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Brief Description of the Drawings The accompanying drawing is a schematic
Field of the Invention                              cross-sectional view of
a urethane-resin coated The present invention relates to a urethane resin
electrical wire in accordance with one embodi- coated electrical wire. More
particularly, the    5    ment of the present invention. present invention
relates to an electrical wire with a urethane resin coating layer that can
be easily   Detailed Description of the Preferred Embodi- applied by
extrusion coating and which provides     ments for great ease in the
circuit wiring with such a wire.  The electrical wire of the present
invention has 10   an outer urethane resin coating layer formed over
Background Art                                      an inner thermoplastic
resin coating layer which is Urethane resins have superior properties such
provided around the stranded core of two or more as high mechanical
strength, wear resistance and    insulated conductors. Because of this
arrange- flexibility, and hence are extensively used as      ment, the
urethane resin layer can be formed by coating materials for various kinds
of lead wires.   15   extrusion coating without causing the insulation
However, urethane resins display elastomeric        coating on conductors
to be deformed by the properties even when they are being extruded, so
pressure of the urethane resin. if they are used as coating materials for a
multi-   In addition, the thermoplastic resin of which the conductor
electric wire composed of a stranded      underlying coating layer is made
has a melt index core of two or more twisted insulated conductors,   20
of 0.2 or more so that a coating of that thermo- the pressure exerted by
the resin being extruded    plastic resin can be formed without causing
defor- will cause the insulation coat on each conductor to  mation of the
insulation coat on the conductors. deform. The tendency of the insulation
coat to        The inner thermoplastic resin coating layer deform  is
particularly great at the interface      provided between the insulation
coat on the between two adjacent turns of a conductor.    25   conductors
and the urethane resin coating layer If the extrusion conditions are
extreme, the      prevents the urethane resin coat from adhering to twisted
conductors may be short-circuited as a      the insulation coat, so that
the jacket of urethane result of deformation of the insulation coating.
resin coating can be readily stripped as required in In addition, urethane
resins which have high      the operations of final end preparation.
mechanical strength and adhere strongly to other   30  The outer urethane
resin coating layer is cross- resins are very difficult to strip in the
operations of  linked by exposure to radiation and this is effective the
end use preparation of the wire. The conven-    not only for enhancing the
mechanical strength of tional method of stripping the jacket of urethane
the urethane resin coating layer but also for resin by cutting with a hot
wire is cumbersome and  eliminating the great inherent tendency of the a
need exists for using a jacket system that is   35   urethane resin to
hydrolyze. highly amenable to operations associated with its     A specific
embodiment of the present invention final preparation. From document
DE-A-2806949      is hereunder described with reference to the an
electrical wire with a thermoplastic resin coat-  accompanying drawing,
which is a schematic ing and an extrusion coated urethane resin coating
cross-sectional view [err] a urethane-resin coated layer is known.
40   electrical wire according tothe one embodimentof the present
invention. In this embodiment, there Summary of the Invention
are four insulated conductors 1, each consisting of The present invention
has been accomplished in    a conductor a that is made of an electrically
order to solve the aforementioned problems of the   conductive material
such as copper and which is prior art.
45   surrounded by an insulation coating b. The so Therefore, an object of
the invention is to       coated conductors are twisted to form a stranded
provide an electrical wire with a urethane coating  core which is then
coated with an inner layer 2 that layer that can be applied without causing
deforma-  is formed of a thermoplastic resin having a melt tion of the
insulation coating on conductors.       index of 0.2 or more. Then the
inner layer 2 is Afurtherobjectistoprovideawirewitheasyuse    so   coated
with an extrusion-coated urethane resin characteristics.
layer 3. The urethane-resin coated electrical wire of the    The melt index
is an index defining the fluidity of present invention has been conceived
with a view    a thermoplastic resin in its molten state and is to
attaining this object and is given in claim 1.   defined by both JIS and
ASTM standards. How- The thermoplastic resin forming the coating    55
ever, the JIS standard is the particular standard layer formed between the
strands of insulated       used to define the invention. A large melt index
conductors and the urethane resin coating layer is  implies high fluidity
and workability. The melt required to have a melt index of 0.2 or more. If
the  index is defined by, for example, JIS K6730 which melt index of this
thermoplastic resin is less than  is approximately the same as ASTM D1238.
