US 20210373051A1
a9y United States

a2y Patent Application Publication (o) Pub. No.: US 2021/0373051 Al
Matsuda et al. 43) Pub. Date: Dec. 2, 2021

(54) CURRENT DETECTION DEVICE Publication Classification

— (51) Int. CL
(71)  Applicant: SUNCALL CORPORATION, Kyoto COIR 1900 (2006.01)

(P) HOIC 13/02 (2006.01)
(72) Inventors: Jun Matsuda, Kyoto (JP); Akio 52) Us. L

MUGISHIMA, Kyoto (JP) CPC ... GOIR 19/0092 (2013.01); HOIC 13/02
(2013.01)
(57) ABSTRACT
(21) Appl. No.: 17/375,837 A current detection device has a first base material, a second

base material, and a third base material that are coated with
insulation and connected between a three-phase inverter and
a motor. The first base material is disposed on the upper
surface of the third base material in close contact therewith
A and comprises, in a section which is not coated with insu-
Related U.S. Application Data lation, a first resistor and a first measurement terminal which

(63) Continuation of application No. PCT/JP2019/ are fixed atop the first base material. The second base

(22) Filed:  Jul. 14, 2021

049723, filed on Dec. 19, 2019. material is disposed on the lower surface of the third base
material in close contact therewith and comprises, in a
(30) Foreign Application Priority Data section which is not coated with insulation, a second resistor
and second measurement terminal which are fixed atop the

Jan. 28, 2019 (JP) .eeovereieviiiviceciiee 2019-011920 second base material.

\'S R AR YRR . . e AR v - - S A . . gt 8
N 8 3 3 > g ; AT N

e B,
" eab
B
%

<
R

i

e,

i
& e e




Dec. 2,2021 Sheet 1 of 4 US 2021/0373051 A1l

Patent Application Publication

,\«\\..\\\ e
e, "
Lot

\# =% it e )
Ly ,
.w M, 44

b B S,

% \.3&85.38?

L. A
‘8&,-.

f P
i .

Y 4 ; i . : 5

% w & cee L , - &

oozl

s 2 I,
: Tt
%

e Cee)

Ly o,

Te)
{t
i
FIG. 1A

Et! Mo § »
o h
H
& i Loy
¥ p RO £
G w&é t N £
&5 '
, \.\ m
i i, b 7 eﬂ
o B 3
b, .vﬁ\”dx....(\\\.\\t Cio
o s ) ..
. %
\\\\\\\\\\\\\\\\ - | MM\\HW n
e, ;
ko ;
: Lo DOV 1 - \n.“«.” i TEDIPL o8 4
o ; G T e 2= - o
PP, % Yt ¥ - i ]
; i b o - » - .
, " , T 5 4 s
24 \\\h % é.l)-\l w
: P , o e \ “
by , o, oy )
Wy : ] Loty %% 4
av e Ny, 3 £ W
H
3
: H
\\ .\..w\\ Gaaas 5

FIG. 1B



A, s e el M
o - 4 \V Lt o

US 2021/0373051 A1l

FIG. 2A

Dec. 2,2021 Sheet 2 of 4

7o
e F
e, SRR J—. { R s R e

g .....3..?..e:.!:}..zc "
!:\‘\\\,\ - M.WW

sy

Roiwniwiwdwsiwaiaan,

e e
PRI £
e

Grrrrrrrgtrrrrreni

- : =
i ¥ %
e *

\\w..v& .

v

Patent Application Publication

FIG. 2B



Dec. 2,2021 Sheet 3 of 4 US 2021/0373051 A1l

Patent Application Publication

.2. . ,
) L 7 - : o H % f5) N
e ; #f . P L e
o ; IR GBI OLLD
g5 : :
ﬁﬁw” §
P

s, f 7%
% i ¥
5 . 4

144

o

Fi G Sarsat ey

ot

. ,: —
W | H4

DRSS

i o
oo
.

