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(57) Abréegée/Abstract:

A cable for use In a high-frequency current feeding equipment constituted by passing an inner bundle (A) of wires (2) disposed at
the same distance from the center of a multiconductor cable (1) and outer bundles (B and C) of wires (3) through a ferrite (5) In
such a way that the ampere-turns thereof are the same. The counter-electromotive force generated because of the difference of
the spatial arrangement between the inner wires (2) and the outer wires (3) caused when stranded Is canceled, and the current
phases and current values of the wires (2 and 3) are forced to be exactly the same. Therefore, an increase in the resistance due to
the proximity effect Is prevented, and thereby the multiconductor cable (1) can be used as a high-frequency current cable. The
multiconductor cable is cheap and its end finishing Is facilitated.
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ABSTRACT

A cable for use in a high-frequency current feeding

equipment constituted by passing an inner bundle (A) of wires
(2) disposed at the same distance from the center of a
multiconductor cable (1) and outer bundles (B and C) of wires
(3) through a ferrite (5) in such a way that the ampere-turns
thereof are the same. The counter-electromotive force
generated because of the difference of the spatial arrangement
between the inner wires (2) and the outer wires (3) caused when
stranded is canceled, and the current phases and current values
of the wires (2 and 3) are forced to be exactly the same.
Therefore, an increase in the resistance due to the proximity
effect is prevented, and thereby the multiconductor cable (1)
can be used as a high-frequency current cable. The

multiconductor cable is cheap and its end finishing 1s

facilitated.

PR . Nee sdBE Ra balbmas st . . .....4.u-.....uw“q”mm”m"m“*m‘““.‘qmmmmq..—u.--uu-mhnmwlnlu~-“w-0-ﬁll-l'lmnhhul--,Mﬂ!nmwuumqm'-.n—n- s addw M dm . Sy - -
B N LT




Ch 02360943 2001-07-12 AMENDMENT

DESCRIPTION
HIGH-FREQUENCY CURRENT MULTICONDUCTOR CABLE AND FEEDING

EQUIPMENT FOR ONE OR MORE MOVABLE BODIES USING SAID CABLE

TECHNICAIL FIELD
The present invention relates to a high frequency current
multiconductor cable and a feeding equipment for one or more

movable bodies using the high frequency current multiconductor

cable.

BACKGROUND ART

As for a known feeding equipment for feeding high frequency
current from a power source by using a high frequency current
multiconductor cable, there is onedisclosed, e.qg., in Japanese
Patent Kokal Hei 6-153305.

In the feeding equipment,' a line (induction line) to which
a given high frequency current i1s fed from a power source device
is laid along a guide rail (an example of movable line) for
a carriage (an example of movable body), and the carriage is
provided with a pickup coil which is fed from the induction
line in a noncontact manner. In the carriage, connected in
parallel with the pickup coll is a capacitor cooperating with
the pickup coilil to constitute a resonance circuit which
resonates at the frequency of the induction line, the capacitor
having a rectifying/smoothing circuit connected theréto.
Further, connected to this rectifying/smoothing circuit is a

stabilization power circuit for maintaining the output voltage
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at a reference value. Through an inverter, this stabilization
power circuit feeds amotor, corresponding to a load, connected
to the traveling wheels of the carriage.

The high frequency current fed from the power source device
to the induction line concentrates near the conductor surface
due to the skin effect, which means that the effective
cross-sectional area of the conductor decreases, with the
result that the resistance of the 1line becomes higher than when
dc current 1s passed through the line; the resistance also
increases with increasing frequency. In order to avoid the
loss caused by the resistance increasing due to the skin effect,
a litz wire (enamel-coated, small-diameter conductors
stranded together) is widely used as a'cable used as a line
for passing high frequency current therethrough.

However, the known cable described above poses the
following problems.

1. The cable using the litz wire makes it necessary to remove
the enamel and solder when 1t 1s to be connected; thus, the
terminal preparation is troublesome and it is difficult to
maintain the quality and reliability of such terminal
preparation.

