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customarily made of easily extrusion-coatable res- ins such as polyamide
and polypropylene, but The present invention relates to highly oriented
most of them have low Young's moduli [err] ca. 100 resin-made reinforcing
members and processes for       kg/[err] and high thermal expansion
coefficients producing same. More particularly, the present in-   5   (ca.
10-4), which differ considerably from the re- vention relates to a highly
oriented resin-made re-    spective values of the glass used as the
principal inforcing material that has high tensile strength      component
of the optical fiber (7,000 kg/[err] and properties and a suitable degree
of flexibility and    ca. 10-7). Therefore, a non-metallic optical fiber
which is typically used as a reinforcing member in     cable in which both
the central tension member an optical fiber cable.
10   and the tubular coating are made of a conventional, A variety of
reinforcing members are employed      easily extrusion-coatable resin
material Will exper- in order to mechanically protect vulnerable articles
ience a significant increase in transmission loss as by means of supporting
and reinforcing them. A         a result of temperature changes or if it is
subjected typical application of such reinforcing members is    to tensile
force. in glass fiber cables used for light transmission   15     Under low
temperature conditions, the central purposes.
tension member and the tubular coating will con- Glass fibers used for
light transmission pur-      tract to a greater extent than the fiber
itself and the poses are brittle and not easily bendable. There-
resulting stress will produce bends and lateral com- re individual optical
fibers emerging from  the      pression in the fiber. These effects are
major fac- drawing die are usually provided with protective   20  tors  in
the  occurrence  of transmission  loss and other outer coatings. The
optical fibers having    (microbending loss) and/or dispersion. If, on the
such primary and secondary coatings are then           other hand, the
central tension member and the assembled into a cable, with plastic (e.g.
polyethyl-  tubular coating are stretched under high tempera- ene) coated
steel wires and metal pipes being          tures or upon application of
great tensile force, the incorporated as tension members to render the   25
fibers are also affected and show stress distortion, coated fibers
resistant to the forces that will de-    which is another cause of
transmission loss and velop during and after installation operations.
dispersion. Therefore, the optical fiber cable in An example of such a
conventional optical fiber    which the central tension member and tubular
coat- cable is shown in cross section in Fig. 10. Being      ing are solely
made of the conventional extrusion- generally referred to as a layer
stranded type, the   30   coatable resin will inevitably experience a
notice- cable shown in Fig. 10 consists of a plurality of      able
increase in transmission loss as a result of coated fibers 2 that are
stranded in a layer form     temperature changes or upon application of
high around a central tension member 1 and are pro-         tensile force.
vided with a tubular coating 3. The central tension        With a view to
improving the physical prop- member 1 is usually made of a steel wire
coated   35   erties of the resin-made members used in optical with a
plastic material such as polyethylene, and      fiber cables, attempts are
being made to introduce the tubular coating 3 is typically formed of a
plastic  high molecular orientation in the resinous mem- material such as
polyethylene.                        bers. One method that has been
proposed as a The metallic tension member has the advan-         result of
these efforts involves drawing polymers tage of imparting satisfactory
tensile strength to the   40   such as ultrahigh molecular weight
polyethylene, cable but, on the other hand, the cable becomes
polyethylene terephthalate and polyoxymethylene susceptible to electrical
shock and electromagnetic    to introduce molecular orientation in the
polymers induction. In addition, the cable with the metallic   in the
longitudinal direction, or in the direction tension member is heavy and is
not easy to handle      parallel to the axis of the cable. By causing such
during installation operations. Furthermore, some   45   molecular
orientation in the resinous member in the provisions must be made for
protecting the cable       cable's axial direction, a Young's modulus that
is at from corrosion and other attacks that may occur        least twice
the value for the undrawn resin and a during storage and service periods.
These dis-        linear expansion coefficient (i.e., coefficient of ther-
advantages are sometimes serious enough to re-         mal expansion in the
direction of orientation) that is duce the inherent advantages of the
optical fiber   so   no more than half the value for the undrawn resin such
as lightweightness, immunity to electromag-       can be attained. The
drawn resinous member netic induction and cross talk, low transmission
therefore exhibits a commercially satisfactory ten- loss and high
transmission capacity. It is therefore   sile strength, a thermal expansion
coefficient that is strongly desired to develop non-metallic tension
not different from  that of the fiber by a factor members that are
lightweight and exhibit greater   55   greater than 100, and even a
reasonable degree of durability under corrosive and other hostile con-
resistance to lateral compression. These features ditions.
combine to provide the possibility of solving the The tubular coating of
the optical fiber cable is  problem  of microbending associated with
lateral 2    
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degree of flexibility. However, an oriented resin exhibiting satisfac-
Another object of the present invention is to tory strength in the
direction of orientation has a  provide a process for producing such a
highly very low strength in the direction orthogonal there-  oriented
resin-made reinforcing member that is to. This insufficiency of strength in
the transversal   5   useful in the fabrication of a completely non-metal-
direction may be so great that the resin can be      lic optical fiber
cable solely made of glass and a easily torn apart by hand along the axis
of orienta-  plastic material. tion. A member made of such oriented resin
will be       Said object is achieved by a highly oriented affected and
torn apart fairly easily if it is subjected  resin-made reinforcing member
according to claims to external forces. It may be ruptured under high   10
1 to 11 and a process for producing same accord- lateral compression, and
may readily buckle if it is  ing to claims 12 to 17. bent.
The reinforcing  member according  to the Several methods have been
proposed for solv-      present invention exhibits good tensile strength
ing these problems and, as shown in Unexamined       properties and a
reasonable degree of flexibility Published  Japanese  Patent  Application
No.  15  and is useful as a protective member for optical 105601/1984 with
respect to the loose tube-type,     fibers and other vulnerable products.
coated optical fiber, the tubular coating made of a     Figs. 1(a) to (c)
are cross sections showing longitudinally oriented resin is coated with a
layer    diagrammatically three different preferred em- of a conventional,
easily extrusion-coatable resin      bodiments of the highly oriented resin
made material in a substantial thickness to provide the   20  reinforcing
member of the present invention; tubular coating with improved resistance
to tear        Fig. 2(a) shows diagrammatically the die used in and lateral
compression. But then, the substantial      the production of the
reinforcing member shown thickness of the outer coat will impair the
flexibility  in Fig. 1(a), and Fig. 2(b) also shows diagram- of the fiber
and increase the overall diameter and      matically the distribution of
shear stress across weight of the cable. Because of these obstacles,  25
the diameter of the product obtained by using the use of a tubular coating
solely made of an          said die; oriented resin involves considerable
difficulty and     Fig. 3(a) shows diagrammatically the die used in has met
with no commercial success.                     producing the reinforcing
member shown in Fig. According to another recently proposed meth-
1(b), and Fig. 3(b) shows diagrammatically the od for introducing molecular
orientation, a high   so   distribution of shear stress in the direction of
the molecular weight, liquid-crystal material such as a     radius of the
product obtained by using said die; benzoic acid copolymer that shows
crystallinity in a    Fig. 4(a) shows diagrammatically the die used in
molten state is shaped at high shear rate or            producing the
hollow reinforcing member shown drawdown ratio (see Unexamined Published
Japa-          in Fig. 1(c), and Fig. 4(b) shows diagrammati- nese Patent
Application No. 202405/1983). This  35      cally the distribution of shear
stress across the method, however, has very limited flexibility in
solid portion of the product obtained by using shaping conditions and the
physical properties of       said die; the shaped polymer are not
completely satisfactory      Fig. 5 is a cross section of an optical fiber
cable for commercial use since it has problems similar to     using the
reinforcing member of the present those described in connection with the
longitudi-  40   invention as a central tension member; nally oriented
resin.                                   Fig. 6 is a cross section of an
optical fiber cable As shown in detail hereinabove, none of the
using the reinforcing member of the present known highly oriented resin
made reinforcing mem-       invention as a tension member in portions other
bers have sufficient tensile strength to be useful as   than the center;
tension members for incorporation in optical fiber  45  Fig. 7(a) and Fig.
9 are each a cross section of cables.
an optical fiber cable using the reinforcing mem- DE-A-2526616 discloses a
method of extrud-          ber of the present invention as the outer coat;
cing polymers in which the orientation of the prod-     Fig. 7(b) and Fig.
