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(54) WIRE HARNESS AND METHOD FOR MANUFACTURING SAME

(57) The purpose of the present invention is to reduce
size and improve heat dissipation performance. A wire
harness in which the outermost of a plurality of circuits
includes a metal pipe body (20) and an insulating body
(21) provided on the outer circumferential side of the met-

al pipe body (20) . The metal pipe body (20) is expanded
in an exterior member (16) into an expanded state,
whereby the outer surface of the insulating body (21)
makes intimate contact with the inner surface of the ex-
terior member (16).
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Description

Technical Field

[0001] The present invention relates to a wire harness
and a method for manufacturing it.

Background Art

[0002] As a member which electrically connects, for
instance, a battery to an inverter unit in a hybrid motor
vehicle or an electric vehicle, a high-voltage wire harness
(namely, a wire harness for high voltage) is used. In the
wire harnesses which connect the above-described bat-
tery to the inverter unit, there are included two high-volt-
age conductive paths for a positive circuit and a negative
circuit and an exterior member that protects them (see
below-described patent literature 1).
[0003] When a metal pipe (namely, the exterior mem-
ber as a metallic pipe) is used which is disclosed in the
patent literature 1 as the exterior member, the two high-
voltage conductive paths are accommodated in the metal
pipe so as to be arranged.

Citation List

Patent Literature

[0004] Patent Literature 1: JP-A-2004-171952

Summary of Invention

Technical Problem

[0005] In the above-described related-art technique,
since the high-voltage conductive paths are inserted into
the metal pipe, an inside diameter of the metal pipe needs
to be set larger than an outside diameter of the high-
voltage conductive path. Accordingly, a relatively large
space is liable to be formed between an inner surface of
the metal pipe and an outer surface of the high-voltage
conductive path, so that the space is filled with heat gen-
erated from the high-voltage conductive paths. Accord-
ingly, in the above-described related-art technique, heat
radiation of the wire harness is not good.
[0006] Further, since the high-voltage conductive
paths of the above-described related-art technique serve
to transmit an electric power of a driving system, the con-
ductive paths are thick electric wires. Accordingly, when
the above-described metal pipe is used as the exterior
member in the wire harness, since the two thick electric
wires are accommodated in the exterior member under
a state that the two thick electric wires are arranged in
parallel, a diameter of the exterior member is liable to be
large. When the diameter of the exterior member is large,
for instance, if the wire harness is laid in the under-floor
of the motor vehicle, a distance of the wire harness from
the ground is apt to be short. In this case, the wire harness

may possibly receive damage by stepping stones or the
like.
[0007] The present invention is devised by considering
the above-described circumstances and it is an object of
the present invention to provide a wire harness and a
method for manufacturing the wire harness which can
improve a heat radiation and make a diameter of an ex-
terior member small. Solution to Problem
[0008] In order to solve the above-described problems,
a wire harness and a method for manufacturing the wire
harness according to the present invention are charac-
terized by below-described (1) to (10).

(1) A wire harness including a plurality of circuits and
a tube body shaped exterior member which accom-
modates the plurality of circuits, wherein an outer-
most circuit of the plurality of circuits includes a me-
tallic tube body and an insulator provided in an outer
periphery side of the metallic tube body, and the me-
tallic tube body is expanded in the exterior member
to be an expanded state, so that an outer surface of
the insulator comes into close contact with an inner
surface of the exterior member.
(2) A wire harness according to (1), wherein a circuit
inside the outermost circuit includes a metallic tube
body which is expanded and an insulator provided
in an outer periphery side of the metallic tube body.
(3) A wire harness according to (1) or (2), wherein a
hollow part formed in the metallic tube body is used
as a circuit accommodating space.
(4) A wire harness according to (3), wherein a re-
maining circuit is arranged coaxially with the metallic
tube body in the circuit accommodating space.
(5) A wire harness according to (3), wherein an elec-
tric wire, a cable or a shielded electric wire as the
remaining circuit is inserted into the circuit accom-
modating space.
(6) A wire harness according to any one of (1) to (5),
wherein the circuit including the metallic tube body
is a high-voltage circuit.
(7) A wire harness according to any one of (1) to (6),
wherein the metallic tube body and the insulator are
formed so as to have length extended from an end
of the exterior member and an end of the metallic
tube body is exposed to form an electrically connect-
ing part in the end.
(8) A wire harness according to any one of (1) to (7),
wherein the exterior member is made of metal.
(9) A wire harness according to any one of (1) to (7),
wherein the exterior member is made of resin.
(10) In a method for manufacturing a wire harness
including a plurality of circuits and a tube body
shaped exterior member which accommodates the
plurality of circuits, wherein an outermost circuit of
the plurality of circuits includes a metallic tube body
and an insulator provided in an outer periphery side
of the metallic tube body, the method for manufac-
turing the wire harness includes a process in which
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the metallic tube body is expanded in the exterior
member to be an expanded state, so that an outer
surface of the insulator comes into close contact with
an inner surface of the exterior member.