2. Litz wires, which are expensive, form a factor in high
installation cost.

To solve such problems in a simple manner, it may be
contemplated to use a multiconductor cable formed by bundling
a plurality of vinyl-coated conductors. Multiconductor

cables require no soldering and allow the use of conventional
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crimp terminals, thus extremely facilitating the terminal
preparation, and their cost is about half that of litz wires.
However, as a factor which causes an 1ncrease 1in the
resistance of the line when high frequency current is passed
therethrough, besides the skin effect, there 1s the proximity

effect. This occurs in such a manner that when a conductor

is present in the proximity of an opposed conductor, high
frequency current which concentrates near the surface of the
conductor due to the skin effect produces a counter

electromotive force in the opposed conductor, changing the

current distribution.

The multiconductor cable brings about a difference in

current phase between the conductors disposed at different
distances from the center. And the nearer to the center is
an electricwire disposed, the greater is the number of electric
wires from which it receives the effect; therefore, as shown

in Fig. 12, electric wires disposed nearer to the center have,
as a result, a current y flowing therethrough which has a

component opposite in direction to a current x which flows
through outer electric wires, so that a circulating current
flows through the line, resulting in an 1ncrease in resistance.
Since passing a large, high frequency current is attended by
a large loss due to this resistance, the multiconductor cable
has not been suitable for use as a line for passing high

frequency current. 1In Fig. 12, a multiconductor cable 31 is
used as a high frequency current cable with the electric wires

32 bundled at each end and having a crimp terminal 33 attached
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thereto.

In addition, the proximity effect can hardly be removed by
the use of a litz wire. Particularly, in the terminal
preparation, a number of 1itz wires are simultaneously soldered
for unification, whereby a difference in current phase tends
to occur due to the difference 1n spatial arrangement when
individual 1litz wires are stranded, thus resulting in an

increase in resistance.

DISCLOSURE OF THE INVENTION

Accordingly, the invention has an object to solve the
problems by providing a high frequency current multiconductor
cable and a feeding equipment for one or more movable bodies
using the high frequency current multiconductor cable, which
cable suffers less loss due to resistance when high frequency
current is passed and therefore 1s usable as an induction cable,
besides belng inexpensive and easy to prepare its terminals.

To achieve this object, the high frequency current
multiconductor cable of the invention is amulticonductor cable
comprising a plurality of covered electric wlres,
characterized in that a current balancing circuit is added for
high frequency current flowing through each electric wire, and
the current balancing circuit is formed by bundling electric
wires equispaced from the center of the cable and by passing
the bundles through a magnetic body 1n such a manner that

amper-tuns or current densities become the same among the

wlres.
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According to such arrangement, the counter electromotive
force produced due to the difference 1in spatial arrangement

when the electric wires of the feeder are straﬁded 1s cancelled
by a current balancing circuit, forcing the individual electric
wires of the feeder to take exactly the same current phase and
current value, with the result that an increase in resistance
due to the proximity effect 1s prevented; therefore, a line
which suffers less resistance loss 1s obtained.

Further, a power feeding equipment for one or more movable
bodies which uses the high frequency current multiconductor
cable of the invention is a feeding equipment comprising an
induction line extending along a moving path of the one or more
moving bodies and supplying a constant high frequency current
from a power source device, and a pickup coil provided in each
moving body and being fed with power from the induction line
in a contactless manner, characterized in that the foregoing
induction line is formed by using the high frequency current
multiconductor cable.

According to such arrangement, even when the induction line
is arranged to extend for a long distance, an increase in
resistance due to the proximity effect can be suppressed by
means of the current balancing circuit, and the 1nduction line
can be formed by using the multiconductor cable. Furthermore,
the use of the multiconductor cable eliminates the need for
soldering, facilitates the terminal preparations, largely
improves working efficiency 1in laying out the'cable, and

reducing the cost of forming the induction line to about half
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as compared with the case of using a litz wire to form the
induction line , thereby realizing a cost reduction to a great

extent.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 1s a structural view, partly in section, of a high
frequency current multiconductor cable used as a line for
passing high frequency current for a feeding equipment in an
embodiment 1 of the invention:

Fig. 2 1s an explanatory view, in section, of the electric
wires of the high frequency current multiconductor cable for
the feeding equipment;