8(c) are each a cross section uct is maintained by using a temperature
gradient.      of an optical fiber carrying a tight coat of the
US-A-4187269 discloses a process for extrud-   50   reinforcing member of
the present invention; ing resinous thermoplastic materials by using a
Fig. 8(a) and (b) are each a cross section of an temperature gradient.
optical fiber carrying a loose coat of the reinforc- One object of the
present invention is to pro-      ing member of the present invention; and
vide a highly oriented resin-made reinforcing mem-      Fig. 10 is a
diagrammatic cross section of a ber that has both satisfactory tensile
strength prop-   55  conventional layer stranded optical fiber cable.
erties in the longitudinal direction and a linear ex-    The highly
oriented resin used as the principal pansion coefficient comparable to that
of an optical  component of the reinforcing member of the fiber and which
additionally exhibits a reasonable   present invention is selected from
high-molecular 3    
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that can be drawn to exhibit a high  oriented resin material. dgree of
orientration, such as ultrahigh-molecular       A typical method for making
the reinforcing weight polyethylene, polyethylene terephthalate,     member
shown in Fig. 1(a) is described below. Fig. polyocymethylene, and
liquid-crystal high-molecu-    2(a) is a diagrammatic cross section of the
delivery lar weight compounds.                           5   end of a die
20 that can be used in producing a Illustrative liquid-crystal
high-molecular weight  reinforcing material from a single highly oriented
compounds include wholly aromatic polyesters,       resin or a mixture of
two or more of such resins. aromatic-aliphatic  polyesters,  wholly
aromatic    The die 20 has a circular molding port 21 through
polyester-amides,  aromatic-aliphatic  polyester-    which a central
tension member 10 is extruded and amides, aromatic polyazomethines,
aromatic poly-  10  an annular channel 24 formed between the side ester
carbonates, and mixtures thereof. Preferred    wall 22 extending from the
port 21 and a central examples are wholly aromatic polyesters such as a
projecting rod 23. In the actual operation of extrud- copolymer of
naphthoic acid, biphenol and tereph-   ing the reinforcing member 10, a
lubricant is ap- thalic acid, and a copolymer of paraoxybenzoic       plied
only to the side wall 22 of the annular channel acid, biphenol and
terephthalic acid; aromatic-al-  15  24 so that little frictional force
will act in the space iphatic polyesters such as a copolymer of paraox-
between the peripheral surface of the member 10 ybenzoic acid and
polyethylene terephthalate; and    and the side wall 22 while shear stress
will be aromatic polyester-amides such as a copolymer of     exerted only
on the central portion of the member aphthoic acid, aminophenol and
terephthalic acid.  10 being extruded. If such precautions are taken, The
highly oriented resin-made reinforcing   20  the reinforcing member
emerging from the die will member of the present invention may assume any
have a highly oriented region in the center and its desired shape, i.e., a
wire, rod or a pipe (including  vicinity, as shown in Fig. 1(a). The
mechanism a rectangular pipe), that may be appropriately se-   behind this
effect is more specifically explained lected and used depending on the
shape and other     with reference to Fig. 2(b). The great shear stress
properties of the article to be reinforced. These   25  acting on the space
between the center of the shapes are roughly divided into two types, solid
tension member 10 and the projecting rod 23 in the and hollow, and each
type may be formed in a         center of the die 20 will exert a
substantial drawing single layer of the highly oriented resin or in two or
force, whereas because of the presence of the more layers at least one of
which is made of a       lubricant on the side wall 22, the shear stress
resin having a low degree of orientation. This type   30  acting on the
space between the peripheral surface of resin used in the multi-layered
structure is a    of the tension member 10 and the die 20 is too material
with a low molecular weight that has little  small to produce a drawing
force. A diametral dis- or no crystallinity and which exhibits a high
degree  tribution of the shear stress acting on the tension of flexibility
or rubber elasticity. Preferred examples  member 10 being extruded through
the die 20 is of such materials are polyurethane, low-molecular   35
indicated by curve 25 in Fig. 2(b). In this central weight polyethylene,
polyvinyl chloride, polysty-   tension member, the degree of orientation
increase rene, polyamide, polypropylene, and thermoplastic    gradually
from its periphery to the center. lastorners, as well as heat-, light-,
water- or elec-  The molding port (nozzle) shown in Fig. 2(a) tron
beam-crosslinkable materials such as epoxy      may be surrounded by at
least one more coaxial polymers, acrylic resins and silicone resins. An
40   nozzle, porviding a duplex or multiplex nozzle. Ex- appropriate resin
may be selected depending upon     trusion through this type of nozzle will
produce a the use of the article to be protected and other     central
tension member of a dual or multiple-lay- factors such as the desired
efficiency of its produc-  ered structure that consists of a central highly
tion.                                                oriented resin layer
having a distribution of the Examples of the structure of the highly
oriented   45   degree of orientation as shown in Fig. 2(b) and a
resin-made reinforcing member in accordance with     peripheral less
oriented resin layer. In producing the present invention are shown in Fig.
1(a) to (c).  this type of central tension member, it is advanta- Fig. 1(a)
is a diagrammatic cross section of a solid  geous to apply another film of
lubricant to the wall reinforcing member 10 in the form of either a wire
of the nozzle through which a layer of the less or rod that is composed of
a central highly oriented   50   oriented resin is extruded. Needless to
say, the area 11 and a peripheral less oriented area 12,      concept
described above may be employed to providing a distribution curve wherein
the degree of  produce a central tension member composed of orientration
decreases from  the center outward.    three or more resin layers. If
desired, shaping may The reinforcing member shown in Fig. 1(a) may be
be accomplished with a tension being applied to realized from a single
highly oriented resin or a   55  the highly oriented resin passing through
the inner mixture of two or more of such resins; alternatively,  nozzle, so
that the central highly oriented resin will it may have a multi-layered
structure containing a   have a uniform distribution in terms of the degree
highly oriented resin layer and a layer of less      of orientation and
will be coated with a thin layer of 4    
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oriented resin. It should be noted that this  channel 35. As a result, a
great shear stress will act embodiment of the tension member is also within
on the space between the inner surface of the the scope of the present
invention.                  reinforcing member 33 and the die, exerting a
In the case of the reinfocing member having a     great drawing force on
the inner surface of the composite structure made of the highly oriented
5   reinforcing member, whereas little drawing force resin layer and the
less oriented resin layer, the   will act on the space between the outer
surface of relative thickness of the latter layer as compared   the tubular
reinforcing material and the die because with the former is preferably
within the range of 5 -  of the lubricant present on the inner surface of
the 50%. If the thickness of the less oriented resin     outer periphery of
the annular channel 35. This layer is greater than 50% of the thickness of
the   10   provides a degree-of-orientation profile across the highly
oriented layer, not only does the reinforcing  thickness of the solid
portion of the tubular reinforc- member become excessively heavy but also
the         ing member as indicated by curve 36 in Fig. 3(b). overall
diameter of the cable is increased with a     In other words, in the
tubular reinforcing member resultant decrease in its flexibility. If the
thickness  fabricated by using the die shown in Fig. 3(a), the of the less
oriented resin layer is smaller than 5%    15  degree of orientation
decreases grdually from the of the thickness of the highly oriented resin
layer, it  inner surface of the tube to its outer periphery. is very
difficult to effectively prevent the highly      In the embodiment shown in
Fig. 3(a) and (b), oriented region from  bending or tearing in the      the
reinforcing member is formed simultaneously direction of orientation.
with the article to be protected so as to increase -     Also provided in
accordance with the present   20  the efficiency of fabrication procedures.
Needless invention is a reinforcing member 10 of the hollow   to say, the
reinforcing member may be formed pipe shape shown in Fig. 1(b), wherein the
degree    separately from the article to be protected by, for of
orientation in the solid portion decreases from its  example, blowing a
fluid stream such as air or an inner surface to the outer periphery. This
reinforc-  inert gas (e.g. N2) into the center channel 32. ing member, as
in the case of the member shown   25      If the reinforcing member is
formed from  a in Fig. 1(a), is composed of a highly oriented area  mixture
of a highly oriented resin and a less ori- 11 close to the inner surface of
the pipe and a less  ented resin, it is preferred that the thickness of the
oriented area 12 close to its outer periphery and    layer of the less
oriented resin satisfies a certain may be formed from a single highly
oriented resin    requirement; that is, in order to fabricate an ad- or a
mixture of two or more of such resins. Alter-  30   vantageous reinforcing
member, the thickness of natively, the member may have a dual or multi-
the less oriented resin layer is preferably within the layered structure
wherein the inner surface of the   range of 5 - 50% of the wall thickness
of the highly pipe is composed of a highly oriented resin or a     oriented
resin pipe including the highly oriented mixture thereof having a uniform
high degree of      area. If the thickness of the less oriented resin
orientation or such a profile that the degree of  35  layer is less than 5%
of the thickness of the pipe orientation decreases outwardly and wherein
the      wall, it is very difficult to effectively prevent the Outer
surface of the pipe is formed of at least one   highly oriented region from
experiencing such trou- layer of less oriented resin.
bles as tearing due to forces working transversally The reinforcing member
10 shown in Fig. 1(b)     to the direction of orientation and buckling due
to may be fabricated with a die having the cross   40  repeated bending.