0.2, it may cause deformation of the insulation coat   60  There is no
particular limitation on the shape of on conductors while it is being
extruded over the   the conductors a or on the thickness of each of the
strand of insulated conductors.                     resin layers 2 and 3.
The proper choice of these The urethane resin coating layer formed over
parameters depends on the specific use of the the thermoplastic resin
coating layer is crosslinked  resulting wire. by exposure to radiation.
65      The insulation coat b may be formed of, for 2 



3              EP 0212645 B1                      4 example, polyethylene,
an ethylene-vinyl acetate  flame retardancy is required for the purpose of
copolymer, or polyvinyl chloride.                 preventing fires and
other mishaps. the urethane The inner thermoplastic resin layer 2 may be
resin coat may be formed of a urethane resin formed  of, for example,
polyethylene, an         composition which, in addition to the thermo-
ethylene-vinyl acetate copolymer, an ethylene-    5    plastic urethane
resin and polyfunctional mono- ethylacrylate  copolymer, an
ethylene-olefin     mer shown above, contains the following com- copolymer,
or an EPDM  (ethylenepropylene-        ponents: diene methylene linkage)
rubber.                   (c) decabromodiphenyl ether; and The outer
urethane resin layer 3 may be formed    (d) antimony trioxide. of, for
example, a caprolactam-based urethane   to  The urethane-resin coated
electrical wire of the elastomer or an ether-based urethane elastomer.
present invention is not limited to the embodi- The urethane-resin coated
electrical wire of the  ment shown above and many modifications are present
invention in accordance with the embodi-  possible. Example of such
modifications are ment shown in the accompanying drawing may
changing the number of insulated conductors be fabricated by the following
procedure. A    15   which are to be twisted in the stranded core and
stranded core of insulated conductors is coated   incorporating an
appropriate filler or colorant in with a thermoplastic resin having a melt
index of  the urethane resin coating layer. 0.2 or more by extrusion or any
other conven-       An example of the method for producing the tional
coating techniques, so as to form a thermo-  urethane-resin coated
electrical wire of the plastic resin coating layer. The inner thermo-   20
present invention is hereunder described but the plastic layer 2 is then
overlaid with a urethane  example should in no sense be taken to limit the
resin coating layer 3 formed by extrusion coating.  invention. The thus
formed urethane resin coating layer 3 is crosslinked by exposure to
radiation so as to be  Example provided with improved mechanical strength
and   25  Four insulated conductors each consisting of a resistance to
hydrolysis. Radiations that may be   -  copper wire (0.5 mm in diameter)
having a poly- employed include electron beams, X-rays, alpha-   vinyl
chloride insulation coating (0.75 mm thick) rays, beta-rays and gamma-rays.
For industrial    were twisted together in a stranded core. Poly-
applications, electron beams are advantageously   ethylene (with a melt
index of 5) was extruded used from the viewpoints of penetrating energy
30   over the core to form a polyethylene coating and dose rate.
Cross-linking is supported by      0.5 mm thick. A urethane resin was
extruded over polyfunctional monomers.                          the
polyethylene coat to a thickness of 1.5 mm The electrical wire of the
present invention is  The so formed urethane resin coat was cross- intended
for use in applications such as soldering  linked by exposure to electron
beams (of 2 MeV in where it is exposed to temperatures of, say, 150C   35
energy) for a total dose of 10 Mrad. The urethane or higher, or it is to be
used in such applications  resin included 100 parts by weight of Elastollan
E as electronically numerically controlled machine  385, and 5 parts by
weight of trimethylolpropane tools where high wear resistance and
mechanical   trimethacrylate as a polyfunctional monomer. strength are
required. The urethane resin coating   The resulting electrical wire with
the cross- layer is formed of a urethane resin composition   40   linked
urethane coating layer was free from any having the following components:
deformation of the insulation coat on the conduc- (a) a thermoplastic
urethane resin; and         tors and the urethane resin jacket could be
readily (b) a polyfunctional monomer selected from the  stripped by routine
procedures in end preparation group consisting of trimethylolpropane
triacry-   of the wire. late, trimethylolpropane trimethacrylate, and   45
As described in the foregoing pages, the triacrylformal.
