is generally supplied between the
weight compound and which utilize the phenomeon    extruded tube and the
crosslinking cylinder inside that the once established orientation is
destroyed  surface for the pupose of reducing the friction upon reheating
to resume the original state. Var-  therebetween to prevent resin seizing.
Certain lubri- ious synthetic resins are used in the manufacture  cant oils
fail to provide lubrication because some of such heat-shrinkable tubes and
among them,   so  constituents in the oil can react with the crosslin-
crosslinkable synthetic resins such as crosslinkable  king agent in the
resin composition, or some con- polyethylene are now of most interest.
stituents in the oil can undesirably deteriorate the Continuous manufacture
of such a heat-shrink-   resin composition. The use of lubricant oil
suffers able crosslinked tube is known as described in     from another
problem that it can not be always fully Japanese Patent Publication No.
47-19356. The   35  distributed over the entire inside surface of the
process uses a metal insert such as an aluminum    crosslinking cylinder,
giving rise to lubricant losses pipe having a plurality of small
perforations in the  which cause seizing. It is thus desired to develop a
pipe wall. A crosslinkable resin compound is ex-   method capable of
preventing seizing during cros- trusion coated on the insert and the coated
insert is  slinking without resorting to the use of lubricant oil. then
successively passed through crosslinking, ex-  40  Generally, in the
manufacture of a heat-shrink- panding and cooling chambers whereby
crosslin-     able tube, heat shrinkability is imparted to the tube king is
effected in the crosslinking chamber, and  by expanding or increasing the
diameter of the the resinous tube on the insert is then expanded by  tube
at a temperature of lower than the crosslinking controlling the internal
and external pressures of  temperature, but higher than the softening tem-
the tube in the expanding chamber. The tube in  45  perature at the end of
crosslinking, and cooling the expanded form is cooled in the cooling
chamber     tube to a temperature sufficiently lower than the and then
wound on a suitable take-up roll.         softening temperature while
maintaining the diam- The above-mentioned prior art process uses a    eter
unchanged. When the prior art process as metal insert on which resin is
extrusion coated. The  described above is practiced, the resin which has
use of a metal insert addes to the manufacturing   50  been heated hot in
the crosslinking chamber re- cost. The metal insert must be finally removed
mains still hot at a temperature near the crosslin- from the surrounding
resin tube, requiring a cum-  king temperature upon entry to the expanding
bersome operation. It is practically difficult or im-  chamber. Such high
temprature allows the resin to possible to take up the tube in roll form
without  undergo crosslinking during the expanding step, removing the metal
insert. Therefore, the process  55  failing to achieve sufficient heat
shrinkability. Fur- is rather impracticable or commercially feasible  ther,
in the practice of the prior art process as with difficulty in the
continuous manufacture of a  described above, it is imperative that the
cooling heat-shrinkable tube.                              efficiency of
the cooling chamber is reduced by the 2    



3                 EP 0 252 749 B1                    4 thermal influence of
the expanding chamber. Then   cost. the cooling chamber must be extended to
a suffi-      Yet further features of the present invention cient length to
increase the overall length of the  make it possible to provide an
apparatus capable apparatus, adding to the installation cost.        of
continuously producing a heat-shrinkable tube of Since the heat-shrinkable
tube is mainly used   5   crosslinked resin having an adhesive layer
applied to cover various pipes and rods or junctions therein  inside in an
inexpensive efficient manner. as previously described, an adhesive layer is
often    Briefly stated, the present invention provides formed on the
interior surface of the tube in order  an apparatus for continuously
producing a heat- to ensure a bond of the tube to a subject upon
shrinkable crosslinked resin tube, according to covering. One known process
for forming an adhe-  10  Claim 1. sive layer on the heat-shrinkable tube
interior sur-  With the apparatus of the above-mentioned or- face for such
a purpose is by separately applying  ganization, a crosslinkable or
uncrosslinked resin adhesive to the interior surface of the once formed
composition from which a heat-shrinkable tube is heat-shrinkable tube.
Another approach employs a   made is continuously extruded in a hollow
tubular coextrusion technique in the manufacture of a heat-  15  form into
the crosslinking cylinder through the port shrinkable tube wherein adhesive
and resin com-   between the extruder die and the mandrel. The positions
are coextruded to simultaneously form    tube is continuously heated for
crosslinking in the inside and outside layers. Either of these prior art
crosslinking cylinder and then conducted to the processes for forming an
adhesive layer on the     expanding die whose inside diameter continuously
heat-shrinkable tube interior surface suffers from   20  and smoothly
increases from its inlet contiguous to many problems. The process of
applying adhesive   the crosslinking cylinder to its outlet. The tube is
separately from the formation of a heat-shrinkable  then conducted from the
maximum diameter outlet tube requires an increased number of steps which
end of the conical die to the cooling cylinder. Since will add to the
manufacturing cost. The two-coat   pressurized fluid is infused into the
interior of the simultaneous extrusion process for simultaneously  25  tube
being extruded, the tube having crosslinked in forming a heat-shrinkable
tube and an adhesive     the crosslinking cylinder, but remaining hot is
radi- layer on the inside thereof relies on a special    ally expanded
along the interior surface of the coextrusion technique requiring
relatively expensive  expanding die by the action of the pressure fluid.
extruders and dies. Either of the prior art processes  The tube in expanded
form is further continuously is unsuccessful in continuously producing a
heat-  30  cooled in the cooling cylinder, obtaining a heat- shrinkable
tube of a crosslinkable resin having an  shrinkable tube. adhesive layer
applied inside in an inexpensive        The interior surface that extends
from the cros- efficient manner.                                  slinking
cylinder to the cooling cylinder is smooth, DE-A-3346028 discloses an
apparatus having      continuous, and free of a substatial gap or step. As
the features of the preamble of Claim 1.      35  the resinous tube being
extruded is conducted DE-A-2719308 and GB-A-1416575 disclose ap-      from
the crosslinking cylinder to the cooling cyl- paratus for producing
heat-shrinkable resin tube   inder, the outside surface of the tube is
supported which includes means for flattening and rolling up  by the
continuously connected interior surfaces of the produced resin tube.