If, on the other hand, the thick- section shown diagrammatically in Fig.
3(a) and      ness of the less oriented resin layer exceeds 50% providing
the shear stress profile illustrated in Fig.  of the thickness of the pipe
wall not only does the 3(b). In this embodiment, the reinforcing member
reinforcing member become excessively heavy but 10 is extruded
simultaneously with the article 31    also the thickness of the solid
portion of the pipe Is which is to be protected. As shown in Fig. 3(a), the
45  increased, with a resultant decrease in its flexibility. die 30 has a
center channel 32 through which the         Another preferred embodiment of
the reinforc- article 31 is delivered, a molding port (nozzle) 34  ing
member is shown in Fig. 1(c) and indicated by that is concentric with the
center channel 32 and     10; this member is also in the form of a pipe and
through which a tubular reinforcing material 33 is   its solid portion has
a highly oriented area 11 in the extruded, and an annular channel 35
communicat-  50   central portion and a less oriented area 12 on both ing
with said nozzle. In actual operation, a lubricant  sides, i.e., in the
area close to the inner surface of is applied only to the inner surface of
the outer    the solid portion and in the area close to its outer periphery
of the annular channel 35 so that little   periphery. As in the embodiments
shown in Fig. 1- frictional force will act on the space between the   (a)
and (b), the reinforcing member depicted in Fig. outer surface of the
tubular reinforcing material 33   55   1(c) may be made of a single highly
oriented resin and the die. With these precautions being taken,     or a
mixture of two or more of such resins. Alter- the tubular reinforcing
material 33 is drawn from    natively, the reinforcing member 10 may be re-
the die as the feed is supplied through the annular  alized as a
multi-layered structure consisting of 5    
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layers, wherein a layer of the highly  with a lubricant being applied both
to the inner oriented resin is sandwiched between layers made      surface
of the outer periphery of the annular chan- of the same or different less
oriented resins.       nel 35 and to the inner surface of the inner periph-
The reinforcing member depicted in Fig. 1(c)      ery of the additional
annular nozzle (ie, the area may be fabricated by using a die having the
cross   5   close to the nozzle hole) so that no shear stress section shown
diagrammatically in Fig. 4(a) and      will be exerted on that portion of
she reinforcing providing the degree-of-orientation profile shown
material which is passing through the space de- diagrammatically in Fig.
4(b). The die 40 shown in   fined by these two surfaces. The embodiment de-
Fig. 4(a) has a central projecting rod that deter-   scribed in this
paragraph is equivalent to a struc- mines the inside diameter of the
tubular reinforcing   10  ture wherein a tube having the degree-of-orienta-
member 10 or an annular member 41 that has a         tion profile shown in
Fig. 1(b) is combined integ- central opening through which air or an inert
gas is  rally with a tube having the degree-of-orientation supplied, an
annular channel 42 that surrounds said  distribution which is reverse in
profile. annular member 41 concentrically and through             The
profile of the degree of orientation desired which the reinforcing member
is extruded, and a   15  for each of the embodiments shown above may be
stress providing member 43 that is disposed con-     attained by using a
gaseous or liquid lubricant centrically within the annular channel 42 at
the     during extrusion of the specific reinforcing member. delivery end
of the die. In the actual operation of  The lubricant supplied will
accelerate, or some- exruding the reinforcing member 10, a lubricant is
times impede, the flowability of the highly oriented applied to both the
inner and outer surface of the   20  resin at a specified interface.
Illustrative lubricants annular channel 42 so that little frictional force
will  that may be used for this purpose include inert act in the space
between the inner or outer surface  gases such as helium  and nitrogen, as
well as of the reinforcing member 10 and the die, whereas    silicone oil,
fluorinated inert liquids, lithium soap a great shear stress will be
exerted by the member   and aluminum complex soap. 43 to produce a great
drawing force. The solid   25      The desired profile of the degree of
orientation portion of the tubular reinforcing member 10 being   may also
be introduced into the reinforcing mem- extruded from the die will have a
shear stress       ber by providing uneven conditions for its extrusion
profile as indicated by curve 44 in Fig. 4(b). The   such as, for example,
creating a temperature gra- resulting product 10 has the desired degree-of-
dient that is complementary to the intended profile orientation profile
wherein the degree of orientation   30   of the degree of orientation. This
method is also is maximum at the center of the solid portion of the
included within the scope of the present invention. member and decreases
gradually toward both its           In the reinforcing member prepared in
accor- outer and inner surfaces.                            dance with the
present invention, the boundary The reinforcing member 10 shown in Fig.
1(c)      between the highly oriented area and the less may be formed as a
three-layered structure by   35   oriented area in the highly oriented
resin portion extruding tubes of less oriented resins, which may   cannot
be clearly defined in terms of the degree of be the same or different,
through concentric an-     orientation, but this continuous profile is
common, ular nozzles provided within and outside the an-    rather than
exceptional, for the embodiment shown nular channel 42 in the die shown in
Figs 4(a).      in Fig. 1(a), and it is most preferred that the degree
Alternatively, a concentric annular nozzle may be   40  of orientation will
decrease gradually from its cen- provided within the annular channel 35 in
the die    ter to the periphery. shown in Fig. 3(a), and a tube of a less
oriented        Vulnerable articles which perform poorly with resin is
extruded through that nozzle simultaneous-  respect to deflective strength,
and resistance to ly with the tubular reinforcing member of Fig. 1(b)
tensile and compressive stresses must be me- so as to obtain an integral
combination of the two   45   chanically supported and protected by
reinforcing tubes.                                               members
which will prevent failure of these articles Again, as described in
connection with Fig. 1-    when subjected to external forces or during use,
(a) and (b), the wall thickness of the tube of the   transportation or
handling periods. It is therefore less oriented resin is preferably within
the range of  desired that the reinforcing members employed 5 - 50%  of the
wall thickness of the tube of the   50  should provide the articles to be
protected with the highly oriented resin. The critically of this range is
required values of the properties listed above while also the same as what
has already been described.    experiencing no change in their thermal
expansion A reinforcing member having the structure         coefficients
under variations in the ambient tem- shown in Fig. 1(c) may also be
fabricated by the     perature that would otherwise cause adverse ef-
following procedures: a concentric annular nozzle is  55  fects on the
articles. disposed within the annular channel 35 in the die of     In each
of the highly oriented resin-made re- Fig. 3(a), and tubes of a highly
oriented resin are  inforcing members of the present invention having
extruded simultaneously through the two nozzles,     the configurations
shown above, the central, highly 6    
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portion imparts satisfactory longitudi-  uid crystallinity in a molten
state was derived from nal tensile strength to optical fibers and other
vul-  a copolymer of 60% p-hydroxy-benzoic acid, 20% nerable articles.