urethane-resin coated electrical wire of the It is particularly preferable
that the content of  present invention offers the practical advantages the
poly-functional monomer in the above          that the urethane resin coat
can be formed with- urethane resin composition is within the range of  out
causing deformation of the insulation coat on from 0.1 part by weight to 50
parts by weight for   50   the conductors. Furthermore, the urethane resin
100 parts by weight of the thermoplastic urethane  coat can be easily
stripped by routine procedures resin. If the content of the polyfunctional
mono-  for end preparation without employing any mer is 0.1 part by weight
or more, crosslinking by  special tool. exposure to radiation can be
achieved to such an extent that the electrical wire with the urethane   55
Claims resin coat will satisfactorily withstand use in application that
require high beat resistance. If the  1. An electrical wire, comprising:
content of the polyfunctional monomer is not        a stranded core of two
or more twisted conduc- more than 50 parts by weight, the electrical wire
tors, each conductor being surrounded by a will display mechanical strength
that is great   60   respective insulation layer; enough to warrant its use
in applications where     a thermoplastic resin coating layer covering high
mechanical strength is required.             said stranded core and
comprising a thermo- If the electrical wire of the present invention is
plastic resin having a melt index of 0.2 or greater; 



intended for use in applications where tempera-   and tures of, say, [err]
or higher will prevail or where   65  an extrusion-coated urethane resin
coating 3    3              EP 0.212645  B1                     4 example,
polyethylene, an ethylene-vinyl acetate  flame retardancy is required for
the purpose of copolymer, or polyvinyl chloride.
preventing fires and other mishaps, the urethane The inner thermoplastic
resin layer 2 may be     resin coat may be formed of a urethane resin
formed  of, for example, polyethylene, an          composition which, in
addition to the thermo- ethylene-vinyl acetate copolymer, an ethylene-    5
plastic urethane resin and polyfunctional mono- ethylacrylate  copolymer,
an  ethylene-olefin      mer shown above, contains the following com-
copolymer, or an EPDM  (ethylenepropylene-         ponents:. diene
methylene linkage) rubber.                    (c) decabromodiphenyl ether;
and The outer urethane resin layer 3 may be formed     (d) antimony
trioxide. of, for example, a caprolactam-based urethane   10   The
urethane-resin coated electrical wire of the elastomer or an ether-based
urethane elastomer.    present invention is not limited to the embodi- The
urethane-resin coated electrical wire of the  ment shown above and many
modifications are present invention in accordance with the embodi-
possible. Example of such modifications are ment shown in the accompanying
drawing may         changing the number of insulated conductors be
fabricated by the following procedure. A    15   which are to be twisted in
the stranded core and stranded core of insulated conductors is coated
incorporating an appropriate filler or colorant in with a thermoplastic
resin having a melt index of  the urethane resin coating layer. 0.2 or more
by extrusion or any other conven-        An example of the method for
producing the tional coating techniques, so as to form a thermo-
urethane-resin coated electrical wire of the plastic resin coating layer.