MG G

S

STTIIIVET 4 \ﬁq

\&m censs | ‘. &k:(&!:it%
- 201" &r

3
R - R

, .
ot
5

25158 (. w01

S



Dec. 2,2021 Sheet 4 of 4 US 2021/0373051 A1l

Patent Application Publication

FIG. 4

4
een 5 B .
¥ Do pawnenss
¥ i -
R el

5t pmponeraierrins

s o

Ky

Goopliy,

Noveissas




US 2021/0373051 Al

CURRENT DETECTION DEVICE

FIELD OF THE INVENTION

[0001] The present invention relates to a current detection
device to be connected between a three-phase inverter and a
motor.

BACKGROUND OF THE INVENTION

[0002] As a current detection device to be connected
between a three-phase inverter and a motor, an example is
described in Japanese Published Unexamined Patent Appli-
cation No. 2009-229133 (“Patent Document 1”°). The device
described in Patent Document 1 is such that a current
flowing in each phase is individually detected by three shunt
resistors and thereby overcurrent protection is performed
when any of the detected currents is an overcurrent exceed-
ing a predetermined current amount.

SUMMARY OF THE INVENTION

[0003] Incidentally, since a large current flows in the
wiring between the three-phase inverter and the motor when
driving the motor, low resistance has been required to reduce
electrical loss in recent years. Furthermore, it has also been
required to have low inductance in which the wiring of each
phase is closely attached in order to prevent a high frequency
current generated by the three-phase inverter from radiating
to the surroundings.

[0004] Therefore, it is conceivable to stack three shunt
resistors in order to satisfy such demands.

[0005] However, there is a problem that when the three
shunt resistors are stacked as described above, a substrate on
which a current detection circuit is mounted cannot be
arranged. Therefore, there is a problem that the demands for
low resistance and low inductance cannot be satisfied.
[0006] Accordingly, in view of the foregoing problems, an
object of the present invention is to provide a current
detection device capable of satisfying the demands for low
resistance and low inductance.

[0007] The object of the present invention is achieved by
the following means. It is noted that reference signs of an
embodiment to be described later is added in parentheses,
but the present invention is not limited thereto.

[0008] According to the first aspect of the present inven-
tion, a current detection device (1) having a plurality of base
materials (a first base material 2, a second base material 3,
and a third base material 4) that are insulation coated and to
be connected between a three-phase inverter (INV) and a
motor (M) is characterized in that the plurality of base
materials (the first base material 2, the second base material
3, and the third base material 4) are composed of a first base
material (2), a second base material (3), and a third base
material (4), and the first base material (2) is arranged in
close contact with an upper surface of the third base material
(4) and includes, on its portion not insulation coated, a first
resistor (20), and a first measurement terminal (21) fixed on
the first base material (2), and the second base material (3)
is arranged in close contact with a lower surface of the third
base material (4) and includes, on its portion not insulation
coated, a second resistor (30), and a second measurement
terminal (31) fixed on the second base material (3).

[0009] According to the second aspect of the present
invention, the current detection device (1) according to the
above first aspect is characterized by further including a first
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substrate (5) into which the first measurement terminal (21)
is inserted and which is arranged and fixed in a position
opposing the first base material (2), and a second substrate
(6) into which the second measurement terminal (31) is
inserted and which is arranged and fixed in a position
opposing the second base material (3).

[0010] Further, according to the third aspect of the present
invention, the current detection device according to the
above second aspect is characterized in that predetermined
places of the first base material (2), second base material (3),
and third base material (4) arranged in close contact are all
enclosed by an insulating case (7) so as to conceal the first
substrate (5) and the second substrate (6) in a state in which
the first substrate (5) is arranged and fixed in the position
opposing the first base material (2) by the first measurement
terminal (21) being inserted and the second substrate (6) is
arranged and fixed in the position opposing the second base
material (3) by the second measurement terminal (31) being
inserted, and the insulating case (7) has an outer peripheral
surface (7a) made conductive.

[0011] Next, advantageous effects of the present invention
will be described with reference signs in the drawings. It is
noted that reference signs of an embodiment to be described
later are added in parentheses, but the present invention is
not limited thereto.