the respective members. This ensures smooth A primary object of the present
invention is to  40   movement of the tube. If there is any gap or provide
an improved apparatus for continuously     substantial step in a region
from the crosslinking producing a heat-shrinkable crosslinked tube hav-
cylinder to the cooling cylinder, the pressure fluid ing a fixed,
predetermined diameter in an efficient  introduced in the tube interior for
expansion pur- manner at low cost without incurring any problems  pose
would form local dilations or irregularities at as encountered in the prior
art processes including   45  the site, rendering tube movement less smooth
to the use of a metal insert.                         disturb continuous
manufacture. Such inconve- Features of the present invention make it pos-
nience is eliminated by the present invention be- sible to provide an
improved apparatus for continu-  cause the members covering from the
crosslinking ously producing a heat-shrinkable crosslinked tube  cylinder
to the cooling cylinder provide a smooth which can prevent seizing of the
tubular resin in a   so  and continuous interior surface free of a
substantial crosslinking cylinder even in the absence of lubri-  gap or
step. cant.                                                 In a region
extending from near the outlet of Further features of the present invention
make  the extruder head to near the inlet of the crosslin- it possible to
provide an apparatus capable of     king cylinder is disposed means for
supplying a consistently producing a heat-shrinkable crosslin-  55
friction reducing agent to the outside surface of the ked tube having
improved heat stability and shrin-  tube exiting the extruder head. The
friction reduc- kability, the apparatus being of a reduced length  ing
agent from a supply port reduces the frictional contributing to a reduction
in overall installation  resistance between the the outside surface of the
3    



5                 EP0252749B1                        6 extruded tube and
the inside surface of the cros-     In proximity to the inlet of the
expanding die, slinking cylinder and prevents resin seizing, ensur-  there
may be provided temperature control means ing that the extruded tube is
smoothly conveyed in  for controlling the temperature of the resinous tube
a downstream direction to facilitate tube manufac-  within the range
between the crosslinking tempera- ture.
5   ture and the softening temperature of the resin. The crosslinking
cylinder may be provided on     With this control means, as the tube having
passed the inside surface with a liner of a material having  the
crosslinking cylinder is conducted to the ex- high releasability from the
resin and a low coeffi-  panding  die, its temperature  is immediately
cient of friction, for example, fluoride resin. This  dropped to a level
lower than the crosslinking tem- embodiment enables continuous manufacture
of a   l0  perature, preventing crosslinking from taking place
heat-shrinkable crosslinked tube by facilitating con-  during and after
expansion to reduce heat shrin- tinuous smooth movement of the extruded
tube       kability. Since the provision of the temperature while
preventing the resin from adhering to the    control means avoids any
influence of the high crosslinking cylinder inside surface, even in the
temperature crosslinking cylinder on the cooling absence of the friction
reducing agent mentioned  15  cylinder, the efficiency of the cooling
cylinder is above. This eliminates the inconvenient problems   increased so
that the cooling cylinder can be re- associated with the use of the
lubricant mentioned  duced in length with the benefit of a reduced above
that some constituents present therein can   installation cost. At low
temperatures, oil used as react with the resin and a loss of lubricant
causes  the friction reducing agent or lubricant exhibits a seizing. It is,
of course, contemplated to supply a   20  poor friction-reducing effect due
to high viscosity. friction reducing agent onto the liner inside the  With
an increased length of the cooling cylinder, crosslinking cylinder.
the region where the oil remains at a high viscosity It is also possible to
insert an adhesive supply  is also extended and consequently, the friction
conduit within the crosslinking cylinder or expand-  resistance is
increased to such an extent that con- ing die. The conduit serves to spray
adhesive,  25  tinuous pulling of the resinous tube becomes dif- typically
hot-melt adhesive to the inside surface of  ficult. The difficulty of tube
pulling is minimized by the extruded resinous tybe to form an adhesive
reducing the length of the cooling cylinder to re- layer thereon in the
crosslinking cylinder or ex-  duce the high viscosity oil region. panding
die. The provision of an adhesive supply conduit allows continuous
manufacture of a heat-  30   BRIEF DESCRIPTION OF THE DRAWINGS shrinkable
tube having an adhesive layer applied inside using a conventional monolayer
extruder        The above and other objects, features and ad- without any
substantial modification to the extruder  vantages of the present invention
will be more fully and its head.
understood by reading the following description of The guide means, namely
a nozzle, is dis-  35  preferred embodiments taken in conjunction with
posed downstream of the cooling cylinder, contig-  the accompanying
drawings, in which: uous to the outlet of the cooling cylinder, to cir-
Fig. 1 is a schematic axial cross-sectional view cumferentially surround
the outside surface of the   of a continuous tube making apparatus of a
incoming tube. The nozzle may be shaped like a        general type to which
the present invention can crevice tool of a vacuum cleaner. More
particularly,  40  be applied; the nozzle initially assumes a circular
inlet cross-  Fig. 2 is an enlarged cross-sectional view of a section and
gradually merges toward an ellipsoidal    portion of the crosslinking
cylinder and expand- outlet cross-section. The nozzle is designed so as
ing die having a liner lying thereon in the to maintain the inside
circumferential length con-    present apparatus; stant from its inlet to
its outlet. As the tube from the   45  Fig. 3 is a schematic axial
cross-sectional view cooling cylinder is passed through the nozzle, it is
similar to Fig. 1 of another tube making appara- deformed into a flattened
form without changing its  tus of a general type to which the present
inven- circumferential length. It is to be noted that the   tion can be
applied wherein an adhesive supply fluid is preferably introduced under a
pressure of at  conduit is provided; least 0.1 kg/m[err] for expansion
purpose. Absent a   50  Fig. 4 is a cross-sectional view of another ar-
nozzle whose inside circumferential length is con-   rangement of the
adhesive supply conduit; stant from its inlet to the outlet, a thin-walled
tube  Fig. 5 is a schematic axial cross-sectional view will be further
expanded past the cooling cylinder   similar to Fig. 1 of a continuous tube
making by the internal fluid pressure, resulting in a final  apparatus
according to one embodiment of the product having a diameter outside the
acceptable  55  present invention wherein an exit nozzle is pro- range. The
use of the nozzle as defined herein       vided; ensures that a
heat-shrinkable tube having a pre-     Fig. 6 is an axial cross-section of
the nozzle determined size is steadily manufactured.             portion
taken along lines VI-VI in Fig. 5; 4    



7                 EP 0 252 749 B1                    8 Fig. 7 is a lateral
cross-section of the nozzle  the crosslinking cylinder 7. portion taken
along lines VII-VII in Fig. 5;        Downstream of the crosslinking
cylinder 7 is Fig. 8 is a lateral cross-section of the nozzle  disposed an
expanding die 10 of a frustoconical portion taken along lines Vill-Vill in
Fig. 5;   shape having an inside surface 10A whose diam- Fig. 9 is a
perspective view of split segments of   5   eter continuously increases
from the upper or inlet the nozzle used in the apparatus of Fig. 5;     end
to the lower or outlet end. The tapered inlet Fig. 10 is a schematic axial
cross-sectional view  end of the die 10 is directly connected to the
similar to Fig. 1 of a continuous tube making    crosslinking cylinder 7 in
the illustrated embodi- apparatus according to a further embodiment of
ment. Downstream of the expanding die 10 is dis- the present invention
wherein insulators are in-  10  posed a cooling cylinder 11 which is
connected to terposed between the members;                   the dilated
outlet end of the die 10 and has an Fig. 11 is a diagram showing the
temperature    inside diameter equal to that of the die outlet. The profile
of a tube-forming resin observed in mak-  cooling cylinder 11 is a straight
cylinder equipped ing a heat-shrinkable tube using the apparatus   with a
water or air cooling jacket. of Fig. 10; and                             is
The interior surface which extends from the Fig. 12 is a diagram showing
the temperature    crosslinking cylinder 7 to the cooling cylinder 11 is
profile of a tube-forming resin observed in mak-  a smooth continuous
surface which is free of a ing a heat-shrinkable tube using an apparatus of
substantial gap or step. Fig. 10 with the insulators omitted.