The inner thermo-   20   present invention is hereunder described but the
plastic layer 2 is then overlaid with a urethane   example should in no
sense be taken to limit the resin coating layer 3 formed by extrusion
coating.  invention. The thus formed urethane resin coating layer 3 is
crosslinked by exposure to radiation so as to be  Example provided with
improved mechanical strength and    25  Four insulated conductors each
consisting of a resistance to hydrolysis. Radiations that may be   copper
wire (0.5 mm in diameter) having a poly- employed include electron beams,
X-rays, alpha-    vinyl chloride insulation coating (0.75 mm thick) rays,
beta-rays and gamma-rays. For industrial     were twisted together in a
stranded core. Poly- applications, electron beams are advantageously
ethylene (with a melt index of 5) was extruded used from the viewpoints of
penetrating energy   30   over the core to form a polyethylene coating and
dose rate. Cross-linking is supported by      0.5 mm thick. A urethane
resin was extruded over polyfunctional monomers.
the polyethylene coat to a thickness of 1.5 mm The electrical wire of the
present invention is  The so formed urethane resin coat was cross- intended
for use in applications such as soldering  linked by exposure to electron
beams (of 2 MeV in where it is exposed to temperatures of, say, [err]    35
energy) for a total dose of 10 Mrad. The urethane or higher, or it is to be
used in such applications  resin included 100 parts by weight of Elastollan
E as electronically numerically controlled machine   385, and 5 parts by
weight of trimethylolpropane tools where high wear resistance and
mechanical    trimethacrylate as a polyfunctional monomer. strength are
required. The urethane resin coating    The resulting electrical wire with
the cross- layer is formed of a urethane resin composition    40   linked
urethane coating layer was free from any having the following components:
deformation of the insulation coat on the conduc- (a) a thermoplastic
urethane resin; and          tors and the urethane resin jacket could be
readily (b) a polyfunctional monomer selected from the   stripped by
routine procedures in end preparation group consisting of
trirnethylolpropane triacry-   of the wire. late, trimethylolpropane
trimethacrylate, and    45  As described in the foregoing pages, the
triacrylformal.                                    urethane-resin coated
electrical wire of the It is particularly preferable that the content of
present invention offers the practical advantages the poly-functional
monomer in the above           that the urethane resin coat can be formed
with- urethane resin composition is within the range of  out causing
deformation of the insulation coat on from 0.1 part by weight to 50 parts
by weight for   50   the conductors. Furthermore, the urethane resin 100
parts by weight of the thermoplastic urethane  coat can be easily stripped
by routine procedures resin. If the content of the polyfunctional mono-
for end preparation without employing any mer is 0.1 part by weight or
more, crosslinking by  special tool. exposure to radiation can be achieved
to such an extent that the electrical wire with the urethane   55   Claims
resin coat will satisfactorily withstand use in application that require
high beat resistance. If the  1. An electrical wire, comprising: bontent of
the polyfunctional monomer is not         a stranded core of two or more
twisted conduc- more than 50 parts by weight, the electrical wire  tors,
each conductor being surrounded by a will display mechanical strength that
is great   60   respective insulation layer; 



enough to warrant its use in applications where      a thermoplastic resin
coating layer covering high mechanical strength is required.
said stranded core and comprising a thermo- If the electrical wire of the
present invention is  plastic resin having a melt index of 0.2 or greater;
intended for use in applications where tempera-    and tures of, say, [err]
or higher will prevail or where   65  an extrusion-coated urethane resin
coating    5              EP 0212645 B1                       6 layer
covering said thermoplastic resin coating  funktionelle Monomer in einer
Menge von 0,1 bis layer,                                             50
Gewichtsteilen und das thermoplastische Ure- characterised in that said
urethane resin coat-  thanharz in einer Menge von 100 Gewichtsteilen ing
layer is a layer of radiation cross-linked     umfa~t. urethane resin and
is made of a composition    5    4. Elektrischer Leitungsdraht nsch
mindestens comprising a thermoplastic urethane resin and a    einem der
Anspruche 1 bis 3, wobei die Zusam- polyfunctional monomer selected from
the group     mensetzung weiterhin Decabromdiphenylether consisting  of
trimethylolpropane  triacrylate,    und Antimontrioxid umfa~t.
trimethylolpropane trimethacrylate and triacryl-     5. Elektrischer
Leitungsdraht nach mindestens formal.