[0012] According to the first aspect of the present inven-
tion, the insulation coated first base material (2) is arranged
in close contact with the upper surface of the insulation
coated third base material (4), and the insulation coated
second base material (3) is arranged in close contact with the
lower surface of the third base material (4). Moreover, when
the first resistor (20), and the first measurement terminal (21)
fixed on the first base material (2) are provided on the
portion not insulation coated of the first base material (2),
the first measurement terminal (21) is inserted into the first
substrate (5), so that the first substrate (5) can be arranged
and fixed in the position opposing the first base material (2)
as in the second aspect of the present invention. Further-
more, when the second resistor (30), and the second mea-
surement terminal (31) fixed on the second base material (3)
are provided on the portion not insulation coated of the
second base material (3), the second measurement terminal
(31) is inserted into the second substrate (6), so that the
second substrate (6) can be arranged and fixed in the position
opposing the second base material (3) as in the second aspect
of the present invention.

[0013] Thus, according to the present invention, the first
substrate (5) and the second substrate (6) can be arranged in
a state in which the first base material (2), the second base
material (3), and the third base material (4) are arranged in
close contact. As a result, the demands for low resistance and
low inductance can be satisfied.

[0014] According to the third aspect of the present inven-
tion, since predetermined places of the first base material
(2), second base material (3), and third base material (4)
arranged in close contact are all enclosed by the insulating
case (7) so as to conceal the first substrate (5) and the second
substrate (6), and the insulating case (7) has the outer
peripheral surface (7a) made conductive, the first substrate
(5) and the second substrate (6) are also shielded, so that the
high frequency current can be prevented from radiating to
the surroundings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1A is an exploded perspective view of a
current detection device according to an embodiment of the
present invention, and FIG. 1B is a perspective view of the
current detection device according to the same embodiment.
[0016] FIG. 2A is a cross sectional view of the current
detection device according to the same embodiment, and
FIG. 2B is a cross sectional view showing a state in which
a first substrate and a second substrate are mounted on the
current detection device according to the same embodiment.
[0017] FIG. 3 is a conceptual block diagram showing a
state in which the current detection device according to the
same embodiment is connected to a motor control device.
[0018] FIG. 4 is a cross sectional view showing a state in
which the first substrate and the second substrate are
mounted on the current detection device according to the
same embodiment and the mounted first substrate and sec-
ond substrate are enclosed by an insulating case.

DETAILED DESCRIPTION OF THE
INVENTION

[0019] Hereinafter, an embodiment of a current detection
device according to the present invention will be described
specifically with reference to the drawings. It is noted that,
in the following description, when vertical and horizontal
directions are indicated, it shall mean vertical and horizontal
directions when viewed from the front of the figure.
[0020] A current detection device 1 according to the
present embodiment is to be connected between a three-
phase inverter INV and a motor M of a motor control device
100 shown in FIG. 3. The current detection device 1 will be
described specifically with reference to FIG. 1 and FIG. 2.
[0021] As shown in FIG. 1A, the current detection device
1 has a first base material 2, a second base material 3, and
a third base material 4. The first base material 2 is a so-called
bus bar, made of a metal such as copper, and formed in a
long substantially rectangular shape. Moreover, as shown in
FIG. 2, the first base material 2 is composed of a pair of first
base materials 2, and a first resistor 20 is sandwiched
between the pair of first base materials 2. As shown in FIG.
1 and FIG. 2, the first resistor 20 is formed in a thick
plate-like and short rectangular shape and made of, for
example, a Cu—Mn-based alloy, a Cu—Ni-based alloy, a
Ni—Cr-based alloy, or the like. As shown in FIG. 1 and FIG.
2, to both side surfaces 20a, 205 of the thus formed first
resistor 20, the first base material 2 located on the left in the
illustration is joined by welding to one side surface 20a of
the first resistor 20, and the first base material 2 on the right
in the illustration is joined by welding to the other side
surface 206 of the first resistor 20. As a result, the first
resistor 20 is sandwiched between the pair of first base
materials 2, so that the first base material 2 and the first
resistor 20 are integrally formed.