[0009] Since the wire harness of the above-described
(1) has the structure including the plurality of circuits, and
the metallic tube body of the outermost circuit of the plu-
rality of circuits is expanded so that the outermost circuit
comes into close contact with the inner surface of the
exterior member, at least the outermost circuit can be
made to have a small width. Namely, according to the
wire harness of the above-described (1), even when the
plurality of circuits is included, the small diameter can be
obtained. Further, in accordance with the small diameter
of the circuit side, the exterior member which accommo-
dates the plurality of circuits can be made to have the
small diameter. Accordingly, in the present invention, for
instance, the wire harness is arranged in the under-floor
of the motor vehicle, the wire harness can be arranged
with a distance gained from the ground (in other words,
the wire harness can be arranged so as to be distant from
the ground).
[0010] Further, according to the wire harness of the
above-described (1), since the metallic tube body of the
outermost circuit is expanded so that the outermost cir-
cuit comes into close contact with the inner surface of
the exterior member, a space is not formed between the
outermost circuit and the exterior member. Accordingly,
the space can be prevented from being filled with heat
as in the case that the space is present. As a result, the
heat generated in the circuit side can be directly trans-
mitted to the exterior member. Namely, the heat can be
efficiently transmitted to the exterior member. Thus, the
heat can be radiated through the exterior member, so
that a heat radiation can be improved.
[0011] Further, according to the wire harness of the
above-described (1), since the above-described space
can be eliminated, the diameter can be more reduced.
Further, according to the wire harness of the above-de-
scribed (1), since the metallic tube body of the outermost
circuit is expanded, a necessary sectional area of a con-
ductor can be ensured and a thickness can be reduced.
Thus, the wire harness can be easily bent. Since the
thickness can be reduced to decrease a load applied to
the insulator, reliability can be effectively ensured for a
long period.
[0012] According to the wire harness of the above-de-
scribed (2), below-described effects can be obtained as
well as the effects of the wire harness of the above-de-
scribed (1). Namely, since the inside circuit has the same
structure as that of the outermost circuit, a space is hardly
formed between the outermost circuit and the inside cir-
cuit. Thus, the space can be prevented from being filled
with heat. Accordingly, the wire harness of the above-
described (2) can contribute an improvement of hear ra-
diation.
[0013] According to the wire harness of the above-de-

scribed (3), below-described effects can be obtained as
well as the effects of the wire harness of the above-de-
scribed (1) or (2). Namely, since the hollow part of the
metallic tube body which is expanded is used as the cir-
cuit accommodating space, not only the high-voltage cir-
cuit, but also other circuits may be accommodated. Ac-
cordingly, in the wire harness of the above-described (3),
a high function can be achieved.
[0014] According to the wire harness of the above-de-
scribed (4), below-described effects can be obtained as
well as the effects of the wire harness of the above-de-
scribed (3). Namely, the wire harness has the structure
that the remaining circuit is arranged coaxially with the
metallic tube body in the circuit accommodating space.
Specifically, since the wire harness has the structure that
all the plurality of circuits are coaxially arranged, a width
can be made to be smaller than a width obtained, for
instance, when a plurality of thick electric wires (namely,
conductive paths.) are arranged. Accordingly, in the wire
harness of the above-described (4), the diameter can be
made small.
[0015] According to the wire harness of the above-de-
scribed (5), below-described effects can be obtained as
well as the effects of the wire harness of the above-de-
scribed (3). Namely, since the wire harness has the struc-
ture that the electric wire, the cable or the shielded electric
wire as the remaining circuit is inserted into the circuit
accommodating space, when at least the outermost cir-
cuit is allowed to have the small width, the wire harnesses
having various kinds of circuit structures can be provided.
[0016] According to the wire harness of the above-de-
scribed (6), below-described effects can be obtained as
well as the effects of the wire harness of any one of the
above-described (1) to (5). Namely, since the wire har-
ness has the structure that the circuit including the me-
tallic tube body is the high-voltage circuit, a high-voltage
wire harness can be provided.
[0017] According to the wire harness of the above-de-
scribed (7), below-described effects can be obtained as
well as the effects of the wire harness of any one of the
above-described (1) to (6). Namely, since the end of the
metallic tube body of the metallic tube body and the in-
sulator which are extended from the end of the exterior
member is exposed to form the electrically connecting
part in the end, a connection to an external part can be
made through the electrically connecting part. Further,
since the electrically connecting part is arranged so as
to be separated from the end of the exterior member, an
electric connection property can be sufficiently ensured.
[0018] According to the wire harness of the above-de-
scribed (8), below-described effects can be obtained as
well as the effects of the wire harness of any one of the
above-described (1) to (7). Namely, since the exterior
member is made of the metal, a protecting function for,
for instance, stepping stones can be improved. Further,
the exterior member may exhibit a shielding function.
[0019] According to the wire harness of the above-de-
scribed (9), below-described effects can be obtained as
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well as the effects of the wire harness of any one of the
above-described (1) to (7). Namely, since the exterior
member is made of resin, a necessary and sufficient
strength can be ensured and a small weight can be
achieved.
[0020] According to the method for manufacturing the
wire harness of the above-described (10), can be man-
ufactured the wire harness having the structure that the
plurality of circuits are included and the metallic tube body
of the outermost circuit of the plurality of circuits is ex-
panded to be an expanded state so that the outermost
circuit comes into close contact with the inner surface of
the exterior member.