Downstream of or below the cooling cylinder 20  11 is disposed guide means
12 for receiving the DESCRIPTION OF THE PREFERRED EMBODI-              tube
coming down from the cooling cylinder 11 to MENT
deform the tube to a flattened cross-section. The guide means 12 includes a
nozzle which circum- Referring to FIG. 1, there is illustrated a con-
ferentially surrounds the outside surface of the tube tinuous tube
producing apparatus of a general type   25  exiting the cooling cylinder
and is designed such to which the present invention can be applied.
that it initially assumes a circular inlet cross-section The apparatus
includes an extruder head 3       and gradually merges toward an
ellipsoidal outlet which includes an extrusion die 1 of a generally
cross-section. Downstream of or below the guide cylindrical configuration
having a vertically extend-  means 12 Is disposed drawing means 13 in the
ing axis and a generally cylindrical mandrel 2 con-  30  form of a pair of
rollers 13A, 13B for drawing centrically disposed inside the die. Between
the   downward the flattened tube 5 from the guide 12 extrusion die 1 and
the mandrel 2 at their lower   while compressing it on opposite sides. The
draw- portion is defined an extrusion port 3A of a continu-  ing means 13
provides both a driving force for ous annular shape. The extrusion port 3A
is in     pulling down and a compressive force. Downstream communication
with an extruder body (not shown)  35  of the drawing means 13 is disposed
a winding roll through a passage 4 for resin material. The ex-    (not
shown). The winding roll may be located below truder forces a crosslinkable
resin composition 15  or aside the drawing rollers. under pressure to the
head 3 through the passage       Using the above-mentioned apparatus, a
heat- 4 to thereby extrude the resin into a hollow tube 5.  shrinkable
crosslinked tube may be fabricated from The mandrel 2 is provided with an
axially extending   40   a crosslinkable resin composition, typically
polyeth- passage 6 for supplying a fluid under pressure     ylene by the
following procedure. from an external source (not shown) into the inte-
The crosslinkable resin composition 15 is com- rior of the tube 5 exiting
the port 3A.             pounded and milled in the extruder section (not A
crosslinking cylinder 7 is disposed down-     shown) and then forced to the
head 3 through the stream of the extrusion port 3A in an extruding   45
passage 4 whereupon it is continuously extruded direction, that is, below
the port 3A as viewed in  through the port 3A between the die 1 and the the
figure. The crosslinking cylinder 7 has a fixed  mandrel 2 into a hollow
tube 5 within the crosslin- inside diameter substantially equal to the
outside  king cylinder 7. A fluid under pressure, preferably diameter of
the extrusion port 3A or the inside    an inert gas is blown through the
fluid passage 6 diameter of the die 1. The crosslinking cylinder 7 is  so
into the interior of the tube being extruded. Also, a surrounded by a
heater 8 for heating the cylinder  friction reducing agent is supplied
through the port and hence, the tube passing therethrough to the    9 to
between the outside surface of the tube 5 and crosslinking temperature.
Alternatively, the heater 8  the inside surface of the crosslinking
cylinder 7. may be located inside the crosslinking cylinder 7  The friction
reducing agents generally include liq- and inside the tube 5. At the end of
the crosslin-  55  uids, finely divided solids or powder and gases. king
cylinder 7 on the extrusion port 3A side is   Those generally known as
lubricants are liquids formed a port 9 for externally supplying a friction
such as silicone oils, polyether oils and other reducing agent or lubricant
to the inside surface of  lubricating oils and finely divided solids such
as 5    



9                 EP 0 252 749 B1                    10 boron nitride (BN)
powder and molybdenum disul-       The liner 20 prevents the tubular resin
from fide (MoS2) powder. Such gases as inert gases      being cured to the
inside surface of the crosslin- including nitrogen gas may also be used. As
pre-   king cylinder and reduces the frictional resistance viously
described, the use of oily lubricants is   between the crosslinking
cylinder 7 and the ex- sometimes undesirable and in such a case, gases   5
panding die 10. Thus, the use of the liner 20 can such as inert gas may
preferably be used as the    omit the use of the friction reducing agent,
which in friction reducing agent.                           turn eliminates
the supply port 9 in FIG. 1. Of The tube 5 of uncrosslinked resin being ex-
course, it is contemplated to provide the liner 20 truded into the
crosslinking cylinder 7 as described  and at the same time, to supply the
friction reduc- above is progressively moved downward through   10  ing
agent from the port 9. the crosslinking cylinder 7 under gravity as well as
Another apparatus of a general type to which by the pulling force of the
rotating press rollers  the invention can be applied, is shown in FIG. 3,
13A, 13B coupled with the winding force of the     which is approximately
the same as in FIG. 1 winding roll (not shown). During passage through
where like parts are designated by like numerals. In the cylinder 7, the
tubular resin undergoes thermal  15  this embodiment, the pressure fluid
supply pas- crosslinking. At this stage, the tube 5 is forced  sage 6 is
formed in the mandrel 2 off the center against the inside surface of the
crosslinking cyl-  axis, but parallel to the axis. At the axis of the inder
7 by the expanding force of the pressure fluid  mandrel 2 is formed another
throughhole 21 while the friction reducing agent externally applied
through which a conduit 22 extends and terminates serves to reduce the
frictional resistance between   20  within the crosslinking cylinder 7 for
externally in- the crosslinking cylinder 5 inside surface and the
troducing an adhesive. The adhesive conduit 22 tube 5 outside surface so
that the extruded tube is  has a plurality of spray orifices 22A at its
distal moved downward smoothly without incurring seiz-    end. In the
illustrated embodiment, the spray ing or adherence to the cylinder.