10   einem der AnsprOche 1 bis 4, wobei der Schmel- 2. An electrical wire
as recited in claim  1,   zindex nicht gr6ger als 50 ist. wherein said
radiation cross-linked urethane resin is an electron cross-linked urethane
resin.        Revendications 3. An electrical wire as recited in claim 1 or
2, wherein said composition comprises said poly-   15   1. Un fil
6lectrique comprenant: functional monomer in an amount of 0.1 to 50
une aine toronn6e form6e de deux ou plus de parts by weight and said
thermoplastic urethane    deux conducteurs torsad6s, chaque conducteur
resin in an amount of 100 parts by weight.         6tant entoure d'une
couche isolante respective,; 4. An electrical wire as recited in any of
claims 1  une couche de revltement de resine thermo- to 3, wherein said
composition further comprises   20   plastique recouvrant ladite ame
toronnee et corn- decabromodiphenyl ether and antimony trioxide.
prenant une r6sine thermoplastique ayant un- 5. An electrical wire as
recited in any of claims 1  indice de fusion de 0  ou plus; et to 4,
wherein said melt index is not greater than    une couche de revtement de
resine. d'ur6- 50.                                               thanne
appliqu6e par extrusion recouvrant.ladite 25   couche de revbtement de
r6sine thermoplastique. Patentanspruche
caract6ris6 en ce que ladite couche de revete- ment de r6sine d'ur6thanne
est une couche de 1. Elektrischer Leitungsdraht, umfassend:        r6sine
d'ur6thanne reticul6e par un rayonnement einen gelitzten Kern aus zwei oder
mehroren      et est forrnee a partir d'une composition compre- verdrillten
Leitern, wobei jeder Leiter von einer   30   nant une r6sine d'ur6thanne
thermoplastique et jeweiligen Isolationsschicht umgeben ist;          d'un
monomere polyfonctionnel choisi dans le eine Uberzugsschicht aus
thermoplastischem      *groupe comprenant le triacrylate de trim6thylol-
Harz, welche den gelitzten Kern umhOllt und ein    propane, le
trim6thacrylate de trim6thylolpro- thermoplastisches Harz mit einem
Schmelzindex      pane et le triacrylformal. von 0,2 oder daruiber umfaBt;
und            35      2. Un fil 6lectrique selon la revendication 1, eine
extrusionsbeschichtete Urethanharz-Uber-    selon laquelle ladite r6sine
d'ur6thanne reticul6e zugsschicht, welche die Uberzugsschicht aus
par un rayonnement est une r6sine d'urethanne thermoplastischom Harz
umgibt,                     r6ticul6e par des 6lectrons. dadurch
gekennzeichnet. dag die Urethanharz-       3. Le fil electrique so.'.i la
revendication 1 ou 2. Uberzugsschicht oine Schicht aus strahlungsver-   40
solon laquelle ladite coI.-Losition comprend ledit \   netztem Urethanharz
ist und hergestellt ist aus   monomere polyfonctionnel en quantit6 de 0,1 a
einer Zusammensetzung, umfassend ein thermo-       50 parties en poids et
ladite r6sine d'ur6thanne plastisches Urethanharz und ein polyfunktionelles
thermoplastique en quantit6 de 100 parties en Monomer, gewilt aus der
Gruppe, bestehend          poids. aus Trimethylolpropantriacrylat,
Trimethylolpro-   45  4. Un fil 6lectrique salon l'une quelconque des
pantrimethacrylat und Triacrylformal.              revendications 1 3 3,
selon laquelle ladite compo- 2. Elektrischer Leitungsdraht nach Anspruch 1,
sition comprend en outre l'6ther d6cabromodi- wobei das strahlungsvernetzte
Urethanharz ein      ph6nylique et le trioxyde d'antimoine.
elektronenvernetztes Urethanharz ist.                5. Un fil 6lectrique
selon l'une quelconque des 3. Elektrischer Leitungsdraht nach Anspruch 1
50   revendications 1 a 4, selon laquelle l'indice de oder 2, wobei die
Zusammensetzung das poly-        fusion n'est pas sup6rieur a 50. 55 60 65