Since the linear expansion coeffi-  terephthalic acid and 20%
6-hydroxy-2-naphthoic cient of the reinforcing member of the present
acid. This polyester was melt-extruded from  an invention is governed by
this highly oriented resin    5   extruder having a crosshead die of the
configura- portion, the reinforcing member has a linear expan-  tion shown
in Fig. 2(a). The extrudate ran just sion coefficient that is no more than
half the value  beneath the crosshead and the molten resin at the for a
less oriented resin layer or a highly oriented  interface with the die 20
was not highly oriented resin layer having a lower degree of orientation,
because the silicone oil film that was constantly and this means that the
reinforcing member of the   10  supplied to that interface buffered the
shear force present invention has a thermal expansion coeffi-    exerted by
the die 20. On the other hand, the cient close to that of a light
transmitting glass fiber  projecting rod 23 exerted a great shear stress
and or other articles to be protected.                   caused a high
degree of orientation in the central The surface of the highly oriented
reinforcing    portion of the resin. Because of this diametral member is
provided with a less oriented resin layer   15  shear stress profile, the
reinforcing member emerg- or a highly oriented resin layer having a lower
ing from the extruder had the desired degree-of- degree of orientation, and
the highly oriented area  orientation profile in that it decreased
gradually is protected by this less oriented area. Therefore,  from the
center of the member to its periphery. the reinforcing member will not be
torn apart in the longitudinal direction under any external force; in  20
Example 2 addition, the rigidity of the highly oriented area will impart
the ability to withstand great lateral com-       The reinforcing member
fabricated in Example pression without being ruptured. The highly ori-
1 was coated with a thin low-density polyethylene ented reinforcing member
of the present invention     layer by feeding it through a conventional
electric also attains remarkable and unexpected improve-   25   wire
coating extruder having a crosshead die im- ments in flexibility and wear
resistance compared    mediately below the crosshead shown in Example with
the conventional highly oriented resins.        1. For the reasons stated
above, the highly ori- ented resin-made reinforcing material fabricated in
Application 1 accordance with the present invention will perform   30
satisfactorily as a commercial tension member.           The solid
reinforcing member prepared in Ex- For the sake of convenience and clarity,
the      ample 2 that consists of a central highly oriented foregoing
description of the present invention is    area and a peripheral less
oriented area is incor- limited to the case where the highly oriented
resin-  porated in a layer stranded optical fiber cable. The made
reinforcing material is used in an optical fiber   35  configuration of the
reinforced optical cable is here- cable, especially as the central tension
member. It   under described with reference to Figs. 5 and 10. should
however be understood that the concept of      Fig. 5 is a cross section of
the cable wherein the the present invention finds utility in other applica-
reinforcing member produced in Example 2 is used tions. As will be obvious
from the following exam-   as the central tension member. Fig. 10 is a
cross pies, the reinforcing member of the present inven-   40  section of
an optical cable using a conventional tion, if it is used as a non-central
tension member,  central tension member (i.e., coated steel wire). an outer
coating or an inner coating, will find exten-   In the optical cable shown
in Fig. 5, a plurality sive use in fields where protection and reinforcing
of coated fibers 51 are stranded around a tension of vulnerable articles
are desired. It should also be  member 50 that is made of the reinforcing
member noted that the reinforcing member of the present   45   prepared in
Example 2 and the resulting layer of invention may be employed in the
fabrication of      the fibers is provided with a jacket made of a articles
other than optical fiber cables such as     tubular coating 52. The central
tension member 50 wires and ropes.                                     has
a dual structure diametrally which consists of The following examples are
provided for the       the central portion 50a made of the highly oriented
purpose of further illustrating the highly oriented   50  resin (wholly
aromatic polyester) and the peripheral resin-made reinforcing member of the
present in-     portion 50b made of the less oriented resin (low- vention
and the process for producing the same.      density polyethylene). The
cross-sectional area of Applications of the reinforcing member so pro-
the central portion 50a is at least half the total duced are also described
hereinafter.                cross-sectional area of the central tension
member 55   50. It is desirable for the thickness of the peripheral Example
1                                            portion 50b to be
substantially smaller than the radius of the central portion 50a. A wholly
aromatic polyester that exhibited liq-      The central tension member
incorporated in 7    
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fiber cable shown in Fig. 5 exhibits         An aromatic-aliphatic
polyester derived from a satisfactory tensile strength properties in the
Ion-  copolymer of 60% p-hydroxybenzoic acid and 40% gitudinal direction
and a linear expansion coeffi-    polyethylene terephthalate was coated
onto an arti- cient that is comparable to the optical fibers while  cle to
be protected by feeding through an extruder displaying a reasonable degree
of flexibility and    5   equipped with a conventional electric wire
coating wear resistance. Therefore, the optical cable having  crosshead die
having the configuration shown in the tubular coating 52 that is made of a
conven-     Fig. 3(a). A silicone oil was applied to the inner tional resin
material is totally non-metallic in that it  surface of the outer periphery
of the annular chan- is solely made of glass and resin materials. This
nel 35 so that insufficient shear stress would be non-metallic optical
cable has satisfactory tensile  10  exerted to cause a high degree of
orientation in strength and will experience a minimal increase in   that
portion of the molten resin which was moving transmission  loss  resulting
from  temperature     in contact with the inner surface of the die 30. On
changes.                                             the other hand, no
silicone oil or other lubricant In the foregoing description, the
reinforcing     was present on the outer surface of the inner member of the
present invention is applied to a   15  passage through which the article
to be protected layer stranded optical cable, but it should be un-   was
extruded, so a sufficient amount of shear derstood that the concept of the
present invention    stress to cause a high degree of orientation was is
also applicable to other types of optical cables,  exerted on that portion
of the molten resin which Such as the multifiber unit type and the spacer
was flowing in contact with said outer surface of type wherein individual
coated fibers are loosely   20  the inner passage as shown in Fig. 3(b). As
a held on a spacer. No matter which type of optical    result, a tubular
reinforcing member was produced cable is being manufactured, the tension
member      wherein the degree of orientation decreased gradu- prepared in
accordance with the present invention    ally from the inner surface of the
solid portion of is employed as the central strength member.          the
tube to its periphery. The conventional layer stranded optical fiber   25
cable shown in Fig. 10 has the same configuration     Example 4 as the
cable shown in Fig. 5 except that the central tension member 50 is replaced
by the central ten-        The tubular reinforcing member prepared in sion
member 1 consisting of a steel wire coated      Example 3 was coated with a
less oriented resin with a plastic material such as polyethylene. This  30
(polyamide 12) layer in a thickness of 0.2 mm by optical cable is not
advantageous because it has     feeding said member through an extruder
posi- various problems as already pointed out in connec-   tioned
downstream of the machine used in Exam- tion with the description of the
prior art.           ple 3. Application 2: Use as a Tension Member Posi-
35   Application 3: Use as an Outer Coat (1) tioned Off the Cable Axis The
tubular reinforcing member prepared in As shown in Fig. 6, a plurality of
tension mem-   Example 3 was used as an outer coat surrounding pers 61 each
made of the reinforcing member of      a plurality of coated fibers as
shown in Fig. 7(a). the present invention may be positioned around   40
The optical fiber cable shown in Fig. 7(a) was the one or more coated
optical fibers 60 and are coat-   same as the layer stranded cable
illustrated in Fig. ed with a jacket 62. This design is particularly     5
except that the tubular coating 52 was replaced suitable for use when high
tensile strength is re-   by the reinforcing member 70 having the degree-
quired for an optical cable incorporating a small    of-orientation profile
shown in Fig. 1(b). Needless number of coated fibers, typically one coated
fiber.  45  to say, the cable shown in Fig. 7(a) can be ren- In Fig. 6, the
components that are equivalent to     dered totally non-metallic by using a
central ten- those shown in Application 1 with reference to Fig.  sion
member that is made of a reinforcing member 5 are identified by like
numerals, and 61a and 61b   having the degree-of-orientation profile shown
in represent the highly oriented area and the less       Fig. 1(a) and
which is prepared in Example 1 or 2. oriented area, respectively. For the
configuration of  50   The outer coat shown in Fig. 7(a) is formed solely
Fig. 6, the less oriented area 61b is particularly   of a highly oriented
resin or a mixture thereof and important since, because of its presence,
wear due   is characterized by having a highly oriented area to abrasion
between individual tension members 61    70a at the inner surface of the
solid portion of the resulting from bending, vibration and other external
tube and a less oriented area 70b at its periphery. forces is greatly
reduced and extended use of the   55   The most prominent results from
using the cable is ensured.                                    reinforcing
member of the present invention as the outer coat of an optical cable are
improvements in Example 3                                            the
wear resistance, tear strength and flexibility of 8    15
EP 0191416 B1                        16 



the highly oriented resin.                           diameter of 1.6 mm.
The so coated glass fibers were extrusion-coated with a fully aromatic
polyes- Application 4: Use as an Inner Coat (1)              ter by the
method shown in Example 5 and were further coated with a less oriented
resin (polyvinyl An optical fiber carrying a coat made of the    5
chloride) to bring the outside diameter to 2.6 mm. reinforcing member of
the present invention is shown in Fig. 7(b). The coated fiber of this
design  Application 5: Use as an Inner Coat (2) is generally referred to as
"a fiber with a tight coat" by manufacturers of optical fiber cables. The
tight      Optical fibers carrying a coat made of the coat incorporates the
same design concept as that  10  reinforcing member of the present
invention are utilized by the outer coat described in Application  shown in
Fig. 8(a) and (b). In contrast with the 3.
coated fiber shown in Fig. 7(b), the designs illus- The most significant
aspect of the fiber design   trated in Fig. 8(a) and (b) are generally
referred to shown above is that it achieves remarkable im-       as "fibers
with a loose tube" by manufacturers of provements in wear resistance and
flexibility com-   15  optical fiber cables. The loose tube incorporates
pared with the case of merely using a highly ori-    the same design
concept as that utilized by the ented resin, and that the fiber is capable
of with-  outer coat described in Application 3. standing very rough
handling as may be encoun-           The loose tube 80 shown in Fig. 8(a)
consists tered in cabling operations.                          of a highly
oriented area 80a and a less oriented The coated fiber generally indicated
at 2 in Fig.  20  area 80b; an optical fiber 81 is loosely confined in 7(b)
corresponds to the fibers shown in Applica-     the hollow portion of the
tube. The loose tube tions 1 to 3; this fiber is seldom used as it is but
is  shown in Fig. 8(b) is the same as what is illustrated typically put to
service after being provided with a  in Fig. 8(a) except that it is solely
made of a highly jacket and other necessary coatings.
oriented resin. 25      The loose tubing design shown in Fig. 8(a) and
Example 5                                            (b) has substantially
the same features as the tight coat shown in Application 4 by reference to
Fig. 7- A wholly aromatic polyester was derived from a    (b); specially
prominent features are that it provides copolymer of 73% p-hydroxybenzoic
acid and 27%       significant improvements in bending and pressure-
6-hydroxy-2-naphthoic acid. A tube was extruded   so  resistant properties
and facilitating cabling oper- from this polyester using a conventional
electric    ations. wire coating crosshead die having the configuration
shown in Fig. 4a. A shear stress providing member    Application 7: Use as
an Inner Coat (4) (I.D., 6.0 mm; O.D., 8.0 mm) was disposed at the land in
the annular channel 42 between the die 40   35   An optical fiber 81
carrying a coat of the re- (I.D., 10.0 mm) and the annular member 42 (O.D.,
inforcing member 80 that was prepared in Example 4.0 mm). A silicone oil
was applied to both the      5 and which had the degree-of-orientation
profile inner surface of the die 40 and the outer surface of  shown in Fig.