orifices 22A are disposed within the crosslinking The thus crosslinked
resin tube 5 then passes   25  cylinder 7. through the expanding die 10. At
this point, the       When a heat-shrinkable tube is produced using tube 5
is still hot so that it may be expanded along  the apparatus of FIG. 3, an
adhesive, typically a the divergent inside surface 10A of the die 10 by
hot-melt adhesive in molten state is sprayed the expanding force of the
pressure fluid, progres-  through the orifices 22A of the conduit 22 onto
the sively increasing the diameter. The thus inflated   30  interior
surface of the tube 5 being extruded from tube 5 reaches the cooling
cylinder 11 where it is  the head 3 to the crosslinking cylinder 7, thereby
cooled to near room temperature, resulting in a    forming an adhesive
layer 23 on the tube interior heat-shrinkable crosslinked tube. Since the
interior  surface. The adhesive layer 23 is then cooled and surface
extending from the crosslinking cylinder 7  hardened by the cooling
cylinder 11. There can be to the cooling cylinder 11 is smooth, continuous
35  continuously produced a heat-shrinkable crosslin- and free of a gap,
dip or step as described above,  ked tube having an adhesive layer on its
interior the tube can be smoothly moved downward without    surface.
forming any local protrusion or irregularity under     Although adhesive is
sprayed inside the cros- the fluid pressure for expansion.
slinking cylinder 7 in the embodiment shown in Thereafter, the tube 5 is
deformed or narrowed   40  FIG. 3, the adhesive conduit 22 may be extended
by the nozzle 12 and completely flattened out by   further downward so that
the orifices 22A are posi- the pressing rollers 13A, 13B whereupon the
flat-  tioned inside the expanding die 10 whereby adhe- tened tube is wound
on the roll (not shown). Com-  sive is sprayed onto the tube interior
surface in the pression of the tube 5 by the pressing rollers 13A,  range
of the expanding die. 13B forms a gas-tight seal against the interior  45
FIG. 4 illustrates another arrangement of the space of the tube portion
upstream of the rollers so  pressure fluid supply passage and the adhesive
that the fluid pressure may be effectively utilized  supply conduit. The
pressure fluid supply passage for expansion.
6 extends in alignment with the center axis of the FIG. 2 illustrates a
liner 20 formed on the     mandrel 2 and the adhesive supply conduit 22 is
inside surface of the crosslinking cylinder 7 and the   50  concentrically
disposed within the passage 6 with a expanding die 10. The liner 20 is of a
material    gap G therebetween. having a high releasability from the resin
composi-    FIGS. 5 to 9 illustrate an embodiment of the tion of which the
tube is made and a low coefficent  present invention which is particularly
suitable in of friction. Illustrative liner materials include fluoride
making a thin-walled heat-shrinkable tube. This em- resins such as
polytetrafluoroethylene (PTFE) and   55  bodiment uses a nozzle 121 as the
guide for de- ceramics. The liner 20 may be formed by coating a  forming
the tube 5 from the cooling cylinder into a fluoride resin or similar
lining material or inserting a  flattened form. The nozzle 121 surrounds
the entire preformed liner into the related members.          circumference
of the tube 5. 6    



11                EP 0 252 749 B1                    12 More particularly,
the nozzle 121 is a combina-  crosslinking temperature, but higher than the
soft- tion of segments 121A, 121 B which are split along  ening point of
the resin is provided at an upper a vertical plane including a center axis
as shown in  portion of the expanding die 10, that is, near the FIG. 9. The
nozzle 121 has an upper or inlet end   inlet of the expanding die. In
addition, between the located contiguous with the lower or outlet end of
5   outlet of the extruder head die 1 and the inlet of the cooling cylinder
11. The interior shape of the  the crosslinking cylinder 7, between the
outlet of nozzle 121 in a horizontal cross section, that is, a  the
crosslinking cylinder 7 and the inlet of the cross section perpendicular to
the center axis is  expanding die 10, and between the outlet of the such
that the nozzle assumes the same circular     expanding die 10 and the
inlet of the cooling cyl- cross-section at the inlet as the adjoining
cooling   10  inder 11 are interposed heat insulators 26, 27, and cylinder
11 (FIG. 7) and gradually merges into an  28 for interrupting heat transfer
therebetween, re- ellipsoidal cross-section toward the lower or outlet
spectively. The heat insulators may be of a low end. At the most downstream
outlet end, the nozzle  heat conductivity material such as ceramics. Of has
an ellipsoidal cross section which is shown in  course, the connection of
an insulator between two FIG. 8 as having a pair of straight parallel sides
15  adjoining members provides a smooth and continu- connected by
semi-circular sides. As best shown in  ous interior surface. FIG. 8, the
ellipsoidal cross section has a minor      FIG. 11 diagrammatically
illustrates the profile diameter d corresponding to twice the wall thick-
of temperature appearing at various positions in a ness t of the tube, the
minor diameter being a     resin extruding direction when a heat-shrinkable
distance between the pair of straight sides. The   20  tube is produced
from a crosslinkable resin using nozzle 121 is designed such that its
inside circum-  the apparatus of FIG. 10. For comparison pur- ferential
length in a horizontal cross-section is  poses, FIG. 12 diagrammatically
illustrates a similar maintained constant or the same as that of the
temperature profile in a resin extruding direction cooling cylinder 11 from
its inlet to its outlet. More  when a similar heat-shrinkable tube is
produced particularly, when the cooling cylinder 11 has an   25  using an
apparatus of the same construction as in inside diameter DO, the nozzle 121
has an inside   FIG. 10 except that the heat insulators 26, 27, 28 diameter
equal to DO at its inlet as shown in FIG. 7  and the temperature control
means 25 are omitted. and hence, an inside circumferential length equal  It
is to be noted that the latter construction is within to DO. The inside
circumferential cross-section of  the scope of the present invention. the
nozzle 121 gradually and smoothly merges   30      As will be evident from
FIG. 12, in the embodi- from a circular shape at its inlet to an
ellipsoidal  ment where the heat insulators 26, 27, 28 and the shape at its
outlet while maintaining the inside   temperature control means 25 are
excluded, the circumferential length equal to [err]DO. The inside
temperature of the tubular resin is somewhat in- ellipsoidal cross-section
of the nozzle 121 at its  creased at a stage prior to the extrusion from
the outlet has a minor diameter d equal to 2t and a   35  head 3 under the
thermal influence of the heating major diameter D equal to [[err](DO/2 - t)
+ 2t] as   or crosslinking cylinder 7. The temperature is understood from
FIG. 8 (lubricant film thickness is  gradually increased to the
crosslinking temperature negligible).