[0022] On the other hand, on the pair of first base materials
2, as shown in FIG. 1 and FIG. 2, first measurement
terminals 21 are erected and fixed by welding on (in the
illustration, on upper surfaces of) the pair of first base
materials 2, respectively. The first measurement terminals 21
are made of copper, tin plating, or the like, on which a first
substrate 5 for current detection shown in FIG. 2B can be
mounted.

[0023] Still on the other hand, the pair of first base
materials 2 are insulation coated by coating most of the first
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base materials 2 except for places where the first resistor 20
and the first measurement terminals 21 are formed, with a
first insulating layer 22 formed by printing, powder, or the
like. As a result, as shown in FIG. 1B, insulation property for
each phase can be ensured even when the first base material
2, the second base material 3, and the third base material 4
are stacked. In one side surface 2a side (the right side shown
in FIG. 1) along the longitudinal direction of the first base
material 2, a circular bolt hole 254 for inserting a shaft portion
of a bolt (not shown) is formed so as to penetrate in the
vertical direction.

[0024] The second base material 3 is a so-called bus bar,
made of a metal such as copper, and formed in a long
substantially rectangular shape. As shown in FIG. 2, the
second base material 3 is composed of a pair of second base
materials 3, and a second resistor 30 is sandwiched between
the pair of second base materials 3. As shown in FIG. 1 and
FIG. 2, the second resistor 30 is formed in a thick plate-like
and short rectangular shape and made of, for example, a
Cu—Mn-based alloy, a Cu—Ni-based alloy, a Ni—Cr-based
alloy, or the like. To both side surfaces 30a, 305 of the thus
formed second resistor 30, as shown in FIG. 1 and FIG. 2,
the second base material 3 located on the left in the illus-
tration is joined by welding to one side surface 30a of the
second resistor 30, and the second base material 3 located on
the right in the illustration is joined by welding to the other
side surface 306 of the second resistor 30. As a result, the
second resistor 30 is sandwiched between the pair of second
base materials 3, so that the second base material 3 and the
second resistor 30 are integrally formed.

[0025] Still on the other hand, on the pair of second base
materials 3, as shown in FIG. 1 and FIG. 2, second mea-
surement terminals 31 are erected and fixed by welding on
(in the illustration, on lower surfaces of) the pair of second
base materials 3, respectively. The second measurement
terminals 31 are made of copper, tin plating, or the like, on
which a second substrate 6 for current detection shown in
FIG. 2B can be mounted.

[0026] Still on the other hand, the pair of second base
materials 3 are insulation coated by coating most of the
second base materials 3 except for places where the second
resistor 30 and the second measurement terminals 31 are
formed, with a second insulating layer 32 formed by print-
ing, powder, or the like. As a result, as shown in FIG. 1B,
the insulation property for each phase can be ensured even
when the first base material 2, the second base material 3,
and the third base material 4 are stacked. In one side surface
3a side (the right side shown in FIG. 1) along the longitu-
dinal direction of the second base material 3, a circular bolt
hole 34 for inserting a shaft portion of a bolt (not shown) is
formed so as to penetrate in the vertical direction.

[0027] The third base material 4 is a so-called bus bar,
made of a metal such as copper, and formed in a long
substantially rectangular shape. The third base material 4 is
insulation coated by coating substantially the entire area
with a third insulating layer 42 formed by printing, powder,
or the like. As a result, as shown in FIG. 1B, the insulation
property for each phase can be ensured even when the first
base material 2, the second base material 3, and the third
base material 4 are stacked. In one side surface 4a side (the
right side shown in FIG. 1) along the longitudinal direction
of the third base material 4, a circular bolt hole 454 for
inserting a shaft portion of a bolt (not shown) is formed so
as to penetrate in the vertical direction.
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[0028] Thus, the first base material 2, the second base
material 3, and the third base material 4 configured as
described above are stacked to be used as shown in FIG. 1B.
That is, as shown in FIG. 1B and FIG. 2, the lower surface
of' the first base material 2 insulation coated by being coated
with the first insulating layer 22 is arranged in close contact
with the upper surface of the third base material 4 insulation
coated by being coated with the third insulating layer 42, and
the upper surface of the second base material 3 insulation
coated by being coated with the second insulating layer 32
is arranged in close contact with the lower surface of the
third base material 4 insulation coated by being coated with
the third insulating layer 42, whereby the first base material
2, the second base material 3, and the third base material 4
are stacked. In this state, as shown in FIG. 2B, the first
substrate 5 for current detection is mounted on the first
measurement terminals 21, whereby the first substrate 5 is
arranged and fixed in a position opposing the first base
material 2, and the second substrate 6 for current detection
is mounted on the second measurement terminals 31,
whereby the second substrate 6 is arranged and fixed in a
position opposing the second base material 3. In stacking the
first base material 2, the second base material 3, and the third
base material 4, they may be stacked using an adhesive or
the like or may be simply stacked. They may be stacked in
any mannet.