1(c) is illustrated in Fig. 8(c). This the annular member 41 so that shear
stress which     fiber design is also in the category of the "fiber would
be sufficient to cause a high degree of  40   with a tight coat" shown in
Application 4 and, orientation in the molten resin would not result from
therefore, is expected to bring about the same friction with the die 40 or
the annular member 41.   advantages. On the other hand, the portion of the
molten resin moving in contact with the shear stress providing
Application 8: Use as an Outer Coat (2) member was subjected to a
sufficient amount of  45 shear stress to cause a high degree of
orientation.      A layer stranded optical cable carrying an outer As a
result, a tubular reinforcing member wherein    coat of the reinforcing
member prepared in Exam- the degree of orientation was the highest in the
ple 6 is shown diagrammatically in Fig. 9. The center of the solid portion
of the tube and de-      outer coat 90 shown has a three-layered structure
creased gradually to both its inner and outer pe-   50  consisting of a
central, highly oriented resin layer ripheries was obtained.
90a sandwiched between less oriented resin layers 90b and 90c. This outer
coat will exhibit protective Example 6
effects comparable to that shown in Fig. 7(a). As will be apparent from the
foregoing descrip- Two glass fibers each coated with an ultraviolet  55
tion, the highly oriented resin-made reinforcing ma- curable resin to give
a diameter of 0.25 mm were     terial prepared in accordance with the
present in- enclosed in a loose tube of polyamide 12 having      vention
which may be used with an optical fiber an inside diameter of 1.0 mm  and
an outside         cable has a highly oriented resin as its substantial 9
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The portion and at least the periphery of this core     of orientation
decreases from the inner surface re-formed of a less oriented resin.
Because of this       of the solid portion of said pipe to its outer
"composite" structure, the reinforcing member of          surface. the
present invention is expected to achieve the following advantages:
5   3. The highly oriented  resin-made reinforcing i) The longitudinal
tensile strength of the re-        member (10) of claim  1 or 2 wherein
said inforcing member is governed by the highly             highly oriented
resin is at least one member oriented core portion and is no less than
twice        selected from the group consisting of an ul- the value for the
less oriented resin.                 trahigh molecular weight polyethylene,
polyeth- ii) The thermal expansion characteristics of the   10  ylene
terephthalate, polyoxymethylene, a whol- reinforcing member are also
governed by the            ly aromatic polyester, an aromatic-aliphatic
highly oriented core portion and show a linear         polyester, an
aromatic polyester-amide, an expansion coefficient that is no more than
half        aromatic-aliphatic polyester-amide, and an ar- the value for
the less oriented resin.                 omatic polyester carbonate. iii)
The surface of the highly oriented core por-  15 tion is protected by the
less oriented resin,       4. The highly oriented resin-made reinforcing
providing a significant improvement in the Ion-        member (10) of claim
1 or 2 which is com- gitudinal tear strength of the highly oriented
posed of a highly oriented resin-made core resin layer which inherently has
a low tear            material and at least one less oriented resin -
strength in the longitudinal direction; and   20       layer that is
integral with the surface of said iv) The highly oriented core which is
sustained        core material, the degree of orientation in said by the
less oriented resin area in the peripheral      core material decreasing
gradually from  its direction has satisfactory tear resistance, so
center to the periphery. even if lateral compression is applied, the rigid-
ity of the highly oriented resin layer is maximally   25   5. The highly
oriented  resin-made reinforcing utilized to exhibit good rupture
properties. In        member (10) of claim 4 wherein the thickness
addition, the bending capabilities under external      of said surface
layer of the less oriented resin stresses which are inherently low in the
highly        is within the range of 5 - 50% of the thickness oriented
resin are markedly improved to provide        of the core material.
satisfactory protection against buckling.     30 Because of the features
described above, op-      6. The highly oriented resin-made reinforcing
tical fibers can be easily incorporated into cables       member (10) of
claim 2 which is composed of by using the reinforcing member of the present
a highly oriented resin-made pipe and at least invention, and the cables
fabricated will perform         one less oriented resin layer that is
integral reliably over an extended period. As already noted,   35  with the
surface of said pipe, the degree of it should be understood that the
concept of the           orientation in the solid portion of said pipe
present invention is applicable to other fields such      decreasing from
its inner surface to the outer cables wires and ropes.
surface. Claims                                           40  7. The highly
oriented resin-made reinforcing member (10) of claim 6 wherein the
thickness 1. A highly oriented resin-made reinforcing mem-          of said
less oriented resin layer is within the ber (10) that contains a highly
oriented resin as     range of 5 - 50%  of the thickness of said the
principal component and which has a con-          highly oriented resin
material. tinuous change in the cross-sectional distribu-   45 tion in the
degree of orientation, wherein said   8  The highly oriented  resin-made
reinforcing reinforcing member (10) is in the form of a           member
(10) of claim 2 which is in the form of solid wire or rod characterized in
that the           a hollow pipe and has a maximal degree of degree of
orientation decreases from its center       orientation in the center of
its solid portion. (11) to the periphery (12).                  50 9. The
highly oriented  resin-made reinforcing 2. A highly oriented resin-made
reinforcing mem-          member (10) of claim 8 wherein at least one ber
(10) that contains a highly oriented resin as     less oriented resin layer
is provided either the the principal component and which has a con-
inner surface or the outer surface or on both tinuous change in the
cross-sectional distribu-  55   surfaces of said hollow pipe. tion in the
degree of orientation wherein said reinforcing member (10) is in the form
of a       10. The highly oriented  resin-made reinforcing hollow pipe
characterized in that the degree          member (10) of claim  6 wherein
said less 10    17                  EP 0 191 416 B1                     18
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to formed of a less oriented resin. Because of this       of the solid
portion of said pipe to its outer "composite" structure, the reinforcing
member of          surface. the present invention is expected to achieve
the following advantages:                            5   3. The highly
oriented resin-made reinforcing i) The longitudinal tensile strength of the
re-         member (10) of claim  1 or 2 wherein said inforcing member is
governed by the highly              highly oriented resin is at least one
member oriented core portion and is no less than twice         selected
from the group consisting of an ul- the value for the less oriented resin.
trahigh molecular weight polyethylene, polyeth- ii) The thermal expansion
characteristics of the   10   ylene terephthalate, polyoxymethylene, a
whol- reinforcing member are also governed by the             ly aromatic
polyester, an aromatic-aliphatic highly oriented core portion and show a
linear          polyester, an aromatic polyester-amide, an expansion
coefficient that is no more than half         aromatic-aliphatic
polyester-amide, and an ar- the value for the less oriented resin.
omatic polyester carbonate. iii) The surface of the highly oriented core
por-  15 tion is protected by the less oriented resin,       4. The highly
oriented  resin-made reinforcing providing a significant improvement in the
Ion-         member (10) of claim  1 or 2 which is com- gitudinal tear
strength of the highly oriented          posed of a highly oriented
resin-made core resin layer which inherently has a low tear
material and at least one less oriented resin strength in the longitudinal
direction; and    20      layer that is integral with the surface of said
iv) The highly oriented core which is sustained         core material, the
degree of orientation in said by the less oriented resin area in the
peripheral       core material decreasing gradually from  its direction has
satisfactory tear resistance, so          center to the periphery. even if
lateral compression is applied, the rigid- ity of the highly oriented resin
layer is maximally   25  5. The highly oriented  resin-made reinforcing
utilized to exhibit good rupture properties. In         member (10) of
claim 4 wherein the thickness addition, the bending capabilities under
external       of said surface layer of the less oriented resin stresses
which are inherently low in the highly        is within the range of 5 -
50% of the thickness oriented resin are markedly improved to provide
of the core material. satisfactory protection against buckling.      30
Because of the features described above, op-       6. The highly oriented
resin-made reinforcing tical fibers can be easily incorporated into cables
member (10) of claim 2 which is composed of by using the reinforcing member
of the present            a highly oriented resin-made pipe and at least
invention, and the cables fabricated will perform         one less oriented
resin layer that is integral reliably over an extended period. As already
noted,   35  with the surface of said pipe, the degree of it should be
understood that the concept of the           orientation in the solid
portion of said pipe present invention is applicable to other fields such
decreasing from its inner surface to the outer cables wires and ropes.