Fig. 3 1s a circult diagram of the feeding equipment;

Fig. 4 isacircuit diagramof an induction line for a feéding
équipment according to another form of the embodiment 1 of the
invention;

Fig. 5 1s a principal structural view of a high frequency
current multiconductor cable used as a line for passing high
frequency current for a feeding equipment according to another
form of the embodiment 1;

Fig. 6 1s an explanatory view, in section, of the electric
wires of a high frequency current multiconductor cable for a
feeding equipment according to another form of the embodiment
1;

Fig. 7 1s a structural view, partly in section, of a high
frequency current multiconductor cable used as a line for

passing high frequency current for a feeding equipment in an
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embodiment 2 of the invention:

Fig. 8 is an explanatory view, in section, of the electric
wires of the high frequency current multiconductor cable for
the feeding equipment;

Fig. 9 1s a circuit diagram of the feeding equipment:

Fig. 10 1s a principal structural view of a high frequency
current multiconductor cable used as a line for passing high
frequency current for a feeding equipment according to another
form of the embodiment 2;

Fig. 11 1s a principal structural view of a high frequency
current multiconductor cable used as a line for passing high
frequency current for a feeding equipment according to another
form of the embodiment 2; and

Fig. 12 1s a view for explanation of problems in a known

multiconductor cable.

BEST MODE FOR EMBODYING THE INVENTION

(Embodiment 1)

In Fig. 1, the numeral 1 denotes a high frequency current
multiconductor cable. As shown enlarged in Fig. 2 (a), four
electric wires (core wires) 2 equispaced from the center of
the cable 1 are disposed 1in an inner region in the cable 1,
and disposed outwardly thereof and equispaced from the center
are electric wires 3 whose number is an integral multiple of
the number of inner electric wires 2 (twice, or 8 in Fig. 1).
Further, the cross-sectional area of the conductor 11 of the

electric wire 2 is equal to that of the conductor 11 of the

e 3 : . . R R L T .
T e 4 AL N G TR TR S S B PIR I ATV e S4B 400 e ik oy B LR S L L e o B e L e L DR s LR i LA IR e e LI, R T TR P I e L Ll T N R S S m - 17 mevda  uyrun e B aha I e gl WV il Hamd . -
'“mm PO MO I I N s MEEN LI S e 17 TEYCEEL NPt al b PPN . tediiadisimmin mimed mms + smimmgess + ss cm s me = . . ceem e . . s R —



S AMENDMENT

electric wire 3. Further, the bundle of four inner electric
wires 2 i1s named A, and the two bundles each consisting of four
(the same as the number of inner electric wires 2) outer
electric wires 3 are respectively named B and C.

Further, in Fig. 1, the numeral 5 denotes a ring-shaped
ferrite body (an example of magnetic material) constituting
a current balancing circuit, and with respect to this ferrite
body 5, as shown, the bundle A of four inner electric wires
2 is passed through a hole 6 in the ferrite body 5 once, then
around the outside of the ferrite body 5 and again though the
hole 6 in the ferrite body 5 in the same direction. Further,
the two bundles B and C of outer electric wires 3 are passed
through the hole 6 1n the ferrite body 5 in a direction opposite
to the direction of passage of the bundle A of inner electric
wires 2.

Such way the electric wires 2 and 3 are wound around the
ferrite body 5 equalizes the ampere-turns for the inner and
outer electric wires 2 and 3, thereby canceling the counter
electromotive force produced from the difference in spatial
arrangement when the inner and outer electric wires 2 and 3
of the multiconductor cable 1 are twisted together, so that
the current phases and current values for the electric wires
2 and 3 of the multiconductor cable 1 are forced to be exactly
the same. Therefore, the circulating current flowing through
the multiconductor cable 1 is cut off, with the result that
an increase 1n resistance due to the proximity effect is

prevented and the resistance loss 1is reduced. As a result,




s s AMENDMENT

it becomes possible to use the multiconductor cable 1 as a high
- frequency current multiconductor cable.