[0029] Incidentally, as shown in FIG. 2B, the first sub-
strate 5 is formed in a horizontally long rectangular shape
and made of resin or the like, and on which various IC chips
50 constituting a current detection circuit are mounted. The
IC chips 50 are electrically connected by a wiring pattern
(not shown). As shown in FIG. 2B, the first substrate 5 is
provided with through holes 5a into which the first mea-
surement terminals 21 can be inserted. Thus, by inserting the
first measurement terminals 21 into the through holes 5a, the
first substrate 5 for current detection is mounted.

[0030] On the other hand, as shown in FIG. 2B, the second
substrate 6 is formed in a horizontally long rectangular
shape and made of resin or the like, and on which various IC
chips 60 constituting a current detection circuit are mounted.
The IC chips 60 are electrically connected by a wiring
pattern (not shown). As shown in FIG. 2B, the second
substrate 6 is provided with through holes 64 into which the
second measurement terminals 31 can be inserted. Thus, by
inserting the second measurement terminals 31 into the
through holes 6a, the second substrate 6 for current detection
is mounted.

[0031] Thus, as shown in FIG. 2B, the current detection
device 1 on which the first base material 2, the second base
material 3, and the third base material 4 are stacked, the first
substrate 5 for current detection is mounted on the first
measurement terminals 21, and the second substrate 6 for
current detection is mounted on the second measurement
terminals 31 is connected between the three-phase inverter
INV and the motor M of the motor control device 100 shown
in FIG. 3. As a result, the current value of any one of the
three phases flowing from the three-phase inverter INV to
the motor M is taken out from the first measurement
terminals 21, is subjected to signal processing by the various
IC chips 50 constituting the current detection circuit, and is
output as a detected current from an output terminal (not
shown) of the first substrate 5. Furthermore, the current
value of any one of the three phases flowing from the
three-phase inverter INV to the motor M is taken out from
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the second measurement terminals 31, is subjected to signal
processing by the various IC chips 60 constituting the
current detection circuit, and is output as a detected current
from an output terminal (not shown) of the second substrate
6.

[0032] Thus, this makes it possible to detect the current
values of any two of the three phases flowing from the
three-phase inverter INV to the motor M, so that the current
values of the three phases can be detected. This point will be
described in detail by describing the configuration of the
motor control device 100 shown in FIG. 3.

[0033] The motor control device 100 generates a PWM
signal by vector control to drive and control the motor. In the
vector control, the current flowing through an armature
winding of the motor is separated into a magnetic flux
direction of a permanent magnet and a direction orthogonal
thereto to regulate independently and control magnetic flux
and generated torque. In the current control, a d-axis current
(exciting current) and a g-axis current (torque component
current) represented by a d-q coordinate system rotating
together with a rotor of the motor are used. Specifically, as
shown in FIG. 3, a d-axis current command value Idref and
a q-axis current command value Igref are input to the motor
control device 100. The d-axis current command value Idref
is input to a subtractor 101 and the g-axis current command
value Igref is input to a subtractor 102. The subtractor 101
subtracts a d-axis current value Id from the d-axis current
command value Idref to obtain a d-axis current deviation
Ald. Furthermore, the subtractor 102 subtracts a g-axis
current value Iq from the g-axis current command value
Igref to obtain a g-axis current deviation Alg.