Brief Description of Drawings

[0021]

[Fig. 1] Fig. 1 is a schematic view of a motor vehicle
showing a state that a wire harness is arranged.
[Fig. 2] Fig. 2 is a longitudinally sectional view show-
ing a structure of the wire harness.
[Fig. 3] Fig. 3 is a longitudinally sectional view show-
ing a manufacturing process of the wire harness and
showing a first process.
[Fig. 4] Fig. 4 is a longitudinally sectional view show-
ing a manufacturing process of the wire harness and
showing a second process and a third process.
[Fig. 5] Fig. 5 is a longitudinally sectional view show-
ing a structure of a wire harness according to a sec-
ond embodiment.
[Fig. 6] Fig. 6 is a sectional perspective view showing
a structure of a wire harness according to a fourth
embodiment.
[Fig. 7] Fig. 7 is a sectional perspective view showing
a structure of a wire harness according to a fifth em-
bodiment. Description of Embodiments

[0022] A wire harness according to the present em-
bodiment includes a high-voltage coaxial compound con-
ductive path and an exterior member which accommo-
dates the high-voltage coaxial compound conductive
path. Further, the high-voltage coaxial compound con-
ductive path is formed so as to have one electric wire by
coaxially arranging circuits of two systems (two circuits),
circuits of three systems (three circuits), circuits of four
systems (four circuits),..., or circuits of n systems (n cir-
cuits).
[0023] Specifically, the high-voltage coaxial com-
pound conductive path has, at its center, a first conduc-
tive path and a first insulator with which an outer periphery
of the first conductive path is coated. Further, the high-
voltage coaxial compound conductive path has a second
conductive path arranged outside the first insulator and
a second insulator with which an outer periphery of the
second conductive path is coated. In such a way, the
high-voltage coaxial compound conductive path is
formed in such a way that the circuits of the two systems

are coaxially arranged to have one body. Further, the
high-voltage coaxial compound conductive path may be
formed in such a way that a third conductive path and a
third insulator are further provided outside the second
insulator so that the circuits of the three systems are co-
axially arranged to have one body. Further, the high-volt-
age coaxial compound conductive path may be formed
in such a way that a fourth conductive path and a fourth
insulator are further provided outside them to obtain the
circuits of the four systems, ,,, further, an nth conductive
path and an nth insulator are further provided outside
them so that the circuits of the n systems are coaxially
arranged to have one body.
[0024] In the high-voltage coaxial compound conduc-
tive path, the outermost circuit of the plurality of circuits
is formed with a metallic tube body. The metallic tube
body is expanded in the exterior member so that the tube
body is formed in an expanded state. Thus, an outer sur-
face of the insulator included in the outermost circuit
comes into close contact with an inner surface of the
exterior member.

<First Embodiment>

[0025] Now, by referring to Fig. 1 to Fig. 4, a first em-
bodiment of the wire harness according to the present
invention will be described below. Fig. 1 is a schematic
view of a motor vehicle showing a state that the wire
harness is arranged. Fig. 2 is a longitudinally sectional
view showing a structure of the wire harness. Fig. 3 and
Fig. 4 are longitudinally sectional views showing manu-
facturing processes of the wire harness.
[0026] In the first embodiment, an example is exem-
plified and described that the wire harness of the first
embodiment is arranged in a hybrid motor vehicle (an
electric vehicle or an ordinary motor vehicle may be
used).
[0027] In Fig. 1, reference numeral 1 designates the
hybrid motor vehicle. The hybrid motor vehicle 1 is a ve-
hicle driven by mixing two powers of an engine 2 and a
motor unit 3. To the motor unit 3, an electric power from
a battery 5 (in other words, a battery pack) is supplied
through an inverter unit 4. The engine 2, the motor unit
3 and the inverter unit 4 are mounted on an engine room
6 at a position near front wheels in this example. Further,
the battery 5 is mounted on a rear part 7 of the motor
vehicle near rear wheels. The battery 5 may be mounted
in an interior of the motor vehicle located in a rear part
of the engine room 6.
[0028] The motor unit 3 is electrically connected to the
inverter unit 4 by a wire harness 8 for high voltage. Fur-
ther, the battery 5 is electrically connected to the inverter
unit 4 by a wire harness 9 for high voltage. The wire har-
ness 9 has its intermediate part 10 arranged in an under-
floor 11 of the vehicle. Further, the wire harness 9 is ar-
ranged substantially in parallel along the under-floor 11
of the vehicle. The under-floor 11 of the vehicle is a known
body and what is called a panel member and has a
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through hole (not shown in the drawing) formed at a pre-
scribed position. The wire harness 9 is inserted into the
through hole.
[0029] The wire harness 9 is electrically connected to
the battery 5 through a junction block 12 provided in the
battery 5. To the junction block 12, a rear end 13 of the
wire harness 9 is electrically connected by a known meth-
od. A front end 14 side of the wire harness 9 is electrically
connected to the inverter unit 4 by a known method.
[0030] The motor unit 3 includes a motor (not shown
in the drawing) and a generator (not shown in the draw-
ing). Further, the inverter unit 4 includes an inverter (not
shown in the drawing) and a converter (not shown in the
drawing). The motor unit 3 is formed as a motor assembly
including a shield case (not shown in the drawing). Fur-
ther, the inverter unit 4 is also formed as an inverter as-
sembly including a shield case (not shown in the draw-
ing). The battery 5 is an Ni-MH type or an Li-ion type and
formed as a module. For instance, a storage battery such
as a capacitor may be used. When the battery 5 can be
used for the hybrid motor vehicle 1 or the electric vehicle,
the battery 5 is not specially limited.
[0031] A composition and a structure of the wire har-
ness 9 will be described. The wire harness 9 is, as de-
scribed above, a member for the high-voltage or the high
voltage to electrically connect the inverter unit 4 to the
battery 5. As shown in Fig. 2, the wire harness 9 includes
a high-voltage coaxial compound conductive path 15, an
exterior member 16 and an electromagnetic shielding
member (not shown in the drawing).
[0032] The high-voltage coaxial compound conductive
path 15 includes a high-voltage electric wire 19 having a
positive-electrode conductor 17 and a first insulator 18,
a pipe shaped negative-electrode conductor 20 provided
so as to cover an outer periphery of the high-voltage elec-
tric wire 19 and a second insulator 21 with which the
negative-electrode conductor 20 is coated.
[0033] The positive-electrode conductor 17 is provided
to form an inner circuit (A positive circuit. A first conduc-
tive path.). Further, the negative-electrode conductor 20
is provided to form an outer circuit (A negative circuit. A
second conductive path corresponding to a below-de-
scribed outer circuit 26.). Positive and negative of the
positive-electrode conductor 17 and the negative-elec-
trode conductor 20 may be reversed.
[0034] As the positive-electrode conductor 17, there
are exemplified a structure having a stranded wire con-
ductor or a conductor structure having, for instance, a
round rod wire (namely, a conductor structure having a
round single core.), a square rod wire (namely, a con-
ductor structure having a square single core) and a con-
ductor structure having a pipe form or a bus bar form. In
the first embodiment, as the positive-electrode conductor
17, the structure of the stranded wire conductor is used.
A material of the positive-electrode conductor 17 is not
especially limited. However, exemplified is aluminum,
aluminum alloy, copper or copper alloy. In the first em-
bodiment, as the material of the positive-electrode con-