surface. Claims                                           40  7. The highly
oriented  resin-made reinforcing member (10) of claim 6 wherein the
thickness 1. A highly oriented resin-made reinforcing mem-          of said
less oriented resin layer is within the ber (10) that contains a highly
oriented resin as     range of 5 - 50%  of the thickness of said the
principal component and which has a con-          highly oriented resin
material. tinuous change in the cross-sectional distribu-   45 tion in the
degree of orientation, wherein said   8. The highly oriented  resin-made
reinforcing reinforcing member (10) is in the form of a           member
(10) of claim 2 which is in the form of solid wire or rod characterized in
that the           a hollow pipe and has a maximal degree of degree of
orientation decreases from its center       orientation in the center of
its solid portion. (11) to the periphery (12).                  50 9. The
highly oriented  resin-made reinforcing 2.  A highly oriented resin-made
reinforcing mem-         member (10) of claim 8 wherein at least one ber
(10) that contains a highly oriented resin as     less oriented resin layer
is provided either the the principal component and which has a con-
inner surface or the outer surface or on both tinuous change in the
cross-sectional distribu-  55   surfaces of said hollow pipe. tion in the
degree of orientation wherein said reinforcing member (10) is in the form
of a       10. The highly oriented  resin-made reinforcing hollow pipe
characterized in that the degree          member (10) of claim  6 wherein
said less 10    19                 EP 0 191 416 B1                     20
oriented resin is at least one member selected       the nozzle to its
inner surface. from the group consisting of a polyurethane 



resin, a polyolefin-resin, a polyamide resin, a   15. The process of claim
14 which uses a die (30) polystyrene resin and an ultraviolet radiation
comprising two concentric molten resin extrud- curable resin.
5       ing nozzles arranged to form  a center and outer nozzle, a highly
oriented resin and the 11. The highly oriented  resin-made reinforcing
less oriented resin being extruded simulta- member (10) of claim  9 or 10
wherein the            neously through the center nozzle and the thickness
of said less oriented resin layer is       outer nozzle, respectively.
within the range of 5 - 50% of the wall thick-  10 ness of said highly
oriented resin pipe.          16. A process for producing a reinforcing
member (10) in the form of a hollow pipe having a solid 12. A process for
producing a reinforcing member         wall with an inner and outer surface
that con- (10) in the form of a solid wire or rod that         tains a
highly oriented resin as the principal contains a highly oriented resin as
the principal   15  component and which has the highest degree component
and in which the degree of orienta-         of orientation in the center
between the inner tion decreases from its center to the periphery       and
outer surface of the solid wall of said pipe, of said solid wire or rod,
said process using a       said process using a die (40) having a molding
die (20) having a molding port (21) comprising        port comprising a
central feed inlet for a fluid at least one concentric molten resin
extruding   20  or an article to be reinforced, at least one nozzle having
a side wall (22) with an inner         molten resin extruding nozzle having
a side and outer surface and a projecting rod mem-          wall with an
inner and outer surface disposed ber (23) disposed along the central axis
of said     concentrically with said feed inlet, and a shear nozzle,
characterized by extruding a molten          stress providing member (43)
in the form of a highly oriented resin through said nozzle as a   25
hollow pipe that disposed concentrically with a lubricant is applied to the
inner surface of the     highly oriented resin extruding nozzle which is
side wall (22) of said nozzle opposite to the        disposed
concentrically within one of said at projecting rod member (23) such that
shear           least one molten resin extruding nozzle, char- stress
applied to the resin is continuously in-      acterized by extruding a
molten highly ori- creased from periphery to center.           30
ented resin through said highly oriented resin extruding nozzle as a
lubricant is applied to 13. The process of claim 12 which uses a die (20)
both the inner and outer surfaces of said resin having a molding port
comprising two concen-         extruding nozzle such that shear stress be-
tric molten resin extruding nozzles arranged to      comes highest in a
center between the inner form a center and outer nozzle, and a highly   35
and outer surface of said solid wall of said oriented resin and a less
oriented resin being       pipe. extruded simultaneously through the center
nozzle and outer nozzle, respectively.            17. The process of claim
16 which uses a die (40) having a molding port comprising two of said 14. A
process for producing a reinforcing member   40    molten resin extruding
nozzles disposed con- (33) in the form of a hollow pipe having a solid
centrically and said highly oriented resin ex- wall with an inner and outer
surface that con-       truding nozzle disposed concentrically within tains
a highly oriented resin as the principal       said two molten resin
extruding nozzles, and component and in which the degree of orienta-
the highly oriented resin being extruded from tion of said resin decreases
from the inner   45     said highly oriented extruding nozzle as a less
surface of the solid wall of said pipe to the        oriented  resin  is
extruded  simultaneously outer surface, said process using a die (30)
through at least one of the two molten resin having a molding port (34)
comprising both a         extruding nozzles. central feed inlet (32) for a
fluid or an article (31) to be reinforced and at least one molten   50
Patentanspruche resin extruding nozzle having a side wall with an inner and
outer surface disposed concen-       1.  Hochorientiertes
VerstArkungselement  aus trically with said feed inlet (32), characterized
Harz (10), das als Hauptbestandteil ein hoch- by extruding a molten highly
oriented resin          orientiertes Harz enthglt und bei dam  die through
said nozzle as a lubricant is applied   55    Querschnittsverteilung des
Orientierungsgrads only to the outer surface of the side wall of
kontinuierlich wechselt, wobei das Verstdr- said nozzle such that shear
stress applied to        kungselement (10) die Form  eines fasten the resin
is increased from the outer surface of     Drahts oder Stabs aufweist,
dadurch gekenn-    zeichnet, daB der Orientierungsgrad von sei-     8.
Hochorientiertes  Verstarkungselement  aus -- nem Zentrurn (11) zum Rand
(12) hin abnimmt.          Harz (10) nach Anspruch 2, das die Form eines
Hohlrohrs aufweist und in dem Zentrum 2. Hochorientiertes
Verstarkungselement  aus            seines festen Tells den h6chsten
Orientie- 



Harz (10), das als Hauptbestandteil ein hoch-   5    rungsgrad hat.
orientiertes Harz enthalt und be! dem die Querschnittsverteilung des
Orientierungsgrads    9. Hochorientiertes  Verstarkungselement  aus
kontinuierlich wechselt, wobel das Verstar-          Harz (10) nach
Anspruch 8, wobei mindestens kungselement (10) die Form eines Hohlrohrs
eine weniger orientierte Harzschicht entweder aufweist, dadurch
gekennzelchnet, daB der   10       auf der inneren Oberflache oder auf der
auie- Orientierungsgrad von der inneren Oberflache        ren Oberflache
oder auf beiden Oberflachen des festen Tells des Rohrs zu seiner auBeren
des Hohlrohrs vorgesehen ist. Oberflache hin abnimmt. 10. Hochorientiertes
Verstarkungselement  aus 3. Hochorientiertes  Verstarkungselement  aus   1s
Harz (10) nach Anspruch 6, wobel das weniger Harz (10), nach Anspruch 1
oder 2, wobei das         orientierte Harz mindestens ein Harz, ausge-
hochorientierte Harz mindestens ein Harz, aus-       wAhlt aus der Gruppe,
bestehend aus elnem gewghlt aus der Gruppe bestehend aus ultra-
Polyurethanharz, elnem  Polyolefinharz, elnem hochmolekularem  Polyethylen,
Polyethylenter-        Polyamidharz, elnem Polystyrolharz und einem
ephthalat, Polyoxymethylen, einem vollstandig   20   durch  ultraviolette
Strahlung  vernetzbaren aromatischen Polyester, einem aromatischen-
Harz, ist. aliphatischen Polyester, einem aromatischen Polyesteramid, einem
aromatischen-aliphati-     11. Hochorientiertes  Verstarkungselement  aus
schen Polyesteramid und einem aromatischen           Harz (10) nach
Anspruch 9 oder 10, wobei die Polyestercarbonat, ist.