The number of electric wires 3 disposed outwardly of the
electric wires 2 disposed inside and equispaced from the center
1s an i1ntegral multiple of the number of electric wires 2, as
described above; therefore, when the electric wires equispaced
from the center of the cable are bundled and passed through
the ferrite body 5, the ampere-turns can be easily made equal,
the efficiency of laying operation can be improved, and the

cost can be reduced.

Further, as shown in Fig. 1, the bundle A of inner electric
wires 2 have first crimp terminals 7 attached to the opposite
ends thereof, and the bundles B and C of outer electric wires
3 have second and third crimp terminals 8 and 9 attached to
the opposite ends thereof, respectively. 1In Fig. 1, the
numeral 10 denotes a cover for the multiconductor cable 1.

Further, the electric wires 2 and 3, as shown in Fig. 2 (b),
have the diameter d of their conductors 11 so dimensioned that
the diameter d 1s equal to twice the sum of the thickness s
of the cover of the conductor 11 (d = 2 s). Therefore, the
distance H between the centers of the conductors 11 of the
electric wires 2 and 3 is at least twice the diameter of the
conductor 11 (H 2 2 d), and as compared with the case where
the conductors 11 are i1n contact, the high frequency effective
resistance greatly reduces and so does the loss due to
resistance. In addition, when the high frequency is 10 kHz,

the diameter d of the conductor 11 is preferably about 1 mm.
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As a result, the multiconductor cable 1 can be used as a high
frequency current multiconductor cable.

Fig. 3 is a circuit diagram of a feeding equipment using
the high frequency current multiconductor cable for feeding
high freqguency current.

A single ferrite body 5 constituting a current balancing
circuit and two multiconductor cables 1 are connected between
a receptacle 18 and a high frequency power source device (for

example, 10 kHz/100 A power source device) 19.

By inserting the plug of an electric appliance to be used
into the receptacle 18, a high frequency current i1s fed from

the power source device 19 to the electric appliance.

Thus, when a high frequency current is to be fed, the
provision of a single ferrite body 5 can suppress an increase
in resistance caused by the proximity effect, enabling the
multiconductor cables 1 to be used as high frequency current

cables. Further, when cables are to be connected to the
receptacle 18 and the power source device 19 by using the
multiconductor cables 1, soldering is unnecessary,
facilitating the terminal preparation to greatly improve the

operating efficiency. Further, the use of the multiconductor

cables 1 reduces the cost to about half of the cost involved
in forming an induction line by a litz wire; thus, the cost

can be greatly reduced.

Fig. 4 is a circuit diagram of a high frequency current
feeding line (induction line) for a contactless feeding

equipment (an example of feeding equipment) using the high

10
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frequency current multiconductor cable.

Three series-connected multiconductor cables 1 and a single
ferrite body 5 are used to form an induction line 21 extending
a long distance, for example, 200 m, and connected to a high
frequency power source device (for example, 10 kHz/100 A) 22.
Through a terminal block 23, the bundles A of inner electric
wires 2 of the cables 1 are continuously connected and the
bundles B and C of outer electric wires 3 are respectively
continuously connected. The magnetic flux generated by this
induction line 21 induces an electromotive force in a pickup

coil 24 shown in phantom lines.

Thus, when the induction line 21 is to be formed over a long
distance, an increase in resistance due to the proximity effect
can be suppressed by only providing a single ferrite body 5,
and the induction line 21 can be formed by using the
multiconductor cables 1. Further, the use of the
multiconductor cables 1 makes soldering unnecessary,
facilitates the terminal preparation to greatly improve the
operating efficiency in laying the cables, and reduces the cost
to about half of the cost involved 1in forming an induction line
by a litz wire; thus, the cost can be greatly reduced.

In addition, in the embodiment 1, the ferrite body 5 is used
as an example of magnetic material, but any other material may
be used provided that its permeability for high frequencies
is high and that it will have no eddy current generated therein;

for example, amorphous magnetic material may be used. Further,

the ferrite body 5 1s ring-shaped, but any other shape may be

11
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used provided that it has a through-hole 6.