ductor 17, the positive-electrode conductor made of alu-
minum or aluminum alloy is used.
[0035] The first insulator 18 is a sheath cover to the
positive-electrode conductor 17 and formed by carrying
out an extrusion molding of known resin material.
[0036] The above-described high-voltage electric wire
19 is accommodated in a hollow part 22 as a space de-
fined in the negative-electrode conductor 20. The hollow
part 22 is used as a circuit accommodating space. The
high-voltage electric wire 19 comes into contact with an
inner surface of the negative-electrode conductor 20, so
that heat generated in the high-voltage electric wire itself
can be absorbed by the negative-electrode conductor
20. The negative-electrode conductor 20 can distribute
the absorbed heat and transmit the heat to the exterior
member 16 (a detail will be described below.).
[0037] As the negative-electrode conductor 20, a me-
tallic pipe which is circular in section (namely, a metallic
tube body) is used, which may be expanded as described
below. The negative-electrode conductor 20 is formed
so that a sectional form meets a sectional form of the
exterior member 16. The negative-electrode conductor
20 is formed so as to have an inside diameter into which
the high-voltage electric wire 19 can be inserted and ac-
commodated after a below-described pipe expansion is
carried out. Further, the negative-electrode conductor 20
is formed to have a length so that the high-voltage electric
wire 19 can be inserted and accommodated with an end
part 23 of the high-voltage electric wire 19 left.
[0038] The negative-electrode conductor 20 is formed
so as to have a size the same as or larger than a size of
the positive-electrode conductor 17 (namely, a sectional
area of the conductor). Namely, for instance, when the
size of the positive-electrode conductor 17 is 15 sq, the
negative-electrode conductor 20 is formed so as to have
the size of 15 sq or more, so that an electric stability can
be advantageously improved. The negative-electrode
conductor 20 is set so that the sectional area of the con-
ductor meets the sectional area of the conductor of the
positive-electrode conductor 17. Accordingly, even in a
metal pipe, a thickness is not large (in other words, thick).
It is to be understood that the metal pipe is exceptionally
thin and has a small diameter as compared with the usual
metal pipe used as the exterior member. Since the neg-
ative-electrode conductor 20 is formed so that the metal
pipe is expanded as described below, the thickness of
the negative-electrode conductor is more reduced.
[0039] A quality of material (a material) of the negative-
electrode conductor 20 is selected by considering a qual-
ity of material (a material) or a cost of the positive-elec-
trode conductor 17. In the first embodiment, as the ma-
terial of the negative-electrode conductor 20, copper is
selected. The present invention is not limited thereto and
aluminum or aluminum alloy or copper alloy (brass) may
be selected.
[0040] The second insulator 21 is a sheath cover to
the negative-electrode conductor 20 and formed by an
extrusion molding or an application by the use of known
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resin material or winding an insulating tape. For the sec-
ond insulator 21, an expansible (in other words, extensi-
ble) material is used due to the below-described pipe
expansion of the negative-electrode conductor 20. The
second insulator 21 is provided so as to cover an outer
surface of the negative-electrode conductor 20.
[0041] The above-described negative-electrode con-
ductor 20 and the second insulator 21 form the below-
described outer circuit 26.
[0042] As the exterior member 16, a pipe (namely, a
tube body) which is circular in section is employed. Fur-
ther, as the exterior member 16, a metallic member is
used in the first embodiment. The exterior member 16 is
not limited to the metallic exterior member and may be
made of resin. The exterior member 16 is formed to have
such length as to expose an end part 25 of the negative-
electrode conductor 20 and the second insulator 21 in
the high-voltage coaxial compound conductive path 15
with a prescribed length from its end 24. With an inner
surface of the exterior member 16, an outer surface of
the high-voltage coaxial compound conductive path 15
after the below-described pipe expansion comes into
close contact.
[0043] The exterior member 16 is formed so as to be
circular in section in the first embodiment as described
above. However, the exterior member 16 may be config-
ured so as to have an elliptic form, an oval form or a
substantially rectangular form in section. Such an exterior
member 16 is provided to form a path of the wire harness
9 and a bending work is applied to an arranged path.
[0044] A quality of material (a material) of the exterior
member 16 is selected by considering the formation of
the above-described path or a protection of the high-volt-
age coaxial compound conductive path 15 and further a
heat radiation. In the first embodiment, as the material
of the exterior member 16, aluminum or aluminum alloy
is selected. The material of the exterior member 16 is not
limited thereto and copper or copper alloy (brass) may
be used. When the copper or the copper alloy is selected,
a rust preventive coating is preferably applied to an outer
surface thereof.
[0045] Since the exterior member 16 accommodates
the high-voltage coaxial compound conductive path 15,
a dimension of an outside diameter is set to be relatively
small.
[0046] Now, in accordance with the above-described
composition and the structure, manufacturing processes
of the wire harness 9 will be described below. The wire
harness 9 is manufactured to a state as shown in Fig. 2
via a first process shown in Fig. 3 and a second process
and a third process shown in Fig. 4 in order.
[0047] In Fig. 3, in the first process, a work is carried
out in which the second insulator 21 is previously provid-
ed in an outer surface of the negative-electrode conduc-
tor 20 to manufacture the outer circuit 26 by the extrusion
molding. The outer circuit 26 is manufactured under a
straight state. In the first embodiment, the inside diameter
of the negative-electrode conductor 20 is smaller than