range as the tube is advanced from the head 3 to In this embodiment, the
tube 5 exiting the     the crosslinking cylinder 7, and then moderately
cooling cylinder 11 is immediately introduced into  40  decreased under the
influence of the cooling cyl- the nozzle 121 where it is deformed from a
circular  inder 11 as the tube is advanced from the crosslin- to an
ellipsoidal cross-section and eventually to a  king cylinder 7 to the
cooling cylinder 11 through flattened shape in accordance with the
transition of  the expanding die 10. As a result, the region where the
inside circumferential cross-section of the noz-  crosslinking actually
takes place does not overlap zle 121. Since the inside circumferential
length of  45  the region that extends from the inlet to the outlet the
nozzle 121 is maintained at the fixed value    of the crosslinking cylinder
7, but usually a region from its inlet to its outlet, the tube 5 is guided
that extends from a position P1 located somewhat downward with its
circumferential length kept con-  downstream of the inlet of the
crosslinking cylinder stant, eliminating the likelihood that the circum-  7
to a position P2 located somewhat downstream ferential length of the tube
be increased by the   so  of the inlet of the expanding die 10. This is
herein expanding internal fluid pressure after it exits the  referred to as
available crosslinking region. If the cooling cylinder 11. This ensures
that a heat-     lower end P2 of the available crosslinking region is
shrinkable tube having a fixed diameter can be     located more downstream,
then crosslinking can consistently and steadily produced.
take place during and even after expansion of the A still further preferred
embodiment is shown   55  tube in the flare die 10, probably resulting in a
tube in FIG. 10 wherein temperature control means in    having an
insufficient degree of heat shrinkability. the form of a cooling water
jacket 25 for maintain-  The thermal influece of the crosslinking cylinder
7 ing the tube 5 at a temperature lower than the     can cover the zone of
the cooling cylinder 11 which 7    



13              EP 0252749 B1                      14 can be reduced in
cooling efficiency. In order to  crosslinkable polyethylene resin
composition. The fully cool the tubular resin to a low temperature, the
resin is at a temperature of about 125 [err] C in the cooling cylinder 11
must be extended as appro-     extruder head 3, heated to a temperature of
about priate. Extension of the cooling cylinder 11 means  250[err]C for
crosslinking in the crosslinking cylinder that a region where lubricant oil
used as the friction   5   7, then cooled for inflation in the expanding
die 10 reducing agent has a high viscosity is extended,   to a temperature
of higher than the softening point which imposes an undesirably increased
frictional  of 115[err]C, but lower than 150 C, and then cooled resistance
against pulling-down of the resinous    to below about 60 [err] C in the
cooling cylinder 11. tube. Further, since the resin is heated prior to its
Although the illustrated embodiments are of exit from the outlet of the
extruder head 3 under  10  vertical type, the present apparatus may be con-
the thermal influence of the crosslinking cylinder 7  structed in a
horizontal form wherein a tube is as previously mentioned, the resin is
rather liable  extruded and pulled horizontally. to scorching or seizing
within the extruder head 3.   As understood from the foregoing description,
In contrast, a preferred embodiment shown in   the apparatus of the present
invention can continu- FIG. 10 wherein the heat transfer between the   15
ously produce a heat-shrinkable tube from a cros- extruder head 3,
crosslinking cylinder 7, expanding  slinkable resin in a smooth manner
without exper- die 10, and cooling cylinder 11 is blocked by the  iencing
any difficulty in tube pulling, and is thus heat insulators 26, 27, and 28
can fully eliminate  most suitable in the continuous manufacture of a any
thermal influence between the members. In      length of heat-shrinkable
tube. Because of no ne- addition, the temperature control means 25 in prox-
20  cessity of finally removing a metal insert as re- imity to the inlet of
the expanding die 10 can     quired in previously used apparatus wherein a
re- properly control the temperature of the expanding  sinous tube is
extrusion coated on a tubular metal die 10. Therefore the available
crosslinking region  insert, the apparatus of the invention can efficiently
is limited substatially within the zone of the cros-  produce such a tube
at a low cost and is useful in slinking cylinder 7. More particularly, as
shown in  25  the commercial manufacture of a heat-shrinkable FIG. 11, the
resin is not substantially heated until it  crosslinked resin tube in a
mass-production scale. exits the extruder head 3. The tubular resin under-
goes a sudden rapid temperature rise to the cros-  Claims slinking
temperature as it enters the crosslinking cylinder 7, then a rapid
temperature drop as it exits  30  1. An apparatus for continuously
producing a the crosslinking cylinder 7 and enters the expand-
heat-shrinkable crosslinked resin tube, com- ing die 10, and a further
temperature drop to the      prising desired low temperature as it enters
the cooling          an extruder head (3) including a die (1) cylinder 11.