[0034] Then, the d-axis current deviation Ald thus
obtained by the subtractor 101 is subjected to a PID (Pro-
portional-Integral-Differential) operation carried out by a PI
control unit 103. As a result, a d-axis voltage command
value Vd represented by the d-q coordinate system is gen-
erated. Further, the g-axis current deviation Alq obtained by
the subtractor 102 is subjected to a PID operation carried out
by a PI control unit 104. As a result, a g-axis voltage
command value Vq represented by the d-q coordinate sys-
tem is generated.

[0035] Then, the d-axis voltage command value Vd and
the g-axis voltage command value Vq thus generated are
converted into values represented by an a-f coordinate
system by a dq/af coordinate conversion unit 105, and
further converted into each phase voltage command value
Vu, Vv, Vw by an ap/UVW coordinate conversion unit 106.
The rotation angle 6 of the rotor of the motor M is used for
calculation of the coordinate conversion in the dg/af coor-
dinate conversion unit 105.

[0036] Then, each phase voltage command value Vu, Vv,
Vw thus converted is output to a PWM conversion unit 107,
and converted into a PWM signal in the PWM conversion
unit 107 to be output to the three-phase inverter INV. The
three-phase inverter INV converts the power of a direct
current power supply (not shown, such as a battery) into
three-phase alternating current power in response to the
PWM signal, thereby driving and controlling the motor M.
[0037] Incidentally, each phase output terminal of the
three-phase inverter INV is connected to each phase stator
winding (not shown) of the motor M, and the current
detection device 1 is connected as a wiring for connecting
the two. The current detection device 1 detects current
values of any two phases (Iu and Iw are exemplified in the
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present embodiment) of current values Iu, Iv, Iw of the three
phases. That is, the current value Iu of one of the three
phases is taken out from the first measurement terminals 21,
is subjected to signal processing by the various IC chips 50
constituting the current detection circuit, and is output as the
detected current from the output terminal (not shown) of the
first substrate 5. Furthermore, the current value Iw of any
one of the three phases is taken out from the second
measurement terminals 31, is subjected to signal processing
by the various IC chips 60 constituting the current detection
circuit, and is output as the detected current from the output
terminal (not shown) of the second substrate 6. As a result,
the current values of any two phases (Iu and Iw are exem-
plified in the present embodiment) of the current values Iu,
Iv, Iw of the three phases can be detected by the current
detection device 1. As shown in FIG. 2B, the insulating
property for each phase is ensured since the first base
material 2 is insulation coated by being coated with the first
insulating layer 22, the second base material 3 is insulation
coated by being coated with the second insulating layer 32,
and the third base material 4 is insulation coated by being
coated with the third insulating layer 42 although the first
base material 2, the second base material 3, and the third
base material 4 are stacked. Accordingly, a situation in
which an inaccurate current value is detected can be pre-
vented when the current values of any two phases (Iu and Iw
are exemplified in the present embodiment) of the current
values Iu, Iv, Iw of the three phases are detected.

[0038] The current values Iu, Iw thus detected are then
converted into an a-f coordinate system in a UVW/af
coordinate conversion unit 108. Incidentally, it is known that
a relational expression of Tu+Iv+Iw=0 holds for the three-
phase alternating current. Therefore, when the current values
of any two of the three phases are detected, the current value
of the remaining one phase can be worked out by calcula-
tion. Thus, the UVW/af coordinate conversion unit 108
calculates the current value of Iv from the relational expres-
sion of ITu+Iv+Iw=0 based on the detected current values Iu,
Iw and then converts it to the a-f coordinate system.
[0039] Then, the data thus converted into the a-f§ coordi-
nate system is converted into the d-q coordinate system to be
calculated into the d-axis current value Id and the g-axis
current value Iq in an af/dq coordinate conversion unit 109.
The calculated d-axis current value Id is input to the sub-
tractor 101, and the g-axis current value Iq is input to the
subtractor 102. The rotation angle 6 of the rotor of the motor
M is used for the calculation of the coordinate conversion in
the aff/dq coordinate conversion unit 109.