an outside diameter of the high-voltage electric wire 19.
Accordingly, the outer circuit 26 is formed so as to have
a small diameter.
[0048] Further, in the first process, a work is carried
out in which the exterior member 16 in a straight state is
cut to a prescribed length and a necessary work is ap-
plied. The necessary work indicates a work relating to a
process of an edge generated in, for instance, the end
24 of the exterior member 16.
[0049] Further, in the first process, a work is carried
out in which the outer circuit 26 is accommodated in a
hollow part 27 as an inner part of the exterior member
16. From the end 24 of the exterior member 16, the end
part 25 of the outer circuit 26 (specifically, the negative-
electrode conductor 20 and the second insulator 21) is
extended with a prescribed length.
[0050] In Fig. 4, in the second process, a work is carried
out in which the negative-electrode conductor 20 in the
outer circuit 26 is expanded outside over an entire pe-
riphery to be an expanded state. Thus, an outer surface
of the outer circuit 26, namely, the outer surface of the
second insulator 21 comes into close contact with the
inner surface of the exterior member 16. The negative-
electrode conductor 20 has the inside diameter enlarged
via the second process. The inside diameter of the neg-
ative-electrode conductor 20 is preferably a little larger
than an outside diameter of the high-voltage electric wire
19. As described above, a method for manufacturing the
wire harness 9 of the first embodiment includes the proc-
ess in which the negative-electrode conductor 20 as the
metallic tube body is expanded in the exterior member
16 to be the expanded state, so that the outer surface of
the second insulator 21 is allowed to come into close
contact with the inner surface of the exterior member 16.
[0051] As a working method in which the pipe is al-
lowed to be the expanded state, for instance, a method
is exemplified as one example in which a die of a pre-
scribed size is inserted into the hollow part 22 of the neg-
ative-electrode conductor 20 to expand the pipe.
[0052] In the third process, a work is carried out in
which the high-voltage electric wire 19 is inserted and
accommodated in the hollow part 22 of the expanded
negative-electrode conductor 20. When the high-voltage
electric wire 19 is completely inserted and accommodat-
ed, the wire harness 9 is completed as shown in Fig. 2.
To the wire harness 9, the bending work is applied so as
to meet the arranged path by using, for instance, a bend-
ing machine not shown in the drawing after the third proc-
ess.
[0053] An end of the wire harness 9 is worked so that
a prescribed length of the first insulator 18 is removed
so as to expose an end of the positive-electrode conduc-
tor 17. The end exposed part of the positive-electrode
conductor 17 is formed as an electrically connecting part
28. Since the electrically connecting part 28 is arranged
so as to be separated from the end 24 of the exterior
member 26, an electric connection property can be suf-
ficiently ensured. To the electrically connecting part 28,
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a terminal fitting (not shown in the drawing) is attached.
[0054] Further, the second insulator 21 is also worked
so that a prescribed length of the second insulator 21 is
removed so as to expose an end of the negative-elec-
trode conductor 20. The end exposed part of the nega-
tive-electrode conductor 20 is formed as an electrically
connecting part 29. Since the electrically connecting part
29 is arranged so as to be separated from the end 24 of
the exterior member 16, an electric connection property
can be sufficiently ensured. To the electrically connecting
part 29, a terminal fitting (not shown in the drawing) is
attached.
[0055] As described above by referring to Fig. 1 to Fig.
4, the wire harness 9 has the structure that the outer
surface of the high-voltage coaxial compound conductive
path 15, namely, the outer surface of the second insulator
21 comes into close contact with the inner surface of the
exterior member 16. Accordingly, a space is not formed
between the outer surface of the second insulator 21 and
the inner surface of the exterior member 16. Thus, the
space can be prevented from being filled with the heat,
as in the case that there is the space. As a result, the
heat generated in the high-voltage coaxial compound
conductive path 15 can be directly transmitted to the ex-
terior member 16. Therefore, in the wire harness 9, an
efficient heat radiation can be obtained as compared with
a conventional technique.
[0056] Further, since the wire harness 9 includes the
high-voltage coaxial compound conductive path 15 and
the high-voltage coaxial compound conductive path 15
has the plurality of circuits arranged coaxially, a diameter
of the conductive path itself can be more reduced than
a usual conductive path. Since the diameter of the con-
ductive path can be reduced, a diameter of the exterior
member 16 which accommodates the high-voltage co-
axial compound conductive path 15 having the small di-
ameter can be also reduced. Accordingly, when the wire
harness 9 is arranged in the under-floor 11 of the vehicle,
the wire harness 9 can be arranged with a distance
gained from the ground.