This can avoid the likelihood that cros-  and a mandrel (2) combined
therewith for ex- slinking might proceed during and after the ex-  35
truding a crosslinkable resin composition into a panding step as
experienced in the embodiment          hollow tube, shown in FIG. 12,
ensuring that the resulting tube        Means (6) for introducing gas under
pres- has a sufficient degree of heat shrinkability. The     sure into the
interior of the tube being extruded improved efficiency of the cooling
cylinder 11 al-      by said extruder head, lows the cooling cylinder to be
shortened, reducing   40  a crosslinking cylinder (7) disposed down- the
overall length of the apparatus. The reduced       stream of said extruder
head (3) for causing length of the cooling, cylinder 11 leads to the re-
the tubular resin composition to crosslink, duced region where lubricant
oil used as the fric-        an expanding die (10) disposed down- tion
reducing agent has a high viscosity, providing    stream of said
crosslinking cylinder (7) for con- a reduced frictional resistance which
facilitates   46  ducting the tube therethrough and having an smooth
pulling of the resinous tube. Since it is      interior surface having a
continuously increas- prevented that the resin in the extruder head 3 is
ing diameter in a downstream direction, heated under the thermal influence
of the crosslin-       a cooling cylinder (11) disposed down- king cylinder
7, there occurs no scorching prior to    stream of said expanding die (10)
for cooling crosslinking.                                 50      the tube,
It will be understood that the insulators 26, 27,      characterized by
guide means comprising 28 shown in FIG. 10 may be replaced by forced
a nozzle (121) disposed downstream of said cooling means, for example,
cooling jackets with       cooling cylinder (11) for circumferentially sur-
equal results. It is also possible to provide a cool-  rounding the outside
surface of the tube exiting ing jacket within the extruder die in order to
pre-  55  the cooling cylinder (11), wherein said nozzle vent scorching
thereat.                                (121) initially assumes a circular
inlet cross- The temperature profile is given below as opti-    section and
gradually merges toward an el- mum in producing a heat-shrinkable tube from
a         lipsoidal outlet cross-section, and wherein said 8    
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M   S can be reduced in cooling efficiency. In order to   crosslinkable
polyethylene resin composition. The fully cool the tubular resin to a low
temperature, the  resin is at a temperature of about 125*C in the cooling
cylinder 11 must be extended as appro-      extruder head 3, heated to a
temperature of about priate. Extension of the cooling cylinder 11 means
250 [err]C for crosslinking in the crosslinking cylinder that a region
where lubricant oil used as the friction    5   7, then cooled for
inflation in the expanding die 10 reducing agent has a high viscosity is
extended,    to a temperature   higher than the softening point which
imposes an undesirably increased frictional   of 115[err] C, but lower than
150[err] C, and then cooled resistance against pulling-down of the resinous
to below about 60 [err] C in the cooling cylinder 11. tube. Further, since
the resin is heated prior to its   Although the illustrated embodiments are
of exit from the outlet of the extruder head 3 under  10  vertical type,
the present apparatus may be con- the thermal influence of the crosslinking
cylinder 7  structed in a horizontal form wherein a tube is as previously
mentioned, the resin is rather liable  extruded and pulled horizontally. to
scorching or seizing within the extruder head 3.     As understood from the
foregoing description, In contrast, a preferred embodiment shown in    the
apparatus of the present invention can continu- FIG. 10 wherein the heat
transfer between the   15  ously produce a heat-shrinkable tube from a
cros- extruder head 3, crosslinking cylinder 7, expanding  slinkable resin
in a smooth manner without exper- die 10, and cooling cylinder 11 is
blocked by the   iencing any difficulty in tube pulling, and is thus heat
insulators 26, 27, and 28 can fully eliminate  most suitable in the
continuous manufacture of a any thermal influence between the members. In
length of heat-shrinkable tube. Because of no ne- addition, the temperature
control means 25 in prox-  .20  cessity of finally removing a metal insert
as re- imity to the inlet of the expanding die 10 can      quired in
previously used apparatus wherein a re- properly control the temperature of
the expanding   sinous tube is extrusion coated on a tubular metal die 10.
Therefore the available crosslinking region  insert, the apparatus of the
invention can efficiently is limited substatially within the zone of the
cros-  produce such a tube at a low cost and is useful in slinking cylinder
7. More particularly, as shown in  25  the commercial manufacture of a
heat-shrinkable FIG. 11, the resin is not substantially heated until it
crosslinked resin tube in a mass-production scale. exits the extruder head
3. The tubular resin under- goes a sudden rapid temperature rise to the
cros-   Claims slinking temperature as it enters the crosslinking cylinder
7, then a rapid temperature drop as it exits  30  1. An apparatus for
continuously producing a the crosslinking cylinder 7 and enters the expand-
heat-shrinkable crosslinked resin tube, com- ing die 10, and a further
temperature drop to the       prising desired low temperature as it enters
the cooling           an extruder head (3) including a die (1) cylinder 11.
This can avoid the likelihood that cros-   and a mandrel (2) combined
therewith for ex- slinking might proceed during and after the ex-   35
truding a crosslinkable resin composition into a panding step as
experienced in the embodiment           hollow tube, shown in FIG. 12,
ensuring that the resulting tube          Means (6) for introducing gas
under pres- has a sufficient degree of heat shrinkability. The      sure
into the interior of the tube being extruded improved efficiency of the
cooling cylinder 11 al-      by said extruder head, lows the cooling
cylinder to be shortened, reducing   40   a crosslinking cylinder (7)
disposed down- the overall length of the apparatus. The reduced
stream of said extruder head (3) for causing length of the cooling cylinder
11 leads to the re-      the tubular resin composition to crosslink, duced
region where lubricant oil used as the fric-          an expanding die (10)
disposed down- tion reducing agent has a high viscosity, providing
stream of said crosslinking cylinder (7) for con- a reduced frictional
resistance which facilitates   45  ducting the tube therethrough and having
an smooth pulling of the resinous tube. Since it is        interior surface
having a continuously increas- prevented that the resin in the extruder
head 3 is      ing diameter in a downstream direction, heated under the
thermal influence of the crosslin-         a cooling cylinder (11) disposed
down- king cylinder 7, there occurs no scorching prior to     stream of
said expanding die (10) for cooling crosslinking.
so       the tube, It will be understood that the insulators 26, 27,
characterized by guide means comprising 28 shown in FIG. 10 may be replaced
by forced           a nozzle (121) disposed downstream of said cooling
means, for example, cooling jackets with        cooling cylinder (11) for
circumferentially sur- equal results. It is also possible to provide a
cool-   rounding the outside surface of the tube exiting ing jacket within
the extruder die in order to pre-   55  the cooling cylinder (11), wherein
said nozzle vent scorching thereat.                                 (121)
initially assumes a circular inlet cross- The temperature profile is given
below as opti-     section and gradually merges toward an el- mum in
producing a heat-shrinkable tube from a          lipsoidal outlet
cross-section, and wherein said 8    
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disposed contiguous to the exit    extruder head (3) and said crosslinking
cyl- of said cooling cylinder and designed so as to     inder (7), said
crosslinking cylinder (7) and maintain the inside circumferential length
con-    said expanding die (10), and said expanding stant from the inlet to
the outlet, and            die (10) and said cooling cylinder (11) are
means (13) disposed downstream of said   5      connected together by means
adapted to for- guide means (121) for drawing the tube away        cedly
cool the tube passing therethrough. from said extruder head, wherein a
smooth interior surface free of a  9. An apparatus according to any one of
Claims 1 substantial gap or step extends continuously       - 8 which
further comprises means (22) dis- from said crosslinking cylinder (7) to
said noz-  io  posed inside said crosslinking cylinder (7) or zle (121).
expanding die (3) for spraying an adhesive to the inside surface of the
tube. 2. An apparatus according to Claim 1 wherein said fluid introducing
means comprises a pas-   PatentansprUche sage (6) in the mandrel (2)
through which the   15 fluid under pressure is passed.                 1.