Further, in the embodiment 1, a single ferrite body alone
is used to form a current balancing circuit, but, as shown in
Fig. 5, a current balancing circuilt can be formed by crosswise
passing adjoining electric wires 2, 3 through a ferrite body
5, gathering the thus-passed electric wires into a bundle,
crosswlse passing this bundle and another bundle crossing
another ferrite body 5 through a further ferrite body 5, this
operation being repeated in order. However, as shown in Fig.
1, by gathering the electric wires equispaced from the center
of the cable into bundles A, B, and C, it is possible, as
compared with the case of passing the electric wires 2, 3 one
by one through the ferrite body 5, to reduce the number of
required ferrite bodies 5, to facilitate the operation for
passage through the ferrite body 5, to improve the efficiency

of laying operation, and to reduce the cost.

Further, in the embodiment 1, the multiconductor cable 1
is formed of two layers of electric wires 2 and 3, but it is
also possible to form a multilayer by arranging electric wires
which are equispaced from the center of the cable and whose
number is a integral multiple of the number of inner electric
wires 2, on the outside of the electric wires 3. Fig. 6 shows
a cross section of a three-layer construction. The three-
layer construction is formed by arranging 12, or three times
the number of i1nner electric wires 2, electric wires 4

equispaced from the center of the cable, on the outside of the

electric wires 3.

12
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(Embodiment 2)

In the embodiment 1, the multiconductor cable 1 1is used

to pass an electric current for one circuit. 1In the embodiment
2, it is used as a cable to pass different electric currents

for two circuits.

In Fig. 7, the numeral 41 denotes a multiconductor cable
comprising, as shown enlarged in Fig. 8 (a), three inner
electric wires (core wires) 42 equispaced from the center of
the cable 41, and 12 outer electric wires 43 disposed outwardly
thereof and equispaced from the center. The numeral 44 denotes

a cover for the multiconductor cable 41.

Let S, be the cross sectional area of the conductor of each
of the 12 outer electric wires 43, S, be the cross sectional
area of the conductor of each of the three inner electric wires
42, I, be the current flowing through each of the 12 outer
electric wires 43, and I, be the current flowing through each

of the three inner electric wires 42, then the following

relation holds:

I, /S, =1,/8,=K (constant). That is, the current density

(the current per unit cross sectional area of the conductor)

1s constant.

For example, if the cross sectional area S,-= 0.75 mm’, the
cross sectional area S, = 1,5 mm*’, that is, if S, = 2 S, and the

current I, = 5 A, then the current I, = 10 A.

In addition, let D be the bundle of outer electric wires
43 and E be the bundle of inner electric wires 42.

Further, in Fig. 7, the numeral 45 denotes a ring-shaped

13
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ferrite body (an example of magnetic material) constituting
a current balancing circuit, and with respect to the ferrite
body 45, the outer and inner bundles D and E are passed through
the hole 46 in the ferrite body 45 in opposite directions, as

illustrated. At this time, the overall area W, (= 2S,) of the

cross sectional area S, of each electric wire 43 of the outer
bundle D and the overall area W, (= 2S,) of the cross sectional
area S, of each electric wire 42 of the inner bundle E are

calculated and theration (which is a positive integer) between
the overall area W, and the overall area W, is calculated. A

bundle of electric wires assocliated with of this ratio n is

wound n times around the ferrite body 45.

For example, when w, / W, 1s 2, the inner bundle E is wound
twice around the ferrite body 45, and, reversely, when W, /
W, = 2, the outer bundle D is wound twice around the ferrite
body 45.

In Fig. 7, W, = 12 X 0.75 = 9 mm?, W, = 3 X 1.5 = 4.5 mm’;
therefore, the 1nner bundle E is wound twice around the ferrite
body 45.

Such way the bundles D and E of electric wires are wound
around the ferrite body 45 equalizes the current values
provided by the inner and outer bundles E and D of electric
wires crosslinking the ferrite body 45, thereby canceling the
counter electromotive force produced from the difference in
spatial arrangement when the inner and outer electric wires
42 and 43 of the multiconductor cable 41 are twisted together,

so that the circulating current due to the proximity effect

14
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is cut off, with the result that an increase in resistance due
to the proximity effect is prevented and the resistance loss
is reduced. As a result, 1t becomes possible to use the
multiconductor cable 41 as a high frequency current cable.
In Fig. 7, the numerals 47 and 48 denote crimp terminal
crimped to both ends of the bundles D and E of electric wires.
Fig. 9 is a circuit diagram of a feeding equipment using

the high frequency current multiconductor cable 41 for feeding

high frequency current.