<Second Embodiment>

[0057] Now, by referring to Fig. 5, a second embodi-
ment will be described below. Fig. 5 is a longitudinally
sectional view showing a structure of a wire harness ac-
cording to the second embodiment. Component mem-
bers which are basically the same as those of the first
embodiment are designated by the same reference nu-
merals and a detailed description thereof will be omitted.
[0058] In Fig. 5, a wire harness 51 of the second em-
bodiment shows another example to the wire harness 9
of the first embodiment and is arranged in the same man-
ner as that of the first embodiment. The wire harness 51
includes a high-voltage coaxial compound conductive
path 52, an exterior member 16 and an electromagnetic
shielding member (not shown in the drawing).
[0059] The high-voltage coaxial compound conductive

path 52 is formed in such a way that circuits of three
systems (three circuits) are coaxially put together to have
one body. Specifically, the high-voltage coaxial com-
pound conductive path 52 is formed by coaxially collect-
ing an outer circuit 53 (an outer circuit) and inner circuits
54 and 55 (inside circuits) arranged inside the outer circuit
53 so as to have one body.
[0060] As the inner circuit 55 located in an innermost
side, a high-voltage electric wire is used which includes
a conductor 56 and an insulator 57. The inner circuit 55
may be formed with a below-described metallic tube body
and an insulator like the outer circuit 53 and the inner
circuit 54. In the second embodiment, the conductor 56
is a first conductive path and the insulator 57 is a first
insulator.
[0061] The inner circuit 54 is a circuit located between
the above-described inner circuit 55 and the outer circuit
53, an includes a metallic tube body 58 expansible and
having a circular section (namely, a metallic pipe) and
an insulator 59 which covers an outer surface of the me-
tallic tube body 58. The inner circuit 54 is expanded out-
side over an entire periphery to have the pipe expanded.
An outer surface of the insulator 59 comes into close
contact with an inner surface of a below-described me-
tallic tube body 61 of the outer circuit 53. In a hollow part
60 of the expanded metallic tube body 58, the inner circuit
55 is inserted. In the second embodiment, the metallic
tube body 58 is a second conductive path and the insu-
lator 59 is a second insulator.
[0062] The outer circuit 53 is a circuit located in an
outermost side and includes a metallic tube body 61 ex-
pansible and having a circular section (namely, a metallic
pipe) and an insulator 62 which covers an outer surface
of the metallic tube body 61. The outer circuit 53 is ex-
panded outside over an entire periphery to have the pipe
expanded. An outer surface of the insulator 62 comes
into close contact with an inner surface of the exterior
member 16. In a hollow part (not shown in the drawing)
of the expanded metallic tube body 61, the inner circuit
54 is inserted. After that, the inner circuit 54 is expanded
as described above. In the second embodiment, the me-
tallic tube body 61 is a third conductive path and the in-
sulator 62 is a third insulator.
[0063] As can be understood from the above-de-
scribed composition and the structure, it is to be under-
stood that the wire harness 51 of the second embodiment
exhibits the same effects as those of the first embodi-
ment.

<Third Embodiment>

[0064] Now, a third embodiment will be described be-
low. The third embodiment, which is not especially shown
in the drawing, is changed relative to the second embod-
iment in view of a below-described point.
[0065] Namely, in a wire harness (not shown in the
drawing) according to the third embodiment, other con-
ductive path (it is not limited to a high-voltage conductive
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path) is inserted in place of the inner circuit 55 located in
the innermost side. As one example of the inner circuit
55, may be exemplified a low-voltage shielded electric
wire.