Vorrichtung zum kontinuierlichen Herstellen ei- nes wdrmeschrumpfbaren
vernetzten Kunst- 3. An apparatus according to Claim 1 or Claim 2
stoffrohres, mit which further comprises means (9) disposed in      einem
Extruderkopf (3), der eine DUse (1) und a region extending from the exit
portion of said  20  einen damit kombinierten Dom (2) fOr ein Ex- extruder
head (3) to the inlet portion of said     trudieren einer vernetzbaren
Kunststoffzusam- crosslinking cylinder (7) for supplying a friction
mensetzung zu einem hohlen Rohr aufweist, reducing agent to the outside
surface of the       einer Einrichtung (6) fOr ein Einleiten von Gas tube
just exiting said extruder head.              unter Druck in das Innere des
Rohres, welches 26      durch den Extruderkopf extrudiert wird, 4. An
apparatus according to any one of Claims 1       einem Vernetzungszylinder
(7), der stromab- - 3 wherein said crosslinking cylinder (7) has a   warts
von dem Extruderkopf (3) angeordnet ist, liner on its inside surface, said
liner being of a  um  die rohrfdrmige Kunststoffzusammenset- resin
releasable, friction reducing material.      zung zum Vemetzen zu bringen,
30      einer AufweitungsdUse (10), die stromabwArts 5. An apparatus
according to any one of Claims 1       von dem Vernetzungszylinder (7)
angeordnet - 4 wherein said drawing means (13) com-          ist, urn das
Rohr hindurchzufthren, und die prises a pair of rollers (13A,13B) adapted
to      eine Innenflache mit einem sich kontinuierlich rotate in pressure
contact while clamping the      vergrdBernden Durchmesser in einer Stromab-
flattened tube on opposite sides.         35       wArtsrichtung aufweist,
einem KUhlzylinder (11), der zurn KOhlen des 6  An apparatus according to
any one of Claims 1       Rohres stromabwarts von der AufweitungsdUse - 5
which further comprises temperature con-       (10) angeordnet ist, trol
means (25) disposed in the inlet portion of   gekennzeichnet durch eine
F~hrungseintich- said expanding die for maintaining the tube   40   tung,
die eine stromabwArts von dam KUhIzy- passing therethrough at a temperature
which is     Under (11) angeordnete DUse (121) aufweist, lower than the
crosslinking temperature, but       urn die Auerenflache des aus dem
KUhizylinder higher than the softening temperature of the       (11)
herausgefUhrten Rohres zu umgeben, wo- resin composition.
bei diese DOse (121) anfanglich einen kreisfdr- 45      migen
EinlaSquerschnitt aufweist und allmgh- 7. An apparatus according to any one
of Claims 1       lich in einen ellipsenformigen AuslaBquer- - 6 wherein at
least one set of members se-        schnitt Obergeht, und wobei diese DOse
(121) lected from the combinations of the die of said    im AnschluB an den
AuslaB des Kahlzylinders extruder head (3) and said crosslinking cyl-
angeordnet und derart ausgebildet ist, daS die inder (7), said crosslinking
cylinder (7) and   50  innere Umfangslange von dam EinlaB zu dam said
expanding die (10), and said expanding        AuslaB hin konstant gehalten
wird, und die (10) and said cooling cylinder (11) are        eine
Einrichtung (13), die stromabw~rts von connected via heat insulation means
(26,27,28)     der Fthrungseinrichtung (121) angeordnet ist, for
interrupting heat transfer therebetween.       urn das Rohr weg von dam
Extruderkopf zu 55      ziehen, 8  An apparatus according to any one of
Claims 1       wobei eine glatte InnenflAche frei von einern - 6 wherein at
least one set of members se-        wesentlichen Spalt oder einer Stufe
kontinuier- lected from the combinations of the die of said    lich von dam
Vernetzungszylinder (7) zu dieser    17                 EP 0 252 749 B1
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DUse (121) verlauft.                                AufweitungsdUse (10)
und des KUhizylinders (11), durch Mittel miteinander verbunden sind, 2.
Vorrichtung nach Anspruch 1, bei welcher die         welche das
hindurchgeleitete Rohr zwangswei- ein Fluid enileitende Einrichtung einen
Kanal       se kUhlen k6nnen. *-    (6) in dem Dorn (2) aufweist, durch
welchen   5 \t-'   hindurch das Fluid unter Druck geleitet wird.    9.
Vorrichtung nach einem der AnsprUche 1 bis 8, welche weiterhin innerhalb
des Vemetzungs- 3  Vorrichtung nach Anspruch 1 oder Anspruch 2,
zylinders (7) oder der AufweitungsdUse (3) an- welche weiterhin eine
Einrichtung (9) aufweist,     geordnete Mittel (22) aufwelst, um ein Klebe-
die in einem Bereich angeordnet ist, der sich   10  mittel gegen die
Innenflache des Rohres zu von dem Auslagbereich des Extruderkopfes (3)
sprthen. zu dem Einlal3bereich des Vernetzungszylin- ders (7) erstreckt, um
ein die Reibung verrin-   Revendliations gerndes Mittel an die Augenflache
des Rohres zu liefern, welches gerade den Extruderkopf   1S  1. Appareil
pour fabriquer en continu un tube de verlaBt.