A single ferrite body 45 constituting a current balancing
circuilt and two multiconductor cables 41 are connected between
two receptacle 51, 52 and twp high frequency power source

devices (for example, a 10 kHz/60 A power source device and

a 10 kHz/30 A power source device) 53, 54.

By inserting the plug of an electric appliance to be used
into the receptacle 51, a high frequency current 1s fed from
the power source device 53 to the electric appliance, and by
inserting the plug of an electric appliance to be used into
the receptacle 52, a high frequency current is fed from the
power source device 54 to the electric appliance.

Thus, when two different high frequency currents are to be
fed, the provision of a single ferrite body 45 can suppress
an increase 1in resistance caused by the proximity effect,
enabling the multiconductor cables 41 to be used as a two-
circuit high frequency current cables. Further, when cables
are to be connected to the receptacles 51, 52 and the power

source devices 53, 54 by using the multiconductor cables 41,

15
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soldering 1s unnecessary, facilitating the terminal
preparation to greatly improve the operating efficiency.
Further, the use 0of the multiconductor cables 41 reduces the
cost to about half of the cost involved in forming an induction
line by a 1litz wire; thus, the cost can be greatly reduced.

Further, in the embodiment 2, a single ferrite body alone
is used to form a current balancing circuit, but, as shown in
Fig. 10, a current balancing circuilt can be formed by crosswise
passing adjoining electric wires 42, 43 through a ferrite body
45 and winding them therearound, gathering the thus-passed
electric wires into a bundle, crosswise passing this bundle
and another bundle crossing another ferrite body 45 through
a further ferrite body 45, this operation being repeated in
order.

Further, in the embodiment 2, the multiconductor cable 41
1s formed of two layers of electric wires 42 and 43, but it
is also possible to form a multilayer by arranging electric
wires equlspaced from the center of the cable, on the outside
of the electric wires 43. Fig. 8(b) shows a cross section of
a three-layer construction. The three-layer construction is
formed by arranging electric wires (core wires) 49 equispaced
from the center of the cable and having the same current density,
on the outside of the electric wires 43.

Further, in the embodiments 1 and 2 described above, the
feeders are formed by covering electric wires 2, 3, 42 and 43
with covers 10 and 44. However, instead of these covers 10

and 44, as shown 1n Fig. 11, wiring ducts of polyvinyl chloride

16
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(or wiring pits) 61 and 62 of circular or polygonal cross
section which do not interfere with feeding, for example, may
be 1nstalled with electric wires 42 and 43 (electric wires 2

and 3) disposed therein, thus forming a feeder.

17
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o cosns s AMENDMENT

CLAIMS
1. A high frequency current multiconductor cable comprising
a plurality of covered electric wires, characterized by:
adding a current balancing circuit for high frequency
current flowing through each of said electric wires; and
forming the current balancing circuit by bundling
electric wires equispaced from the center of the cable, and
passing the bundles through a magnetic body in such a manner

that ampere-turns or current densities become the same.

2. A high frequency current multiconductor cable as set
forth in Claim 1, characterized in that the diameter of the
conductor of each electric wire is equal to twice the sum of

the thickness of the cover of the conductor.

3. - Ahigh frequency current multiconducor cable as set forth
in Claim 1 or 2, characterized in that the number of outer
electric wires disposed externally of inner electric wires
equispaced from the center of the cable 1s an integral multiple

of the number of the inner electric wires.

4. A power feeding equipment for one or more movable bodies,
comprising an induction line extending along a moving path of
the one or more moving bodies and supplying a constant high
frequency current from a power source device, and a pickup coil
provided in each moving body and being fed with power from said

induction line in a contactless manner, characterized in that

18
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said induction line is formed by using the high frequency
current multiconducor cable as set forth in any one of Claims

1 through 3.

19
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FIG. 2
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FIG. 6
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FIG. 8
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FIG. 11
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