<Fourth Embodiment>

[0066] Now, referring to Fig. 6, a fourth embodiment
will be described below. Fig. 6 is a sectional perspective
view showing a structure of a wire harness according to
the fourth embodiment.
[0067] In Fig. 6, the wire harness 71 of the fourth em-
bodiment includes a plurality of circuits having an outer
circuit 72 (an outer circuit) and two inner circuits 73 (inside
circuits) and a tube shaped exterior member 75 which
accommodates the plurality of circuits and an electro-
magnetic shielding member (not shown in the drawing.).
[0068] The outer circuit 72 is a high-voltage circuit lo-
cated in an outermost side and includes a metallic tube
body 76 expansible and having a circular section (name-
ly, a metallic pipe) and an insulator 77 which covers an
outer surface of the metallic tube body 76. The outer cir-
cuit 72 is expanded outside over an entire periphery to
have the pipe expanded. An outer surface of the insulator
77 comes into close contact with an inner surface of the
exterior member 75. In a hollow part 78 of the expanded
metallic tube body 76, the two inner circuit 73 are insert-
ed. The two inner circuits 73 are respectively the same,
and known high-voltage electric wires are used which
respectively include conductors 79 and insulators 80.
[0069] The plurality of circuits including the outer circuit
72 and the two inner circuits 73 are used as, for instance,
a three-phase alternating current circuit.
[0070] As can be understood from the above-de-
scribed composition and the structure, it is to be under-
stood that the wire harness 71 of the fourth embodiment
also exhibits the same effects as those of the first em-
bodiment.
[0071] The outer circuit 72 and the exterior member 75
are circular in section in the second embodiment, how-
ever, the present invention is not limited thereto. Namely,
they may be configured as elliptic forms or oval forms so
as to meet the arrangement of the two inner circuits 73.
[0072] In addition thereto, the electromagnetic shield-
ing member may be included in the structures of the plu-
rality of circuits or corresponded to the exterior member
75 itself.

<Fifth Embodiment>

[0073] Now, referring to Fig. 7, a fifth embodiment will
be described below. Fig. 7 is a sectional perspective view
showing a structure of a wire harness according to the
fifth embodiment. Component members which are basi-
cally the same as those of the fourth embodiment are
designated by the same reference numerals and a de-
tailed description thereof will be omitted.
[0074] In Fig. 7, the wire harness 71’ of the fifth em-

bodiment is formed by adding a low-voltage shielded
electric wire 81 to the wire harness 71 of the fourth em-
bodiment. The shielded electric wire 81 has a known
composition and a structure. In a hollow part 78 of an
expanded metallic tube body 76, the shielded electric
wire 81 is inserted like two inner circuits 73. The number
shown in Fig. 7 indicates one example, and the number
of the shielded electric wire 81 is not limited thereto. The
wire harness 71’ of the fifth embodiment includes a plu-
rality of circuits having an outer circuit 72, the two inner
circuits 73 and the shielded electric wire 81.
[0075] According to the fourth and fifth embodiments,
when at least the outer circuit 72 is allowed to have a
small width, the wire harnesses 71 and 71’ having various
kinds of circuit structures can be provided.
[0076] In addition thereto, it is to be understood that
the present invention may be variously changed within a
range which does not change the gist of the present in-
vention.
[0077] Now, the wire harnesses 9, 51, 71 and 71’ of
the embodiments and a method for manufacturing the
wire harnesses will be summarized below.

(1) The wire harness 9, 51, 71, 71’ includes a plurality
of circuits (the high-voltage coaxial compound elec-
tric conductive path 15 (specifically, the outer circuit
26 and the high-voltage electric wire 19), the high-
voltage coaxial compound conductive path 52 (spe-
cifically, the outer circuit 53, the inner circuits 54 and
55)) and the tube body shaped exterior member 16
which accommodates the plurality of circuits. The
outermost circuit of the plurality of circuits (the outer
circuit 26, 53, 72, 72’) includes the metallic tube body
(the negative-electrode conductor 20, the metallic
tube body 58, 61, 76) and the insulator provided in
the outer periphery side of the metallic tube body
(the second insulator 21, the insulator 59, 62, 77).
The metallic tube body is expanded in the exterior
member 16 to be the expanded state. Thus, the outer
surface of the insulator comes into close contact with
the inner surface of the exterior member 16.
(2) In the wire harness 9, 51, 71, 71’ , the circuit more
inside (the high-voltage electric wire 19, the inner
circuit 54, 55, 73) the outermost circuit (the outer
circuit 26, 53, 72, 72’) includes the metallic tube body
(the negative-electrode conductor 20, the metallic
tube body 58, 61, 76) which is expanded and the
insulator (the second insulator 21, the insulator 59,
62, 77) provided in the outer periphery side of the
metallic tube body.
(3) In the wire harness 9, 51, 71, 71’, the hollow part
22, 60, 78 formed in the metallic tube body (the neg-
ative-electrode conductor 20, the metallic tube body
58, 61, 76) is used as a circuit accommodating
space.
(4) In the wire harness 9, 51, a remaining circuit is
arranged coaxially with the metallic tube body (the
negative-electrode conductor 20, the metallic tube
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body 58) in the circuit accommodating space (the
hollow part 22, 60).
(5) In the wire harness 71, 71’, into the circuit ac-
commodating space (the hollow part 78), an electric
wire, a cable or the shielded electric wire 81 as a
remaining circuit is inserted.
(6) In the wire harness 9, 51, 71, 71’, the circuit in-
cluding the metallic tube body (the negative-elec-
trode conductor 20, the metallic tube body 58, 61,
76) is a high-voltage circuit.
(7) In the wire harness 9, 51, 71, 71’, the metallic
tube body (the negative-electrode conductor 20, the
metallic tube body 58, 61, 76) and the insulator (the
second insulator 21, the insulator 59, 62, 77) are
formed so as to have length extended from the end
24 of the exterior member 16. Thus, the end of the
metallic tube body is exposed to form the electrically
connecting part 29 in the end.
(8) In the wire harness 9, 51, 71, 71’, the exterior
member 16 is made of metal.
(9) In the wire harness 9, 51, 71, 71’, the exterior
member 16 may be made of resin.
(10) The method for manufacturing the wire harness
of the embodiments is the method for manufacturing
the wire harness 9, 51, 71, 71’ including the plurality
of circuits (the high-voltage coaxial compound elec-
tric conductive path 15 (specifically, the outer circuit
26 and the high-voltage electric wire 19), the high-
voltage coaxial compound conductive path 52 (spe-
cifically, the outer circuit 53, the inner circuits 54 and
55)) and the tube body shaped exterior member 16
which accommodates the plurality of circuits, and
the outermost circuit of the plurality of circuits (the
outer circuit 26, 53, 72, 72’) including the metallic
tube body (the negative-electrode conductor 20, the
metallic tube body 58, 61, 76) and the insulator pro-
vided in the outer periphery side of the metallic tube
body (the second insulator 21, the insulator 59, 62,
77). The method for manufacturing the wire harness
of the embodiments includes the process in which
the metallic tube body is expanded in the exterior
member to be the expanded state, so that the outer
surface of the insulator is allowed to come into close
contact with the inner surface of the exterior member.