25       Dicke der weniger orientierten Harzschicht in dem Bereich von 5
bis 50 % der Wanddicke 4. Hochorientiertes  Verstarkungselement  aus
des hochorientierten Harzrohrs liegt. Harz (10) nach Anspruch 1 oder 2, das
aus einem hochorientierten Kernmaterial aus Harz     12. Verfahren zur
Herstellung eines Verstarkungs- und aus mindestens einer weniger
orientierten   30   element (10), das die Form eines festen Drahts
Harzschicht, die mit der Oberflache des Kern-        oder Stabs aufweist,
das als Hauptbestandteil materials verbunden ist, zusammengesetzt ist,
ein hochorientiertes Harz enthalt und in dem wobei der Orientierungsgrad
des Kermaterials         der Orientierungsgrad vom Zentrum zum Rand
allmahlich von seinem  Zentrum  zu seinem            des festen Drahts oder
Stabs hin abnimmt, Rand hin abnimmt.                           35
wobei in dem  Verfahren ein Werkzeug (20) verwendet wird, das eine
Form6ffnung (21), 5. Hochorientiertes  Verstarkungselement  aus
die mindestens eine konzentrische Extrudier- Harz (10) nach Anspruch 4,
wobei die Dicke           dOse fOr geschmolzenes Harz mit einer Seiten- der
Oberflachenschicht des weniger orientier-        wand (22) mit einer
inneren und auBeren Ober- ten Harzes in dem Bereich von 5 bis 50 % der  40
flache und ein Projektionsstabelement (23) ent- Dicke des Kernmaterials
liegt.                      lang der Zentralachse der DUse aufweist, um-
faflt, dadurch gekennzelchnet, daB ein ge- 6. Hochorientiertes
Verstarkungselement  aus            schmolzenes, hochorientiertes Harz
durch die Harz (10) nach Anspruch 2, das aus einem             DUse
extrudiert wird, wahrend ein Schmiermit- hochorientierten Rohr aus Harz und
minde-  45        tel auf die innere Oberflache der Seitenwand stens einer
weniger orientierten Harzschicht,        (22) der DUse gegenuber dem
Projektionsstab- die mit der Oberflache des Rohrs verbunden
element (23) aufgebracht wird, so daB die auf ist, zusammengesetzt ist,
wobei der Orientie-        das Harz einwirkende Scherspannung kontinu-
rungsgrad des festen Teils des Rohrs von sei-       ierlich vom Rand zum
Zentrum hin zunimmt. ner inneren Oberflache zu der auIeren Ober-  50 flache
hin abnimmt.                              13. Verfahren nach Anspruch 12,
bei dem  ein Werkzeug (20) verwendet wird, das eine Form- 7.
Hochorientiertes  Verstarkungselement  aus            offnung, die zwei
konzentrische Extrudierd~sen Harz (10) nach Anspruch 6, wobei die Dicke
fUr geschmolzenes Harz, die so angeordnet der weniger orientierten
Harzschicht in dem   55     sind, daB sie eine zentrale und eine auBere
Bereich von 5 bis 50 % der Dicke des hoch-           DUse bilden, und ein
hochorientiertes Harz und orientierten Harzmaterials liegt.
ein weniger orientiertes Harz gleichzeitig durch die zentrale DOse und die
auBere DOse extru- 12    23                 EP 0 191 416 B1
24      111111111 Ill 11111 diert werden, umfaht.
stens einen ExtrudierdUse fir geschmolzenes Harz angeordnet ist, umfalt,
dadurch ge- 14. Verfahren zur Herstellung eines Verstarkungs-
kennzelchnet, daB ein geschmolzenes, hoch- elements (33), das die Form
eines Hohlrohrs          orientiertes Harz durch die ExtrudierdUse fOr 



mit einer festen Wand mit einer inneren und    5     Harz extrudiert wird,
wahrend ein Schmiermit- auBeren Oberflache aufweist, das als Hauptbe-
tel sowohl auf die inneren als auch auf die standteil ein hochorientiertes
Harz enthalt und      auleren Oberflachen der ExtrudierdcUse fUr in dem der
Orientierungsgrad des Harzes von          Harz aufgebracht wird, so daB die
Scherspan- der inneren Oberflfche der festen Wand des           nung in
einem Zentrum zwischen der inneren Rohrs zu der auBeren Oberflfche hin
abnimmt,  ro     und der Muoeren Oberflache der festen Wand wobei in dem
Verfahren ein Werkzeug (30)            des Rohrs am h6chsten wird.
verwendet wird, das eine Formoffnung (34), welche sowohl einen zentralen
ZufuhreinlaB       17. Verfahren nach Anspruch 16, bei dem  ein (32) fOr
eine zu verstarkende FlUBigkeit oder        Werkzeug (40) verwendet wird,
das eine Form- einen Gegenstand (31) als auch mindestens   15       6ffnung
aufweist, die zwei der ExtrudierdUsen eine Extrudierd~se fUr geschmolzenes
Harz           ftir geschmolzenes Harz, die konzentrisch an- mit einer
Seitenwand mit einer inneren und           geordnet sind, und die
ExtrudierdlUse fUr hoch- auBeren Oberflache, die konzentrisch zu dem
orientiertes Harz, das konzentrisch zu den zwei ZufuhreinlaB angeordnet
ist, umfaft, enthalt,        ExtrudierdUsen fOr geschmolzenes Harz ange- --
dadurch gekennzeichnet, daB ein geschmol-  20        ordnet ist, umfaBt,
wobei das hochorientierte zones, hochorientiertes Harz durch die DOse
Harz von der ExtrudierdOse fOr hochorientier- extrudiert wird, wahrend ein
Schmiermittel nur       tes Harz extrudiert wird, wahrend gleichzeitig auf
die fuBere Oberflache der Seitenwand der         ein weniger orientiertes
Harz durch die minde- Djse aufgebracht wird, so daB die auf das
stens eine der beiden ExtrudierdUsen fUr ge- Harz einwirkende Scherspannung
von der au-   25      schmolzenes Harz extrudiert wird. Beren Oberflache
der DUse zu der inneren Oberflache hin zunimmt.
Revendications 15. Verfahren nach Anspruch 14, bei dem  ein         1.
El6ment de renforcement hautement orient6 a Werkzeug (30) verwendet wird,
das zwei kon-   30     base de r6sine (10) qui contient une resine
zentrische ExtrudierdOsen fOr geschmolzenes          hautement orientee en
tant que composant Harz umfaBt, die so angeordnet sind, daB eine
principal et qui pr6sente une variation continue zentrale und auBere D(se
gebildet werden,            de la distribution en coupe du degr6 d'orienta-
wobei das hochorientierte Harz und das weni-        tion, dans lequel ledit
6l6ment de renforcement ger orientierte Harz gleichzeitig durch die zen-
35  (10) se pr6sente sous la forme d'un fil ou trale DUse und die auBere
DUse extrudiert wer-       d'une tige solide caract6risee en ce que le den.
degr6 d'orientation diminue depuis son centre (11) jusqu'a sa p6riph6rie
(12). 16. Verfahren zur Herstellung eines Verstarkungs- elements (10), das
die Form eines Hohlrohrs  40  2. El6ment de renforcement hautement oriente
a mit einer festen Wand mit einer inneren und          base de r6sine (10)
qui contient une r6sine auBeren Oberflache aufweist, das als Hauptbe-
hautement orient6e en tant que composant standteil ein hochorientiertes
Harz enthalt und      principal et qui pr6sente une variation continue das
den hochsten Orientierungsgrad in dem            de la distribution en
coupe du degr6 d'orienta- Zentrum  zwischen der inneren und auBeren   45
tion, dans lequel ledit 6l6ment de renforcement Oberflache der festen Wand
des Rohrs hat,            (10) se presente sous la forme d'un tube creux
wobei in dem  Verfahren ein Werkzeug (40)            ou 6vid6 caract6rise
en ce que le degre verwendet wird, das eine Form6ffnung auf-
d'orientation diminue depuis la surface interne weist, die einen zentralen
ZufuhreinlaB fir eine     de la partie solide dudit tube jusqu'a sa surfa-
zu verstarkende FlUBigkeit oder einen Gegen-   50    ce externe. stand,
mindestens eine ExtrudierdUse fUr ge- schmolzenes Harz mit einer Seitenwand
mit        3. El6ment de renforcement hautement oriente a einer inneren und
auieren Oberflache, die            base de r6sine (10) selon la
revendication 1 ou konzentrisch zu dem ZufuhreinlaB angeordnet          2,
dans lequel ladite resine hautement orient6e ist, und ein eine
Scherspannung lieferndes Ele-  55  est au moins un 6lement selectionn6
parmi le ment (43), das die Form eines Hohlrohrs auf-         groupe
constitue par un polyethylene de poids weist, das konzentrisch zu einer
ExtrudierdUse       mol6culaire ultra-61ev6, un ter6phthalate de po- fir
hochorientiertes Harz einer dieser minde-       Iy6thylene, un
polyoxym6thylene, un polyester 13    25                 EP 0191 416 B1
26     1    c         L    M    S !I completement  aromatique,  un
polyester             sine polyol6fine, une r6sine polyamide, une
aromatique-aliphatique,  un  polyester-amide         r6sine polystyrene et
une rdsine durcissable aromatique, un polyester-amide aromatique-ali-
par rayonnement ultraviolet. phatique et un carbonate de polyester aromati-
que.                                        5   11. EI6ment de renforcement
hautement oriente a 



base de r6sine (10) selon la revendication 9 ou 4. El6ment de renforcement
hautement orient6 a           10, dans lequel l'epaisseur de ladite couche
de base de r6sine (10) selon la revendication 1 ou      r6sine moins
orient6e s'inscrit dans une plage 2 qui est constitu6 par un mat6riau de
coour         qui va de 5 a 50 % de I'6paisseur de paroi hautement oriente
a base de r6sine et par au   70    dudit tube de r6sine hautement orient6e.