r6sine r6ticulee thermorktractable, comprenant: une tete extrudeuse (3)
comportant une 4. Vorrichtung nach einem der AnsprUche 1 bis
matrice (1) et un mandrin (2) combine avec 3, bei welcher der
Vernetzungszylinder (7) an       celle-ci pour extruder une composition de
resi- seiner Innenflache eine Auskleidung aufweist,  20   ne reticulable en
un tube creux, wobei diese Auskleidung aus einem Material              un
moyen (6) pour introduire du gaz sous besteht, welches Kunststoff abl6st
und die Rei-     pression a l'interieur du tube extrude par ladite bung
verringert.                                    tfte extrudeuse, un cylindre
de reticulation (7) dispose en S. Vorrichtung nach einem der AnsprUche 1
bis  25       aval de ladite tete extrudeuse (3) pour provo- 4, bei welcher
die Zieheinrichtung (13) ein          quer la reticulation de la
composition de resine Paar Walzen (13A, 13B) aufweist, die sich bei
tubulaire, einer Druckberahrung drehen konnen, wahrend             une
matrice de dilatation (10) dispos~e en sie das abgeflachte Rohr an
gegenUberliegen-        aval dudit cylindre de reticulation (7) pour faire
den Seiten verklemmen.                      30      passer le tube au
travers de celle-ci et ayant une surface interieure presentant un diametre
6. Vorrichtung nach einem der AnsprUche 1 bis           croissant vers
l'aval, 5, welche weiterhin eine Temperaturregelein-            un cylindre
de refroidissement (11) dispo- richtung (25) aufweist, die in dem
EinlaBbe-       s8 en aval de ladite matrice de dilatation (10) reich der
AufweitungsdUse angeordnet ist, um   35   pour refroidir le tube, das
hindurchgef~hrte Rohr bei einer Tempera-            caracterise par un
moyen de guidage tur zu halten, die niedriger ist als die Vernet-
comprenant une buse (121) disposee en aval -     zungstemperatur, jedoch
h6her als die Erwei-         dudit cylindre de refroidissement (11) pour
en- vt   chungstemperatur der Kunststoffzusammenset-          tourer
circonferentiellement la surface ext~rieu- zung.
40      re du tube sortant du cylindre de refroidisse- ment (11), ladite
buse (121) presentant d'abord 7. Vorrichtung nach einem der Ansprache 1 bis
une section transversale d'entree circulaire se 6, bei welcher wenigstens
ein Satz der Bautei-      transformant progressivement en une section le,
ausgewAhit unter den Kombinationen der          transversale de sortie
ellipsoTdale, et ladite DUse des Extruderkopfes (3) und des Vernet-  4s
buse (121) etant disposse au voisinage de la zungszylinders (7), des
Vernetzungszylinders        sortie dudit cylindre de refroidissement et
6tant (7) und der Aufweitungsddse (10) sowie der          congue de fagon a
ce que la longueur circon- AufweitungsdUse (10) und des KUhlzylinders
ferentielle interieure reste constante entre l'ori- (11), Uber
W~rmeisoliermittel (26, 27, 28) ver-     fice d'entree et l'orifice de
sortie, et bunden sind, um die Warmesbertragung da-  50            un moyen
(13) dispose en aval dudit zwischen zu unterbrechen.
moyen de guidage (121) pour eloigner le tube de la tete extrudeuse, a
Vorrichtung nach einem der AnsprUche 1 bis               une surface
interieure lisse ne pr~sentant 6, be! welcher wenigstens ein Satz der
Bautei-      ni interstices ni protuberances notables s'eten- le,
ausgew~hIt unter den Kombinationen der  55      dant de facon continue
dudit cylindre de r6ti- Dlse des Extruderkopfes (3) und des Vernet-
culation (7) jusqu'a ladite buse (121). zungszylinders (7), des
Vernetzungszylinders (7) und der AufweitungsdUse (10) sowie der 10    19
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2. Appareil selon la revendication 1, dans lequel        un refroidissement
contraint du tube qui les ledit moyen d'introduction de fluide comprend
traverse. un passage (6) dans le mandrin (2) au travers duquel passe le
fluide sous pression.            9. Appareil selon l'une quelconque des
revendi- 5       cations 1-8, comprenant en outre un moyen J   &  Appareil
selon la revendication 1 ou 2, corn-         (22) dispose a Pint~rieur
dudit cylindre de reti- prenant en outre un moyen (9) dispose dans
culation (7) ou de la matrice de dilatation (10) une region s'6tendant
entre la partie de sortie      pour pulv6riser un adhesif sur la surface
int6- de ladite tate extrudeuse (3) et la partie d'en-     rieure du tube.
trWe dudit cylindre de reticulation (7) pour in-  io troduire un agent
r6duisant le frottement sur la surface exterieure du tube, des sa sortie de
ladite t8te extrudeuse. 4. Appareil selon l'une quelconque des revendi-  15
cations 1-3, dans lequel ledit cylindre de r6ti- culation (7) comporte une
garniture sur sa sur- face interieure, ladite garniture 6tant faite d'un
materiau de demoulage des r6sines r6duisant le frottement.
20 5 Appareil selon l'une quelconque des revendi- cations 1-4, dans lequel
ledit moyen de s6pa- ration (13) comprend une paire de rouleaux (13A, 133B)
adapt6s a tourner en contact par  25 pression tout en serrant le tube
aplati sur ses c8t6s oppos6s. 6. Appareil selon l'une quelconque des
revendi- cations 1-5, comprenant en outre un moyen de   30 regulation de la
temperature (25) dispose dans la partie d'entr6e de ladite matrice de
dilatation pour maintenir le tube la traversant a une temperature
inf6rieure a la temperature de r6ti- culation, mais sup6rieure a la
temperature de   35 ramollissement de la composition de r6sine. 7. Appareil
selon l'une quelconque des revendi- cations 1-6, dans lequel au moins un
jeu d'616- ments choisi parmi les combinaisons de la  4o matrice de ladite
t8te extrudeuse (3) et dudit cylindre de reticulation (7), dudit cylindre
de reticulation (7) et de ladite matrice de dilatation (10), et de ladite
matrice de dilatation (10) et dudit cylindre de refroidissement (11), est
relie  45 aux autres par linterm6diaire d'un moyen d'isolation thermique
(26, 27, 28) interrompant le transfert de chaleur entre ceux-ci. 8.
Appareil selon I'une quelconque des revendi-  60 cations 1-6, dans lequel
au moins un jeu d'ele- ments choisi parmi les combinaisons de la matrice de
ladite tote extrudeuse (3) et dudit cylindre de reticulation (7), dudit
cylindre de reticulation (7) et de ladite matrice de dilatation   55 (10),
et de ladite matrice de dilatation (10) et dudit cylindre de
refroidissement (11), est relie aux autres par des moyens adapt6s a
produire    