[0040] Thus, the motor M is driven and controlled in this
way, and the current values of any two of the three phases
flowing from the three-phase inverter INV to the motor M
can be detected. When the current values of any two of the
three phases flowing from the three-phase inverter INV to
the motor M are detected, the current value of the remaining
one phase can be worked out by calculation. Therefore, if the
current values of any two of the three phases flowing from
the three-phase inverter INV to the motor M can be detected,
the current values of the three phases can be detected.
[0041] Thus, according to the present embodiment
described above, the lower surface of the first base material
2 insulation coated by being coated with the first insulating
layer 22 is arranged in close contact with the upper surface
of'the third base material 4 insulation coated by being coated
with the third insulating layer 42, and the upper surface of
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the second base material 3 insulation coated by being coated
with the second insulating layer 32 is arranged in close
contact with the lower surface of the third base material 4
insulation coated by being coated with the third insulating
layer 42. Moreover, the first base material 2 is provided with
the first resistor 20 and the first measurement terminals 21,
so that the first substrate 5 can be mounted on the first
measurement terminals 21. Thus, the first substrate 5 is
arranged and fixed in the position opposing the first base
material 2. Furthermore, the second base material 3 is
provided with the second resistor 30 and the second mea-
surement terminals 31, so that the second substrate 6 can be
mounted on the second measurement terminals 31. Thus, the
second substrate 6 is arranged and fixed in the position
opposing the second base material 3.

[0042] Thus, according to the present embodiment, the
first substrate 5 and the second substrate 6 mounted with the
current detection circuits can be arranged in a state in which
the first base material 2, the second base material 3, and the
third base material 4 are stacked. Therefore, the demands for
low resistance and low inductance can be satisfied.

[0043] Itis noted that the current detection device 1 shown
in the present embodiment is merely an example, and
various modifications and changes can be made within the
scope of the gist of the present invention described in the
claims. For example, as shown in FIG. 4, predetermined
places of the first base material 2, second base material 3,
third base material 4 arranged in close contact may all be
enclosed by an insulating case 7 so as to conceal the first
substrate 5 and the second substrate 6.

[0044] In FIG. 4, the example in which the predetermined
places of the first base material 2, second base material 3,
third base material 4 arranged in close contact are enclosed
by one insulating case 7 so as to conceal the first substrate
5 and the second substrate 6 is shown. However, the present
invention is not limited thereto, and separate insulating cases
may be used to enclose the first substrate 5 and the second
substrate 6, respectively.

[0045] Further, a surface (outer peripheral surface) 7a of
the insulating case 7 may be covered with a conductive
material such as a metal to make it conductive. In this way,
the first substrate 5 and the second substrate 6 are also
shielded, so that the high frequency current can be prevented
from radiating to the surroundings.

[0046] On the other hand, in the present embodiment, the
example in which Iu and Iw are detected as the current
values of the two of the three phases of the three-phase
inverter INV is shown. However, the present invention is not
limited thereto, and the current values may be Iv and Iw or
may be Iu and Iv. It is only necessary to detect the current
values of any two of the three phases.

What is claimed:

1. A current detection device comprising:

a plurality of base materials that are insulation coated and
are connected between a three-phase inverter and a
motor;

the plurality of base materials include a first base material,
a second base material, and a third base material;

the first base material is in contact with an upper surface
of the third base material and includes, on a portion not
insulation coated, a first resistor and a first measure-
ment terminal fixed on the first base material; and

the second base material is in contact with a lower surface
of the third base material and includes, on a portion not
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insulation coated, a second resistor, and a second
measurement terminal fixed on the second base mate-
rial.

2. The current detection device according to claim 1,

further comprising:

a first substrate into which the first measurement terminal
is inserted and which is arranged and fixed in a position
opposing the first base material; and

a second substrate into which the second measurement
terminal is inserted and which is arranged and fixed in
a position opposing the second base material.

3. The current detection device according to claim 2,

wherein:

the first base material, second base material, and third
base material are enclosed by an insulating case so as
to conceal the first substrate and the second substrate in
a state in which the first substrate is arranged and fixed
in the position opposing the first base material by the
first measurement terminal, and the second substrate is
arranged and fixed in the position opposing the second
base material by the second measurement terminal; and

the insulating case has an outer peripheral surface which
is electrically conductive.
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