[0078] This application is based on Japanese Patent
Application (JPA No. 2012-192837) filed on September
3, 2012, and contents thereof are incorporated herein as
a reference.

Industrial Applicability

[0079] The wire harness and the method for manufac-
turing the wire harness according to the present invention
are available from the viewpoints that the heat radiation
can be improved and the diameter of the exterior member
can be reduced.

Reference Signs List

[0080] 1... hybrid motor vehicle 2...engine 3...motor
unit 4...inverter unit 5...battery 6...engine room 7...rear
part of motor vehicle 8, 9...wire harness 10...intermediate
part 11...under-floor of motor vehicle 12...junction block
13...rear end 14...front end 15...high-voltage coaxial
compound conductive path 16...exterior member
17...positive-electrode conductor 18...first insulator
19...high-voltage electric wire (inside circuit) 20...nega-
tive-electrode conductor (outer circuit, metallic tube
body) 21...second insulator (outside insulator) 22...hol-
low part (circuit accommodating space) 23...end part
24...end 25...end part 26...outer circuit 27...hollow part
28, 29...electrically connecting part 51...wire harness
52...high-voltage coaxial compound conductive path
53...outer circuit (outer circuit) 54, 55... inner circuit (in-
side circuit) 56...conductor 57...insulator 58, 61...metallic
tube body 59, 62...insulator 60...hollow part (circuit ac-
commodating space) 71, 71’... wire harness 72...outer
circuit (outer circuit) 73...inner circuit (inside circuit)
75...exterior member 76...metallic tube body (metallic
pipe) 77...insulator 78...hollow part (circuit accommodat-
ing space) 79...conductor 80...insulator 81...shielded
electric wire

Claims

1. A wire harness comprising a plurality of circuits and
a tube body shaped exterior member which accom-
modates the plurality of circuits, wherein
an outermost circuit of the plurality of circuits in-
cludes a metallic tube body and an insulator provided
in an outer periphery side of the metallic tube body,
and
the metallic tube body is expanded in the exterior
member to be an expanded state, so that an outer
surface of the insulator comes into close contact with
an inner surface of the exterior member.

2. The wire harness according to claim 1, wherein a
circuit inside the outermost circuit includes a metallic
tube body which is expanded and an insulator pro-
vided in an outer periphery side of the metallic tube
body.

3. The wire harness according to claim 1 or 2, wherein
a hollow part formed in the metallic tube body is used
as a circuit accommodating space.

4. The wire harness according to claim 3, wherein a
remaining circuit is arranged coaxially with the me-
tallic tube body in the circuit accommodating space.

5. The wire harness according to claim 3, wherein an
electric wire, a cable or a shielded electric wire as
the remaining circuit is inserted into the circuit ac-
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commodating space.

6. The wire harness according to any one of claims 1
to 5, wherein the circuit including the metallic tube
body is a high-voltage circuit.

7. The wire harness according to any one of claims 1
to 6, wherein the metallic tube body and the insulator
are formed so as to have length extended from an
end of the exterior member and an end of the metallic
tube body is exposed to form an electrically connect-
ing part in the end.

8. The wire harness according to any one of claims 1
to 7, wherein the exterior member is made of metal.

9. The wire harness according to any one of claims 1
to 7, wherein the exterior member is made of resin.

10. A method for manufacturing a wire harness including
a plurality of circuits and a tube body shaped exterior
member which accommodates the plurality of cir-
cuits, wherein an outermost circuit of the plurality of
circuits includes a metallic tube body and an insulator
provided in an outer periphery side of the metallic
tube body, the method comprising
a process in which the metallic tube body is expand-
ed in the exterior member to be an expanded state,
so that an outer surface of the insulator comes into
close contact with an inner surface of the exterior
member.
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