moins une couche de r6sine moins orient6e qui fait corps avec la surface
dudit mat6riau de  12. Proc6d6 de fabrication d'un 6lement de renfor-
coeur, le degre d'orientation dudit mat6riau de      cement (10) se
pr6sentant sous la forme d'un coeur diminuant progressivement depuis son
fil ou d'une tige solide qui contient une r6sine centre jusqu'a sa
p6riph6rie.               15       hautement orient6e en tant quo composant
pri- cipal et dans laquello le degr6 d'orientation 5. Element de
renforcement hautement orient6 &           diminue depuis son centre
jusqu'a la p6riph6- base de r6sine (10) solon la revendication 4,
rie dudit fil ou de ladite tige solide, ledit proc6- dans lequel
l'6paisseur de ladite couche de          d6 utilisant une filiere (20)
comportant un orifi- surface de la resine moins orient6e s'inscrit  20
ce de moulage (21) qui comprend au moins dans une plage qui va de 5 a 50 %
de                une buse d'extrusion de resine fondue concen- l'6paisseur
du mat6riau de coeur.                    trique comportant une paroi
laterale (22), une surface interne et externe et un 6l6ment de 6. El6ment
de renforcement hautement oriente a           tige formant prolongement
(23) 6tant dispos6s base de r6sine (10) solon la revendication 2,  25    le
long de l'axe central de ladite buse, caract6- qui est constitu6 par un
tube hautement orien-      ris6 par I'extrusion d'une r6sine hautement te a
base de resine et par au moins une              orientee fondue au travers
de ladite buse lors- couche de resine moins orientee qui fait corps
qu'un lubrifiant est appliqu6 sur la surface in- avec la surface dudit
tube, le degre d'orienta-      terne de ladite paroi laterale (22) de
ladite tion dc la partie solide dudit tube diminuant  30    buse, a
l'opposd de l'6ldment de tige formant depuis sa surface interne jusqu'a la
surface         prolongement (23), de telle sorte qu'une externe.
contrainte de cisaillement appliquee a la r6sine soit augementee en continu
de la peripherie 7. Element de renforcement hautement oriente a
jusqu'au centre. base de resine (10) solon la revendication 6,  35 dans
lequel I'dpaisseur de ladite couche de      13. Procedd  solon la
revendication 12 qui utilise resine moins orientde s'inscrit dans une plage
une filibre (20) comportant un orifice de moula- qui va de 5 a 50 %  de
l6paisseur dudit             ge comprenant deux buses d'extrusion de r6si-
materiau de resine hautement orientee.               ne fondue
concentriques agencees pour for- 40      mer une buse centrale et une buse
externo, et 8. Element de renforcement hautement oriente a           une
rdsine hautement orientee et une resine base de resine (10) solon la
revendication 2,        moins orientee etant respectivement extrudees qui
se presente sous la forme d'un tube creux        simultandment au travers
de la buse centrale ou evide et qui presente un degre maximal            et
de la buse externe. d'orientation dans le centre de sa partie solide.   45
14. Procedd de fabrication d'un 6l6ment de renfor- 9. Element de
renforcement hautement oriente a          cement (33) se presentant sous la
forme d'un base de resine (10) solon la revendication 8,        tube creux
ou evide qui comporte une paroi dans lequel au moins une couche de resine
solide, une surface interne et une surface ex- moins orientee constitue
soit la surface interne,  s0  terne qui contient une resine hautement
orien- soit la surface externe, soit les deux surfaces     tee en tant quo
composant principal, et dans dudit tube creux ou evidd.
lequel le degrd d'orientation de ladite resine diminue depuis la surface
interne de la paroi 10. Element de renforcement hautement oriente a
solide dudit tube jusqu'A la surface externe, base de resine (10) solon la
revendication 6,  55    ledit procedd  utilisant une filiere (30) qui com-
dans lequel ladite resine moins orienteo est au      porte un orifice de
moulage (34) comprenant moins un dldment selectionne parmi le groupe
une entree d'alimentation centrale (32) pour un constitud par une resine
polyurethane, une re-       fluide ou pour un article (31) qui doit etre 14
27                 EP 0 191 416 B1                      28            l
HllIlIIlil iII 1llA renforc6 et au moins une buse d'extrusion de      17.
Proc6d6 selon la revendication 16, qui utilise --   resine fondue
comportant une paroi lat6rale,          une filiere (40) comportant un
orifice de moula- une surface interne et une surface externe           ge
comprenant deux desdites buses d'extru- etant dispos6es de manibre
concentrique par          sion de r6sine fondue dispos6es de maniere
rapport a ladite entr6e d'alimentation (32), ca-   5  concentrique et
ladite buse d'extrusion de resi- 



ract6ris6 par l'extrusion d'une resine haute-        ne hautement orient6e
dispos6e de manikre ment orient&e fondue au travers de ladite buse
concentrique a l'int6rieur desdites deux buses lorsqu'un lubrifiant est
appliqu6 seulement sur      d'extrusion de resine fondue, et la resine hau-
la surface externe de la parol lat6rale de ladite    tement orient6e 6tant
extrudee a partir de ladi- buse de telle sorte qu'une contrainte de cisail-
10  to buse d'extrusion hautement orient6e lors- lement appliqu6e a la
r6sine soit augmentee          qu'une resine moins orientee est extrud6e
si- depuis la surface externe de la buse jusqu'a          multan6ment au
travers d'au moins I'une des sa surface interne.
deux buses d'extrusion de r6sine fondue. 15. Proc6d6 selon la revendication
14 qui utilise   15 une filiire (30) comprenant deux buses d'ex- trusion de
resine fondue concentriques agen- c6es pour former une buse centrale et une
buse externe, une r6sine hautement orient6e et --    la resine moins
orient6e 6tant respectivement   20 extrudees simultan6ment au travers de la
buse centrale et de la buse externe. 16. Proc6de de fabrication d'un
6l6ment de renfor- cement (10) se presentant sous la forme d'un   25 tube
6vide ou creux qui comporte une paroi solide, une surface interne et une
surface ex- terne qui contiont une r6sine hautement orien- tee en tant que
composant principal, et qui presente le degr6 le plus elev6 d'orientation
30 dans le centre qui se situe entre la surface interne et la surface
externe de la paroi solide dudit tube, ledit proc6d6 utilisant une filibre
(40) comportant un orifice de moulage compre- nant une entr6e
d'alimentation centrale pour un   35 fluide ou pour un article qui doit
6tre renfoc6, au moins une buse d'extrusion de r6sine fon- due comportant
une paroi laterale, une surface interne et une surface externe 6tant
disposees de maniere concentrique par rapport a ladite  40 entr6e
d'alimentation, et un el6ment d'applica- tion de contrainte de cisaillement
(43) qui se pr6sente sous la forme d'un tube creux ou 6vid6 qui est dispos6
de manibre concentri- que, une buse d'extrusion de r6sine hautement   45
orient6e 6tant dispos6e de maniere concentri- que a l'interieur d'une
desdites au moins une buse d'extrusion de r6sine fondue, caracterise par
l'extrusion d'une resine hautement orient6e fondue au travers de ladite
buse d'extrusion de   50 r6sine hautement orient6e lorsqu'un lubrifiant est
appliqu6 a la fois sur la surface interne et sur la surface externe de
ladite buse d'extru- sion de r6sine de telle sorte qu'une contrainte de
cisaillement devienne plus 6lev6e au cen-  5s tre, entre la surface interne
et la surface exter- ne de ladite paroi solide dudit tube. 15    


